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Abstract
Despite routine screening of patients for coronavirus disease 2019 (COVID-19) 
symptoms and signs at hospital entrances, patients may slip between the cracks 
and be incidentally discovered to have lung findings that could indicate COVID-
19 infection on imaging obtained for other reasons. Multiple case reports and case 
series have been published to identify the pattern of this highly infectious disease. 
This article addresses the radiographic findings in different imaging modalities 
that may be incidentally seen in asymptomatic patients who carry COVID-19. In 
general, findings of COVID-19 infection may appear in computed tomography 
(CT), magnetic resonance imaging, positron emission tomography-CT, ultra-
sound, or plain X-rays that show lung or only apical or basal cuts. The identi-
fication of these characteristics by radiologists and clinicians is crucial because this 
would help in the early recognition of cases so that a rapid treatment protocol can 
be established, the immediate isolation to reduce community transmission, and 
the organization of close monitoring. Thus, it is important to both the patient and 
the physician that these findings are highlighted and reported.
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Core Tip: Nowadays, the world is confronting a coronavirus disease 2019 (COVID-19) 
pandemic that has a major global influence on health, social, and economic issues. 
COVID-19 shows many different presentations with a wide range of severity. Because 
it is considered the most significant major health epidemic since that of the Spanish flu 
100 years ago, the identification of all patterns of disease is extremely critical to protect 
the community and healthcare workers from such a highly contagious disease. 
Radiologists must be alert to recognize the different radiographic findings that suggest 
COVID-19, even in asymptomatic cases, in different imaging modalities.

Citation: Romeih M, Mahrous MR, El Kassas M. Incidental radiological findings suggestive of 
COVID-19 in asymptomatic patients. World J Radiol 2022; 14(1): 1-12
URL: https://www.wjgnet.com/1949-8470/full/v14/i1/1.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i1.1

INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic is caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2). Infection has a major global 
influence on social, health, and economic issues. COVID-19 is considered the most 
significant major health epidemic since the Spanish flu 100 years ago[1]. It first 
appeared in Wuhan, China, in December 2019 and was officially declared a pandemic 
by the World Health Organization (WHO) on March 11, 2020, extending rapidly 
worldwide thereafter and becoming an outbreak. By the end of 2020, more than 78 
million people were infected, leading to over 1.7 million deaths[2]. Unlike infections 
with other coronaviruses, asymptomatic COVID-19 patients are infectious, leading to 
the rapid spread of infection worldwide[1,3]. The most common modes of trans-
mission of the virus are person-to-person spreading during intimate contact with an 
infected person (or asymptomatic infected carriers), inhalation of respiratory droplets, 
and contact with surfaces contaminated with respiratory droplets or aerosols, which 
can penetrate the lungs through the nose or mouth[2,4,5]. SARS-CoV-2 virus uses the 
angiotensin-converting enzyme 2 (ACE2) receptor for cell entry. ACE2 receptors are 
present in high amounts on epithelial cells, which are more predominant in oral 
mucosa and lungs, than in heart, blood vessels, brain, and other organs, leading to a 
diversity in the disease presentation[5-8]. The clinical presentation of COVID-19 
ranges from asymptomatic to critically ill, and the most common manifestations are 
mild to moderate respiratory illness, where recovery occurs without requiring special 
treatment[6-8]. However, many nonspecific symptoms, such as fever, fatigue, 
shivering, anorexia, headache, olfactory dysfunction and loss of taste, shortness of 
breath, cough with or without expectoration, dyspnea, chest tightness, diarrhea, 
nausea, vomiting, abdominal pain, and muscle soreness, overlap with other viral 
infections[2,5-12]. Despite most patients with COVID-19 complaining of mild sym-
ptoms, the death rate is considerable, ranging from 0.3%–13.1%, with more suscept-
ibility to severe forms of the disease in older patients, especially those with underlying 
disease, such as diabetes mellitus, cardiovascular disease, respiratory disease, 
hyperlipidemia, obesity, and chronic renal and hepatic disease[4,10,11].

COVID-19 DIAGNOSIS
A confirmed case of coronavirus disease 2019 (COVID-19) is defined by World Health 
Organisation as a patient with a positive reverse transcription-polymerase chain 
reaction (RT-PCR) test, irrespective of clinical signs and symptoms[12]. This test 
directly assesses the viral load from a nasopharyngeal swab, sputum, or endotracheal 
lavage[13]. It has impressive specificity of up to 100% owing to its specificity to the 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) genome sequence, but 
has imperfect sensitivity of 89% (95%CI: 81%–94%)[14]. A positive result denotes the 
presence of viable virus only, and a negative result does do not rule out COVID-19 
infection[13,15]. False-negative RT-PCR results may occur if the test is performed too 
early or late in infection course, the viral load is insufficient, or the specimen is of poor 

https://creativecommons.org/Licenses/by-nc/4.0/
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quality and also due to technical errors or inappropriate handling and shipping of the 
specimen. False-positive results may occasionally occur due to technical errors or 
reagent contamination[14,16,17]. The turnaround time for an RT-PCR test ranges from 
50 min to 4 h for semi- to fully automated, walk-away assays and 6–14 h for manually 
performed assays[12,13,18].

More than 50% of patients with a positive RT-PCR test may be asymptomatic at the 
time of testing only or throughout the entire duration of the disease, leading to more 
spread of the virus. Accordingly, it is essential to detect COVID-19 infection at the 
early stage to immediately isolate the infected person from the healthy population[14,
19]. The need for a simple, rapid method to identify asymptomatic patients who need 
urgent medical or surgical intervention in an emergency and in oncology patients, 
patients in the intensive care unit, or those who need hospital admission is crucial to 
prevent the spread of infection. In cases where RT-PCR test results take some time to 
be available and because this test has imperfect sensitivity, chest radiography is 
appropriate[8,9,20-23].

CLASSICAL IMAGING CRITERIA OF COVID-19
To prevent the spread of infection in hospital patients or healthcare workers, chest 
radiography is considered the first-line imaging modality to be performed in patients 
with suspected coronavirus disease 2019 (COVID-19) or to exclude the presence of 
COVID-19 infection in patients who need to receive medical or surgical treatment[10,
13,17,18,24-29]. Most radiological imaging modalities are beneficial in characterizing 
COVID-19 infection.

Chest X-ray
Chest X-ray (CXR) findings in COVID-19 patients usually appear at 10–12 d from 
symptom onset as bilateral lower zone consolidation patches or diffuse airspace 
opacities with peripheral distribution[10,11,30]. The CXR may be normal in up to 63% 
of cases, particularly in the early stages[28], and it has a great value in patients with 
moderate to severe disease who have acute respiratory distress syndrome, showing 
bilateral diffuse alveolar consolidation that may progress to white lung with or 
without mild pleural effusion[26,31-33].

Yasin et al[7] studied the association of COVID-19 severity and X-ray findings 
among 350 positive COVID-19 patients. Of them, 62.9% had an abnormal baseline 
CXR, and the most common findings were consolidation opacities (81.3%), followed by 
reticular interstitial thickening (39.9%) and ground glass opacities (GGOs) (32.5%). An 
example of CXR findings in a patient with COVID-19 is presented in Figure 1.

Chest computed tomography
Chest computed tomography (CT) plays a pivotal role in the early detection of 
COVID-19 pneumonia and has better sensitivity (98%) compared with RT-PCR (89%), 
particularly in the early course of the disease. However, it also has low specificity 
(25%) due to the overlap between COVID-19 pneumonia and other types of viral 
pneumonia[5,8,30,31]. Radiologists must be familiar with the different imaging 
findings of COVID-19 pneumonia to differentiate it from other types of pneumonia[11,
13,30]. Early COVID-19 chest CT findings include bilateral multiple GGOs with a 
peripheral, subpleural, and posterior distribution, with or without consolidation. In 
the late phase, the consolidation patches, linear opacities, “crazy-paving” pattern, 
reversed halo sign, and vascular enlargement become more common[5,9,10,18,32]. The 
pulmonary histologic findings of COVID-19 resemble those of other coronavirus 
infections, such as severe acute respiratory syndrome coronavirus 1 (SARS-CoV-1) and 
Middle East respiratory syndrome coronavirus (MERS-CoV)[4], which also shows 
similarities in chest CT findings[23,33,34]. Great variability is observed in chest CT 
findings in COVID-19 patients according to the stage and severity of the disease[6,9,15,
24,25,35,36]. The Radiological Society of North America classifies the chest CT findings 
into four categories related to COVID-19 diagnosis: (1) Compatible with viral 
pneumonia; (2) Indeterminate; (3) Atypical (suggestive of other diagnoses); and (4) No 
evidence of pneumonia[37].

The Fleischner Society[38] recommends performing a chest CT in moderate to 
severe infections presenting with hypoxemia and moderate to severe dyspnea, 
regardless of the RT-PCR test result [39], while RT-PCR is indicated if incidental 
findings on CT suggest the presence of viral pneumonia[14,19,34,38,39]. Chest abnor-
malities associated with COVID-19 may be incidentally detected in the visualized lung 



Romeih M et al. Incidental radiological COVID-19 findings

WJR https://www.wjgnet.com 4 January 28, 2022 Volume 14 Issue 1

Figure 1 Postero-anterior chest X-RAY in one asymptomatic patient with coronavirus disease 2019 pneumonia from our institution. It 
shows Interstitial infiltrates and ill-defined, patchy, peripheral opacities in bilateral lung fields.

parenchyma in CT examinations of other body regions, such as in the lower lung base 
in abdominal CT (Figure 2), the lung apex in head and neck CT studies (Figure 3), and 
the lung tissues seen in dorso-lumbar spine CT[18,40]. Several studies have been 
published reporting incidental chest CT findings of COVID-19 in the visualized lung 
parenchyma in patients with acute abdomen without respiratory manifestation who 
undergo abdominal CT in the scenario of an acute pandemic[41-47](Table 1).

Lung ultrasound
A lung ultrasound (US) in COVID-19 pneumonia is usually performed using a 
portable US machine at the bedside to minimize the spread of infection to other 
patients and healthcare workers[48]. The classical appearance is bilateral irregular 
pleural lines, subpleural consolidation, areas of thick white lung tissue, and thick 
irregular vertical artifacts suggesting interstitial alveolar damage[48-50]. In the 
pediatric age group, lung US has an advantage over CT because it does not use 
ionizing radiation. Vertical artifacts (70%) and pleural irregularities (60%) were the 
most common abnormalities detected in 10 symptomatic pediatric patients with 
confirmed COVID-19 who underwent a chest US while awaiting RT-PCR results 
Notably, pleural effusions were absent in all 10 patients[44,50,51]. The follow-up of 
lung US findings to monitor pulmonary involvement in symptomatic COVID-19 
patients is preferable to the use of repeated CT scans, especially in critically ill patients 
or patients on a ventilator, owing to the difficulty in transporting such patients to the 
CT equipment[5,8,50]. Additionally, US can detect pneumothorax and other complic-
ations. However, a major disadvantage is the prolonged close exposure of the operator 
to the infection and also the need for careful sterilization of the device and the use of 
transducer and keyboard covers[10]. No reports about incidental lung US findings are 
available because this is not a routine examination, and it is only performed in certain 
circumstances.

Magnetic resonance imaging
Although magnetic resonance imaging (MRI) plays no role in the diagnosis of COVID-
19 pneumonia, there are many reports of the detection of incidental COVID-19 in MRIs 
performed for other diagnostic purposes in asymptomatic patients[8,40,42]. After an 
extensive review of the literature, we found many cases of reported COVID-19 
findings in upper lung cuts that appear in brain, neck, and cervico-dorsal spine MRIs 
and in lower cuts in abdomen and liver MRI studies[4,52-55]. COVID-19 infection 
appears as peripheral areas of high signal on T2-weighted short tau inversion recovery 
imaging caused by edema or alveolar opacities. A high T1 signal is observed due to 
higher tissue density, and partial alveolar collapse with focal areas of restricted 
diffusion is observed on diffusion-weighted imaging because of increased cell density 
from the inflammatory reaction. Partial collapse with a heterogeneous enhancement 
pattern is observed after contrast administration. Thus, radiologists should be alert 
and look carefully for these findings[34,42,54-56]. Figure 4 shows an example of 
cardiac MRI findings in a COVID-19 patient. Ates et al[52] studied thorax CT and MRI 
findings in 32 COVID-19 patients who underwent chest CT and then MRI within 24 h 
after the chest CT. They reported that MRI had a sensitivity of 91.67% and a specificity 
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Table 1 Summary of incidental asymptomatic COVID-19 studies

Ref. Imaging modality used Number of incidental asymptomatic COVID-
19 cases/total number of cases Setting

Ali et al[41] 18F-FDG PET-CT 87/764; only 3 of which were RT-PCR negative Asymptomatic oncology patient 

Ferrando-
Castagnetto et al[47]

18F-FDG PET-CT 1 COVID-19 asymptomatic cancer patient for 
routine oncological indication

Pallardy et al[44] 18F-FDG PET-CT 20/529 COVID-19 asymptomatic cancer patients for 
routine oncological indication

Wakfie-Corieh et al
[68]

18F-FDG PET-CT 23/1079, only 14 of which were RT-PCR positive COVID-19 asymptomatic cancer patients for 
routine oncological indication

Mo et al[66] 18F-FDG PET-CT 1 COVID-19 asymptomatic cancer patients for 
routine oncological indication

Franceschi et al[67] 18F-FDG PET-CT 1 Asymptomatic diffuse large B-cell lymphoma 
patient

Setti et al[64] 18F-FDG PET-CT 5/13 COVID-19 asymptomatic cancer patients

18F-FDG PET-CT 6/65 patients COVID-19 asymptomatic oncology patientAlbano et al[65]

SPECT-CT 1/12 patients Asymptomatic patient with treated 
differentiated thyroid carcinoma

Angelini et al[42] Whole-body MRI 1 COVID-19 asymptomatic multiple myeloma 
patient under follow-up

Deen  et al[57] Liver MRI (basal chest cuts) 1 Emergency patient with hepatic focal lesion

Di Girolamo et al[43] MRI of the abdomen 1 COVID-19 asymptomatic cancer patient for 
routine oncological indication

Ap Dafydd et al[22] Chest CT 9/240 of CTs were reported as abnormal, only one 
of which was RT-PCR positive.

Asymptomatic patients prior to major thoracic 
or abdominal surgery

Siegel et al[59] CT of the abdomen and pelvis 
(basal chest cuts)

3 Patients presented to emergency department 
with abdominal pain

Ali et al[26] Chest CT (for other causes) 44 COVID-19 asymptomatic cases

Hyne et al[60] Cerebral angiography 1 Patient presented to emergency department 
with neurological manifestations

COVID-19: Coronavirus disease 2019; FDG-PET/CT: Fluorodeoxyglucose-positron emission tomography-computed tomography; SPECT/CT: Single 
photon emission computed tomography; MRI: Magnetic resonance imaging.

Figure 2 Axial-basal chest cut in urinary tract computed tomography in a patient presenting with renal colic at our institution who was 
diagnosed with asymptomatic coronavirus disease 2019 due to the presence of peripheral small focal areas of ground glass veiling. 

of 100%. Furthermore, rapid limited study using a T2-weighted spin echo sequence, 
which is widely available in all scanners and can detect GGOs or consolidative patches 
with no exposure to radiation, was suggested. Angelini et al[42] reported a case of 
incidental COVID-19 pneumonia in a 60-year-old male with multiple myeloma and 
negative respiratory symptoms who underwent whole-body MRI as routine follow-
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Figure 3 Axial-apical chest cut in brain computed tomography in a patient presenting with head trauma at our institution who was 
diagnosed with asymptomatic coronavirus disease 2019 due to the bilateral presence of multiple peripheral small foci of ground glass 
veiling with mild interstitial thickening.

Figure 4 Cardiac magnetic resonance images of a patient with coronavirus disease 2019 who presented to our institute for a viability 
study showing multifocal peripheral areas of abnormal signal in both lungs that appear as high signal intensity areas localized in the 
coronal plane (A), high T2 signals (B), and faint heterogenous enhancement in post-contrast sequences (C).

up. The COVID-19 pneumonia presented as peripheral posterior GGOs in the lung in 
T2-weighted sequences. Deen et al[57] reported the detection of incidental basal lung 
lesions on liver MRI in a 49-year-old woman with a negative RT-PCR result for 
COVID-19 who presented at the emergency department with vague symptoms. An 
abdominal US revealed a liver mass, and subsequent MRI examination identified it as 
a hemangioma, while the scanned lung base showed peripheral high T2-weighted 
focal areas with restricted diffusion in the left lower lobe. Consequently, the patient 
underwent a chest CT that confirmed presence of bilateral multiple GGOs. Di 
Girolamo et al[43] reported a 71-year-old woman with T4a colorectal cancer who 
underwent an abdominal MRI for routine follow-up of hepatic metastasis that led to 
the incidental detection of bilateral lower lobe GGOs in the scanned lung. Thereafter, 
the patient underwent RT-PCR, which confirmed that they were positive for COVID-
19. MRI can help in the early recognition of cases so that a rapid treatment protocol can 
be established, the immediate isolation to reduce community transmission, and the 
organization of close monitoring. Thus, it is important to both the patient and the 
physician that these findings are highlighted and reported.

ASYMPTOMATIC COVID-19 PATIENTS IN ELECTIVE AND EMERGENCY 
SURGERIES
On April 15, 2020, the Royal College of Surgeons and Royal College of Radiologists 
published guidelines on the use of preoperative reverse transcription-polymerase 
chain reaction (RT-PCR) and chest computed tomography (CT) during the coronavirus 
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disease 2019 (COVID-19) pandemic to exclude COVID-19 infection before elective 
surgery. These guidelines aim to eliminate the risk of COVID-19-related complications 
after elective surgery and prevent the transmission of COVID-19 to other patients and 
healthcare workers[22]. The major obstacle in the management of acute surgical 
conditions in both urgent and elective surgery is the increased risk of nosocomial 
transmission. Chetan et al[58] evaluated chest CT screening for COVID-19 in a total of 
439 elective and emergency surgical patients. The elective surgical cohort included 156 
patients who underwent preoperative low-dose unenhanced chest CT, and the 
emergency surgical cohort included 283 patients with abdominal emergencies where 
the preoperative abdominal CT was extended cranially to include the lungs from 
below the carina. Of the 432 patients, 32 (7%) showed potential COVID-19-related lung 
changes[58]. These findings changed surgical management in the elective surgical 
cohort only and not in the acute abdominal emergency cohort requiring surgery. On 
the other hand, Ap Dafydd et al[22] assessed the role of chest CT in screening for 
asymptomatic COVID-19 infection in self-isolating patients before elective oncological 
surgery. They concluded that preoperative chest CT was unhelpful and might intr-
oduce an unnecessary delay. Siegel reported suspected incidental COVID-19 findings 
in the lung bases in abdominal CT, which raised the possibility of the transmission 
COVID-19 to the clinician[59]. Thus, direct communication between the radiologist 
and the referring physician is the first step to protect both patients and healthcare 
workers against the spread of infection. Furthermore, the authors documented the 
possibility of viral pneumonia being used as a broad term that helps in decision-
making. Hynes et al[60] detected incidental peripheral GGOs in the upper lobes of 
both lungs, which were characteristic of COVID-19 pneumonia, in a 97-year-old female 
patient who presented with stroke. She underwent arch-to-vertex CT angiography, 
which was negative for acute stroke. Sun et al[8] performed a systematic review and 
meta-analysis of chest imaging findings in patients with COVID-19. They concluded 
that chest CT had a low specificity in differentiating COVID-19 pneumonia from other 
types of pneumonia and recommended that COVID-19 diagnosis be confirmed by 
clinical and laboratory examinations. Dedeilia et al[61] reported that COVID-19 had a 
major effect on pediatric surgery, because children with COVID-19 are usually 
asymptomatic or have mild symptoms. Furthermore, many upper respiratory 
infections in children, such as influenza virus, rhinovirus, and others, present the same 
symptoms as COVID-19, and coinfection of SARS-CoV-2 may also occur[4,28,62]. 
Thus, the surgical committee must follow established guidelines to facilitate the 
workflow and prevent virus transmission, and every patient should be tested by RT-
PCR. However, if rapid intervention is crucial in an emergency and RT-PCR results are 
not available soon enough, the assessment can be based on clinical conditions and/or 
chest imaging findings [7,22,60].

The guidelines for preoperative COVID-19 testing for elective cancer surgery of 15 
April, 2020, were updated on May 14, 2020, to document accumulating evidence that 
preoperative chest CT screening does not add to the detection of COVID-19 in 
asymptomatic, isolated, and tested patients and is not recommended for screening 
before elective cancer surgery[58]. Thus, chest CT should only be considered for 
screening in preoperative planning in asymptomatic patients who are not isolated 
when RT-PCR test results are unavailable.

ASYMPTOMATIC COVID-19 ONCOLOGY PATIENTS
Oncology patients are a very special group of because of their high vulnerability to 
infections caused by risk factors due to their impaired immune systems, such as 
leukopenia, long-lasting immunosuppression (steroids, antibodies), or low immuno-
globulin levels[63]. Oncology patients infected with COVID-19 may present as 
asymptomatic or with nonspecific symptoms, like fever, cough, dyspnea, fatigue, 
myalgia, and headache[49,64]. Also, because oncology patients need to continue their 
treatment, especially in newly discovered cases or patients receiving their treatment as 
chemotherapy, radiotherapy, or other forms, the benefit: risk ratio of cancer treatment 
may need to be reconsidered in certain patients[49,65,66]. Some reports are describing 
the accidentally discovered COVID-19 signs in different imaging modalities performed 
within the context of following cancer patients. However, the most attractive data was 
related to the use of fluorodeoxyglucose (FDG) positron emission tomography-CT 
(PET-CT) imaging, which demonstrates the increased uptake across a variety of 
pathological etiologies, including infections, inflammatory processes, and neoplasms. 
Thus, FDG PET-CT imaging plays a role in localizing foci of infection and inflam-
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Figure 5 Axial fused thoracic 18Fluorodeoxyglucose-positron emission tomography-computed tomography showing multiple variable-
sized metabolically active and mainly subpleural subsegmental consolidative lesions with an SUVmax of up to 10.9 as well as 
metabolically active lymph node seen in the aorto-pulmonary window in a patient with thyroid cancer and asymptomatic coronavirus 
2019.

mation in cases of fever of unknown origin. PET-CT permits detailed evaluation of 
both functional and anatomical/pathological processes[58,44]. Albano et al[65] 
reported a case series performed in the nuclear medicine units in Northern Italy from 
March 16–24, 2020. This included 65 asymptomatic patients referred for PET-CT with 
no suspicion of COVID-19 infection. Of them, six (9%) showed 18F-FDG-avid interstitial 
pneumonia, suggesting COVID-19 infection. The study also included 12 patients who 
were admitted for whole-body 131I scintigraphy followed by single photon emission CT 
3–4 d after radioiodine administration, and 1 of these patients showed peripheral 
GGOs, suggesting COVID-19 infection, but not an increase in radioiodine uptake. All 
of the patients with findings suggestive of COVID-19 infection were confirmed 
positive upon further workup. Mo et al[66] reported similar findings in another 
asymptomatic 60-year oncology patient in the United States with human papillo-
mavirus, and Franceschi et al[67] reported a similar scenario in an asymptomatic 61-
year-old patient with treated primary diffuse large B-cell lymphoma. Wakfie-Corieh et 
al[68] retrospectively reviewed 1079 oncologic 18F-FDG PET-CT scans performed 
between February 2 and May 18, 2020 to identify lung and extraparenchymal lung 
involvement in asymptomatic cancer patients with COVID-19. The authors concluded 
that FDG PET-CT-positive findings were usually limited to thoracic structures, and 
silent, distant involvement was infrequent. An example of PET-CT findings in COVID-
19 infection is shown in Figure 5. Another retrospective review discussed the 
incidental findings suggestive of COVID-19 in asymptomatic cancer patients in France 
who underwent 18F-FDG PET-CT from January 1 to February 21, 2020, in the era before 
COVID-19 (n = 867 PET-CT scans) and from March 16 to April 17, 2020, in the era of 
socially spread COVID-19 (n = 529 PET-CT). They noticed a 1.6% increase in paren-
chymal lung changes during the COVID-19 era[44].

Infection with COVID-19 may remain asymptomatic and appears as incidental 
findings in nuclear imaging procedures performed for standard oncologic indications
[63-67]. PET-CT findings are considered sensitive for the detection of early COVID-19 
infection, even before its detection as nasal viral carriage[41,55,66]. It appears in 18F-
FDG PET-CT as multiple areas of GGOs showing increased FDG uptake (SUVmax is 
usually around 5.5)[41,55,66]. Some theories explain the FDG activity detected in 
COVID-19 pulmonary lesions is the result of viral replication after the viral particles 
penetrate the cells. This replication starts to overwhelm the cellular structure, inciting 
a proinflammatory state that disrupts the infected and adjacent endothelium, leading 
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to increased FDG uptake[67].
Landete et al[28] reported some correlation between the degree of FDG uptake in 

pulmonary lesions and COVID-19 infection, which may be used as a predictor for the 
recovery time because the patients with pulmonary lesions had a higher SVUmax and 
took longer to recover. However, a larger sample size is necessary to confirm the 
predictive value. Many authors did not recommend the use of PET-CT as a primary 
diagnostic modality for investigating cases of suspected COVID-19 in the emergency 
setting because PET is an expensive imaging modality associated with prolonged 
acquisition times and increased radiation burden in comparison with conventional 
CXR and chest CT[18,44,56].

Nuclear medicine has no primary role in the diagnosis of COVID-19, yet awareness 
of the pattern of COVID-19 in this type of patient who is either asymptomatic or in the 
early stage of the disease before manifestations may have great implications in the 
further management of oncology patients with underlying immunosuppression, either 
by malignancy or oncologic therapeutics, because the virus is highly contagious and 
PET requires a much lengthier time in the unit than most other investigations.

CONCLUSION
In some asymptomatic patients with coronavirus disease 2019 (COVID-19) pneumonia 
on different radiological tools, reverse transcription-polymerase chain reaction, the 
definitive test for COVID-19, may be false negative. As community transmission of the 
COVID-19 increases and isolation restrictions are lifted, incidental findings highly 
suspicious of COVID-19 pneumonia on imaging modalities of asymptomatic patients 
may become more common. It is crucial to be aware of such appearances and the 
difficulties that come with them. Radiologists must be alert to signs of COVID-19 
infection in various imaging modalities because many asymptomatic patients present 
to the radiology department for other reasons and could be already infected with 
COVID. If it remains unrecognized, these patients can transmit COVID-19 to the 
community and to healthcare workers.
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Abstract
The pandemic of novel coronavirus disease 2019 (COVID-19) is caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Diabetes mellitus is a 
risk factor for developing severe illness and a leading cause of death in patients 
with COVID-19. Diabetes can precipitate hyperglycaemic emergencies and cause 
prolonged hospital admissions. Insulin resistance is thought to cause endothelial 
dysfunction, alveolar capillary micro-angiopathy and interstitial lung fibrosis 
through pro-inflammatory pathways. Autopsy studies have also demonstrated 
the presence of microvascular thrombi in affected sections of lung, which may be 
associated with diabetes. Chest imaging using x-ray (CXR) and computed 
tomography (CT) of chest is used to diagnose, assess disease progression and 
severity in COVID-19. This article reviews current literature regarding chest 
imaging findings in patients with diabetes affected by COVID-19. A literature 
search was performed on PubMed. Patients with diabetes infected with SARS-
CoV-2 are likely to have more severe infective changes on CXR and CT chest 
imaging. Severity of airspace consolidation on CXR is associated with higher 
mortality, particularly in the presence of co-morbidities such as ischaemic heart 
disease. Poorly controlled diabetes is associated with more severe acute lung 
injury on CT. However, no association has been identified between poorly-
controlled diabetes and the incidence of pulmonary thromboembolism in patients 
with COVID-19.
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Core Tip: COVID-19 infection can present as multifocal peripheral airspace changes on 
chest imaging using x-ray (CXR). Ground-glass opacities are the most common 
computed tomography finding in coronavirus disease 2019 (COVID-19). Post 
admission daily bloody glucose readings are a strong predictor for COVID-19 CXR 
changes that indicate poorer outcomes. Poorly controlled diabetes is associated with 
increased volumes of ground-glass opacity and consolidation. Diabetes is also linked 
with endothelial dysfunction and hypercoagulability, which may result in the formation 
of microvascular thrombi in peripheral segments of lung.

Citation: Gangadharan S, Parker S, Ahmed FW. Chest radiological finding of COVID-19 in 
patients with and without diabetes mellitus: Differences in imaging finding. World J Radiol 
2022; 14(1): 13-18
URL: https://www.wjgnet.com/1949-8470/full/v14/i1/13.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i1.13

INTRODUCTION
The world is currently undergoing a significant healthcare crisis due to the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic. In March 2020, 
World Health Organisation declared a pandemic caused by SARs-CoV-2. SARS-CoV-2 
was named novel coronavirus disease 2019 (COVID-19). Hospitals in different 
countries have been overwhelmed with patients suffering from COVID-19. So far, 2.78 
million people have died as of 29th March 2021[1].

Diabetes mellitus (DM) is a risk factor associated with severe illness in SARS-CoV-2 
infection, precipitating hyperglycaemic emergencies such as diabetic ketoacidosis 
(DKA) and hyperosmolar hyperglycaemic state (HHS)[2]. A third of deaths in England 
up to May 2020 related to COVID-19 occurred in people with DM[3]. Patients with DM 
are more likely to stay longer in hospital[4]. DM can cause a deregulated immune 
system predisposing to infection; the endothelial angiotensin-converting enzyme 2 
(ACE2) receptor responsible for SARS-CoV-2 invasion in human cells has reduced 
expression in patients of DM, possibly due to glycosylation[5]. Insulin resistance and 
altered glucose homeostasis have been thought to cause alveolar capillary micro-
angiopathy and interstitial fibrosis via over-inflammation[6].

A normal chest radiograph does not exclude COVID-19 pneumonia, and no single 
feature on a radiograph is diagnostic[7]. However, a combination of multifocal 
peripheral airspace changes often found bilaterally may be present in COVID-19. Due 
to limited PCR testing capacity in the early d of the pandemic, in addition to its low 
sensitivity and waiting period of up to 2 d, many clinicians turned to chest computed 
tomography (CT) for early detection of COVID-19.

Studies have reported the negative predictive value of using CT to be above 90%[8,
9]. Chest CT was used to detect subtle radiological changes consistent with COVID-19 
in patients where the chest radiograph was reported to be normal or indeterminate. 
Typical CT findings seen in patients with COVID-19 include peripheral ground-glass 
opacities (GGO), which progresses to consolidation and interstitial thickening within 
GGO areas known as ‘crazy paving pattern’[10,11]. These non-specific imaging 
findings of acute lung injury are indistinguishable from other types of viral pneu-
monia or interstitial lung diseases, thereby limiting the use of CT as a confirmatory 
diagnostic test in COVID-19.

This article reviews current literature regarding chest imaging changes in patients 
with DM affected by COVID-19.

LITERATURE SEARCH
A literature search was conducted on PubMed using the keywords of COVID-19 or 
Coronavirus; CXR or x-ray or radiograph; CT chest; CTPA or pulmonary embolism or 
PE; and diabetes mellitus or diabetes within the title or abstract.

https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1949-8470/full/v14/i1/13.htm
https://dx.doi.org/10.4329/wjr.v14.i1.13
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Chest Radiography 
Studies have shown chest radiographs of patients with DM to have increased bilateral 
airspace consolidation compared to patients without DM[12,13]. The severity of chest 
radiograph changes in patients with DM has indicated a significant correlation with 
mortality, as evidenced in multivariate analysis by Cellina et al[14]. Patients with 
bilateral peripheral alveolar disease (Figure 1) often present at a later stage and have a 
worse outcome. However, some patients with COVID-19 have preserved lung comp-
liance despite being acutely hypoxaemic, suggesting poorer outcomes result from 
processes other than alveolar damage[15].

In some studies, DM alone was not associated with an increased risk of intensive 
care unit admission or death. Still, it was associated with cardiovascular disease as a 
driver of poorer outcomes. Izzi-Engbeaya et al[16] studied 889 patients admitted to 
London hospitals with COVID-19, and their outcomes found patients with DM were 
found to have a 33% increased risk of death or ICU admission if they also have 
ischaemic heart disease. Surprisingly, a similar severity of CXR changes was 
demonstrated for patients with and without DM. Mozzini et al[17] (2021) studied 50 
Italian patients with COVID-19, 32% of which had DM. Patients with hypertension or 
DM had 8 times greater risk of having more severe CXR changes.

COVID-19 infection in patients with DM leads to hyperglycaemia, and in some 
cases leads to DKA and/or HHS[2]. It has been shown that there is a positive 
correlation between daily average blood glucose readings and CXR findings. Similarly, 
post-admission day-1 hyperglycaemia was found to be the strongest independent 
predictor for COVID-19 CXR changes. This was a stronger predictor than age, body 
mass index, and temperature[18].

Chest computed tomography
Earlier studies employed semi-quantitative methods to analyse chest computed 
tomography (CT) findings (Figure 2) in patients with COVID-19[19,20]. This involved 
a single, or multiple experienced radiologists blinded to clinical parameters and 
assigning a score based on the severity of findings. Higher chest CT scores have been 
found in patients with DM, suggesting more severe COVID-19 pneumonia when 
compared with patients without DM[19]. Findings by Iacobellis et al[18] suggested 
day-1 hyperglycaemia as a predictor of COVID-19 severity on CXR were confirmed on 
CT.

Patients with poorly-controlled DM are likely to have more severe COVID-19 
pneumonia. A recent study by Lu et al[21] using a quantitative artificial intelligence 
algorithm found parameters including the percentage of ground glass volume (PGV) 
and percentage of consolidation volume (PCV), positively correlated with fasting 
blood glucose and HbA1c. Unlike semi-quantitative methods, results using this 
approach were not affected by inter- and intra-observer variability. Raoufi et al[20] 
used a semi-quantitative method to study 117 patients with DM in Iran and found no 
significant difference in patients with well-controlled (defined as maintaining 
glycaemic variability between 3.9-10 mmol/L) and poorly-controlled DM. However, 
the poorly-controlled group contained almost 4 times the number of patients (93 vs 24). 
Furthermore, the median age of patients in the well-controlled group were older (75 vs 
62 years) which may have been a confounding factor for this negative result[20].

Studies have shown mortality rates to be higher among patients with poorly-
controlled DM and COVID-19 than the general population with COVID-19[22,23]. In 
particular, high HbA1c levels have been linked with inflammation and hyperco-
agulability, resulting in an increased mortality rate in patients with DM suffering from 
COVID-19[24]. However, the accuracy of these results may be influenced by other co-
morbidities such as ischaemic heart disease and stroke. No large-scale studies have yet 
shown an association between worse CT findings and mortality in DM.

A high incidence of venous and arterial thrombotic complications in critically ill 
patients with COVID-19 has been reported previously[25]. Recent literature based on 
autopsy studies shows that the origin of thrombotic lesions in COVID-19 is largely 
unknown. Lung histopathological analysis found multiple thrombi in small to 
medium pulmonary arteries giving rise to the theory of COVID-19 associated immu-
nothrombosis, contrary to the conventional thromboembolic pathomechanism of PE
[26,27]. In situ microvascular thrombosis or immunothrombosis occurs due to alveolar 
injury, inflammatory storm and disruption of the thromboprotective pulmonary 
vascular endothelium. COVID-19 clinical outcomes are worse in patients with diseases 
associated with endothelial dysfunction such as systemic hypertension, DM and 
obesity[28].
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Figure 1 The Chest X-Ray demonstrates multiple bilateral peripheral predominant airspace opacities. There is no pleural effusion.

Figure 2 Chest X-Ray. A: Typical appearances of COVID-19 infection: Bilateral peripheral consolidation (1. block arrow), multifocal groundglass opacities (2. 
straight arrow); B: Some areas of smooth intralobular septal thickening (3. curved arrow).

The radiological finding of subsegmental or segmental thrombi in peripheral 
segments of lung affected by acute lung injury and the absence of deep vein 
thrombosis (DVT) in patients with COVID-19 infection, assumes the theory of 
immunothrombosis[27]. Monfardini et al[29] found 76% of patients with a moderate-
high pre-test probability of PE and positive D-dimer level (a fibrin degradation 
product measured to help diagnose thrombosis), had positive CTPA findings. 
Nevertheless, only 15% of these patients were associated with ultrasound detected 
lower limb DVT[29], suggesting the remainder probably represented immuno-
thrombosis. A meta-analysis of twenty-seven studies by Suh et al[30] revealed DVT 
was only found in 42% of patients with PE.

As yet, no large-scale studies have reported a link between pulmonary thromboem-
bolism and DM in patients with COVID-19. Kaminetzky et al[31] found patients with 
DM were significantly less frequently observed to have CTPA examinations. Of 23 
patients identified to have PE in this study, only 3 had DM; however, this finding may 
be attributed to the small sample size.

CONCLUSION
DM predisposes to immune deregulation and reduced expression of the ACE2 
receptor, leading to severe acute lung injury[5,6]. Studies have proven a link between 
DM and more severe airspace consolidation based on chest x-ray findings[12,13]. 
Furthermore, CXR evidence suggests DM is associated with higher mortality in 
COVID-19. The exact pathogenesis of this is unclear but may be related to 
microvascular immunothrombosis[26,28].

There is now quantitative evidence to suggest poorly controlled DM is associated 
with more severe lung injury on CT[21]. However, no large-scale studies have invest-
igated a direct link between CT findings and mortality in DM. Although the incidence 
of PE is greater in critically ill patients with COVID-19[25], no link has been 
established between poorly controlled DM and the risk of PE.
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As new research into COVID-19 is produced and evidence emerges from autopsy 
studies, the understanding of pathobiology of the disease has evolved. However, there 
remains scope for future research; particularly whether small pulmonary thromboses 
represent venous thromboembolism, immunothrombosis, or a combination of both. 
Furthermore, a direct link between DM and immunothrombosis may help to guide 
future management strategies.
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Abstract
BACKGROUND 
The American College of Radiology Thyroid Imaging Reporting and Data System 
(ACR TI-RADS) was introduced to standardize the ultrasound characterization of 
thyroid nodules. Studies have shown that ACR-TIRADS reduces unnecessary 
biopsies and improves consistency of imaging recommendations. Despite its 
widespread adoption, there are few studies to date assessing the inter-reader 
agreement amongst radiology trainees with limited ultrasound experience. We 
hypothesize that in PGY-4 radiology residents with no prior exposure to ACR TI-
RADS, a statistically significant improvement in inter-reader reliability can be 
achieved with a one hour training session.

AIM 
To evaluate the inter-reader agreement of radiology residents in using ACR TI-
RADS before and after training.

METHODS 
A single center retrospective cohort study evaluating 50 thyroid nodules in 40 
patients of varying TI-RADS levels was performed. Reference standard TI-RADS 
scores were established through a consensus panel of three fellowship-trained 
staff radiologists with between 1 and 14 years of clinical experience each. Three 
PGY-4 radiology residents (trainees) were selected as blinded readers for this 
study. Each trainee had between 4 to 5 mo of designated ultrasound training. No 
trainee had received specialized TI-RADS training prior to this study. Each of the 
readers independently reviewed the 50 testing cases and assigned a TI-RADS 
score to each case before and after TI-RADS training performed 6 wk apart. Fleiss 
kappa was used to measure the pooled inter-reader agreement. The relative 
diagnostic performance of readers, pre- and post-training, when compared 
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against the reference standard.

RESULTS 
There were 33 females and 7 males with a mean age of 56.6 ± 13.6 years. The mean 
nodule size was 19 ± 14 mm (range from 5 to 63 mm). A statistically significant 
superior inter-reader agreement was found on the post-training assessment 
compared to the pre-training assessment for the following variables: 1. “Shape” (k 
of 0.09 [slight] pre-training vs 0.67 [substantial] post-training, P < 0.001), 2. 
“Echogenic foci” (k of 0.28 [fair] pre-training vs 0.45 [moderate] post-training, P = 
0.004), 3. ‘TI-RADS level’ (k of 0.14 [slight] pre-training vs 0.36 [fair] post-training, 
P < 0.001) and 4. ‘Recommendations’ (k of 0.36 [fair] pre-training vs 0.50 
[moderate] post-training, P = 0.02). No significant differences between the pre- 
and post-training assessments were found for the variables 'composition', 
'echogenicity' and 'margins'. There was a general trend towards improved pooled 
sensitivity with TI-RADS levels 1 to 4 for the post-training assessment while the 
pooled specificity was relatively high (76.6%-96.8%) for all TI-RADS level.

CONCLUSION 
Statistically significant improvement in inter-reader agreement in the assigning 
TI-RADS level and recommendations after training is observed. Our study 
supports the use of dedicated ACR TI-RADS training in radiology residents.

Key Words: Thyroid; Thyroid nodule; American College of Radiology Thyroid Imaging 
Reporting and Data System; Inter-reader agreement; Ultrasound

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There is a statistically significant improvement in inter-reader agreement 
among radiology trainees with limited ultrasound experience using the American 
College of Radiology Thyroid Imaging Reporting and Data System (TI-RADS) after 
training for TI-RADS grading and recommendations. This study demonstrates the 
learnability of TI-RADS in radiology trainees.

Citation: Du Y, Bara M, Katlariwala P, Croutze R, Resch K, Porter J, Sam M, Wilson MP, Low 
G. Effect of training on resident inter-reader agreement with American College of Radiology 
Thyroid Imaging Reporting and Data System. World J Radiol 2022; 14(1): 19-29
URL: https://www.wjgnet.com/1949-8470/full/v14/i1/19.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i1.19

INTRODUCTION
Thyroid nodules are detected in more than 50% of healthy individuals with approx-
imately 95% representing asymptomatic incidental nodules[1-3]. Moreover, an 
increasing number of thyroid nodules are being detected in recent years on account of 
improved quality and increased frequency of medical imaging[4]. Although most 
thyroid nodules are benign and do not require treatment, adequate characterization is 
necessary in order to identify potentially malignant nodules[1-3]. The American 
College of Radiology Thyroid Imaging Reporting and Data System (ACR TI-RADS) 
was therefore introduced to standardize the ultrasound characterization of thyroid 
nodules based on 5 morphologic categories (composition, echogenicity, shape, 
margins, and echogenic foci). A TI-RADS score is obtained to represent the level of 
suspicion for cancer and further direct the need for follow-up and/or tissue sampling
[5]. First published in 2017, ACR TI-RADS has been widely adopted by many centers 
worldwide. Studies have shown that ACR-TIRADS reduces unnecessary biopsies and 
improves consistency of imaging recommendations[6,7].

Despite its widespread adoption, there are few studies available to date assessing 
the inter-reader reliability of TI-RADS amongst radiology trainees with limited 
ultrasound experience. A single-institutional study performed in China by Teng et al 
[8] evaluated three trainees with less than three months of ultrasound experience, 
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demonstrating fair to almost perfect agreement amongst readers for TI-RADS categor-
ization, with improved agreement and diagnostic accuracy after training. To our 
knowledge, no similar inter-reader agreement studies have been performed in North 
American trainees. The purpose of this study is to evaluate the inter-reader reliability 
amongst radiology trainees before and after designated TI-RADS training in a North 
American institution.

MATERIALS AND METHODS
This retrospective, single-institution observational study was approved by the institu-
tional Health Research Ethics Board (Pro 00104708). This study was exempted from 
obtaining informed consent. A retrospective review of the local Picture Archiving and 
Communication System (PACS) was performed to identify thyroid ultrasound studies 
containing thyroid nodules between July 1, 2019 to July 31, 2020. Included cases 
required at least 1 thyroid nodule (minimal dimension of 5 mm) with both transverse 
and sagittal still images and cine video recording in at least 1 plane. Nodules with 
non-diagnostic image quality, incomplete nodule visualization, and absence of a cine 
clip covering the entirety of the nodule were excluded. The type of ultrasound make, 
model, or platform were not considered in the selection process.

Eighty consecutive thyroid nodules meeting eligibility criteria were selected by 2 
authors (YD, 6 years clinical experience; MB, 3 years clinical experience) from the 
eligible ultrasound examinations. A single case could include more than one nodule if 
sufficient imaging was available to meet inclusion criteria for multiple nodules. Still 
images of each nodule in both transverse and sagittal planes as well as at least 1 cine 
video clip of the nodule were saved in a teaching file hosted on our institutional 
Picture Archiving and Communication System. Each nodule and its representative 
images/cine clips were saved separately. If a single patient had two nodules, the 
relevant images and cine clips for each nodule were saved as separate case numbers. 
Of these, 50 cases were allocated into the “testing” group and 30 cases into the 
“training” group. Non-random group selection was performed to allow an approx-
imately even distribution of TI-RADS categories within each group and to prevent 
under-representation of any category. A steering committee consisting of 2 authors 
including the principal investigator (YD, MB) attempted to evenly divide cases of 
differentiating difficulty equally between “testing” and “training” groups. This 
variable approach was selected over a pathological gold standard in an attempt to 
reduce referral bias in the “testing” group, a situation likely encountered by Teng et al 
[8] where 61% (245/400) of included nodules were pathologically malignant. The 
trainees were blinded to the distribution approach of the “testing” group.

All patient identifiers were removed apart from age and gender. All cases were 
evaluated by a consensus review of 3 independent fellowship-trained board-certified 
staff radiologists with between 1 and 14 years of clinical experience each (GL, MW, 
MS). Any disagreement on the scoring of nodules for the ACR TI-RADS level was 
resolved by re-review and consensus discussion. Findings on the consensus review 
were recorded and set as the standard of reference. This approach has been used in 
other recent inter-reader reliability studies assessing ACR Reporting and Data Systems
[9].

Three PGY-4 radiology residents (trainees) were selected as blinded readers for this 
study. Each trainee had between 4 to 5 mo of designated ultrasound training, in 
addition to non-designated ultrasound training on other rotations throughout their 
training. No trainee had received specialized TI-RADS training prior to this study. 
Each of the readers independently reviewed the 50 testing cases and assigned TI-
RADS score to each case. The readers were provided with a summary chart detailing 
the ACR TI-RADS classification as described in the ACR TI-RADS White Paper and 
had access to an online TI-RADS calculator (https://tiradscalculator.com) at the time 
of independent review[5]. The readers were instructed to assign TI-RADS points for 
each category including composition, echogenicity, shape, margins, echogenic foci, 
and to determine the TI-RADS level and ACR TI-RADS recommendations. The pre-
training responses were entered into an online survey generated via Google Forms. 
Four weeks after the readers had completed the pre-training assessment; a one hour-
long teaching session including a Microsoft PowerPoint presentation illustrating 
important features of ACR TI-RADS was provided to the readers along with a 
Microsoft Word document summarizing common areas of disagreement in nodule 
characterization[5]. The teaching session provided a step-by-step review of the 5 main 
sonographic features used for nodule scoring in ACR TI-RADS: (1) Composition; (2) 

https://tiradscalculator.com
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Figure 1 A 51-year-old female with a 1.1 cm × 0.9 cm × 0.9 cm right mid pole thyroid nodule. This nodule was classified correctly with perfect 
concordance by all 3 readers as solid (+ 2 points), hypoechoic (+ 2 points), taller-than-wide (+ 3 points), smooth margins (+ 0 points), and with punctate echogenic 
foci (+ 3 points). This had a total points of 10 and a Thyroid Imaging Reporting and Data System level of TR5.

Figure 2 A 45-year-old female with a 1.7 cm × 1.8 cm × 2.1 cm left mid pole thyroid nodule. This nodule was classified by first two readers as 
Thyroid Imaging Reporting and Data System (TI-RADS) level TR4 and by the third reader as TI-RADS level TR5. The first two readers classified the nodule as solid 
(+ 2 points), isoechoic (+ 2 points), taller-than-wide (+ 3 points), smooth margins (+ 0 points) and with no echogenic foci (+ 0 points) for a total points of 6 and a TI-
RAD level of TR4. For the third reader, a single discrepancy in the scoring of echogenicity as hypoechoic (+ 2 points) rather than isoechoic (+ 1 point) as in the other 
2 readers, resulted in a total points of 7 and a TI-RADS level of TR5. As can be seen in the images, the nodule has mixed echogenicity although most of the nodule is 
isoechoic making this the preferred option.

Echogenicity; (3) Shape; (4) Margin; and (5) Echogenic foci. Each feature’s description 
and interpretation was discussed and illustrated by examples. The readers were given 
ample opportunity to ask questions, and the consensus panel provided focused 
clarification to readers in areas of reader uncertainty. Additionally, the trainees were 
instructed to review the training file that contained the 30 training cases on PACS and 
corresponding answers were provided for each case. Two weeks after the training 
session (six weeks after the pre-training assessment), the 50 anonymized cases from 
the ‘’testing’’ group were re-sent to the readers for independent review. Readers were 
instructed to re-score the 50 cases and the post-training responses were entered into an 
online survey generated via Google Forms.
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Statistical analysis
Categorical variables were expressed as values and percentages. Continuous variables 
were expressed as the mean ± SD. The following statistical tests were used:

Fleiss kappa (overall agreement) was used to calculate the pooled inter-reader 
agreement. The kappa (K) value interpretation as suggested by Cohen was used: ≤ 0.20 
(slight agreement), 0.21–0.40 (fair agreement), 0.41–0.60 (moderate agreement), 
0.61–0.80 (substantial agreement), and 0.81–1.00 (almost perfect agreement)[10].

Paired t-test was used to evaluate for significant difference between agreement 
coefficients[11].

Using the consensus panel as the reference standard, the relative diagnostic 
parameters (sensitivity, specificity, positive predictive value and negative predictive 
value) per TI-RADS level were calculated for individual readers and on a pooled basis.

RESULTS
The testing cases comprised of 50 nodules in 40 patients. There were 33 (82.5%) 
females and 7 males. The mean patient age was 56.6 ± 13.6 years with an age range 
from 29 to 80 years. Of the 50 nodules, 31 (62%) were located in the right lobe, 18 (36%) 
in the left lobe and 1 (2%) in the isthmus. The mean nodule size was 19 ± 14 mm with a 
range from 5 to 63 mm. According to the reference standard that consisted of a 
consensus panel of 3 fellowship trained staff radiologists, there were 11 (22%) TI-
RADS level 1 nodules, 9 (18%) TI-RADS level 2 nodules, 9 (18%) TI-RADS level 3 
nodules, 13 (26%) TI-RADS level 3 nodules, and 8 (16%) TI-RADS level 5 nodules.

The pooled inter-reader agreement with the reference standard, pre- and post-
training, is listed in Table 1. A statistically significant improvement in reader agree-
ment was demonstrated in post-training inter-reader agreement for nodule shape (P < 
0.001), presence of echogenic foci (P = 0.004), TI-RADS level (P < 0.001) and overall 
recommendation (P = 0.02). Each of these categories improved at least one category of 
agreement. Only margin characterization remained at slight agreement after training. 
Similarly, the percentage reader agreement with the reference standard for 
sonographic features (Table 2), TI-RADS levels (Table 3) and recommendations 
(Table 4) are also included. Figure 1 provides an illustrated example of complete 
reader concordance for nodule scoring using ACR TI-RADS. In contrast, Figure 2 
provides an illustrated example where there is discordance in reader scoring using 
ACR TI-RADS.

Finally, the relative diagnostic performance of readers, pre- and post-training, when 
compared against the reference standard is included in Table 5 and Table 6, 
respectively. Pre-training pooled sensitivities ranged from 22.3%-66.7% and pooled 
specificity ranged from 72.2%-95.1%, dependent on TI-RADS category. Post-training 
pooled sensitivities ranged from 40.7%-63% and pooled specificity ranged from 76.6%-
96.8%, dependent on TI-RADS category.

DISCUSSION
The overall inter-reader agreement for ACR TI-RADS should take into account the 
inter-reader agreement of its two major outcome variables – 'TI-RADS level' and 'ACR 
TI-RADS recommendations'. In our study, the inter-reader agreement for ‘TI-RADS level’ 
showed a significant improvement with training (k = 0.14 (slight) on the pre-training 
assessment vs k = 0.36 (fair) on the post-training assessment)[12]. Our inter-reader 
agreement for ‘ACR TI-RADS recommendations’ also showed a significant improvement 
with training (k = 0.36 (fair) on the pre-training assessment vs k = 0.50 (moderate) on 
the post-training assessment [P = 0.02]). Our findings suggest that even a single 
didactic training session can significantly improve the overall inter-reader agreement 
in radiology residents. Our findings compare favorably with other inter-reader 
agreement studies involving ACR TI-RADS. A study by Hoang et al[7] involving 8 
board certified radiologists (2 from academic centers with subspecialty training in US 
and 6 from private practice with no subspecialty training in US) found a fair (k = 0.35) 
inter-reader agreement for ‘TI-RADS level’, and moderate (k = 051) inter-reader 
agreement for ‘ACR TI-RADS recommendations’[7]. Teng et al[8] assessed the lear-
nability and reproducibility of ACR TI-RADS in post-graduate freshmen. The study 
included 3 readers with < 3 mo ultrasound experience and 3 experts with > 15 years 
ultrasound experience each. The readers independently evaluated 4 groups of nodules 
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Table 1 Pooled inter-reader agreement with the reference standard

Pre-training, k Post-training, k P value of the difference

Composition 0.46 (95%CI: 0.37 to 0.54), moderate 0.52 (95%CI: 0.44 to 0.61), moderate 0.32

Echogenicity 0.36 (95%CI: 0.29 to 0.44), fair 0.44 (95%CI: 0.37 to 0.52), moderate 0.30

Shape 0.09 (95%CI: 0.02 to 0.21), slight 0.67 (95%CI: 0.56 to 0.78), substantial < 0.001 

Margins 0.03 (95%CI: -0.14 to 0.08), slight 0.05 (95%CI: -0.05 to 0.15), slight 0.71

Echogenic Foci 0.28 (95%CI: 0.19 to 0.37), fair 0.45 (95%CI: 0.36 to 0.53), moderate 0.004 

TI-RADS Level 0.14 (95%CI: 0.08 to 0.20), slight 0.36 (95%CI: 0.30 to 0.42), fair < 0.001 

Recommendations 0.36 (95%CI: 0.27 to 0.45), fair 0.50 (95%CI: 0.41 to 0.59), moderate 0.02 

Table 2 Percentage reader agreement with the reference standard for sonographic features

Sonographic feature RS R1 pre R1 post R2 pre R2 post R3 pre R3 post

Composition n n (%)

Spongiform 4 0 (0) 1 (25) 1 (25) 1 (25) 3 (75) 4 (100)

Cystic or almost completely cystic 11 3 (27.3) 5 (45.5) 7 (63.6) 8 (72.7) 10(90.9) 10(90.9)

Mixed cystic and solid 12 9 (75) 6 (50) 5 (41.7) 7 (58.3) 5 (58.3) 6 (50)

Solid 27 26 (96.3) 26 (96.3) 25 (92.6) 26 (96.3) 18 (66.7) 19 (70.4)

Echogenicity

Anechoic 11 3 (27.3) 5 (45.5) 5 (45.5) 5 (45.5) 9 (81.8) 8 (72.7)

Hyperechoic or isoechoic 27 23 (85.2) 23 (85.2) 19 (70.4) 21 (77.8) 19 (70.4) 20 (74.1)

Hypoechoic 12 2 (16.7) 4 (33.3) 9 (75) 8 (66.7) 4 (33.3) 4 (33.3)

Shape

Wilder than tall 42 38 (90.5) 39 (92.9) 7 (16.7) 39 (92.9) 41 (97.6) 40 (95.2)

Taller than wide 8 7 (87.5) 7 (87.5) 7 (87.5) 7 (87.5) 6 (75) 4 (50)

Margins

Smooth or ill defined 47 36 (76.6) 35 (74.5) 35 (74.5) 33 (70.2) 43 (91.5) 45 (95.7)

Lobulated or irregular 3 1 (33.3) 2 (66.7) 1 (33.3) 2 (66.7) 0 (0) 0 (0)

Echogenic foci

None or large comet tail artifact 41 20 (48.8) 36 (87.8) 29 (70.7) 39 (95.1) 29 (70.7) 29 (70.7)

Macrocalcification 3 1 (33.3) 1 (33.3) 0 (0) 2 (66.7) 2 (66.7) 2 (66.7)

Punctate echogenic foci 6 5 (83.3) 4 (66.7) 2 (33.3) 5 (83.3) 3 (50) 3 (50)

RS: Reference standard; R1: Reader 1; R2: Reader 2; R3: Reader 3.

with 50 nodules per group. After evaluating each group, a post-group training session 
was carried out for the freshman. The study found that the inter-reader agreement 
improved with training. Chung et al[13] performed a study evaluating the impact of 
radiologist’s experience on ACR TI-RADS. Six fellowship-trained radiologists were 
divided into two groups (experienced vs less experienced) with the experienced group 
having at least 20 years of post-fellowship experience each and the less experienced 
group having 1 year or less of post-fellowship experience each. The study found no 
significant differences for inter-reader agreement between experienced vs less 
experienced readers for ‘TI-RADS level’ or ‘ACR TI-RADS recommendations’. The inter-
reader agreement was moderate for both experienced and less experienced groups for 
‘TI-RADS level’ and moderate to substantial (experienced vs less experienced, 
respectively) for ‘ACR TI-RADS recommendations’. Seifert et al[14] evaluated the inter-
reader agreement and efficacy of consensus reading for several thyroid imaging risk 
stratification systems including ACR TI-RADS. The study involved 4 experienced 
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Table 3 Percentage reader agreement with the reference standard for American College of Radiology Thyroid Imaging Reporting and 
Data System levels

ACR TI-RADS level RS, n R1 pre, n (%) R1 post, n (%) R2 pre, n (%) R2 post, n (%) R3 pre, n (%) R3 post, n (%)

1 11 1 (9.1) 5 (45.5) 1 (9.1) 7 (63.6) 10 (90.9) 8 (72.7)

2 9 3 (33.3) 4 (44.4) 0 (0) 4 (44.4) 3 (33.3) 3 (33.3)

3 9 4 (44.4) 5 (55.5) 1 (11.1) 6 (66.7) 4 (44.4) 6 (66.7)

4 13 4 (30.8) 5 (38.5) 5 (38.5) 9 (69.2) 5 (38.5) 5 (38.5)

5 8 7 (87.5) 4 (50) 6 (75) 5 (62.5) 3 (37.5) 3 (37.5)

ACR TI-RADS: American College of Radiology Thyroid Imaging Reporting and Data System; RS: Reference standard; R1: Reader 1; R2: Reader 2; R3: 
Reader 3.

Table 4 Percentage reader agreement with the reference standard for American College of Radiology Thyroid Imaging Reporting and 
Data System recommendations

Recommendations RS, n R1 pre, n (%) R1 post, n (%) R2 pre, n (%) R2 post, n (%) R3 pre, n (%) R3 post, n (%)

No follow up 25 13 (52) 17 (68) 10 (40) 19 (76) 21 (84) 22 (88)

Follow up 5 3 (60) 1 (20) 1 (20) 3 (60) 3 (60) 3 (60)

FNA 20 17 (85) 15 (75) 18 (90) 17 (85) 11 (55) 13 (65)

RS: Reference standard; R1: Reader 1; R2: Reader 2; R3: Reader 3; FNA: Fine needle aspiration.

specialist readers with more than 5 years of clinical experience each. The readers 
independently scored 40 thyroid image datasets in session 1 followed by a joint 
consensus read (C1). After this, the process was repeated with independent scoring of 
40 new image datasets in session 2, followed by another consensus read (C2). For ACR 
TI-RADS, the study found a significantly higher inter-reader agreement for session 2 (k 
= 0.57, moderate) vs session 1 (k = 0.32, fair) [P < 0.01], indicating that the addition of a 
consensus read had an impact in improving the inter-reader agreement.

Our study also evaluated the inter-reader agreement of individual sonographic 
features including composition, echogenicity, shape, margins, and echogenic foci. Our 
findings showed a significant improvement in inter-reader agreement with training for 
features such as ‘shape’ (k = 0.09, slight pre-training versus k = 0.67, substantial post-training, P < 
0.001) and ‘echogenic foci’ (k = 0.28, fair pre-training versus k = 0.45, moderate post-training, P = 
0.004) but not for the others. The features with the strongest inter-reader agreement in 
our study were ‘shape’ (k = 0.67 post-training, substantial) and ‘composition’ (k = 0.52 post-training

, moderate). Hoang et al[7] also found similar findings in their study with ‘shape’ (k = 
0.61, substantial) and ‘composition’ (k = 0.58, moderate) having the strongest inter-
reader agreement amongst the 5 principal sonographic features. The feature with the 
poorest inter-reader agreement in our study was margins (k = 0.05 post-training, slight). 
Similarly, Hoang et al [7] also found that ‘margins’ had the poorest inter-reader 
agreement (k = 0.25, fair) in their study. The poor inter-reader agreement for ‘margins’ 
is not surprising as accurate assessment requires a thorough review of the entire cine 
clip, rather than review of the still images only. Margins may also be harder to 
interpret through ultrasound artifacts. Finally, two of the available answer options for 
‘margins’ in ACR TI-RADS are ‘ill defined’ (TI-RADS + 0 points) and ‘irregular’ (TI-
RADS + 2 points). However, both options share innate conceptual similarities in 
interpretation and can lead to overlap. The poorest and strongest inter-reader 
agreement were also matched with the same features identified by Hoang’s board-
certified radiologists, indicating that the limitation may be inherent to the reporting 
and data system rather than trainee experience.

We also evaluated the relative sensitivity and specificity of the radiology residents 
in assigning TI-RADS levels compared to consensus reference standard before and 
after training. There was a general trend towards improved pooled sensitivity with TI-
RADS levels 1 to 4 for the post-training assessment while the pooled specificity was 
relatively high (76.6-96.8%) for all TI-RADS level. Overall findings suggest that a single 
didactic training session improves the detection of benign (TI-RADS 1-3) lesions while 
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Table 5 The relative sensitivity, specificity, positive predictive value, and negative predictive value per Thyroid Imaging Reporting and 
Data System Level on the pre-training assessment compared to the reference standard

Pre-training, Statistics TI-RADS 1, % TI-RADS 2, % TI-RADS 3, % TI-RADS 4, % TI-RADS 5, %

Sensitivity

R1 9.1 (0.2-41.3) 33.3 (7.5-70.1) 44.4 (13.7-78.8) 30.8 (9.1-61.4) 87.5 (47.4-99.7)

R2 9.1 (0.2-41.3) 0 (0-33.6) 11.1 (0.3-48.3) 38.5 (13.9-68.4) 75 (34.9-96.8)

R3 90.9 (58.7-99.8) 33.3 (7.5-70.1) 44.4 (13.7-78.8) 38.5 (13.9-68.4) 37.5 (8.5-75.5)

Pooled 36.4 (20.4-54.9) 22.2 (8.6-42.3) 33.3 (16.5-54) 35.9 (21.2-52.8) 66.7 (44.7-84.4)

Specificity

R1 100 (91.0-100) 90.2 (76.9-97.3) 92.7 (80.1-98.5) 62.2 (44.8-77.5) 76.2 (60.6-88)

R2 100 (91-100) 97.6 (87.1-99.9) 80.5 (65.1-91.2) 81.1 (64.8-92) 50 (34.2-65.8)

R3 66.7 (49.8-80.9) 97.6 (87.1-99.9) 95.1 (83.5-99.4) 89.2 (74.6-97) 90.5 (77.4-97.3)

Pooled 88.9 (81.8-94) 95.1 (89.7-98.2) 89.4 (82.6-94.3) 76.6 (67.6-84.1) 72.2 (63.5-79.8)

Positive predictive value

R1 100 42.9 (16.8-73.6) 57.1 (26.4-83.2) 22.2 (10.3-41.6) 41.2 (27.7-56.1)

R2 100 0 11.1 (1.8-46.8) 41.7 (21.5-65.1) 22.2 (14.8-32.1)

R3 43.5 (32.2-55.5) 75 (26-96.2) 66.7 (30.1-90.3) 55.6 (28.3-79.8) 42.9 (17.1-73.2)

Pooled 48 (31.8-64.6) 50 (25.9-74.1) 40.9 (24.8-59.2) 35 (23.9-48) 31.4 (23.5-40.5)

Negative predictive value

R1 79.6 (76.4-82.5) 86.1 (79.4-90.8) 88.4 (80.8-93.2) 71.9 (62.2-79.9) 97 (83.5-99.5)

R2 79.6 (76.4-82.5) 81.6 (80.9-82.4) 80.5 (75.8-84.5) 79 (70.4-85.6) 91.3 (75.3-97.3)

R3 96.3 (79.8-99.4) 87 (80.7-91.4) 88.6 (81.2-93.4) 80.5 (72.6-86.5) 88.4 (81.5-92.9)

Pooled 83.2 (79.2-86.6) 84.8 (81.9-87.3) 85.9 (82.3-88.9) 77.3 (72.5-81.5) 91.9 (86.5-95.3)

TI-RADS: Thyroid Imaging Reporting and Data System; RS: Reference standard; R1: Reader 1; R2: Reader 2; R3: Reader 3.

retaining high specificity in radiology residents. Improved identification of benign 
lesions is critical in avoiding unnecessary biopsies and interventions, a major aim of 
the ACR TI-RADS system.

The current study has several limitations. One limitation is the lack of a pathological 
reference standard. The reference standard was an expert consensus review by 3 board 
certified radiologists with Body Imaging fellowship and 1-14 years of clinical 
experience. However, it should be noted that this study is designed primarily to 
evaluate inter-reader reliability of radiology residents, and not the inherent 
performance of the ACR TI-RADS itself. As such, an expert consensus panel was 
deemed a practical reference standard, and one that simulates ‘real world’ clinical 
practice[9]. Another limitation is the relatively small number of cases used. However, 
even with this limited number of cases, we were able to show statistically significant 
improvements in inter-reader agreement for the two major outcome variables (TI-
RADS level and ACR TI-RADS recommendations). While there is a relatively even 
distribution of TI-RADS levels among the test cases via non-random selection, there is 
uneven distribution of individual ultrasound features within the group. Of the 50 test 
cases, only 3 nodules demonstrated ‘lobulated or irregular’ margins (TI-RADS points 
+2), while the remaining 47 are ‘smooth’ or ‘ill-defined’ (TI-RADS points +0). A larger 
sample size can improve this and lead to more representative analysis of individual 
ultrasound features. Finally, training retention over time was not evaluated in this 
study, with the post-training testing performed two weeks after didactic and training 
case review.
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Table 6 The relative sensitivity, specificity, positive predictive value, and negative predictive value per Thyroid Imaging Reporting and 
Data System Level on the post-training assessment compared to the reference standard

Post-training, Statistics TI-RADS 1, % TI-RADS 2, % TI-RADS 3, % TI-RADS 4, % TI-RADS 5, %

Sensitivity

R1 45.5 (16.8-76.6) 44.4 (13.7-78.8) 55.6 (21.2-86.3) 38.5 (13.9-68.4) 50 (15.7-84.3)

R2 63.6 (30.8-89.1) 44.4 (13.7-78.8) 66.7 (29.9-92.5) 69.2 (38.6-90.9) 62.5 (24.5-91.5)

R3 72.7 (39-94) 33.3 (7.5-70.1) 66.7 (29.9-92.5) 38.5 (13.9-68.4) 37.5 (8.5-75.5)

Pooled 60.6 (42.1-77.1) 40.7 (22.4-61.2) 63 (42.4-80.6) 48.7 (32.4-65.2) 50 (29.1-70.9)

Specificity

R1 92.3 (79.1-98.4) 97.6 (87.1-99.9) 90.2 (76.9-97.3) 70.3 (53-84.1) 81 (65.9-91.4)

R2 94.9 (82.7-99.4) 97.6 (87.1-99.9) 95.1 (83.5-99.4) 73 (38.6-90.9) 90.5 (77.4-97.3)

R3 66.7 (49.8-80.9) 95.1 (83.5-99.4) 97.6 (87.1-99.9) 86.5 (71.2-95.5) 90.5 (77.4-97.3)

Pooled 84.6 (76.8-90.6) 96.8 (91.9-99.1) 94.3 (88.6-97.7) 76.6 (67.6-84.1) 87.3 (80.2-92.6)

Positive predictive value

R1 62.5 (32-85.5) 80 (33.6-96.9) 55.6 (29.4-79) 31.3 (16.3-51.5) 33.3 (16.5-56)

R2 77.8 (45.8-93.6) 80 (33.6-96.9) 75 (41.8-92.6) 47.4 (32.2-63.1) 55.6 (29.9-78.6)

R3 38.1 (25.8-52.2) 60 (22.6-88.5) 85.7 (45.1-97.8) 50 (25.6-74.4) 42.9 (17.1-73.2)

Pooled 52.6 (40.1-64.8) 73.3 (48.6-88.9) 70.8 (52.8-84.1) 42.2 (31.5-53.8) 42.9 (29-57.9)

Negative predictive value

R1 85.7 (77.6-91.2) 88.9 (81.7-93.5) 90.2 (81.6-95.1) 76.5 (66.8-84) 89.5 (80.7-94.5)

R2 90.2 (80.8-95.3) 88.9 (81.7-93.5) 92.9 (83.7-97) 87.1 (74.5-94) 92.7 (83.7-96.9)

R3 89.7 (76.3-95.9) 86.7 (80.3-91.2) 93 (84.1-97.1) 80 (71.9-86.2) 88.4 (81.5-92.9)

Pooled 88.4 (83.2-92.1) 88.2 (84.5-91.1) 92.1 (87.6-95) 81 (75.5-85.4) 90.2 (85.9-93.2)

TI-RADS: Thyroid Imaging Reporting and Data System; RS: Reference standard; R1: Reader 1; R2: Reader 2; R3: Reader 3.

CONCLUSION
Overall, the current study demonstrates a statistically significant improvement in 
inter-reader agreement among radiology residents, with no prior ACR TI-RADS 
experience, in the assignment of TI-RADS level and recommendations after a single 
didactic teaching session compared to expert consensus. Our study demonstrates the 
learnability of the ACR TI-RADS system and supports the use of dedicated training in 
radiology residents. Future studies can also be directed to evaluate the effect of 
additional training sessions with focus on areas/features demonstrating lower inter-
rater agreement such as “margins” and retention of training over time.

ARTICLE HIGHLIGHTS
Research background
Thyroid nodules are common and often incidental. The American College of 
Radiology Thyroid Imaging Reporting and Data System (ACR TI-RADS) standardizes 
the use of ultrasound for thyroid nodule risk stratification.

Research motivation
Despite the widespread usage of this system, the learnability of TI-RADS has not been 
proven in radiology trainees.

Research objectives
To evaluate the inter-reader reliability amongst radiology trainees before and after TI-
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RADS training.

Research methods
Three PGY-4 radiology residents were evaluated for inter-reader reliability with a 50 
thyroid nodule data set before and after a 1-hour didactic teaching session and review 
of a training data set, with assessment performed 6 wk apart. Performance was 
compared to a consensus panel reference standard of three fellowship trained 
radiologists.

Research results
After one session of dedicated TI-RADS training, the radiology residents demonstrated 
statistically significant improvement in inter-reader agreement in subcategories of 
"shape", "echogenic foci", "TI-RADS level", and "recommendations" when compared 
with expert panel consensus. A trend towards higher pooled sensitivity for TI-RADS 
level 1-4 is also observed.

Research conclusions
Resident trainees demonstrated a statistically significant improvement in inter-reader 
agreement for both TI-RADS level and recommendations after training. This study 
demonstrates the learnability of the ACR TI-RADS.

Research perspectives
A multi-institutional and multi-national assessment of radiology resident diagnostic 
accuracy and inter-reader reliability of ACR TI-RADS classification and recommend-
ations before and after training would improve the generalizability of these results.
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Abstract
It is not rare for acute coronary syndrome (ACS) patients to present with 
symptoms that are atypical, rather than chest pain. It is sometimes difficult to 
achieve a definitive diagnosis of ACS for such patients who present with atypical 
symptoms, normal initial biomarkers of myocardial necrosis, and normal or 
nondiagnostic electrocardiograms (ECGs). Although cardiac CT allows for 
assessments of coronary artery stenosis as well as myocardial perfusion defect in 
patients with suspected ACS, it requires ECG gating and is usually performed 
with high-performance multislice CT for highly probable ACS patients. However, 
several recent reports have stated that ACS is detectable by myocardial perfusion 
defects even on routine non-ECG-gated contrast-enhanced CT. A growing 
number of contrast-enhanced CT scans are now being performed in emergency 
departments in search of pathologies responsible for a patient’s presenting 
symptoms. In order to avoid inappropriate management for this life-threatening 
event, clinicians should be aware that myocardial perfusion defect is more 
commonly detectable even on routine non-ECG-gated contrast-enhanced CT 
performed in search of other pathologies.

Key Words: Acute coronary syndrome; Non-ECG-gated CT; Computed tomography; 
Myocardial perfusion defect; Emergency department

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.f6publishing.com
https://dx.doi.org/10.4329/wjr.v14.i2.30
mailto:shuy@hospital.iwata.shizuoka.jp


Yoshihara S. ACS on Non-ECG-Gated CECT

WJR https://www.wjgnet.com 31 February 28, 2022 Volume 14 Issue 2

Core Tip: Definitive diagnosis of acute coronary syndrome (ACS) is sometimes difficult to achieve, 
especially in patients who present with atypical symptoms, normal initial biomarkers of myocardial 
necrosis, and normal or nondiagnostic electrocardiograms (ECGs). In order to avoid inappropriate 
management for this life-threatening event, clinicians should be aware that myocardial perfusion defect is 
more commonly detectable even on routine non-ECG-gated contrast-enhanced computed tomography 
performed in search of other pathologies. In this review, several essential points of image interpretation in 
diagnosing ACS on non-ECG-gated contrast-enhanced computed tomography has been described.

Citation: Yoshihara S. Acute coronary syndrome on non-electrocardiogram-gated contrast-enhanced computed 
tomography. World J Radiol 2022; 14(2): 30-46
URL: https://www.wjgnet.com/1949-8470/full/v14/i2/30.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i2.30

INTRODUCTION
Acute coronary syndrome (ACS) is a term used to refer to a range of conditions associated with acute 
myocardial ischemia and/or infarction, which are usually due to an abrupt reduction in the coronary 
blood flow[1]. Chest pain characteristics, specific associated symptoms, electrocardiogram (ECG) 
abnormalities, and the levels of serum biomarkers of myocardial necrosis are essential for a diagnosis of 
ACS[1]. However, rather than chest pain, some ACS patients present with atypical symptoms[2-4]. A 
review of over 430,000 patients from the National Registry of Myocardial Infarction II with confirmed 
acute myocardial infarction (AMI) showed that one-third presented at the hospital with no chest pain
[2]. Patients such as these often present with symptoms including dyspnea alone, weakness, nausea 
and/or vomiting, palpitations, syncope, or cardiac arrest. The implications of absence of chest pain are 
important in terms of therapy and prognosis. The Registry report revealed that patients without chest 
pain were less likely to receive a diagnosis of a confirmed MI on admission, and were also less likely to 
receive thrombolytic therapy or primary percutaneous coronary intervention, and to undergo treatment 
with appropriate medical therapy. It is unsurprising that these differences were associated with 
increased in-hospital mortality[2]. Therefore, it is sometimes difficult to achieve a definitive diagnosis of 
ACS, especially for patients who present with atypical symptoms, normal initial biomarkers of 
myocardial necrosis, and normal or nondiagnostic ECGs. Even in the presence of acute coronary 
ischemia, women, diabetics, and the elderly are more likely to present with atypical symptoms, and 
caution is required in evaluating possible ACS[2,3]. The use of computed tomography (CT) in the 
emergency department (ED) has increased at a consistent exponential rate[5]. Due to their greater 
temporal and spatial resolution, current multi-slice computed tomography (MSCT) systems are capable 
of rapid scanning that renders non-ECG-gated images with fewer cardiac motion artifacts. Although 
imaging of various cardiac diseases is superior with ECG-gated MSCT images, typically there is 
sufficient information provided in non-ECG-gated MSCT images of the thorax or abdomen to identify a 
number of incidental cardiac abnormalities like myocardial perfusion defect (MPD) of the left ventricle 
which may be related to the patient’s presenting symptoms[6]. Consequently, clinically unrecognized 
ACS cases identified on CT performed for the indication of other diseases are increasing, especially in 
the ED. In this article, we present clinically unrecognized several ACS cases detected on routine non-
ECG-gated contrast-enhanced CT performed in the ED for discriminating other pathologies. Non-ECG-
gated contrast-enhanced CT was performed using an 80-row MSCT scanner (Aquilion Prime, Toshiba 
Medical Systems, Tochigi, Japan). The scanning parameters were as follows: tube voltage, 120 kV; tube 
current, mA modulation technique with a noise index of 12 (maximum 500 mA); gantry rotation time, 
350 ms; reconstruction slice thickness, 1mm. An intravenous bolus of nonionic contrast medium (55 kg < 
body weight; iopamidol 300 mg iodine/mL, 55 kg ≥ body weight; iopamidol 370 mg iodine/ml) was 
delivered through a vein in the arm with a flow rate of 3.3 mL/s. The dose of contrast medium was 
appropriately 600 mg I/kg of body weight, to a maximum of 100 mL. The scanning delay was calculated 
by monitoring the contrast values that increased to 150 Hounsfield units in the descending aorta as the 
region of interest (25-30 s after injection). A second scan was performed 120 s after injection. When focal 
decrease of the left ventricular myocardial enhancement was visually found, a region of interest was 
manually set to measure CT attenuation values of the normal and hypoperfused myocardium. MPD 
was defined as a decrease of 20 or more Hounsfield units compared with the adjacent normal enhanced 
myocardium.

https://www.wjgnet.com/1949-8470/full/v14/i2/30.htm
https://dx.doi.org/10.4329/wjr.v14.i2.30
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CARDIAC COMPUTED TOMOGRAPHY AND ACS
Progress in the technical development of cardiac CT enables rapid, accurate imaging of the 
cardiovascular system. With cardiac CT, it is necessary to use either prospective or retrospective ECG 
gating to synchronize the CT image with the ECG. In both methods, the waveform of the ECG is used to 
coordinate image reconstruction with the heart’s position in the chest[7]. Recently, a large body of 
evidence has been published supporting early assessment of coronary artery stenosis by cardiac CT as 
an accurate, safe, and efficient rapid diagnostic strategy for ED patients with low-intermediate risk acute 
chest pain[8-11]. As a result, the appropriate use criteria for cardiac CT designated detection of coronary 
artery stenosis by cardiac CT as appropriate for use in acute chest pain patients for whom the likelihood 
of ACS is low or intermediate[12]. Moreover, identification of regional subendocardial or transmural 
hypoattenuation of the myocardium in cardiac CT provides incremental diagnostic value to detect ACS
[13]. Based on this novel evidence, the updated SCCT guidelines for the interpretation and reporting of 
coronary CT angiography have newly designated that myocardial CT enhancement patterns should be 
assessed during performance of cardiac CT[14].

NON-ELECTROCARDIOGRAM-GATED CONTRAST-ENHANCED CT AND ACS
Recently, several reports have been published that suggest non-ECG-gated contrast-enhanced CT can 
detect ACS with high diagnostic accuracy (Table 1)[15-19]. Mano et al[17] evaluated the frequency of 
MPD on non-ECG-gated contrast-enhanced CT performed with a 64-slice CT scanner, which was done 
to assess aortic dissection or pulmonary embolism in 154 patients who had been admitted to the ED 
with acute chest pain and/or back pain. MPD was detected in 43 patients, 26 (60%) of whom were 
ultimately diagnosed with AMI. In the remaining 111 patients without MPD, only 2 (2%) were 
ultimately diagnosed with AMI. They showed good diagnostic performance for MPD on non-ECG-
gated contrast-enhanced CT in predicting AMI with a sensitivity of 93% and a specificity of 87%. 
Watanabe et al[18] evaluated the presence of MPD on non-ECG-gated contrast-enhanced CT using a 64-
slice CT scanner in 23 patients who had been admitted to the ED with acute-onset chest pain and 
underwent emergent invasive coronary angiography. Of the 23 patients, 13 were diagnosed with ACS 
and the remaining 10 were diagnosed with other conditions. MPD was detected in 11 (85%) of the 13 
ACS patients. They showed good diagnostic performance for MPD on non-ECG-gated contrast-
enhanced CT in predicting ACS with a sensitivity of 85% and a specificity of 90%. In comparison with 
the other studies using non-ECG-gated contrast-enhanced arterial phase CT imaging for detecting ACS, 
Yamazaki et al[19] evaluated the ACS detection capability of using non-ECG-gated contrast-enhanced 
parenchymal phase CT imaging acquired with a 100-s scan delay. They showed good diagnostic 
performance for MPD visualized on non-ECG-gated contrast-enhanced CT during the parenchymal 
phase in predicting ACS with a sensitivity of 91% and a specificity of 93%. In non-ECG-gated contrast-
enhanced CT, the normal myocardium is usually blurry because reconstructed images are a mixture of 
the systolic and diastolic phases. Indeed, cardiac motion artifacts are recognized to be the most 
important factor to degrade diagnostic performance on non-ECG-gated contrast-enhanced CT[19]. 
However, the frequency of false positive cases who were misjudged to have MPD without myocardial 
ischemia mainly due to cardiac motion artifacts was only 15%-20% in the previous reports[17,18]. In 
cases with ACS, decreased regional myocardial wall motion due to acute myocardial ischemia will 
contribute to reduced motion artifacts and sharp visualization of the myocardial border.

IMPORTANT POINTS OF IMAGE INTERPRETATION IN DETECTING ACS ON NON-
ELECTROCARDIOGRAM-GATED CONTRAST-ENHANCED CT
Vascular territories of the coronary artery
CT images are usually oriented and displayed using transaxial views, but these images do not cleanly 
transect the ventricle, atria, or myocardial regions supplied by the major coronary arteries. The 
American Heart Association (AHA) showed the cardiac plane definition and display for tomographic 
image modalities[20]. Essentially, it has been suggested that, using any noninvasive method, the 
displays for evaluation of cardiac structures are presented in three orthogonal cardiac planes: horizontal 
long axis, vertical long axis, and short axis (Figure 1). Therefore, it is important to evaluate a suspicious 
findings of MPD detected in transaxial images by multiplanar reformatted cardiac plane images. To 
identify a culprit coronary artery and likely location of flow-limiting coronary stenosis, knowledge of 
the distribution of coronary blood flow in the AHA 17-segment model of the left ventricle is also 
important. Figure 2 shows the general assignment of the 17 myocardial segments to one of the three 
major coronary arteries[20]. The apex, segment 17, which can be supplied by any of the three arterie, is 
where the greatest variability in myocardial blood supply occurs. Segments 1, 2, 7, 8, 13, 14, and 17 are 
assigned to the left anterior descending artery (LAD) distribution, and segments 3, 4, 9, 10, and 15 to the 
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Table 1 Studies investigating the ability of non-ECG-gated contrast-enhanced computed tomography to detect acute coronary 
syndrome

Ref. Type 
of CT CT phase No. of 

Patients

No. 
of 
ACS

No. of 
positive 
MPD

True 
Positive

False 
Positive

True 
Negative

False 
Negative

Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

Gosalia et 
al[15], 
2004

SD Arterial 37 18 16 15 1 18 3 83 95 94 86

Moore et 
al[16], 
2006

16-
slice

Arterial 87 11 10 6 4 72 5 55 95 60 94

Mano et al
[17], 2015

64-
slice

Arterial 154 28 43 26 17 109 2 93 87 60 98

Watanabe 
et al[18], 
2016

64-
slice

Arterial 23 13 12 11 1 9 2 85 90 92 82

Yamazaki 
et al[19], 
2016

16/64-
slice

Parenchymal 47 32 30 29 1 14 3 91 93 97 82

ACS: Acute coronary syndrome, MPD: Myocardial perfusion defect, PPV: Positive predictive value, NPV: Negative predictive value, SD: Single detector.

Figure 1 Electrocardiogram-gated cardiac computed tomography (CT)-based sequential approach to CT imaging of cardiac planes. A: 
From an axial CT data set at the level of the mitral valve, a longitudinal plane bisecting the mitral valve and the left ventricular apex is used to create a vertical long 
axis view; B: From the vertical long axis view, a slice parallel to the mitral annulus at the mid ventricular level is used to obtain a short axis view; C: From the short 
axis view, a slice bisecting the center of the left ventricle (LV) and the intersection between the junction of the free wall and diaphragmatic wall of the right ventricle 
(RV) are used to obtain a horizontal long axis view. (D) Horizontal long axis view showing the left atrium, LV, right atrium and RV.

right coronary artery (RCA) when it is dominant. Generally, segments 5, 6, 11, 12, and 16 are assigned to 
the left circumflex coronary artery (LCX). However, it should be noted that the coronary artery blood 
supply to the myocardial segments is variable. Coronary dominance is determined by the artery 
supplying the posterior descending artery (Figure 3). Among the general population, approximately 
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Figure 2 Standard segmental myocardial display in a 17-segment model. Electrocardiogram-gated cardiac computed tomography-based individual 
assignment of left ventricular segmentation following the American Heart Association 17-segment model with corresponding color-coded coronary artery perfusion 
territories for a right-dominant coronary system. LAD: Left anterior descending artery in green; LCX: Left circumflex coronary artery in blue; RCA: Right coronary 
artery in red.

Figure 3 Variability in the coronary artery blood supply to the myocardium. Three-dimensional volume-rendered electrocardiogram-gated cardiac 
computed tomography images showing the inferior surface of the heart representing different coronary anatomy variants; A: Standard, right-dominant circulation. 
Right coronary artery (RCA) supplies posterior descending branch (arrow). Left circumflex coronary artery (LCX) supplies only inferolateral left ventricular 
myocardium; B: Left-dominant circulation. LCX supplies posterior descending branch (arrow). RCA supplies only right ventricular myocardium; C: Codominant 
circulation. Inferior myocardium is supplied both RCA and LCX.

70%-80% is right-dominant (supplied by the RCA), 5%-10% is left-dominant (supplied by the LCX), and 
10%-20% is co-dominant (supplied by both the RCA and LCX)[21]. In our experience, MPD territories 
demonstrated on non-ECG-gated contrast-enhanced CT agree with the results of invasive coronary 
angiography, radionuclide myocardial perfusion imaging, and cardiac magnetic resonance imaging 
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Figure 4 Non-electrocardiogram-gated contrast-enhanced computed tomography images in acute coronary syndrome of left anterior 
descending artery. A 64-year-old man with chest pain underwent non-electrocardiogram (ECG)-gated contrast-enhanced computed tomography (CECT) in 
search of aortic dissection. Axial (A), horizontal long axis (B), vertical long axis (C), and short axis (D) reformatted non-ECG-gated CECT images acquired 29 s after 
contrast injection showed decreased myocardial enhancement in the mid to apical anterior wall to the septum and apex of the left ventricle (arrowheads).

Figure 5 Corresponding invasive coronary angiography in acute coronary syndrome of left anterior descending artery. A: Same patient as 
Figure 4. Invasive coronary angiography showed 90% and 75% stenosis in the proximal (arrow) and mid (arrowhead) site of the left anterior descending artery; B: 
Subsequent percutaneous coronary intervention was performed by balloon angioplasty and stent implantation. His laboratory examination showed no elevation of 
cardiac biomarkers.
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Figure 6 Non-electrocardiogram-gated contrast-enhanced computed tomography images in acute coronary syndrome of left circumflex 
coronary artery. A 65-year-old man with epigastralgia underwent non-electrocardiogram (ECG)-gated contrast-enhanced computed tomography (CECT) in search 
of aortic dissection. Axial (A), horizontal long axis (B), and short axis (C) reformatted non-ECG-gated CECT images acquired 120 s after contrast injection showed 
decreased myocardial enhancement in the mid lateral wall of the left ventricle (arrowheads).

with high accuracy (LAD: Figures 4 and 5, LCX: Figures 6 and 7, RCA: Figures 8 and 9).

Global myocardial ischemia
In a study that evaluated the presence of MPD on non-ECG-gated contrast-enhanced CT, Watanabe et al
[18] described a patient with AMI of the left main trunk who did not show MPD. In our experience, 
broad MPD induced by the occlusion of the left main trunk highlights the normally perfused 
myocardial enhancement in the RCA territory (Figures 10 and 11). Balanced ischemia is a well-known 
limitation of stress radionuclide myocardial perfusion imaging[22]. MPD seen in radionuclide 
myocardial perfusion imaging results from the relative difference in radiotracer uptake of the left 
ventricular myocardium normalized to the most normal area with the highest radiotracer uptake. 
Therefore, in patients with ischemia that is relatively balanced among the three major vascular 
territories, this potentially results in a homogeneous radiotracer distribution in the myocardium, thus 
underestimating the severity of ischemia or even indicating a falsely normal result. MPD demonstrated 
on contrast-enhanced CT also reflects the relative difference in left ventricular myocardial contrast 
enhancement. Hence, it may be difficult to detect global myocardial ischemia as focal MPD on non-
ECG-gated contrast-enhanced CT even in a rest condition.

Hemopericardium
Common causes of pericardial effusion include heart failure, renal failure, neoplasm, infection, and 
injury, including trauma and myocardial infarction[23]. Pericardial fluid characteristics are reflected in 
the CT attenuation value. It is likely that a value closer to the value of water (0 Hounsfield units) is a 
simple effusion. A value greater than that of water density can be observed in conditions including 
malignancy, purulent exudate, and hemopericardium[23]. Hemopericardium is induced by cardiac 
rupture, ruptured ascending aortic dissection, trauma, neoplasm, and as a consequence of cardiac 
surgery (iatrogenic)[24,25]. Left ventricular free wall rupture is one of the complications of AMI that is 
often fatal. Acute rupture is usually fatal, but some patients with a small ventricular tear, which may be 
sealed temporarily by a clot or fibrinous pericardial adhesions, may progress to a subacute form 
allowing late survival. In cases with hemopericardium, the presence of MPD on contrast-enhanced CT is 
a finding highly suspicious of left ventricular free wall rupture and should be carefully checked. 
Accompanying myocardial defects are also detected even in non-ECG-gated contrast-enhanced CT 
(Figures 12 and 13).

Papillary muscle
The papillary muscles are one of the components of the mitral valve apparatus[26]. Two papillary 
muscles arise from the area between the apical and middle thirds of the left ventricular wall. Both the 
anterior and posterior mitral valve leaflets are attached via primary, secondary, and tertiary chordae to 
both anterolateral and posteromedial papillary muscles. The anterolateral papillary muscle is often 
composed of a single major muscle group, whereas the posteromedial papillary muscle usually 
comprises two or three major muscle groups (Figure 14). Left ventricular papillary muscles are partic-
ularly vulnerable to ischemia because they are perfused by the terminal portion of the coronary vascular 
bed. The anterolateral papillary muscle is supplied by the diagonal branches of the LAD and often by 
marginal branches from the LCX. In contrast, the supply to the posteromedial papillary muscle is via the 
posterior descending branch of the LCX or RCA (depending on dominance)[27]. Necrosis of a papillary 
muscle is a frequent complication of MI and it should be recognized because it may lead to papillary 
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Figure 7 Corresponding invasive coronary angiography, cardiac magnetic resonance imaging and tetrofosmin single-photon emission 
computed tomography in acute coronary syndrome of left circumflex coronary artery. Same patient as Figure 6. A: Invasive coronary angiography 
showed 99% stenosis in the posterolateral branch of the left circumflex coronary artery (arrow). B: Subsequent percutaneous coronary intervention was performed by 
balloon angioplasty and stent implantation. His laboratory data showed elevation of cardiac biomarkers (creatine kinase 1620 IU/L, creatine kinase MB 120 IU/L). 
Horizontal long axis (C) and short axis (D) views of the contrast-enhanced cardiac magnetic resonance imaging (MRI) showed late gadolinium enhancement in the 
mid lateral wall of the left ventricle (arrow). A short axis view of the T2-weighted cardiac MRI showed high signal intensity in the mid lateral wall of the left ventricle (E, 
arrow). Short axis (F) and horizontal long axis (G) views and a bull’s eye polar plot (H) of rest technetium-99m tetrofosmin single-photon emission computed 
tomography myocardial perfusion imaging showed hypoperfusion in the mid lateral wall of the left ventricle (arrows).

muscle rupture, which is a rare but often-fatal mechanical complication. The posteromedial papillary 
muscle is particularly vulnerable to myocardial ischemia because of its single system of blood supply 
(Figure 15). The presence of MPD of the papillary muscle on contrast-enhanced CT is a finding 
suspicious of papillary muscle ischemia or necrosis, and detectable even in non-ECG-gated contrast-
enhanced CT (Figure 16).

Myocardial fat
CT attenuation values are quantitative, and they can be used to define a structure’s density or the iodine 
content after administration of iodinated contrast media. In a cardiac CT study, Nieman et al[28] showed 
that CT attenuation values found in patients with long-standing (over 1 year) MI (-13 ± 37 HU) were 
significantly lower than in patients with acute (within 1 wk) MI (26 ± 26 HU) and normal hearts (73 ± 14 
HU). Histologic analyses showed that myocardial fat at the site of a healed MI is common with a 
prevalence of 68%-84%[29,30]. The presence of myocardial fat can be identified at the macroscopic level 
by CT, although a small amount of microscopic myocardial fat may be undetectable[31]. Myocardial fat 
at the site of a MI is frequently observed as a subendocardial low attenuation in the distribution of the 
culprit coronary artery on both non-contrast and contrast-enhanced CT even in non-ECG-gated CT 
(Figure 17). Concomitant regional myocardial wall motion reduction in areas of old MI may support the 
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Figure 8 Non-electrocardiogram-gated contrast-enhanced computed tomography images in acute coronary syndrome of right coronary 
artery. A 67-year-old man with chest pain underwent non-electrocardiogram (ECG)-gated contrast-enhanced computed tomography (CECT) in search of aortic 
dissection. Axial (A), horizontal long axis (B), vertical long axis (C), and short axis (D) reformatted non-ECG-gated CECT images acquired 120 s after contrast 
injection showed decreased myocardial enhancement in the basal to mid inferior, inferolateral, and inferoseptal wall of the left ventricle (arrowheads).

Figure 9 Corresponding invasive coronary angiography  and sestamibi single-photon emission computed tomography in acute coronary 
syndrome of right coronary artery. Same patient as Figure 8. A: Invasive coronary angiography showed total occlusion in the proximal site of the right 
coronary artery (arrow); B: Subsequent percutaneous coronary intervention was performed by balloon angioplasty and stent implantation. His laboratory data showed 
elevation of cardiac biomarkers (creatine kinase 1620 IU/L, creatine kinase MB 239 IU/L). Short axis (C) and vertical long axis (D) views and a bull’s eye polar plot (E) 
of rest technetium-99m sestamibi single-photon emission computed tomography myocardial perfusion imaging showed perfusion defect in the basal to mid inferior, 
inferolateral and inferoseptal wall of the left ventricle (arrows).
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Figure 10 Non-electrocardiogram-gated contrast-enhanced computed tomography images in acute coronary syndrome of left main trunk. 
A 70-year-old man with severe dyspnea underwent non-electrocardiogram (ECG)-gated contrast-enhanced computed tomography (CECT) for discriminating acute 
pulmonary thromboembolism. Axial (A, B), horizontal long axis (C), vertical long axis (D), and short axis (E) reformatted non-ECG-gated CECT images acquired 120 s 
after contrast injection showed localized myocardial enhancement only in the basal to mid inferior wall of the left ventricle (arrowheads).

Figure 11 Corresponding invasive coronary angiography in acute coronary syndrome of left main trunk. Same patient as Figure 10. A: Invasive 
coronary angiography showed thrombotic occlusion in the left main trunk (arrow). Subsequent percutaneous coronary intervention (PCI) was tried. B: After guidewire 
was crossed to the left anterior descending artery, there was minimal improvement in flow and 99% stenosis in the proximal site of the left anterior descending artery 
appeared (arrowhead); C: The right coronary artery showed no significant stenosis. The patient died during PCI because of uncontrollable ventricular fibrillation. LMT: 
Left main trunk; LAD: Left anterior descending artery; LCX: Left circumflex coronary artery.

clear visualization of the myocardial fat. The prevalence of left ventricular myocardial fat detected by 
CT increases as the infarct age becomes higher[32]. Because it is important to differentiate ACS from 
OMI, in cases who present MPD on contrast-enhanced CT, CT-detectable myocardial fat associated with 
old MI should be excluded by comparison with non-contrast CT. In our experience, AMI of the RCA 
complicated with old MI of the diagonal branch was successfully distinguished by comparison with 
non-contrast CT in a non-ECG-gated CT examination (Figures 17-19). However, because OMI does not 
always show myocardial fat, it is difficult to differentiate ACS from OMI without CT-detectable 
myocardial fat only with usual contrast-enhanced computed tomography.
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Figure 12 Non-electrocardiogram-gated contrast-enhanced computed tomography images in postinfarct cardiac free wall rupture. A: An 
81-year-old man with syncope first underwent non-electrocardiogram (ECG)-gated non-contrast whole body computed tomography (CT), and moderate pericardial 
effusion was found. The attenuation value of the pericardial effusion was about 50 Hounsfield units. Subsequently, non-ECG-gated contrast-enhanced CT (CECT) 
was performed in search of ascending aortic dissection. Axial (B), short axis (C), and horizontal long axis (D) reformatted non-ECG-gated CECT images acquired 120 
s after contrast injection showed decreased myocardial enhancement in the basal to mid lateral wall of the left ventricle (arrowheads) and a small myocardial defect 
(arrow).

Figure 13 Corresponding invasive coronary angiography in postinfarct cardiac free wall rupture. Same patient as Figure 12. A: Invasive coronary 
angiography showed total occlusion in the distal site of the left circumflex coronary artery (arrow); B: The right coronary artery showed no significant stenosis. The 
patient subsequently underwent a surgical operation. After removal of the large clot within the pericardium, a small perforation was found in the lateral wall of the left 
ventricle, confirming a definitive diagnosis of left ventricular free wall rupture.

CONCLUSION
Definitive diagnosis of ACS is sometimes difficult to achieve, especially in patients who present with 
atypical symptoms, normal initial biomarkers of myocardial necrosis, and normal or nondiagnostic 
ECGs. In order to avoid inappropriate management for this life-threatening event, clinicians should be 
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Figure 14 Left ventricular papillary muscles. Axial (A, B), short axis (C), and vertical long axis (D) reformatted electrocardiogram-gated cardiac CT images 
showing the anatomy of the left ventricular chamber of the normal heart. The anterolateral (arrowheads) and posteromedial (arrows) papillary muscles manifest as 
filling defects within the contrast-filled left ventricular lumen.

Figure 15 Postinfarct left ventricular papillary muscle rupture. Electrocardiogram-gated cardiac CT images from a 61-year-old man with posteromedial 
papillary muscle rupture complicated by acute ST elevation myocardial infarction due to total occlusion of the left circumflex coronary artery. Axial (A), three-chamber 
(B), and short axis (C) reformatted cardiac CT images showed decreased myocardial enhancement in the inferolateral wall (white arrowheads) and posteromedial 
papillary muscle (black arrows) of the left ventricle. A horizontal long axis image (D) showed severe prolapse of the posterior mitral valve leaflet into the left atrium 
(grey arrow) with discernible papillary muscle attachment (black arrowhead). An apical four-chamber color Doppler image of the transthoracic echocardiogram 
showed severe mitral regurgitation during ventricular systole extending to the posterior left atrial wall (E, white arrow). The patient subsequently underwent a mitral 
valve replacement. Surgical specimen showed posteromedial papillary muscle attached to the resected posterior mitral leaflet (F, black arrowhead). LV: Left ventricle; 
LA: Left atrium; RV: Right ventricle; RA: Right atrium.
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Figure 16 Myocardial perfusion defect of the posteromedial papillary muscle on non-electrocardiogram-gated contrast-enhanced 
computed tomography. A 68-year-old man with right anterior chest pain underwent non-electrocardiogram (ECG)-gated contrast-enhanced computed 
tomography (CECT) in search of aortic dissection. Axial (A), vertical long axis (B), and short axis (C, D) reformatted non-ECG-gated CECT images acquired 120 s 
after contrast injection showed decreased myocardial enhancement in the basal to mid inferior, inferolateral, and inferoseptal walls of the left ventricle (arrowheads). 
Decreased myocardial enhancement was also recognized in the posteromedial papillary muscle (arrows). Invasive coronary angiography showed total occlusion in 
the distal site of the left circumflex coronary artery (E, arrow), total occlusion in the proximal site of the left anterior descending artery (E, arrowhead), and 90% 
stenosis in the mid site of the right coronary artery (F, arrowhead), which provides abundant collateral flow to the left anterior descending artery. The patient 
subsequently underwent an emergent coronary artery bypass grafting. LAD: Left anterior descending artery; LCX: Left circumflex coronary artery; RCA: Right 
coronary artery.

aware that MPD is more commonly detectable even on routine non-ECG-gated contrast-enhanced CT 
performed in search of other pathologies.
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Figure 17 Non-electrocardiogram-gated contrast-enhanced computed tomography images in acute coronary syndrome of right coronary 
artery complicated with anterior old myocardial infarction. An 82-year-old man with back pain underwent non-electrocardiogram (ECG)-gated contrast-
enhanced computed tomography (CECT) in search of aortic dissection. Axial (A) and vertical long axis (B) reformatted non-ECG-gated CECT images acquired 120 s 
after contrast injection showed decreased myocardial enhancement in the basal to mid inferior, inferolateral, and inferoseptal walls of the left ventricle (arrowheads). 
Non-ECG-gated CECT images also showed decreased myocardial enhancement in the mid anterior wall of the left ventricle apart from the above-mentioned area 
(arrow). Axial (C) and vertical long axis (D) reformatted non-ECG-gated non-contrast CT images showed subendocardial low attenuation less than 0 Hounsfield units 
only in the mid anterior wall of the left ventricle, which is consistent with myocardial fatty degeneration associated with the old myocardial infarction (arrow).

Figure 18 Corresponding invasive coronary angiography in acute coronary syndrome of right coronary artery complicated with anterior 
old myocardial infarction. Same patient as Figure 17. A: Invasive coronary angiography showed total occlusion in the mid site of the right coronary artery 
(arrowhead); B: Subsequent percutaneous coronary intervention was performed by balloon angioplasty and stent implantation. C: Invasive coronary angiography also 
showed 75% stenosis in the proximal site of the second diagonal branch (arrow). RCA: Right coronary artery; LAD: Left anterior descending artery; D2: Second 
diagonal branch.
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Figure 19 Corresponding sestamibi single-photon emission computed tomography in acute coronary syndrome of right coronary artery 
complicated with anterior old myocardial infarction. Same patient as Figures 17 and 18. Rest technetium-99m sestamibi single-photon emission computed 
tomography (SPECT) myocardial perfusion imaging (MPI) are shown. Short axis (A) and vertical long axis (B) views and a bull’s eye polar plot (C) of rest technetium-
99m sestamibi SPECT MPI showed perfusion defects in the basal to mid inferior, inferolateral, and inferoseptal walls of the left ventricle (arrowheads). In addition, 
SPECT MPI also showed hypoperfusion in the mid anterior wall of the left ventricle (arrows). The volume-rendered, coregistered SPECT MPI, and cardiac CT images 
demonstrated that hypoperfusion in the mid anterior wall of the left ventricle seen on the SPECT MPI corresponded with the territory of the second diagonal branch 
(D, arrows), whereas the perfusion defects in the basal to mid inferior, inferolateral, and inferoseptal walls of the left ventricle seen on the SPECT MPI corresponded 
with the territory of the right coronary artery (D, arrowheads). LAD: Left anterior descending artery, D2: Second diagonal branch; RCA: Right coronary artery.
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Abstract
The ongoing coronavirus disease 2019 (COVID-19) pandemic continues to present 
diagnostic challenges. The use of thoracic radiography has been studied as a 
method to improve the diagnostic accuracy of COVID-19. The ‘Living’ Cochrane 
Systematic Review on the diagnostic accuracy of imaging tests for COVID-19 is 
continuously updated as new information becomes available for study. In the 
most recent version, published in March 2021, a meta-analysis was done to 
determine the pooled sensitivity and specificity of chest X-ray (CXR) and lung 
ultrasound (LUS) for the diagnosis of COVID-19. CXR gave a sensitivity of 80.6% 
(95%CI: 69.1-88.6) and a specificity of 71.5% (95%CI: 59.8-80.8). LUS gave a 
sensitivity rate of 86.4% (95%CI: 72.7-93.9) and specificity of 54.6% (95%CI: 35.3-
72.6). These results differed from the findings reported in the recent article in this 
journal where they cited the previous versions of the study in which a meta-
analysis for CXR and LUS could not be performed. Additionally, the article states 
that COVID-19 could not be distinguished, using chest computed tomography 
(CT), from other respiratory diseases. However, the latest review version 
identifies chest CT as having a specificity of 80.0% (95%CI: 74.9-84.3), which is 
much higher than the previous version which indicated a specificity of 61.1% 
(95%CI: 42.3-77.1). Therefore, CXR, chest CT and LUS have the potential to be 
used in conjunction with other methods in the diagnosis of COVID-19.

Key Words: COVID-19; Chest x-ray; Computed tomography; Lung ultrasound; Specificity 
and sensitivity; Diagnostic accuracy
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Core Tip: The global coronavirus disease 2019 (COVID-19) outbreak has greatly impacted the world, with 
almost 200 million cases worldwide and more than 4 million deaths (as of July 21, 2021). Reverse 
transcriptase polymerase chain reaction is the current gold-standard for diagnosing COVID-19, but due to 
a diagnostic error rate greater than 10%, alternate modes of diagnosis are needed. Our review 
demonstrates that chest X-ray, chest computed tomography and lung ultrasound may have the potential to 
aid healthcare workers in the diagnosis of COVID-19.

Citation: Dawit H, Absi M, Islam N, Ebrahimzadeh S, McInnes MDF. Diagnostic accuracy of thoracic imaging 
modalities for the detection of COVID-19. World J Radiol 2022; 14(2): 47-49
URL: https://www.wjgnet.com/1949-8470/full/v14/i2/47.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i2.47

TO THE EDITOR
We appreciate Kumar et al[1] consideration of our study in their paper on the discrepancies in the 
clinical and radiological profiles of coronavirus disease 2019 (COVID-19)[1]. In this paper, the use of 
chest computed tomography (CT), chest X-ray (CXR), and lung ultrasound (LUS) as possible diagnostic 
tools for the COVID-19 is discussed. The authors cite the findings from two versions of the Cochrane 
Review titled “Thoracic imaging tests for the diagnosis of COVID-19.” As more information becomes 
available, this systematic review has aimed to keep pace with the new data. The most recent version of 
the review, published in March 2021, has shown differences in the sensitivities and specificities of these 
three image modalities compared to the findings in prior versions reported in the article by Kumar et al
[1].

Firstly, the authors cited the initial review by Salameh et al[2], which determined that CXR had a 
pooled sensitivity of CXR is 82.1% (95%CI: 62.5-92.7)[1,2] in patients who had COVID-19. The second 
version of the review, by Islam et al[3], determined that CXR had a sensitivity ranging from 56.9% to 
89.0% and specificity ranging from 11.1% to 88.9%[1,3] in patients with COVID-19. As opposed to the 
first two versions, in the third and most recent version, there was a sufficient number of studies, 
evaluating the diagnostic accuracy of CXR, to perform a meta-analysis. The updated version of the 
review conducted a meta-analysis with 9 studies and 3694 participants for CXR. The following imaging 
modality had sensitivity and specificity of 80.6% (95%CI: 69.1-88.6) and 71.5% (95%CI: 59.8-80.8)[4], 
respectively. These findings demonstrate that CXR is moderately sensitive and moderately specific to 
COVID-19, and may have the potential to be used as a secondary method for diagnosis, however, due to 
the limited number of studies, accuracy estimates must be carefully interpreted[4]. In the upcoming 
fourth version of the systematic review, additional studies evaluating CXR have been included. In this 
review, additional analyses have been done to support our conclusion, and potential sources of variab-
ilities in CXR accuracy estimates will be discussed.

Secondly, the article by Kumar et al[1] states that chest CT may not be capable of discriminating 
COIVD-19 from other respiratory diseases[1]. The review by Salameh et al[2] obtained a pooled 
specificity of 18.1% (95%CI: 3.71-55.8)[2] for chest CT, in cases where CT scans were used as the primary 
diagnostic test, which was subsequently updated to 61.1% (95%CI: 42.3-77.1) in the subsequent edition
[3]. The third and most recent version identified that the specificity of chest CT has increased substan-
tially to 80.0% (95%CI: 74.9-84.3), based on 41 studies with 16133 patients[4]. The improved specificity 
could be due to the stricter inclusion criteria for this version. In the most recent version, studies that 
published index test findings without clearly defining the images as positive or negative[4] for COVID-
19, were excluded. An alternate explanation for the improved specificity could be the increase in studies 
that use well-developed definitions for index test positivity (e.g. Co-RADS)[4]. Furthermore, studies 
from the later stage of the pandemic were included with each review version which affected our 
specificity values through improved knowledge about the indications of COVID-19 in imaging results
[4].

Lastly, the most recent version of the ‘Living’ Cochrane Systematic Review observed that in patients 
suspected of having COVID-19, LUS had a sensitivity and specificity rate of 86.4% (95%CI: 72.7-93.9) 
and 54.6% (95%CI: 35.3-72.6)[4], respectively. The accuracy estimates were produced through a meta-
analysis including 5 studies with 446 patients[4]. These findings differ from the second review version 
cited by Kumar et al[1], which reported a sensitivity of 96.8% and sensitivity of 62.3% for LUS[1,3]. The 
second version of the review was based off of one study, therefore a meta-analysis was not completed[1,
3]. The increase in studies in the most recent version reduced the role of chance in our results, and 
provided a better picture of the diagnostic accuracy of LUS; however, the number of studies remains 
small and all data should be carefully interpreted.

In summary, the most recent version of the ‘Living’ Cochrane Systematic Review was able to perform 
further analyses on the diagnostic accuracy of CXR and LUS. The data demonstrates that CXR is 
moderately specific and moderately sensitive, while LUS is sensitive, but not specific for the diagnosis 
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of COVID-19. Additionally, the review demonstrated that chest CT is moderately specific for the 
diagnosis of COVID-19. We hope that future studies will be more rigorous and transparent when 
designing and reporting the findings of their study. We admire the continued interest in our systematic 
review and will update our review as more information on the diagnostic accuracy of these imaging 
modalities becomes available.
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Abstract
The present letter to the editor corresponds to the article entitled “Comprehensive 
literature review on the radiographic findings, imaging modalities, and the role of 
radiology in the coronavirus disease 2019 (COVID-19) pandemic” by Pal et al, 
published in World J Radiol. 2021; 13(9): 258-282. With zero to unknown 
prevalence, COVID-19 has created a heterogeneous and unforeseen situation 
across the world. Healthcare providers encountered new challenges in image 
interpretation, characterization, and prognostication of the disease. Pal et al 
delineated the radiological findings, which would guide the radiologists to 
identify the early signs of severe infection.

Key Words: COVID-19; Computed tomography; Lung ultrasound; COVID-19 scoring 
systems

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Besides reverse transcriptase-polymerase chain reaction being the most 
standard test, chest X-ray, computed tomography, and lung ultrasound play a supportive 
role for Coronavirus disease 2019 (COVID-19) diagnosis. The main focus of this letter 
is to emphasize the importance of imaging in the COVID-19 pandemic. The various 
imaging characteristics aid in determining the severity of the disease and prognosis. The 
implementation of scoring systems further improves diagnostic efficiency. In addition, 
Pal et al discussed their COVID-19 first wave experience and recommended a few 
strategies for overcoming the second wave.
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TO THE EDITOR
We read with interest the article published in the World Journal of Radiology by Pal et al[1] on the 
depiction of radiological findings in identifying and predicting coronavirus disease 2019 (COVID-19) 
patient patterns. We would like to commend the authors for this vital article encompassing the 
pathophysiology and evidence-based review of COVID-19 severity scoring systems on chest X-ray 
(CXR), computed tomography (CT), and lung ultrasound (LUS). The authors outlined the artificial 
intelligence (AI) aspect of the diagnostic process and its importance in supporting human resources 
during the pandemic.

Although reverse transcriptase-polymerase chain reaction (RT-PCR) is the standard work-up for a 
specific diagnosis, it is limited by sample quality, laboratory errors, ribonucleic acid (RNA) stability, and 
variable sensitivity[2]. RT-PCR involves two steps: (1) Reverse transcription; and (2) Quantitative real 
time polymerase chain reaction. It can detect RNA by using either RNA or deoxyribonucleic acid (DNA) 
as positive controls. Most of the commercial kits adopt DNA as control in fear of RNA degradation by 
ribonucleases (RNases). However, DNA kits cannot report failed reverse transcriptase step, thus 
resulting in high false negative rates (40%) and variable sensitivity[3]. To avoid this concern, 
appropriate controls are necessary for viral RNA detection. Also, a negative RT-PCR requires repetition 
of the test in cases of clinical suspicion[4]. In contrast, imaging is a rapid and reliable procedure to 
evaluate suspicion of COVID-19 in individuals presenting with cough, dyspnea, and fatigue. At the 
beginning of the pandemic, there was a distinct and contentious discussion on the role and importance 
of radiology as part of the clinical management of COVID-19.

CXR is a readily accessible and inexpensive modality in the majority of clinical settings. It is helpful 
for triage among suspected COVID-19 individuals in the emergency department[5]. Peripheral 
predominant hazy opacification, bilateral lower lobe consolidation, and air space opacities similar to 
acute respiratory distress syndrome are the characteristic findings of COVID-19 on CXR. Pleural 
effusion, nodules, and pneumothorax are also unusual findings that can be discerned in COVID-19 
patients[6].

Radiological assessment of lung edema (RALE) (Table 1) and Brixia score (Table 2) are the CXR-based 
grading systems in practice to predict the severity and prognosis of COVID-19 disease. According to a 
study by Au-Yong et al[7], RALE and Brixia scores have correlations of 0.87 and 0.86, respectively, in 
predicting patient outcomes. Individuals with high scores (RALE > 25 and Brixia > 11) have increased 
chances of intensive care unit admission or death within 60 days after diagnosis. As acknowledged by 
Pal et al[1] the usage of CXR has been limited by lower sensitivity (56%) and specificity (60%).

CT imaging is the preferred diagnostic modality, given its high sensitivity (94%)[1]. However, the 
specificity of CT ranges from 25% to 80%[1]. Lateralized, bilateral, multifocal, basilar and peripheral 
predominance and peripheral ground-glass opacities are the classical CT findings of COVID-19 
pneumonia. Non-classical features include subsegmental vessel engorgement, “atoll sign,” reticular 
opacifications, subpleural curvilinear opacifications, and bilateral hilar lymphadenopathy. All these 
findings are well illustrated by Pal et al[1].

COVID-19 reporting and data system (CO-RADS) (Table 3) and MuLBSTA (multilobular infiltration, 
hypo-lymphocytosis, bacterial coinfection, smoking history, hypertension, and age) (Table 4) scoring 
systems aid in the identification of the lung involvement and prognosis in suspected COVID-19 
patients. Pal et al[1] described that CO-RADS and MuLBSTA have a sensitivity of 61% and 65.1%, and 
specificity of 81% and 95.4%, respectively. The main drawbacks of CT in clinical setting are: radiation 
exposure, the need to transfer the patient to the imaging room, and availability.

Lung ultrasound (LUS) may assist physicians in assessing the disease severity with sensitivity and 
specificity of 65%-76.9% and 72.7%-77.1%, respectively[1]. It identifies subtle lung findings in the 
periphery which remain hidden in majority of CXR[8]. In addition, the findings of COVID-19 
pneumonia on LUS correlate well with CT findings[9,10]. Hence LUS can be employed in the common 
and standard practice. LUS is advantageous as it eliminates the radiation risk and resource consumption 
of CXR and CT, if the patients require daily monitoring of lung status. It also overcomes the limitations 
of CT by its portability and accessibility at bedside with great learning curve. B-line artifacts, subpleural 
consolidations, pleural irregularities, and patchy opacities can be seen on the LUS of COVID-19-infected 
patients. The presence of B-lines indicates parenchymal involvement, and they increase proportionately 
with the disease, resulting in “white lungs”[2]. With recuperation from illness, B-lines are replaced with 
A-lines, which represent normal lung surface. Subpleural consolidation specifies the inflammatory 
changes; however, these findings may last for several weeks after recovery.

https://www.wjgnet.com/1949-8470/full/v14/i2/50.htm
https://dx.doi.org/10.4329/wjr.v14.i2.50
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Table 1 Radiological assessment of lung edema  classification[13]

Consolidation

Score Extent of alveolar opacities in each lung quadrant.

0 0%

1 0-25%

2 25-50%

3 50-75%

4 > 75%

If consolidation is ≥ 1, then score density

1 Hazy

2 Moderate

3 Dense

Final RALE scoring

Right lung Left lung

Upper quadrant, Cons × Density= Q1 Upper quadrant, Cons × Density= Q3

Lower quadrant, Cons × Density= Q2 Lower quadrant, Cons × Density= Q4

Total RALE: Q1+Q2+Q3+Q4

RALE: Radiological assessment of lung edema.

Table 2 Brixia score

Score Findings on CXR in three divided zones of each lung

0 No abnormal findings

1 Interstitial infiltrates

2 Interstitial > Alveolar infiltrates

3 Alveolar > Interstitial infiltrates

CXR: Chest X-ray.

A 12-zone scoring system is used to quantify and predict the severity of lung involvement. 
Individuals are classified as normal, mild, moderate, and severely infected, with scores of 0, 1-5, 6-14, 
and ≥ 15, respectively. A cutoff score of 8 of 36 is 91% sensitive in predicting COVID-19 diagnosis. 
Hence LUS may be used as a screening tool, but in conjunction with other imaging modalities due to its 
ineffective differentiation between acute ongoing infection and recovery[1,2].

Although the role of magnetic resonance imaging, Fluorodeoxyglucose positron emission 
tomography, CT pulmonary angiography, and point-of-care echocardiography is limited in COVID-19, 
they may help detect complications such as myocarditis, cardiomyopathy, right ventricular dilatation, 
and pulmonary embolism and monitor the treatment response. AI is an algorithm-based entity that 
allows rapid diagnosis and enhances a health system’s capability. AI COVID-19 algorithm has a 
sensitivity, specificity, and accuracy of 84%, 93%, and 90.8%, respectively. AI-based deep learning 
technology has detected COVID-19 on CT with an area under the receiver operating characteristic curve 
of 0.96 and sensitivity and specificity of 90% and 96%, respectively[11]. Wehbe et al[12] compared the 
performance of AI and radiologists and reported similar diagnostic accuracy of 82% and 81%, 
respectively. Hence, AI has the ability to assist radiologists in prompt diagnosis and to improve 
workflow efficiency.

Familiarity with the COVID-19 imaging findings was essential for radiologists working during the 
pandemic. Even though the disease spread is controlled currently, the discovery of newer virus strains 
highlights the importance of strategies such as increasing work capacity and imaging capabilities that 
might be helpful during a future unanticipated outbreak.



Vulasala  SSR et al. Diagnostic and imaging findings in COVID-19 pandemic

WJR https://www.wjgnet.com 53 February 28, 2022 Volume 14 Issue 2

Table 3 Coronavirus disease 2019 reporting and data system classification.

Category Level of COVID-19 suspicion Findings

0 Non-interpretable Technically insufficient scan to assign a score

1 Very low Normal lung

2 Low Typical of infection other than COVID-19

3 Equivalent/unsure Non-specific findings to COVID-19 and other infections

4 High Suspicious of COVID-19

5 Very high Typical COVID-19 findings

6 Proven Positive RT-PCR for COVID-19

COVID-19: Coronavirus disease 2019; RT-PCR: Reverse transcriptase- polymerase chain reaction.

Table 4 Multilobular infiltration, hypo-lymphocytosis, bacterial coinfection, smoking history, hypertension, and age scoring system

Parameter Yes No

Multi-lobar involvement + 5 0

Lymphopenia (≤ 0.8 ×109/L) + 4 0

Bacterial co-infection in blood or sputum + 4 0

Smoking history Active smoker: + 3; Prior Smoker: + 2 0

Hypertension + 2 0

Age ≥ 60 yr + 2 0
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Abstract
Artificial intelligence (AI) has the potential to revolutionize healthcare and 
dentistry. Recently, there has been much interest in the development of AI applic-
ations. Dentomaxillofacial radiology (DMFR) is within the scope of these applic-
ations due to its compatibility with image processing methods. Classification and 
segmentation of teeth, automatic marking of anatomical structures and cephalo-
metric analysis, determination of early dental diseases, gingival, periodontal 
diseases and evaluation of risk groups, diagnosis of certain diseases, such as; 
osteoporosis that can be detected in jaw radiographs are among studies conducted 
by using radiological images. Further research in the field of AI will make great 
contributions to DMFR. We aim to discuss most recent AI-based studies in the 
field of DMFR.

Key Words: Artificial intelligence; Diagnostic imaging; Radiology; Dentistry
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Core Tip: Scientists are enthusiastic about conducting artificial intelligence (AI) research 
related to dentomaxillofacial radiology (DMFR). Image and patient recognition are 
important in DMFR, however initial investment costs are still high and misdiagnosis 
may occur in real clinical situations. Up until now, DMFR related AI studies revealed 
successful results to some extent, however human physiological system is so complex 
that AI can be a supplementary method but not a substitution for human knowledge, 
capability and decision-making ability.
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INTRODUCTION
In recent times, technical developments and innovation have become integral parts of clinical dentistry. 
Owing to recent developments in the field of artificial intelligence (AI), significant improvements may 
be expected in dentistry and dentomaxillofacial radiology (DMFR). AI is defined as the way, method, 
tool, and algorithm, that is developed for the intelligent solution of the issues encountered with 
computer application of intelligent thinking. They contain elements which are able to imitate human 
thinking, understanding, comprehension, interpretation and learning characteristics utilized for 
problem solving[1]. Numerous studies have been carried out in order to find solutions that utilize the 
latest technology to solve dental field-related issues. These studies are comprised of a wide range of 
objectives, including the diagnosis of caries; assessment of various pathologies; orthodontic treatment of 
crowded teeth and dental implant placement via robotic surgery[2-5]. In DMFR studies, this technology 
has come to the forefront due to its compatibility with image processing methods. Current topical 
examples of studies conducted on radiological images are: Classification and segmentation of teeth; 
automatic marking of anatomical structures and cephalometric analysis; early detection of dental 
diseases; gingival-periodontal diseases and evaluation of risk groups and the diagnosis of certain 
diseases such as osteoporosis that can be detected in jaw radiographs[6]. In dental radiology there are 
both theoretical and practical application examples of these specific tasks. The output gained from 
artificial learning is expected to reduce the daily workload of physicians as well as the rate of both false 
diagnosis and underdiagnosis in dental practice.

According to the radiological diagnosis tool used, we aim to present the current studies in the field of 
DMFR under two main headings. Current AI studies in the field of DMFR are given in Figure 1. The 
main study topics in DMFR related to AI are given in Table 1.

Some of the current AI studies using panoramic radiography devices
The most widely used radiological diagnostic tool in dentistry is the panoramic radiograph. It provides 
two-dimensional image and related information regarding major mandibular and maxillary jaw bones, 
all existing teeth and surrounding supporting tissues. Two-dimensional imaging of this region, which 
has a complex anatomy, causes superposition of various tissues on each other. Therefore, it is possible 
that panoramic radiographs can be interpreted incorrectly or incompletely in certain cases. Critical 
assessment of dental images is an essential portion of the diagnostic procedure in daily clinical 
scenarios. General evaluation by a specialist is based on tooth detection and numbering[7]. A study 
verified the assumption that a convolutional neural network-CNN-based method could be skilled to 
analyze and score tooth on panoramic images for automated dental charting objectives. The suggested 
method targeted at assisting dentists during their diagnostic procedures. The system’s performance 
level was found to be similar to the specialists’ level, which meant that the radiology specialist could use 
the finding gained from the technique for automated charting when solely assessment and subtle 
adjustments were necessary as an alternative to manual data insertion[7].

Several different studies are published on the automatic detection of odontogenic cysts and tumors[8-
10]. Odontogenic cysts and tumors do not demonstrate their distinctive radiographic features until they 
extend to a significant dimension. The early radiographic findings of odontogenic cysts and tumors are 
so similar that even well trained DMFR experts cannot always accurately conduct their diagnosis. In 
addition, they may not reveal symptoms in advanced levels[11,12]. Because of such characteristics of 
odontogenic cysts and tumors, commonly observed cysts such as dentigerous cysts and odontogenic 
keratocytes may threaten the patient's quality of life if they are large or subsequently cause pathological 
fractures[13,14]. However, You Only Look Once (YOLO)-a state-of-the-art, real-time object detection 
system could not be only responsible for the wrong negative diagnosis in one research, which consisted 
of radiologically indeterminate initial pathologies and maxillary entities that even trained clinicians find 
difficult to accurately diagnose. As noted, some pathologies in the maxilla are hindered by low bone 
density and several related anatomical structures that cross with the superpositions of the panoramic 
image. Odontogenic keratocytes on the maxilla were not detected by both YOLO and two-thirds of 
clinicians, including experts and general practitioners. Surprisingly, however, there were few instances 
where YOLO diagnosed and accurately distinguished pathologies that clinicians could not detect[15]. 
The CNN YOLO detector demonstrated diagnostic effectiveness at least comparable to that of trained 
dentists in assessing odontogenic cysts and tumors[15]. A number of components affecting clinician 
ability need to be assessed in future research. It is possible that implementation of CNNs in oral and 
maxillofacial diagnostic imaging may reveal favorable results for clinicians[15].

Ameloblastomas and keratocystic odontogenic tumors (KCOTs) are among the most commonly 
observed odontogenic tumors of the jaws. Preoperative definitive detection of these lesions may help 
dental surgeons in treatment planning[16,17]. In another study, a CNN was created for the evaluation of 
ameloblastomas and KCOTs[3]. The accuracy of the CNN developed in this study was close to the 
accuracy of dental experts in detecting ameloblastoma and KCOTs. CNN can help reduce the workload 
of oral and maxillofacial surgeons by detecting ameloblastomas and KCOTs in a very short time. More 
research needs to be done in order to clarify and define CNN before it may be widely used in diagnostic 
imaging purposes[3].
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Table 1 Main study topics in dentomaxillofacial radiology related to artificial intelligence

No. Main study topics

1 Localization/measurement of cephalometric landmarks

2 Diagnosis of osteoporosis

3 Classification of the maxillofacial cysts and/or tumors

4 Identification of alveolar bone resorption

5 Classification of periapical lesions

6 Diagnosis of multiple dental diseases

7 Classification of tooth types

8 Detection of dental caries

9 Classification of the stage of the lower third molar

Figure 1 Current artificial intelligence studies in the field of dentomaxillofacial radiology. CBCT: Cone beam computed tomography.

In previous studies, the determination of the relationship with osteoporosis from dental panoramic 
radiographs was investigated by AI algorithms. In one study, 680 patients were simultaneously 
subjected to skeletal bone mineral density (BMD) examinations and digital panoramic radiography 
evaluations, and the results showed that the deep learning-based evaluation of digital panoramic 
radiography images could be useful and reliable in the automated screening of osteoporosis patients
[18]. In another study on this subject, the effectiveness of a deep convolutional neural network (DCNN) 
based computer aided diagnosis (CAD) technique in osteoporosis detection on panoramic imaging was 
evaluated. As a result, the DCNN-based CAD technique was found to demonstrate a high level of 
consistency with dental radiology experts experienced in clinical osteoporosis assessment[19]. The 
authors suggested that a DCNN-based CAD system could provide dentists with information regarding 
initial diagnosis of osteoporosis and patients with asymptomatic osteoporosis may be sent to convenient 
medical referral for further evaluation[18,19].

In a study, a caries detection technique that used deep learning algorithms was proposed for the 
assessment of dental carious lesions[2]. Although the model exhibits high effectiveness in the detection 
of caries for both maxillary premolars and molars, this caries evaluation technique has some drawbacks. 
Since the study was conducted by using two dimensional images, solely interproximal and occlusal 
carious lesions could be detected, however; lingual and buccal carious lesions could not be detected[2].

Some of the current AI studies using cone beam computed tomography devices
Since the beginning of 2000s, cone beam computed tomography (CBCT) as a 3D imaging method has 
become widely used in cases where clinical examination and conventional radiographs were insufficient 
to reveal necessary information[20]. A CNN algorithm was created to detect periapical lesions on CBCT 
images. The system, which identified and enumerated teeth in volumetric data, was succeeded in 
diagnosing periapical lesions with 92.8% accuracy. In another study, automatic mandibular canal 
segmentation was performed on CBCT images with CNN developed[21]. Another area for AI is the 
detection of oral diseases. In a study, researchers aimed to identify and distinguish lichen planus and 
leukoplakia lesions with an artificial neural network trained with intraoral photographs and found 
promising results[22].
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A 2011 study suggested that an AI technique could be useful in the automatical localization of a key 
landmark on CBCT images[23]. The ability to make 3D measurements for cephalometric analysis on 
CBCT images is an important advantage, however; the performance of automatic localization in current 
technique is not sufficient and effective in the clinical scenario[23]. Therefore, known techniques can be 
suggested for using preliminary localization of cephalometric landmarks, but manual correction is still 
required before further cephalometric analysis.

Limitations and future aspects
Future studies that critically assess certain issues and their clinical potential are essential. In spite of the 
promising performance results obtained from current AI techniques, it is mandatory to confirm the 
effectivenes and consistency of these techniques by using appropriate external data from new patients 
or collected from other dental institutions[24]. In its future goals, it can be expected not only to 
strengthen the effectiveness of AI techniques on par with specialists, but also to diagnose initial 
pathologies that are invisible to the human eye.

CONCLUSION
AI has the potential to revolutionize healthcare and dentistry. Owing to recent developments in the field 
of AI, scientists have become increasingly enthusiastic about conducting AI research. Image and patient 
recognition are important in DMFR. However, initial investment costs are currently high, and inappro-
priate assumptions may be made in a real-life clinical scenarios. Hitherto, DMFR-related AI studies 
revealed a certain degree of successful results. However, the human physiological system is exceedingly 
complex. As such, AI is acceptable as a supplementary method, but it cannot be seen a substitution for 
human knowledge, capabilities, and decision-making abilities. Additionally, the diagnostic performance 
of AI models may differ depending on the algorithms that are used. It is essential to validate the 
consistency and effectiveness of these techniques by using accurate representative images from different 
sources before implementing and applying these techniques to real clinical situations. With that said, 
further research in the field of AI has the potential to make great contributions to DMFR.
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Abstract
BACKGROUND 
Immunosuppression (IS) therapy may contribute to cancer development. Some 
authors have proposed to reduce immunosuppression drugs dose in case of viral 
infections, in immunosuppression-related diseases, and in patients undergoing 
radiotherapy. The present analysis reports the results of a systematic review on 
kidney transplant recipients undergoing immunosuppression and radiotherapy.

AIM 
To define if it is necessary reduce immunosuppression drugs during radiothe-
rapy.
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METHODS 
The literature search was based on three electronic databases (Pubmed, Scopus, and Web of 
Science) using selected keywords linked through the "AND" and "OR" Boolean operators to build 
specific strings for each electronic search engine. Two researchers independently screened the 
citations, and disagreement was resolved by discussion or through the intervention of a third 
author. The review was conducted and reported according to the PRISMA statement. Extracted 
data were narratively synthesized, and, where possible, frequencies, percentages, and ranges were 
calculated.

RESULTS 
The literature search resulted in 147 citations. After abstracts screening, 21 records were selected 
for full-text evaluation. Fifteen of these were excluded, leaving six papers considered suitable for 
analysis. There is still no clear evidence that withdrawing antimetabolites and/or calcineurin 
inhibitors and/or mammalian target of rapamycin-inhibitors, as opposed to continuing 
maintenance IS, improves patient survival in kidney transplant recipients with cancer undergoing 
radiotherapy. Only few retrospective studies on small cancer patient cohorts are available in this 
setting, but without comparison of different immunosuppression treatments. Even where 
immunosuppression therapy was described, patient survival seemed to be correlated only with 
cancer stage and type.

CONCLUSION 
The results of this systematic review do not support the reduction of immunosuppression dose in 
patients undergoing radiotherapy.

Key Words: Renal transplant patients; Graft rejection; Immunosuppression; Radiotherapy; Survival

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This systematic review aimed to define the need of immunosuppressive therapy modulation 
during radiotherapy. There is still no clear evidence that withdrawing antimetabolites and/or calcineurin 
inhibitors and/or mammalian target of rapamycin-inhibitors improves patient survival in kidney transplant 
recipients with cancer undergoing radiotherapy. Even where immunosuppression therapy was described, 
patient survival seemed to be correlated only with cancer stage and type. The results of this systematic 
review do not support the reduction of immunosuppression dose in patients undergoing radiotherapy.

Citation: Lancellotta V, D'Aviero A, Fionda B, Casà C, Esposito I, Preziosi F, Acampora A, Marazzi F, Kovács G, 
Jereczek-Fossa BA, Morganti AG, Valentini V, Gambacorta MA, Romagnoli J, Tagliaferri L. Immunosuppressive 
treatment and radiotherapy in kidney transplant patients: A systematic review. World J Radiol 2022; 14(3): 60-69
URL: https://www.wjgnet.com/1949-8470/full/v14/i3/60.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i3.60

INTRODUCTION
Renal transplant patients have an increased risk of developing de novo cancers,-with an incidence up to 
four times higher than the general population[1-3]. Recipients of transplanted organs have variable risk 
of cancer development. In fact, the risk of developing malignancies depends on transplanted organ, 
exposure to lymphocyte-depleting antibody-based therapies, immune status of the donor/recipient, and 
type of immunosuppressive therapy[4,5]. Current immunosuppressive regimens involved in carcino-
genesis after organ transplantation are based on a combination of T-cell depleting or inhibiting agents, 
such as calcineurin inhibitors, monoclonal and polyclonal antibodies, cell cycle inhibitors, antimeta-
bolites, and corticosteroids[6]. As for other oncological settings, radiotherapy (RT) may play a 
significant role in the treatment of cancer in transplanted patients[7]. However, RT may also have 
adverse effects in these patients and in particular an increased immunosuppressive effect induced by 
anti-rejection drugs[8,9]. This effect depends on several factors such as total dose, treatment technique, 
dose/fractionation, and irradiated volume. Treatment techniques are external beam RT (EBRT) or 
interventional RT (IRT), also known as brachytherapy[10-12].

Despite the "fragility" of transplanted kidneys, RT seems to be feasible also in this patient population
[13-22]. Moreover, modern and high-precision RT techniques can deliver the dose only to the 
macroscopic tumor while sparing immune cells in the surrounding tissues with consequent reduction of 
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the suppressive effect on the immune system[23,24]. On the other hand, in kidney-transplanted patients, 
immunosuppressive regimens may counteracts the RT immunostimulatory effect. More generally, 
considering the immunosuppressive effect of RT due to bone marrow toxicity, and therefore the 
possible increased effect of anti-rejection drugs, a relevant problem in these patients concerns the need 
to modulate immunosuppressive therapy during and after RT. However, clear evidence regarding this 
topic is lacking in literature. Furthermore, guidelines on the management of immunosuppressive 
therapy in patients undergoing RT are also missing. Indeed, only a few studies have addressed this 
issue and literature reviews on this topic are missing. Based on this background, this systematic review 
aimed to define the need of immunosuppressive therapy modulation during RT.

MATERIALS AND METHODS
Development of clinical question
The clinical question was developed based on the Population, Intervention, Comparison, and Outcomes 
(PICO). The clinical question was: (P) In kidney transplant recipients with cancer undergoing RT, 
maintaining antimetabolites and/or calcineurin inhibitors and/or mammalian target of rapamycin 
(mTOR) inhibitors (I) is superior when compared to withdrawal of antimetabolites and/or calcineurin 
inhibitors and/or mTOR inhibitors (C), in relation to the outcomes (O) of benefit and harm (Table 1)? 
and reports the development of Grades of Recommendation, Assessment, Development, and Evaluation 
(GRADE) Recommendation.

Search strategy and selection of evidence
The systematic review was conducted in accordance with the PRISMA guidelines[25]. We performed a 
comprehensive literature search using PubMed, Scopus, and Web of Science (up to July 2019) using 
selected keywords linked through the Boolean operators "AND" and "OR" to build specific strings for 
each electronic search engine (Table 2 and Figure 1). ClinicalTrials.gov was searched for ongoing or 
recently completed trials, and PROSPERO was searched for ongoing or recently completed systematic 
reviews. Electronic search was supplemented by manually searching the references of included studies 
and review articles. The search was restricted to papers published in English. In order to avoid the 
missing of relevant studies, we chose this strategy burdened by high sensitivity and low specificity. 
Conference papers, surveys, letters, editorials, book chapters, case reports, and reviews were excluded. 
Time restriction (2010-July 2019) of the publication was considered. Studies were identified through a 
search process performed by three independent reviewers (LT, VL, AA), and uncertainty regarding 
eligibility was resolved by a multidisciplinary committee (JR-transplant surgeon, FM-radiation and 
medical oncology, FP-radiation oncologist, CC-radiation oncologist, IE-dermatologist). Eligible citations 
were retrieved for full-text review. An external expert committee defined the outcomes of benefit and 
harm (GK, BJF, AGM). A multidisciplinary master board (VV, MAG, LT, JR) coordinated the project and 
performed the final independent check and the definitive approval of the review. The GRADEpro 
Guideline Development Tool (McMaster University, 2015) was used to create summary of findings 
tables in Cochrane systematic reviews. The quality assessment showed high clinical and methodological 
heterogeneity and risks of bias in the included studies, making quantitative synthesis inappropriate. 
Therefore, meta-analysis outcomes were not reported.

Inclusion criteria
(1) Kidney transplant recipients with cancer undergoing RT; (2) Reporting patients overall survival (OS), 
progression free survival, graft survival, toxicity, and local control; (3) Published in English language as 
original articles; (4) Time restriction (2010-2019).

Exclusion criteria
Conference papers, surveys, letters, editorials, book chapters, and literature reviews.

Identification of Outcomes
The external expert committee identified the following outcomes of benefit: OS (defined as the time 
from baseline to death from any cause or last follow-up), graft survival (defined as time from transplant 
to graft failure), progression free survival (PFS, defined as time from baseline to clinical or radiological 
progression), and local control (LC, defined as time from baseline to cancer detected in the treated site at 
any time after initial treatment). The identified outcome of harm included acute and late toxicity. All 
these outcomes were considered as “critical” for the decision-making process.

Quality of evidence evaluation
Certainty of evidence for all selected outcomes was performed according to the GRADE approach, 
considering study limitations, imprecision, indirectness, inconsistency, and publication biases. Certainty 
level started at higher pre-specified level for randomized controlled trials, but levels of certainty could 
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Table 1 Population, Intervention, Comparison, and Outcomes model

PICO

Patients Kidney transplant recipients with cancer undergoing radiotherapy 

Intervention Withdraw antimetabolites and/or calcineurin inhibitors and/or mTOR inhibitors 

Comparator Maintain antimetabolites and/or calcineurin inhibitors and/or mTOR inhibitors

Outcome Core outcome sets

Time frame 2010-2019

Study type RCTs, meta-analysis of RCT; observational analytical studies 

mTOR: Mammalian target of rapamycin; PICO: Population, Intervention, Comparison, and Outcomes; RCT: Randomized controlled trial.

Table 2 Search strategy

Electronic 
engineer Search string

Pubmed ((“Renal transplant” OR “kidney transplant” OR “kidney transplantation” OR “renal transplantation”) AND (metastasis OR metastatic OR 
metastases OR “cancer” OR neoplasm OR “tumour” OR “cancers” OR “tumours” OR “tumor” OR “tumors” OR neoplasms OR melanoma 
OR PTLD OR lymphoma) AND (radiotherapy OR “radiation therapy”)) AND (“calcineurin inhibitors” OR “calcineurin inhibitor” OR CNI 
OR tacrolimus OR cyclosporine OR everolimus OR sirolimus OR “mTOR inhibitors” OR “mTOR-inhibitors” OR antimetabolites OR 
“antimetabolite”)

Web of 
Science

ALL=(((Renal transplant) OR (kidney transplant) OR (kidney transplantation) OR (renal transplantation)) AND (metastasis OR metastatic 
OR metastases OR cancer OR neoplasm OR tumour OR cancers OR tumours OR tumor OR tumors OR neoplasms OR melanoma OR PTLD 
OR lymphoma) AND (radiotherapy OR (radiation therapy)) AND ((calcineurin inhibitors) OR (calcineurin inhibitor) OR CNI OR 
tacrolimus OR cyclosporine OR everolimus OR sirolimus OR (mTOR inhibitors) OR (mTOR-inhibitors) OR antimetabolites OR antimeta-
bolite))

Scopus ((“Renal transplant” OR “kidney transplant” OR “kidney transplantation” OR “renal transplantation”) AND (metastasis OR metastatic OR 
metastases OR “cancer” OR neoplasm OR “tumour” OR “cancers” OR “tumours” OR “tumor” OR “tumors” OR neoplasms OR melanoma 
OR PTLD OR lymphoma) AND (radiotherapy OR “radiation therapy”)) AND (“calcineurin inhibitors” OR “calcineurin inhibitor” OR CNI 
OR tacrolimus OR cyclosporine OR everolimus OR sirolimus OR “mTOR inhibitors” OR “mTOR-inhibitors” OR antimetabolites OR 
“antimetabolite”)AND (LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO (PUBYEAR, 2018) OR LIMIT-TO (PUBYEAR, 2017) OR LIMIT-TO 
(PUBYEAR, 2016) OR LIMIT-TO (PUBYEAR, 2015) OR LIMIT-TO (PUBYEAR, 2014) OR LIMIT-TO (PUBYEAR, 2013) OR LIMIT-TO 
(PUBYEAR, 2012) OR LIMIT-TO (PUBYEAR, 2011) OR LIMIT-TO (PUBYEAR, 2010) OR LIMIT-TO (PUBYEAR, 2009)) AND (LIMIT-TO 
(LANGUAGE, "English"))

CNI: Calcineurin inhibitor; mTOR: Mammalian target of rapamycin.

be downgraded if limitations in one of the above-mentioned domains were detected. Evidence was 
classified as having high, moderate, low, and very low level of certainty.

Benefit/harm balance and clinical recommendation
Based on the summary of evidence, the following judgments about the benefit-to-risk ratio between 
intervention and comparison were stated: Favorable, uncertain/favorable, uncertain, uncertain/ 
unfavorable, and unfavorable (both for intervention or comparison). The strength of the recom-
mendation was considered as strong positive, conditional positive, uncertain, conditional negative, or 
strong negative.

RESULTS
The flowchart of the study selection process is shown in Figure 1. The literature search resulted in 147 
single citations. After literature screening, 21 records were identified for full-text evaluation. Out of 
these, 15 were excluded, and the reasons for exclusion are reported in Figure 1. Six full text papers were 
considered eligible and were included in the final analysis.

Characteristics of the included studies
All studies were retrospective and included a total of 65 kidney transplant patients with subsequent 
cancer diagnosis. Regarding the type of cancer, five studies included prostate cancer (PCa) patients 
while one study reported on subjects with lymphoma. No direct comparisons between different 
treatment approaches in terms of immunosuppressive therapy modulation was performed. The main 
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Figure 1 PRISMA flow-chart for outcomes and toxicity.

characteristics of included studies are shown in Table 3 (first author, objective, treatment features, and 
main results).

Literature review
Antunes et al[13] analyzed the incidence of urologic malignancies in renal transplant recipients and 
reported on their treatment and outcomes. Twenty-nine PCa patients were included in the study with a 
mean age of 62.6 ± 6.1 years (range: 50-73 years). EBRT was performed in 5 patients. Although the 
authors did not find a statistically significant difference between type of immunosuppressive drugs and 
PCa development, they emphasized that 13 out of 29 patients (44.8%) received azathioprine. No statist-
ically significant impact of duration or type of immunosuppression on de novo development of urologic 
malignancies or OS was recorded. No patient undergoing RT had allograft failure. Follow-up duration 
after PCa treatment ranged from 3 mo to 96 mo. One-, five-, and ten-year OS rates after PCa diagnosis 
were 86.2%, 86.2%, and 79.3%, respectively. Only 1 patient died of PCa. The remaining patients died of 
PCa-independent reasons (cardiac failure or infection)[13].

Binsaleh et al[15] retrospectively analyzed treatment and outcome of 9 renal transplant patients with 
subsequent PCa. Median age at PCa diagnosis was 63.6 years. One patient was treated with androgen 
deprivation therapy alone, 4 patients with RT alone, and 4 patients with a combination of androgen 
deprivation therapy and EBRT (60-66 Gy). Immunosuppressive therapy was as follows: 4 patients were 
on cyclosporine, azathioprine, and steroids regimen; 3 patients received cyclosporine, mycophenolate, 
and steroids (then changed to a sirolimus-based therapy); 1 patient was on tacrolimus, azathioprine, and 
steroids regimen; 1 patient received tacrolimus, mycophenolate mofetil, and steroids. Three out of the 9 
patients had their immunosuppressive regimen changed from cyclosporine, mycophenolate, and 
steroids to a sirolimus-based therapy, and 6 had “judicious reductions” in their calcineurin inhibitor 
dosages. Four transplanted kidneys showed renal failure, and 3 out of 4 of them were treated with RT: 1 
patient was on tacrolimus, azathioprine, and steroids therapy and was treated with EBRT alone (60 Gy); 
1 patient was on tacrolimus, mycophenolate mofetil, and steroids and was treated with androgen 
deprivation therapy plus EBRT (60 Gy); 1 patient was on cyclosporine, azathioprine, and steroids and 
was treated with androgen deprivation plus EBRT (60 Gy); finally, 1 patient was on cyclosporine, 
azathioprine, and steroids and was treated with androgen deprivation therapy alone. The authors 
concluded that a combination of RT with androgen deprivation therapy provides good control of the 
disease while preserving renal function. The comparative long-term follow-up of patients with reduced 
doses of calcineurin-inhibitor-based immunosuppression or sirolimus-based treatments is not known
[15].
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Table 3 Characteristics of included studies

Ref. Study 
design

Patients 
(n)

Mean 
age

Type of 
cancer Intervention Patient 

survival Graft survival

Binsaleh et 
al[15], 2011 

Retrospective 9 55 
(range: 
40-72)

PCa RT (60-66 Gy); 3 patients had their immunosup-
pressive regimen changed to a sirolimus-based 
therapy, while 6 had “judicious” reductions of 
CNI dosages

NR 4/9 failure; 5/9 good

Pettenati et 
al[20], 2016 

Retrospective 6 63.5 yr 
(± 7.2)

PCa RT (EBRT: 76 Gy; IRT: 145 Gy) +Immunosup-
pressive therapy [2 pts: CNI + AZA + steroids; 
19 pts: CNI + MMF + Steroids; 2 pts: MMF, 
mTORI + Steroids]

1 patient 
died of PCa

No graft loss nor 
change in renal 
function due to PCa 
treatment

Antunes et 
al[13], 2018 

Retrospective 29 53.4 
(±10,7)

PCa RT in 5 patients (details not reported) 1-yr: 86.2%5-
yr: 86.2%10-
yr: 79.3%

No patient 
undergoing RT had 
allograft failure

Oh et al
[26], 2019 

Retrospective 13 66 
(range: 
42-80)

PCa RT (EBRT: 78 Gy; IRT: 144 Gy) + Immunosup-
pressive therapy [CIA (n = 8), MMF (n = 13), 
AZA (n = 3), tacrolimus (n = 12), sirolimus (n = 
9), and/or prednisone (n = 20)]

3 yr: 93.8% NR

Tasaki et al
[21], 2019 

Retrospective 3 65 
(range: 
60-67)

PCa RT (IRT: 145 Gy) + Immunosuppressive therapy 
[2 pts: CIA + MMF + MP; 1 pt: tacrolimus + 
MMF +MP]

NR 2 pts good graft 
function; 1 pt 
declined graft 
function after 2 yr

Velvet et al
[27], 2019 

Retrospective 3 59.5 Lymphoma RT (details not reported) + reduced immunosup-
pressive regimen

6 mo: 66.6% NR

CNI: Calcineurin inhibitor; mTOR: Mammalian target of rapamycin; NR: Not reported; PCa: Prostate cancer; RT: Radiotherapy; EBRT: External beam RT; 
IRT: Interventional RT.

Pettenati et al[20] published the results of their retrospective single center study. A control population 
of non-organ transplant and non-end-stage renal disease patients with PCa was used to compare tumor 
features and oncological outcome with 24 renal-transplanted patients (PCa incidence in all patients was 
1.5%). Mean follow-up was 47 mo. PCa was mostly localized (n = 21, 87.5%) and treated with radical 
prostatectomy (n = 16, 76.2%), LDR-IRT (n = 3, 14.3%, 145 Gy), EBRT (n = 1, 4.7%), or active surveillance 
(n = 1, 4.7%). On the contrary, 3 patients had locally advanced PCa and were treated with EBRT 
combined with androgen deprivation therapy. Two patients were on a regimen of calcineurin inhibitors 
plus azathioprine plus steroids; 19 patients were on calcineurin inhibitors plus mycophenolate mofetil 
plus steroids; 2 patients were on mycophenolate mofetil plus mTOR inhibitors plus steroids. No graft 
failure due to PCa treatment was reported. Nineteen renal-transplant patients with localized PCa 
(90.5%) were free from biochemical recurrence at last follow-up. Considering the radical prostatectomy 
subset, no difference in PCa characteristics at diagnosis and biochemical recurrence rate was found 
between renal-transplant patients (n = 16) and control patients (n = 64). The authors concluded that 
localized PCa following renal transplantation was not associated with adverse features as compared to 
non-transplant patients. Standard treatments could be proposed to renal-transplanted patients with 
satisfying results both on oncological outcome and graft function[20].

Tasaki et al[21] retrospectively analyzed safety and efficacy of IRT in 3 patients with PCa after renal 
transplantation. The clinical stage was cT1N0M0 in all patients. The median age at diagnosis was 65 
years (range: 60-67 years). Immunosuppressive regimens were cyclosporine A plus mycophenolate 
mofetil plus methylprednisolone in 2 patients and tacrolimus plus mycophenolate mofetil plus methyl-
prednisolone in 1 patient. The median time between transplantation and IRT was 7 years (range: 4-10 
years). Two patients received low dose-rate IRT (dose, 145 Gy), and one patient was treated with high 
dose-rate IRT (dose, 19 Gy in 2 fractions) combined with external beam irradiation (EBRT, 39 Gy in 13 
fractions). Median follow-up after IRT was 44 mo (range: 34-50 mo). No patient developed biochemical 
or clinical progression and no clinically significant RT-induced adverse events were reported. Two 
patients maintained a good graft function while one patient had a decline of graft function 2 years after 
IRT. The authors concluded that low dose-rate IRT and high dose-rate IRT of PCa seem feasible and safe 
in renal-transplanted recipient with oncological outcomes similar to those recorded in the general 
population[21].

Oh et al[26] reported on biochemical disease-free survival, distant metastasis free, OS, and toxicity in 
28 patients with renal transplant who were subsequently treated with definitive RT for PCa. The median 
age was 66 years, and median follow-up time was 30 mo. Twenty-four patients (86%) were treated with 
IRT (144 Gy), and 4 patients (14%) were treated with external-beam RT (78 Gy). Immunosuppressive 
regimens were cyclosporine (n = 8), mycophenolate mofetil (n = 13), azathioprine (n = 3), tacrolimus (n = 
12), sirolimus (n = 9), and/or prednisone (n = 20). At last follow-up, 2 patients had died, 1 from 
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metastatic PCa and 1 from other reasons. Three-year biochemical relapse-free survival, distant 
metastasis-free, and OS were 95.8%, 93.1%, and 93.8%, respectively. One patient developed grade 3 
gastrointestinal late toxicity. The authors concluded that organ transplant recipient with PCa and 
treated with RT have excellent 3-year outcomes[26].

Velvet et al[27] conducted a single center retrospective study on management and outcomes of central 
nervous system lymphomas in 6 kidney transplant patients. During the lymphoma treatment, 
immunosuppressive therapy was reduced in all patients. Mycophenolate mofetil and prednisolone 
without calcineurin inhibitor were prescribed to 5 out of 6 patients. Three out of six patients underwent 
RT: one patient was also treated with chemotherapy and four cycles of cytotoxic T lymphocytes (alive at 
last follow-up); one patient was also treated with craniotomy and rituximab (graft failure and then 
death for acute left ventricular failure); one patient was also treated with chemotherapy (unknown 
cause of death). RT total dose and technique were not reported and 6-mo OS was 66.6%. This study 
supports observational data suggesting that patients treated with mycophenolate mofetil and without 
calcineurin inhibitor may have increased risk of cancer after transplantation[27].

Data synthesis
No study showed that withdrawing antimetabolites and/or calcineurin inhibitor and/or mammalian 
target of rapamycin-inhibitors as opposed to continuing maintenance immunosuppression improves 
patient survival in kidney transplant recipients with cancer undergoing RT.

DISCUSSION
The present systematic review showed that in kidney transplant recipients developing cancer and 
undergoing RT, clear evidence on improved function of the graft and/or of patients survival after 
modulating or withdrawing immunosuppressive therapy, as opposed to continuing maintenance 
immunosuppression, is lacking; conversely, only few retrospective studies on small RT-treated cancer 
cohorts are available, mainly including PCa patients, without comparison between different 
immunosuppressive strategies[26,27]. RT appears to be a feasible therapeutic option also in this setting, 
with oncological outcomes not clearly different from the general patient population[28].

In fact, while no studies compared different immunosuppressive treatments, when immunosup-
pressive drugs were reported, patients’ survival seemed to be correlated only with cancer stage or type. 
Due to lack of evidence, it seems reasonable to entrust the clinical management of these patients to a 
multi-disciplinary team including nephrologists, cancer surgeons, medical and radiation oncologists, 
pathologists, and radiologists. In fact, discussion of clinical cases in a multidisciplinary expert team 
could allow a more homogeneous treatment approach and improvement of clinical outcomes. This 
evaluation needs to consider the clinical specificities beyond tumor burden, such as comorbidities, 
compliance to treatment, general performance status, and history of the disease to select the best 
approach for the individual patient following the principles of personalized medicine. Furthermore, for 
clinical and deontological reasons, it is also mandatory to discuss all possible implications with the 
patient to define the therapeutic strategy and obtain a detailed informed consent.

Moreover, due to the lack of available results from prospective trials, studies with this design should 
be promoted. However, considering the rarity of patients undergoing renal transplantation and 
requiring RT, and therefore the difficulty in carrying out prospective trials, an alternative aimed at 
generating evidence in this field could be to share retrospective data from different centers in order to 
create pooled analyses[29,30].

This study has several limitations. Only six studies were included in the analysis, totaling only 65 
patients. Furthermore, all studies have been lacking in reporting important data such as details of RT, 
radiation-induced toxicity, a complete assessment of renal function, and the impact of RT on immune 
function. These limitations prevent clear conclusions from being drawn on the question of this review 
and, in particular, on the need to suspend or modulate immunosuppressive therapy in patients 
undergoing renal transplantation and subsequent RT.

CONCLUSION
There is no evidence that immunosuppressive therapy should be modulated in kidney transplant 
patients undergoing RT. Prospective studies or pooled analyses are needed to define the proper 
treatment for this very selected group of patients.
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ARTICLE HIGHLIGHTS
Research background
Cancer is the second most common cause of mortality and morbidity in kidney transplant recipients. 
Immunosuppression can influence the efficacy of cancer treatment and modification of the immunosup-
pressive regimen may restore anti-neoplastic immune responses improving oncologic prognosis. 
However, patients are usually reluctant to modify their immunosuppression, fearing rejection and 
potential graft loss.

Research motivation
To develop reference points for guiding the transplant professionals in the clinical decision-making 
process and to improve the management of kidney transplant recipients with cancer.

Research objectives
Little evidence is available on radiotherapy management of cancer in kidney transplant recipients; in 
certain instances (e.g., in case of pelvic cancer or cancer of the transplanted kidney) it is also unclear 
which could be the best loco-regional treatment option, among the full range of ablative devices/ 
techniques, to be used as an alternative to nephron sparing surgery, currently the preferred option.

Research methods
The overall process included: (1) The formulation of one specific question based on the Population, 
Intervention, Comparison, and Outcomes methodology; (2) Systematic literature review and summary 
for experts for each question; and (3) Extracted data were narratively synthesized and, where possible, 
frequencies, percentages, and ranges were calculated.

Research results
There is still no clear evidence that withdrawing anti-metabolites and/or calcineurin inhibitor and/or 
mammalian target of rapamycin inhibitors as opposed to continuing maintenance immunosuppression 
might improve patient survival in kidney transplant recipients with cancer undergoing radiotherapy. 
There are few retrospective studies on small cancer cohorts undergoing radiotherapy, especially 
prostate, without comparison of different immunosuppressive treatments. The radiation therapy can be 
performed with excellent oncological outcomes. No studies have compared different immunosup-
pressive treatment, and, when the immunosuppressive drugs are reported, patients’ survival seems to 
be correlated only with cancer stage or type. In addition, there are no data on the eventual effects of 
immunosuppressive drugs, especially mammalian target of rapamycin inhibitors, on the healing of 
radiotherapy-induced skin toxicity.

Research conclusions
Although all the statements of the consensus are not methodologically evidence-based and their 
strength might therefore be questionable, they represent a starting point to orient transplant physicians 
in their everyday practice, and, above all, these statements clearly indicate the points that need to be 
addressed in the clinical research in this setting.

Research perspectives
Prospective studies or pooled analyses are needed to define the proper treatment for this very selected 
group of patients.
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Abstract
Contrast-enhanced ultrasound (CEUS) represents a great innovation for the 
evaluation of focal liver lesions (FLLs). The main advantage of CEUS is the real-
time imaging examination and the very low toxicity in patients with renal failure. 
Liver cirrhosis has been recognized as a major risk factor for the onset of hepato-
cellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC). HCC in 
liver cirrhosis develops as the last step of a complex that leads to the gradual 
transformation from regenerative nodule through dysplastic nodule to HCC. In 
patients with liver cirrhosis, a surveillance program is recommended consisting of 
ultrasound (US) for detecting small focal lesions. A wide spectrum of benign and 
malignant lesions other than HCC may be found in the cirrhotic liver and their 
differentiation is important to avoid errors in staging diseases that may preclude 
potentially curative therapies. Several published studies have explored the value 
of CEUS in liver cirrhosis and they have been shown to have excellent diagnostic 
and prognostic performances for the evaluation of non-invasive and efficient 
diagnosis of FLLs in patients at high risk for liver malignancies. The purpose of 
this article is to describe and discuss CEUS imaging findings of FLLs including 
HCC and ICC, all of which occur in cirrhotic livers with varying prevalence.

Key Words: Ultrasonography; Contrast-enhanced ultrasound; Liver cirrhosis; Liver 
neoplasms; Hepatocellular carcinoma; Focal liver lesions

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.f6publishing.com
https://dx.doi.org/10.4329/wjr.v14.i4.70
mailto:tommasovincenzo.bartolotta@unipa.it


Bartolotta TV et al. FLLs in cirrhosis: role of CEUS

WJR https://www.wjgnet.com 71 April 28, 2022 Volume 14 Issue 4

Core Tip: Contrast-enhanced ultrasound (CEUS) represents a breakthrough in the evaluation of focal liver 
lesions (FLLs). Currently, CEUS is included as a part of the suggested diagnostic work-up of FLLs in 
cirrhotic patients and in their follow-up for an accurate assessment of therapeutic response. After a brief 
description of the basis of different CEUS techniques, several liver lesions that can be found in the 
cirrhotic liver including benign, malignant or pseudo-lesions, will be described and discussed on the basis 
of our experience and literature data.

Citation: Bartolotta TV, Randazzo A, Bruno E, Taibbi A. Focal liver lesions in cirrhosis: Role of contrast-enhanced 
ultrasonography. World J Radiol 2022; 14(4): 70-81
URL: https://www.wjgnet.com/1949-8470/full/v14/i4/70.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i4.70

INTRODUCTION
Liver cirrhosis
Liver cirrhosis represents the final stage of chronic inflammation through the establishment of necrosis 
and fibrogenesis up to a total subversion of the hepatic parenchyma and it has systemic repercussions 
and a fatal outcome in the absence of a liver transplant. Liver cirrhosis is the 14th most common cause of 
death worldwide[1].

Etiologically, liver cirrhosis recognizes infectious causes (hepatitis B, hepatitis C, schistosoma 
japonicum), autoimmune (primary biliary cirrhosis, autoimmune hepatitis, primary sclerosing 
cholangitis), alcohol abuse, metabolic causes (Wilson disease, hemochromatosis) and vascular or 
cryptogenic causes[2]. The combination of imaging and serological investigation (transaminases and 
cholestasis indices) is often sufficient for the diagnosis; however, the gold standard remains the liver 
biopsy which also allows physicians to identify the noxa that led to the stage of cirrhosis[1]. In the 
clinical setting, ultrasound (US) allows a morphological assessment of the liver and portal circulation. 
US also plays a major role as the recommended tool for surveillance every 6 mo at early detection of 
small hepatocellular carcinoma (HCC)[3].

Imaging characterization of focal lesions in cirrhosis is crucial for appropriate patient management[4,
5]. To this end, US is a non-specific technique used to characterize focal liver lesions (FLLs).

Contrast-enhanced ultrasound
At the end of the 1990s, the introduction of contrast agents based on intravenous microbubbles to 
contrast-specific gray-scale US techniques has enabled contrast-enhanced ultrasonography (CEUS) to 
represent macro-vascularity and also microcirculation ( vessels up to 40 μm). Starting in the 2000s, the 
advent of low-solubility gas bubbles (like sulfur hexafluoride) with phospholipid shells for their 
flexibility has led to a full real time CEUS examination[6].

CEUS, throughout the vascular phase with its blood-pool contrast agent, allows real-time recording 
with non-invasive assessment of liver perfusion without resorting to expensive and not very common 
equipment such as Computed Tomography (CT) or Magnetic Resonance Imaging (MRI) that require the 
use of ionizing radiation or nephrotoxic contrast agents. OF note, when gas microbubbles are injected 
into the vein, they remain in the intravascular space (blood-pool agents), Only one of marketed contras 
agents shows a late phase with uptake by hepatic Kupffer cells (Table 1)[7].

CEUS is safe and well tolerated: Renal or pulmonary diseases do not present contraindications for 
this use and no blood tests are needed to check kidney function. In a study of about 23000 patients, less 
than 0.01% of the patient population reported a serious adverse event with no death events[8].

Actually, CEUS is included in the diagnostic work-up of FLLs detected in the healthy population and 
to study metastases in patients with cancer and to identify HCC in cirrhotic patients, allowing for better 
management of the disease with effective and advantageous therapies[9-10]. A recent meta-analysis 
showed that specificity and sensitivity for CEUS in the characterization of FLLs were respectively 87% 
and 92%[10]. CEUS is gaining an increasing role in the imaging work-up of HCC and many interna-
tional guidelines are now considering CEUS as a diagnostic tool for HCC as well as CT and MRI with 
encouraging results and is positive in terms of the cost-benefit analysis[11-12]. Based on literature data 
and our experience in our center, the recent innovations in the CEUS of FLLs in cirrhotic patients will be 
presented and discussed.

TECHNICAL NOTE
The US cases illustrated in this article are acquired through various ultrasound equipment provided 

https://www.wjgnet.com/1949-8470/full/v14/i4/70.htm
https://dx.doi.org/10.4329/wjr.v14.i4.70
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Table 1 Characteristics of contrast agents SonoVue and Sonazoid for contrast-enhanced ultrasound

Agent SonoVue Sonazoid

Gas Sulfurhexafluoride (SF6) Perfluorobutane (C4F10)

Envelope Monolayer of phospholipid (DSPC, DPPG-Na) Monolayer of phospholipid (Hydrogenated egg phosphatidyl serine Na)

MI Low MI (< 0.1) Intermediate MI (> 0.2)

Mean size 1.5-2.5 µm 2.3-2.9 µm

Distribution after injection Pure blood pool agent Blood pool agent with uptake by hepatic Kupffer cells after 1 min by injection

DSPC: 1,2-distearoyl-sn-glycero-3-phosphocholine; DPPG-Na: 1,2-dipalmitoyl-sn-glycero-3-phospho-rac-glycerol sodium; MI: Mechanical index.

with multifrequency convex array probes and contrast-specific imaging software: MyLab Twice (Esaote, 
Genova, Italy), RS80A and RS85A (Samsung Medison, Co. Ltd., Seoul, Korea) and iU22 unit (Philips 
Ultrasound, Bothell, WA, USA). Before the injection of bolus contrast, a standard exam together with 
color/power and pulsed Doppler valuation was always performed to optimize lesion images and define 
the best plane for its visualization. The contrast agent used was composed of gas microbubbles filled 
with sulfur hexafluoride (SonoVue, Bracco, Milan, Italy) that was injected using a 20- or 22-gauge needle 
in a cubital vein and a 2.4-mL bolus with a 5-10 ml of saline flush. Low mechanical index (MI) from 0.05 
to 0.08 and low frame rate (5 Hz) were used for real-time imaging to avoid microbubble breakdown. 
The level of the lesion was the focus of examination and the duration of each exam was about 5 min 
after contrast agent injection.

The digital cine-loops were acquired before and after performing the contrast at different times in the 
arterial phase (from 10 s to 35 s after the injection), portal phase (from 55 s to 80 s after the injection) and 
delayed phase (from 235 s to 260 s after the injection).

Basal echogenicity and the dynamic modality of enhancement of each lesion in all vascular phases 
and among the near liver parenchyma were compared.

CIRRHOTIC NODULES
Liver cirrhosis has been recognized as a major risk factor for the onset of HCC and intrahepatic cholan-
giocarcinoma (ICC) compared to the non-cirrhotic population, of 30 and 20 times, respectively[13]. In 
the management of hepatic nodules in liver cirrhosis, early diagnosis and treatment is mandatory. HCC 
in liver cirrhosis develops as the last step of a complex, multi-step hepatocarcinogenesis process during 
several molecular and tissue alterations leading to the gradual transformation from regenerative nodule 
(RN) through low- and high-grade dysplastic nodule (DN) to HCC[14]. Changes of intranodular blood 
supply is the main transformation for imaging diagnosis: RN show similar blood supply to a normal 
liver. As a consequence, RNs are typically non-hypervascular. They can be seen as numerous tiny 
hypoechoic or hyperechoic nodules throughout the liver on grayscale US whereas at CEUS they usually 
are iso-enhancing to the adjacent liver parenchyma throughout the vascular phase, even if they may 
show transient hypo-vascularity in the arterial phase[4] (Figure 1).

DN are the next step towards HCC. Often multiple, DNs are classified as low or high grade according 
to the presence of cytological atypia. These borderline lesions show wide variations of blood supply 
with overlaps of vascular supply between DN and well-differentiated HCC, with the vast majority of 
RN and DN being isoechoic to the adjacent liver parenchyma in portal venous and late phase at CEUS
[15].

Of note, in a study encompassing 215 FLLs in cirrhotic patients and comparing the CEUS features of 
RN and DN, 95.1% of RN lesions showed delayed or simultaneous enhancement in the arterial phase in 
comparison to surrounding liver parenchyma. On the other hand, DN lesions resembled this contrast-
enhancement pattern only partially, due to the presence of intralesional areas of arterial enhancement 
followed by a wash out in the late phase. In pathology, these areas of arterial contrast-enhancement 
within the DN have proven to be early HCC[16]. Hence, any enhancement in the arterial phase within a 
nodule should be regarded as suspicious for HCC, resembling a “nodule in a nodule” appearance.

MALIGNANT LESIONS
Hepatocellular carcinoma
HCC is the fifth most common cancer in men and the ninth in women showing a greater incidence in 
developing countries where over 80% of all estimated new cases worldwide occurred in 2012[17].
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Figure 1 Regenerative nodule. A: Contrast-enhanced ultrasound examination in the arterial phase (29 s after the i.v. injection of contrast agent) shows two 
millimetric hypoechoic nodules, showing lack of contrast enhancement (right, arrows); B: In the late phase (142 s after the injection) both nodules are isoechoic to the 
adjacent liver parenchyma.

Almost 90% of HCCs originate through a stepway progression from RN to HCC which may take 
place in a quite variable period, even though it may take only a few months[18]. On the other hand, the 
estimated doubling time of HCC ranges between 4 and 6 mo[19].

At CEUS, the typical enhancement pattern of HCC is hyperenhancement in the arterial phase 
followed by gradual and mild wash-out in the portal venous and/or late phases[10] (Figure 2). Washout 
is represented as a relatively hypoechoic aspect compared to healthy liver parenchyma in the later 
stages of the study with any type of contrast-enhancement in the arterial phase. In general, at CEUS, the 
presence of the wash-out sign is highly suggestive of malignancy. In HCC, washout begins over 60-90 s 
after injection of contrast agent, whereas metastases or intrahepatic cholangiocarcinoma usually show a 
rapid washout (< 60 s) (Table 2) (Figure 3)[20]. Therefore, in CEUS, an observation period of up to 
approximately 5 min is required to easily visualize the typically subtle and late (> 1 min) washout of 
HCC (Figure 2).

Noteworthy, a study showed that arterial enhancement patterns of HCC at CEUS are related to the 
degree of histologic differentiation: moderately differentiated HCC exhibits a classic behavior after 
contrast agent injection compared to well-differentiated HCC. Extended observation in the portal phase 
is important for reporting late washout that in HCC occurs more frequently later than in the portal 
venous phase[21]. As a caveat, well-differentiated HCC may appear iso-enhancing in the portal-venous 
or late phase[9].

On the other hand, in a study by Tada et al[22], 63 of 68 (92.6%) small HCCs (< 3 cm in size) showed a 
mainly diffuse and homogeneous enhancement in the arterial-phase whereas large HCCs presented a 
heterogeneous arterial-phase enhancement pattern mainly related to non-enhancing areas of fibrosis, 
necrosis or internal hemorrhage.

In general, thanks to the real-time nature of CEUS, its high spatial and temporal resolution, the 
sensitivity of CEUS in the detection of hypervascularization of cirrhotic nodules was found to be higher 
compared to CT/MRI[23].

Overall, CEUS showed a sensitivity of 88.8%, a specificity of 89.2% and a PPV of 91.3% in the charac-
terization of HCC[24].

Although it is still a matter of debate, several international guidelines are now endorsing the use of 
CEUS as a first or second-line diagnostic tool for the diagnosis of HCC[12,25]. In 2016, the American 
College of Radiology included CEUS in its comprehensive Liver Imaging Reporting and Data System 
(LI-RADS): a unique scoring system for CEUS examinations in patients with increased risk of HCC. A 
systematic review comparing the cost-effectiveness of CEUS with CT and MRI confirmed that CEUS is 
cost-effective in the surveillance of patients with liver cirrhosis[11].

Table 3 shows the main recommendations on the use of CEUS in cirrhotic patients according to the 
World Federation for Ultrasound in Medicine & Biology[26].

CEUS has shown high sensitivity for the evaluation of portal vein patency and in the differential 
diagnosis between benign and malignant portal vein thrombosis, this latter occurring in cirrhotic 
patients at various stages[27]. A thrombus showing hypervascularity in the arterial phase, irrespective 
of the presence of subsequent washout, is deemed to be malignant[10].

CEUS can also be used with valid results in guidance, response and detection of complications of 
interventional procedures[28] (Figure 4). CEUS may be of help during or after the interventional 
procedure[29]. Intraprocedural use of CEUS showed a relevant clinical impact, reducing the number of 
re-treatments and the related costs per patient[30].
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Table 2 Imaging enhancement pattern of cirrhotic nodules and malignant focal liver lesions on Contrast-enhanced ultrasound

Lesion Arterial phase Portal venous phase Late phase Post-vascular phase

RN Hypo-enhance Iso-enhance Iso-enhance Iso-enhance

DN Hypo-enhance or partial hyper-enhanced within 
lesion (early-HCC)

Iso-enhance Iso-enhance Iso-enhance

HCC Hyper-enhance Hypo-enhance or iso-
enhance 

Hypo-enhance or iso-
enhance1

Hypo-enhance (mild and late washout) 
or iso-enhance1

ICC Rim-enhance or Hyper-enhance with early 
washout (< 60 seconds)

Hypo-enhance Hypo-enhance Hypo-enhance

Metastasis Rim-enhance or Hyper-enhance with early 
washout (< 60 seconds)

Hypo-enhance Hypo-enhance Hypo-enhance 

1Well differentiated hepatocellular carcinoma. RN: Regenerative nodules; DN: Dysplastic nodules; HCC: Hepatocellular carcinoma; ICC: Intrahepatic 
cholangiocarcinoma.

Table 3 Recommendations contrast-enhanced ultrasound in cirrhotic liver

Recommendations Notes

Characterization FLLs found in patients with liver cirrhosis to establish a diagnosis of malignancy CT or MR imaging is required for a complete staging

In nodules not suitable for biopsy When CT or MR are inconclusive

Selection of FLLs with different contrast pattern in a cirrhotic liver to be biopsied

Monitoring changes in enhancement patterns in FLLs in cirrhotic liver requiring follow-up

Guiding percutaneous biopsies to increase the diagnostic outcome To compare to B-mode US

FLLs: Focal liver lesions; CT: Computed tomography; MR: Magnetic resonance; US: Ultrasounds.

The three-dimensional evaluation through the CEUS of the tumor lesion allows more accurate 
planning and the treatment with locoregional therapies[31,32] (Figure 5).

Intrahepatic cholangiocarcinoma
Intrahepatic peripheral cholangiocarcinoma (ICC) constitutes the second most common primary liver 
malignant tumor in cirrhotic patients and accounts for 1%–3% of newly developed tumors[32,33]. 
Differentiating ICC from HCC is of clinical relevance since liver transplantation is contraindicated in 
patients with ICC given poorly reported outcomes[34].

At CEUS, ICC shows heterogeneous contrast enhancement in the arterial phase with a substantially 
hypoechoic appearance in the extended portal-venous phase[35]. A rim-like contrast-enhancement has 
been reported but with a quite variable range (8-51% of cases)[9]. The presence and the quantity of 
fibrotic tissue and necrotic areas may strongly influence the CEUS appearance of ICC. This latter may 
present at CEUS overlapping features with HCC[36]. At CEUS, a clue suggestive for ICC is the presence 
of a wash out occurring earlier than 60 s, whereas HCC usually washes out later on (Figure 6)[37,38]. 
The same temporal difference in wash-out between HCC and other malignancies, including ICC, is also 
used by the CEUS LI-RADS lexicon for the diagnosis of ICC[10].

In a multicenter study of 1,006 nodules from 848 patients, the use of CEUS LI-RADS criteria for HCC - 
namely, arterial phase hyperenhancement and late washout (onset ≥ 60 s after contrast injection) of mild 
degree - was 98.5% predictive of HCC with no risk of misdiagnosis for pure cholangiocarcinoma[39]. To 
this purpose, contrast-enhanced CT and MRI may provide useful information due to the different 
contrast agent kinetic. Microbubbles are essentially blood pool agents and remain confined to the 
vascular space, whereas iodinated contrast agent and gadolinium chelates are essentially extra-cellular 
contrast agents and progressively accumulate in the fibrotic spaces of ICC[39].

The presence of both ICC and HCC components in the same lesion can make the lesion even more 
difficult and biopsy may be eventually needed in equivocal cases.

Metastasis
Metastatic liver deposits are relatively uncommon in the cirrhotic liver. This finding may probably be 
due to alteration of hemodynamics and the microstructural environment in the liver[40]. In particular, 
the hepatofugal portal venous flow may prevent neoplastic cells from seeding and flourishing in the 
liver[41]. Liver metastases from colorectal carcinoma are infrequently reported to spread to the cirrhotic 
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Figure 2 Hepatocellular carcinoma. A: Contrast-enhanced ultrasound examination in the arterial phase (30 s after the i.v. injection of contrast agent) shows a 3 
cm sized hypoechoic nodule, showing a marked contrast enhancement (right, arrow); B: In the portal phase (70 s after the injection) the lesion is still hyper-enhancing 
in comparison to the adjacent liver parenchyma (arrows); C: Only waiting for the extended portal phase (i.e. 122 s after the injection) the lesion shows a mild and late 
wash-out and appears moderately hypoechoic (arrows).

liver[42]. Metastases from non-Hodgkin B-cell lymphoma may also involve the liver in patients with 
hepatitis C virus and typically consist of multiple small nodules[43].

On CEUS, liver metastases show a sharp and early washout within 60 s of contrast administration, 
irrespective of the contrast enhancement type in the arterial phase (Figure 3)[44]. This latter may present 
various patterns, such as rim-like, dotted, heterogeneous or even homogeneous, depending on the size 
and the grade of cellularity, vascularity, fibrosis and necrosis accompanying the development of the 
lesion.

BENIGN LESIONS
A wide spectrum of benign lesions may arise in a cirrhotic liver. Hence, it is crucial to avoid the misdia-
gnosis of benign liver lesions as HCC (i.e. minimize false positives) because this diagnostic 
interpretation may incorrectly increase the tumor burden[43].

Generally, at CEUS, a benign lesion presents a progressive and sustained enhancement in all phases 
of the study[45] (Table 4, Figures 7 and 8). Although tumor lesions may have similar characteristics, a 
clinical context of oncological or cirrhotic pathology allows differentiating the nature of the lesions[21]. 
Further aspects that are decisive for the diagnosis are detected by observing the arterial phase[4].

Hemangioma
Hemangioma is seen less frequently in cirrhotic patients than in the general population. In general, 
imaging features remain similar to those of hemangiomas observed in non-cirrhotic patients[46].

At CEUS, hemangioma has a characteristic globular, progressive, peripheral and discontinuous 
enhancement (Figure 7). However, with progressive cirrhosis, hemangiomas are likely to decrease in 
size, become more fibrotic and may appear as a hypo vascular lesion with a lack of peripheral globular 
contrast-enhancement[47,48]. Furthermore, flash filling hemangiomas may pose a diagnostic dilemma 
with well-differentiated HCC not showing wash-out, thus needing further radiological workup with CT 
or MRI for the final diagnosis.
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Table 4 Imaging enhancement pattern of benign focal liver lesions on contrast-enhanced ultrasound

Lesion Arterial phase Portal venous phase Late phase Post-vascular phase

Hepatic cysts Non-enhance Non-enhance Non-enhance Non-enhance

Cystic hydatid 
disease

Non-enhance cysts and septa Non-enhance cysts and septa Non-enhance cysts and septa Non-enhance cysts and 
septa

Abscess Rim-enhance with enhanced septa; no 
central enhancement

Rim-enhance with enhanced 
septa; no central enhancement

Hypo-enhance rim; no central 
enhancement

Hypo-enhance rim; no 
central enhancement

Hemangioma Peripheral, discontinuous and 
globular hyper-enhance

Peripheral, globular iso 
enhance and fill-in

Iso-enhance or hypo-enhance Iso-enhance or hypo-
enhance

FNH Hyper-enhance from the center to 
peripheral region spoke-wheel 
vascularity

Hyper-enhance with/without 
un-enhanced central scar

Iso-enhance or hyper-enhance 
with/without un-enhanced central 
scar

Iso-enhance or hypo-
enhance

HA Hyper-enhance Iso-enhance Iso-enhance Iso-enhance or hypo-
enhance

Pseudo lesions Hyper-enhance Hyper-enhance or iso-enhance Iso-enhance Iso-enhance

FNH: Focal nodular hyperplasia; HA: Hepatocellular adenoma.

Figure 3 Liver metastasis from gastrointestinal stromal tumor. A: Contrast-enhanced ultrasound examination in the arterial phase (10 s after the i.v. 
injection of contrast agent) shows a large (11 cm) mass, showing heterogeneous contrast enhancement (left, arrow); B: Still in the arterial phase (40 s after the 
injection) the mass shows early wash-out.

Focal nodular hyperplasia
Although Focal nodular hyperplasia (FNH) is the second most common benign liver tumor after 
hemangioma, the report of FNH-like nodules in the cirrhotic liver is only sporadic and imaging 
appearance is similar to FNH arising in the non-cirrhotic liver[43,49].

At CEUS, the typical findings of FNH are a centrifugal contrast-enhancement pattern with a spoke-
wheel appearance in the arterial phase followed by sustained contrast-enhancement and iso or 
hyperechoic appearance in portal-venous and late phase[50] (Figure 8). A central avascular area in the 
arterial phase is often appreciable in FNH larger than 3 cm with a hypoechoic appearance.
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Figure 4 One-month post-procedural assessment of hepatocellular carcinoma after TACE. Contrast-enhanced ultrasound examination in the 
arterial phase (26 s after the i.v. injection of contrast agent) shows a clear cut intralesional area of contrast-enhancement indicating still viable tumor.

Figure 5 Contrast-enhanced ultrasound 3D. Contrast-enhanced ultrasound of a hepatocellular carcinoma in the arterial phase: Three-dimensional rendering 
and volume calculation.

Figure 6 Intrahepatic cholangiocarcinoma. Contrast-enhanced ultrasound examination in the arterial phase (43 s after the i.v. injection of contrast agent) 
shows an ill-defined lesion showing heterogeneous washout (left, arrow).

Hepatocellular adenoma
The incidence of hepatocellular adenoma (HA) in the cirrhotic liver is exceedingly rare with a few 
reports in the literature[51].
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Figure 7 Hemangioma. A: Contrast-enhanced ultrasound examination in the arterial phase (28 s after the i.v. injection of contrast agent) shows a peripheral 
globular contrast-enhancement pattern (left, arrow); B: In the portal venous phase (89 s after the injection) a centripetal and complete fill-in is appreciable.

Figure 8 Focal nodular hyperplasia. A: Contrast-enhanced ultrasound examination in the early arterial phase (16 s after the i.v. injection of contrast agent) 
shows a spoke-wheel appearance (left, arrow); B: Four seconds later, still in the arterial phase the lesion is homogeneously and strongly enhancing (left, arrow); C: In 
the late phase (180 s after the injection) the lesion is still slightly hyperechoic to the adjacent liver parenchyma.

At CEUS, a peripheral enhancement with centripetal filling and sustained hypervascularization, 
suggests the diagnosis of HA[10,52]. However, as a warning, HA may show a hypoechoic appearance in 
the portal-venous and late phase[52].

Cystic lesions
Simple biliary and peribiliary cysts have similar features in cirrhotic and noncirrhotic livers. They 
present a homogenous anechoic appearance, a very thin wall and through transmission with posterior 
acoustic enhancement and no contrast enhancement at CEUS[43]. CEUS may be a problem-solving 
technique in diagnosing complicated non-anechoic cyst or a rare form of Co-existence of hepatocellular 
carcinoma and cystic echinococcosis[53]. Usually, CEUS shows a lack of enhancement of septa 
separating daughter cysts[54].

Hepatic abscesses, pyogenic, fungal and amebic have similar CEUS features in cirrhotic and non-
cirrhotic livers. Abscesses do not have a significant internal enhancement after contrast ultrasound 
administration but septations within the lesion may enhance as well as an irregular peripheral rim[55].
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Pseudo lesions
Focal fatty changes or confluent hepatic fibrosis can mimic malignancies. Focal fatty changes are an 
increase or decrease in fat content in a focal area of the liver parenchyma owing to an aberrant portal-
venous vascularization[55].

Confluent hepatic fibrosis is usually shown in patients with alcohol-related cirrhosis. It involves 
peripheral parenchymal replacement by thick fibrotic bands that appear as focal wedge-shaped areas 
with thick fibrotic bands causing retraction of the overlying capsule; the presence of inflammation can 
lead to inhomogeneous arterial phase hyperenhancement[40].

At CEUS, these pseudo lesions present isoenhanced in comparison with the surrounding liver 
parenchyma during the extended portal-venous phase[55], furthermore, fibrosis is usually seen in a 
typical position (medial segment of the left lobe or anterior segment of the right lobe)[40].

CONCLUSION
A wide spectrum of benign and malignant lesions other than HCC may be found in the cirrhotic liver. 
More than several years after its release, CEUS is being used for safe diagnostic imaging which enables 
real-time recognition of enhancement characteristics of focal liver lesions arising in cirrhotic patients. 
Currently, CEUS is increasingly being performed on a routine basis and is included as a part of the 
recommended diagnostic work-up of HCC as well as in the follow-up.
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Abstract
BACKGROUND 
Sarcopenia is the loss of skeletal muscle mass (SMM) and is a sign of cancer 
cachexia. Patients with advanced renal cell carcinoma (RCC) may show cachexia.

AIM 
To evaluate the amount of SMM in male clear cell RCC (ccRCC) patients with and 
without collateral vessels.

METHODS 
In this study, we included a total of 124 male Caucasian patients divided into two 
groups: ccRCCa group without collateral vessels (n = 54) and ccRCCp group with 
collateral vessels (n = 70). Total abdominal muscle area (TAMA) was measured in 
both groups using a computed tomography imaging-based approach. TAMA 
measures were also corrected for age in order to rule out age-related effects.

RESULTS 
There was a statistically significant difference between the two groups in terms of 
TAMA (P < 0.05) driven by a reduction in patients with peritumoral collateral 
vessels. The result was confirmed by repeating the analysis with values corrected 
for age (P < 0.05), indicating no age effect on our findings.

CONCLUSION 
This study showed a decreased TAMA in ccRCC patients with peritumoral 
collateral vessels. The presence of peritumoral collateral vessels adjacent to ccRCC 
might be a fine diagnostic clue to sarcopenia.
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https://www.f6publishing.com
https://dx.doi.org/10.4329/wjr.v14.i4.82
mailto:federicogreco@outlook.com


Greco F et al. CcRCC collateral vessels and decreased TAMA

WJR https://www.wjgnet.com 83 April 28, 2022 Volume 14 Issue 4

Collateral vessels; Kidney cancer; Sarcopenia

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Clear cell renal cell carcinoma (ccRCC) can be detected with or without peritumoral collateral 
vessels. These vessels have been defined as enlarged capsular veins, stimulated by tumor-related effects. 
The presence of peritumoral collateral vessels around ccRCC is a poorly investigated phenomenon, with 
unclear clinical meaning. Here, we reported a novel association between peritumoral collateral vessels and 
loss of skeletal muscle in patients with ccRCC. The effect was not influenced by age, supporting the 
concept that peritumoral collateral vessels adjacent to ccRCC should drive clinicians’ attention towards 
cancer cachexia.

Citation: Greco F, Beomonte Zobel B, Mallio CA. Decreased cross-sectional muscle area in male patients with 
clear cell renal cell carcinoma and peritumoral collateral vessels. World J Radiol 2022; 14(4): 82-90
URL: https://www.wjgnet.com/1949-8470/full/v14/i4/82.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i4.82

INTRODUCTION
Cancer cachexia is the reduction of adipose tissue and skeletal muscle (SM) which cannot be fully 
compensated with nutrition, resulting in progressive functional impairment[1]. This condition is due to 
energy disbalance during growth of the neoplasm[2]. Advanced neoplastic diseases can lead to loss of 
up to 85% of adipose and SM tissues[3]. Cancer cachexia and weight loss influence prognosis and 
response to therapy[4,5]. Renal cell carcinoma (RCC) patients with an advanced and metastatic disease 
are susceptible to cachexia. RCC patients have a relatively high prevalence of sarcopenia, the term for 
loss of SM mass (SMM)[4,6]. For example, sarcopenia was detected in up to 47% of patients with 
localised RCC and 29%-68% of patients with metastatic RCC[7-9]. Sarcopenic RCC patients have a worse 
overall survival than RCC patients without sarcopenia[10].

SM is not only part of the locomotor system but also produces and releases cytokines and myokines 
through the contraction of muscle fibres and thus has endocrine activity[11]. By releasing myokines into 
the circulation, SM can communicate with other organs such as adipose tissue, bone, the liver, and the 
brain, underlining the importance of this organ for regulating endocrine balance and decreasing risk of 
various diseases[12].

Body mass index (BMI) is an indicator used for obesity classification but does not convey information 
about body composition nor does it provide details about the quantity and distribution of different 
tissues such as SM and abdominal adipose tissue compartments. For this, computed tomography (CT) 
and magnetic resonance imaging (MRI) are gold standard methods for quantitative assessment and non-
invasive tissue characterisation[13-19].

Peritumoural collateral vessels in RCC result from enlargement of capsular renal veins[19]. Gonadal 
vein recruitment can be present, especially in RCCs located at the lower renal pole[19]. Conversely, 
lesions located at the upper renal pole have different drainage routes including the adrenal and lower 
phrenic veins[19]. A study performed on 58 RCC patients reported 28 patients with peritumoural 
collateral vessels, of which 18 presented with gonadal vein recruitment[19]. Peritumoural collateral 
vessels with gonadal vein outflow were detected only in RCCs greater than 5 cm in diameter[19].

It is reasonable to speculate that increased blood demand due to tumour hypercellularity and neovas-
cularisation, in possible association with main renal vein thrombosis, are factors contributing to the 
development of peritumoural collateral vessels in RCC patients. Hypercellularity could influence 
changes in cellular architecture leading to alternative routes of venous outflow that can become 
macroscopically evident as peritumoural collateral vessels with CT and MRI imaging (Figure 1). The 
presence of collateral vessels adjacent to RCC is considered a sign of locally advanced disease (i.e., pT 
stage > T3a)[20]. However, these vessels can also be present in early stages of RCC.

The direct comparison of SMM in clear cell RCC (ccRCC) patients with and without peritumoural 
collateral vessels has not been performed to date. Evaluating the relationship between peritumoural 
collateral vessels in ccRCC patients and reductions of SMM would be of clinical interest for prognostic 
implications. We hypothesised that ccRCC patients would have a decreased cross-sectional total 
abdominal muscle area (TAMA) and peritumoural collateral vessels as a metabolic systemic 
consequence of locally advanced disease. To address this question, we evaluated SMM in male ccRCC 
patients with and without peritumoural collateral vessels using a CT imaging-based approach.

https://www.wjgnet.com/1949-8470/full/v14/i4/82.htm
https://dx.doi.org/10.4329/wjr.v14.i4.82
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Figure 1 Axial computed tomography image shows the presence of clear cell renal cell carcinoma collateral vessels with the typical 
tortuous course located in the retroperitoneal space (arrow).

MATERIALS AND METHODS
This observational retrospective study was conducted in accordance with the Declaration of Helsinki. 
CT images and data from ccRCC patients with and without peritumoural collateral vessels were 
downloaded from the Cancer Imaging Archive (TCIA)[21-23]. This data collection received approval 
from our Institutional Review Board. The subsequent analysis contained publicly available and 
anonymised data which did not require further review due to previous protections implemented by 
TCIA. All enrolled subjects signed a written informed consent agreement.

A total of 267 patients with a histologically proven diagnosis of ccRCC were evaluated and selected 
by examining medical histories and CT images. The exclusion criteria for this study were: Female 
patients, patients with non-Caucasian ethnicity, patients who had undergone MRI examination only, 
patients who had undergone chest CT only, heminephrectomised and nephrectomised patients, patients 
with previous renal ablation, cirrhotic patients with collateral vessels, and patients with a congenital 
solitary kidney. The selected ccRCC patients were divided into two groups: Absence and presence of 
collateral vessels (ccRCCa and ccRCCp, respectively).

CT analysis
All ccRCC patients underwent CT examination. Horos v.4.0.0 RC2 software was used for acquisition of 
TAMA measurements with a semi-automatic function that allowed identification of SM tissue 
attenuation values (i.e., range 10-40 Hounsfield units)[16]. TAMA (cm2) was defined as the sum of the 
areas of the abdominal muscles visible on an axial image located 3 cm above the lower margin of L3
[16]. This area was measured by selecting a region of interest (ROI) on the following muscles: The rectus 
abdominis, transversus abdominis, external oblique, quadratus lumborum, iliocostalis lumborum, 
longissimus thoracis, spinalis thoracis, and psoas major[13]. All ROIs were independently drawn by two 
radiologists (F.G., 5 years of experience; C.A.M., 9 years of experience) who were blinded to the clinical 
data. The mean of the two measurements was utilised as the value for each subject.

Statistical analysis 
Data distribution normality was assessed by the Shapiro-Wilk test. Comparison of TAMA between the 
ccRCCa and ccRCCp groups was performed using the Student’s t-test. To rule out age-related effects, 
TAMA values were corrected by dividing individual values of TAMA by the age of each subject. Sub-
analyses for TAMA assessment were performed by Student’s t-tests between ccRCC patients with low 
(I/II) or high (III/IV) Fuhrman grade and between patients that were alive or deceased at the time of 
data collection. To evaluate the reliability of measurements by the two radiologists, the intraclass 
correlation coefficient for the TAMA measurements was calculated using Cronbach’s alpha (also known 
as coefficient alpha). Finally, Kaplan-Meier curves were included to assess survival of the ccRCCa and 
ccRCCp groups. The threshold of statistical significance was established at P < 0.05.
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RESULTS
A total of 124 male Caucasian ccRCC patients were selected according to the exclusion criteria. The two 
groups were composed as follows: ccRCCa (n = 54; mean age: 57, range: 26-83) and ccRCCp (n = 70; 
mean age: 59.8, range: 34-84). The staging of ccRCCa group patients were as follows: 1 T1N0M0, 8 
T1aN0M0, 21 T1aNxM0, 6 T1bN0M0, 7 T1bNxM0, 1 T1bNxM1, 3 T2N0M0, 1 T2NxM0, 2 T3aN0M0, 2 
T3aN0M1, 1 T3bN0M0, and 1 T3bNxM0. The staging of ccRCCp group patients were as follows: 10 
T1aNxM0, 1 T1aNxM0, 1 T1aN1M0, 2 T1bN0M0, 8 T1bNxM0, 5 T2N0M0, 1 T2N0M1, 4 T2NxM0, 2 
T2aNxM0, 1 T2bN0M0, 9 T3aN0M0, 1 T3aN0M1, 5 T3aNxM0, 1 T3aN0M1, 8 T3aNxM1, 1 T3aN1M1, 3 
T3bN0M0, 4 T3bNxM0, 1 T3bNxM1, 1 T4NxM0, and 1 T4N1M1.

Only three (2.41%) of 124 patients had renal vein thrombosis and these three were included in the 
ccRCCp group (4.28% of ccRCCp patients). No patients had segmental renal vein thrombosis. All 
patients of the ccRCCp group (n = 70; 100%) showed an exophytic growth pattern. In addition, 31.42% 
of ccRCCp patients had T1 stage (n = 22), 18.57% T2 (n = 13), 47.14% T3 (n = 33), and 2.85% T4 (n = 2). A 
total of 28 patients had a history of previous malignancy and 11 patients received a neoadjuvant 
treatment.

No significant difference was detected in the ages of the two groups (P = 0.21). A statistically 
significant difference between the ccRCCa and ccRCCp groups was obtained for TAMA (P < 0.05). 
These results are summarised in Table 1 and represented in Figure 2. Examples of CT cases showing the 
observed effect are shown in Figure 3. Statistically significant differences between the ccRCCa and 
ccRCCp groups were confirmed after TAMA values were corrected for age (P < 0.05) (Table 1).

No statistically significant differences (P = 0.66) were found between ccRCC patients with low (n = 44; 
1 grade I and 43 grade II) and high (n = 80; 61 grade III and 19 grade IV) Fuhrman grades. These results 
are summarised in Table 2. Patients who were deceased (n = 33) at the time of data collection 
demonstrated a statistically significant reduction (P < 0.001) of TAMA in comparison to those that were 
still alive (n = 90) (Table 3). Cronbach’s alpha of the two tracers was 0.913, indicating excellent 
reliability. No significant differences in survival between the two groups (available data for 54 of 54 
ccRCCa patients and 69 of 70 ccRCCp patients) were found based on the Kaplan-Meier method (log-
rank test: Z = 1.88, P = 0.06) (Figure 4).

DISCUSSION
This study showed a significant decrease of SMM in the ccRCCp patient group compared to the ccRCCa 
group. Although SMM is expected to decrease with age, we did not find a significant difference between 
the ccRCCa and ccRCCp groups in terms of age. This finding was supported by analysis of age-
corrected TAMA values. Since differences in SMM can segregate according to gender and ethnicity, only 
male Caucasian patients were included in the present study to eliminate these potentially confounding 
factors[24,25].

It has been hypothesised that contraction of myofibres can affect metabolism by triggering the release 
of humoral/exercise factors from SM which signal for an increase in glucose demand from distant 
organs[26]. The concept of humoral factors has been progressively developed since cytokine interleukin 
6 (IL-6) was found to increase in response to physical exercise causing both autocrine and endocrine 
effects[27,28].

The cytokines and other peptides produced, expressed, and secreted by SM are called myokines. This 
term, suggested by Pederson et al[29], derives from the Greek words for "muscle" and "motion" and 
refers to such molecules that exert an endocrine effect on the human body. The physiological 
consequences of autocrine and paracrine action of myokines includes regulation of muscle growth and 
lipid metabolism. For example, the myokines produced during exercise, including IL-6, IL-7, IL-15, 
irisin, and leukaemia inhibitory factor, determine muscle growth by stimulating protein synthesis and 
hypertrophy. Conversely, myostatin, a member of the transforming growth factor β (TGF-β) 
superfamily, causes muscle atrophy[30,31]. Activin A, another member of TGF-β superfamily, 
reproduces the same action of myostatin on SM[30]. Increased blood levels of activin A is known to 
reduce muscle strength and has been positively correlated with cachexia in cancer patients[32].

Factors that can distort tumour extension such as peritumoural inflammation or the presence of a 
secondary pseudocapsule can reduce the effectiveness of CT in distinguishing T1 and T2 stages from 
T3a[19,33]. Incorrect staging, in fact, was detected in 27 of 94 tumours in a study of RCC patients using 
cross-sectional imaging[19]. Peritumoural collateral vessels in RCC patients showed a specificity of 94% 
and positive predictive value of 88% in staging of locally advance disease by cross-sectional CT imaging
[19].

In our study, 100% of the patients from the ccRCCp group exhibited an exophytic growth pattern. 
This novel finding suggests a link between peritumour collateral vessels and the RCC growth pattern. 
Body composition imaging has gained an important role in the assessment of oncological risk, 
pathogenesis, and development of RCC[14-17]. CT imaging features of the tumour can also provide 
indications about the patient's body composition. In the present study, the peritumoural collateral 



Greco F et al. CcRCC collateral vessels and decreased TAMA

WJR https://www.wjgnet.com 86 April 28, 2022 Volume 14 Issue 4

Table 1 Total abdominal muscle area and total abdominal muscle area corrected for age in the two groups

TAMA (cm2) TAMA_C (cm2)

ccRCCa group (mean, range, and SD) 164.02 (91, 233.5 ± 31.86) 3.08 (1.29, 5.83 ± 1.06)

ccRCCp group (mean, range, and standard deviation) 150.91 (76.3, 218.3 ± 30.34) 2.67 (1, 4.67 ± 0.91)

P 0.02 0.02

TAMA: Total abdominal muscle area; TAMA_C: Total abdominal muscle area corrected for age; ccRCC: Clear cell renal cell carcinoma.

Table 2 Total abdominal muscle area of clear cell renal cell carcinoma patients with low Fuhrman grade (I/II) and high Fuhrman grade 
(III/IV)

TAMA (cm2)

ccRCC patients with low fuhrman grade (I/II) (mean, range, and standard deviation) 158.27 (83.2-233.5), 35.41

ccRCC patients with high Fuhrman grade (III/IV) (mean, range, and standard deviation) 155.71 (76.3-219.2), 29.44

P 0.66

TAMA: Total abdominal muscle area; ccRCC: Clear cell renal cell carcinoma.

Table 3 Total abdominal muscle area of alive and dead clear cell renal cell carcinoma patients

TAMA (cm2)

Alive ccRCC patients 162.02

(mean, range, and standard deviation) 91, 233.5 ± 28.42

Dead ccRCC patients 150.91

(mean, range, and standard deviation) 76.3, 219.2 ± 34.84

P 0.0008

TAMA: Total abdominal muscle area; ccRCC: Clear cell renal cell carcinoma.

Figure 2 Bar chart with error bars showing a significant difference in mean values of total abdominal muscle area between the two 
groups. ccRCC: Clear cell renal cell carcinoma.

vessels adjacent to the ccRCC was associated with a reduction of SMM, a possible sign of sarcopenia. 
Most likely, in ccRCCp patients, locally advanced disease determines muscle trophism loss as compared 
to ccRCCa patients. The progressive SMM reduction assessed by CT could be considered a sign of 
sarcopenia, and therefore of cancer cachexia, with potential prognostic implication for patients. Indeed, 
deceased ccRCC patients demonstrated a statistically significant reduction of TAMA relative to live 
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Figure 3 Axial computed tomography images with maximum intensity projection reconstruction of an 84-year-old male clear cell renal 
cell carcinoma patient without collateral vessels and an 82-year-old male clear cell renal cell carcinoma patient with collateral vessels. 
These images show skeletal muscle masses (SMMs) and tumors in a clear cell renal cell carcinoma patient without collateral vessels (ccRCCa) (A) and a clear cell 
renal cell carcinoma patient with collateral vessels (ccRCCp) (B) (orange and dark orange arrows in A and B, respectively), as well as collateral vessels adjacent to 
the tumor in the ccRCCp patient (light blue arrows in B) and nodal metastasis infiltrating the ureter (yellow arrows in B). Please note the decrease of SMM clearly 
evident in the ccRCCp patient (B) compared to the ccRCCa patient (A).

Figure 4 Kaplan-Meier curves showing no statistically significant difference of survival between the two groups (ccRCCa group is 
depicted as blue curve and ccRCCb group is depicted as red curve).

patients, suggesting a link between sarcopenia and survival in our sample. However, Kaplan-Maier 
curves showed a difference just above the statistical threshold between the ccRCCa and ccRCCp patient 
groups.

The results of this study are supported by recent evidence showing a significant reduction of 
subcutaneous adipose tissue in ccRCC patients with peritumoural collateral vessels[17]. The limitations 
of this study include the retrospective study design which did not allow us to assess detailed clinical 
and anamnestic data including occupation, BMI, hormone blood levels, disease-free survival, timing of 
CT imaging, performing status, therapies, and CT follow-up after treatment. For instance, testosterone 
deficiency is known to be associated with an increase in proinflammatory cytokines. Inclusion of 
hormonal data, such as testosterone levels, could help better understand the cytokine cascade that is 
associated with pathogenesis and changes in body composition[34,35]. Similarly, CT follow-up after 
treatment (e.g., surgery or chemotherapy/targeted immunotherapy) would have been helpful to 
understand changes in the sarcopenia index and the relationship with peritumoural collateral vessels 
after treatment. The vendor, model, and acquisition parameters (such as slice thickness) of the CT 
imaging used in this study were also unavailable. Images from the open-source TCIA were often 
acquired heterogeneously at multiple centres as part of clinical routine. A larger sample size would have 
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strengthened our multivariate assessment of whether collateral vessels are an independent predictor of 
sarcopenia as well as the potential impact of other variables such as staging[36-38].

Further studies are needed to evaluate sarcopenia index changes after treatment to add robustness to 
the role of peritumoural collateral vessels as a prognostic biomarker for ccRCC patients. Such studies 
should consider abdominal circumference and patients’ occupation, which is a factor that can influence 
SMM (for example, people who are engaged in heavy physical labour would be expected to have 
significantly more muscle mass compared to office workers)[39]. Finally, SMM content of other 
subtypes of kidney cancer (e.g., chromophobe and papillary) or other categories of cancer patients 
should be evaluated to assess the impact of SMM trophism on a patient's health status and prognosis.

CONCLUSION
This study showed a reduction of SMM in ccRCC patients with peritumoural collateral vessels. The 
presence of peritumoural collateral vessels adjacent to ccRCC is a good candidate biomarker for 
sarcopenia and therefore of cancer cachexia.

ARTICLE HIGHLIGHTS
Research background
Sarcopenia is the loss of skeletal muscle mass (SMM) and is part of cancer cachexia in which there is a 
decrease of adipose tissue and SM. Peritumoral collateral vessels adjacent to renal cell carcinoma (RCC) 
are indicative of locally advanced disease.

Research motivation
Metabolic systemic consequence related to a locally advanced disease might be linked to a decrease of 
SSM in clear cell RCC (ccRCC) patients with peritumoral collateral vessels, possibly providing clinically 
relevant information.

Research objectives
The aim of this study was to evaluate the amount of SMM in male ccRCC patients with and without 
peritumoral collateral vessels, in order to understand a possible relationship between sarcopenia and 
collateral vessels.

Research methods
In this study, we included a total of 124 male Caucasian patients divided into two groups: ccRCCa (n = 
54) and ccRCCp (n = 70) groups, respectively, without and with collateral vessels. Computed 
tomography imaging-based approach was used for total abdominal muscle area (TAMA) mea-
surements.

Research results
There was a statistically significant difference between the two groups for TAMA (P < 0.05).

Research conclusions
This study showed a reduction of TAMA in male ccRCC patients with peritumoral collateral vessels.

Research perspectives
Further studies, on larger sample size and with longitudinal data, will shed light on collateral vessels 
adjacent to RCC as a possible biomarker of cachexia and sarcopenia.
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Abstract
BACKGROUND 
The resulting tissue hypoxia and increased inflammation secondary to severe 
coronavirus disease 2019 (COVID-19) combined with viral load, and other 
baseline risk factors contribute to an increased risk of severe sepsis or co-existed 
septic condition exaggeration.

AIM 
To describe the clinical, radiological, and laboratory characteristics of a small 
cohort of patients infected by severe acute respiratory syndrome coronavirus 2 
who underwent percutaneous drainage for septic complications and their post-
procedural outcomes.

METHODS 
This retrospective study consisted of 11 patients who were confirmed to have 
COVID-19 by RT-PCR test and required drain placement for septic complications. 
The mean age ± SD of the patients was 48.5 ± 14 years (range 30-72 years). Three 
patients underwent cholecystostomy for acute acalculous cholecystitis. 
Percutaneous drainage was performed in seven patients; two peripancreatic 
collections; two infected leaks after hepatic resection; one recurrent hepatic 
abscess, one psoas abscess and one lumbar abscess. One patient underwent a 
percutaneous nephrostomy for acute pyelonephritis.

RESULTS 
Technical success was achieved in 100% of patients, while clinical success was 
achieved in 4 out of 11 patients (36.3%). Six patients (54.5%) died despite proper 

https://www.f6publishing.com
https://dx.doi.org/10.4329/wjr.v14.i4.91
mailto:mokadem83@yahoo.com


Deif MA et al. Drainage of septic complications of COVID-19

WJR https://www.wjgnet.com 92 April 28, 2022 Volume 14 Issue 4

percutaneous drainage and adequate antibiotic coverage. One patient (9%) needed operative 
intervention. Two patients (18.2%) had two drainage procedures to drain multiple fluid 
collections. Two patients (18.2%) had repeat drainage procedures due to recurrent fluid collections. 
The average volume of the drained fluid immediately after tube insertion was 85 mL. Follow-up 
scans show a reduction of the retained content and associated inflammatory changes after tube 
insertion in all patients. There was no significant statistical difference (P = 0.6 and 0.4) between the 
mean of WBCs and neutrophils count before drainage and seven days after drainage. The 
lymphocyte count shows significant increased seven days after drainage (P = 0.03).

CONCLUSION 
In this study, patients having septic complications associated with COVID-19 showed relatively 
poor clinical outcomes despite technically successful percutaneous drainage.

Key Words: COVID-19; SARS-CoV-2; Coronavirus; Sepsis; Drainage; Abscess

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This article highlights the relationship between coronavirus disease 2019 (COVID-19) and 
sepsis. COVID-19 is associated with high risk of severe sepsis or exaggeration of co-existed septic 
condition. Percutaneous drainage of septic complications co-existed with COVID-19 associated with 
relatively poor clinical outcomes despite technically successful procedures.

Citation: Deif MA, Mounir AM, Abo-Hedibah SA, Abdel Khalek AM, Elmokadem AH. Outcome of percutaneous 
drainage for septic complications coexisted with COVID-19. World J Radiol 2022; 14(4): 91-103
URL: https://www.wjgnet.com/1949-8470/full/v14/i4/91.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i4.91

INTRODUCTION
Sepsis is defined as a life-threatening organ dysfunction that happens due to dysregulated host response 
to an infection[1]. In the bacterial type of sepsis, which is the most frequent etiology, early and rapid 
therapy by the appropriate antibiotic is essential to reduce the incidence of complications and mortality 
rates. Most patients infected by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) present 
no severe symptomatology, but almost 5% of patients show severe lung injury or even multiple organ 
dysfunction syndrome, with mortality at the ICUs between 8% and 38% depending on the country[2,3]. 
Patients admitted to ICU showed a dysregulated host response in the form of hyperinflammation, 
changes in the coagulation profile, and dysregulation in the immune response[4], similar to what 
happens in bacterial sepsis[5,6]. The body’s adaptive protection mechanism is formed by a moderate 
inflammatory response and immune suppression, and if any of them become excessive or uncontrolled, 
this protective compensation will transform into destructive and decompensated status, then sepsis 
develops[7-9]. Accordingly, most deaths in critically ill coronavirus disease 2019 (COVID-19) patients 
are caused by sepsis[10,11].

Hematological examinations for COVID-19 patients show elevated cytokines, C-reactive protein 
(CRP), abnormal liver and myocardial enzymes decreased lymphocytes, declined platelets, and 
increased D-dimmer[12]. These findings are similar to sepsis caused by bacterial infections. So, severe 
COVID-19 could be a sepsis-induced by viral infection causing severe systemic inflammatory response 
(so-called inflammatory storm)[13,14]. Inflammatory storms are not unique to COVID-19 but also 
happen in other respiratory viral infections that mimic COVID-19[15,16], such as influenza, SARS, avian 
influenza, swine flu, and MERS[17-19]. Additionally, specimen cultures in about 80% of COVID-19 
patients with septic complications show no bacterial or fungal infection, and the viral infection seems to 
be the only cause for sepsis[20,21]. Accordingly, sepsis is expected to be responsible for worsening the 
clinical conditions of these critically ill COVID-19 patients. Our objective was to describe the clinical, 
radiological, and laboratory characteristics of a small cohort of patients infected by SARS-CoV-2 who 
underwent percutaneous drainage and their post-procedural outcomes. We hypothesized that septic 
complication associated with severe COVID-19 has a poor outcome despite adequate percutaneous 
drainage and antibiotic therapy.

https://www.wjgnet.com/1949-8470/full/v14/i4/91.htm
https://dx.doi.org/10.4329/wjr.v14.i4.91
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MATERIALS AND METHODS
Patient selection
A local institutional review board approved this retrospective study, and waivers of consent of medical 
record review were received. COVID-19 patients who underwent image-guided percutaneous drainage 
for suspected septic complications were identified. Patient demographics and clinical and radiological 
reports were obtained through electronic medical records and picture archiving and communication 
system (PACS). The severity of the pulmonary parenchymal involvement and distribution of the 
pulmonary lesions secondary to COVID-19 was assessed by chest X-ray in 4 patients and chest CT in 7 
patients. Flow chart of the study is shown in Figure 1.

Patients demographics
Eleven patients (10 males and 1 female) who were confirmed to have COVID-19 by RT-PCR test 
required drain placement for septic complications. The mean age ± SD of the patients was 48.5 ± 14 
years (range 30-72 years). Three patients underwent cholecystostomy for acute acalculous cholecystitis 
(Figure 2). Percutaneous drainage was performed in seven patients; two peripancreatic collections 
(Figure 3); two infected bile leaks in hepatic donor and after resection of hepatic hemangioma; one 
recurrent hepatic abscess after eight days of surgical evacuation (Figure 4), one psoas abscess (Figure 5) 
and one lumbar abscess. One patient underwent percutaneous nephrostomy for acute pyelonephritis 
(Figure 6).

Study outcomes
The primary outcome measures were technical and clinical success. The technical success was achieved 
by completion of the procedure without procedural complications, while the definition of clinical 
success was the resolution of symptoms without the subsequent need for operative drainage or patient 
mortality secondary to related sepsis. Secondary outcomes included the amount of drained fluid, 
microbial analysis of drained fluid, the period of tube drainage, and changes in laboratory findings 
before and after drainage.

Percutaneous drainage procedures
Septic complications were diagnosed by ultrasonography, computed tomography, or magnetic 
resonance imaging. Two interventional radiologists at two institutions with 10 and 13 years of 
experience performed all percutaneous drainage procedures. All procedures were done after adminis-
tration of local anesthesia. Percutaneous access into the collections, inflamed gall bladder, or kidney was 
achieved under sonographic guidance with an 18- or 21-gauge needle. Using the Seldinger technique 
and micro-puncture set, following serial dilatations, a drainage catheter was placed. The drainage 
catheters used ranged from 8-French to 10-French. In all cases, no immediate complications were noted.

Antibiotic therapy was started once the symptoms of septic complications presented on the patients. 
The antibiotics regimen was readjusted according to the drained fluid culture results. The drained fluid 
for each patient was analyzed regarding its character and maximum possible volume when the tubes 
were initially placed. Then a fluid sample was sent for bacterial culture and gram stain evaluation. 
Patients were observed for any major complications requiring surgical intervention till the last date of 
follow-up.

Statistical analysis
Data were analyzed with SPSS® V. 21 (IBM Corp., New York, NY, United States; formerly SPSS Inc., 
Chicago, IL, United States). The normality of data was first tested with the Shapiro test. Qualitative data 
were described using numbers and percentages. Continuous variables were presented as mean ± SD for 
parametric data and median (range) for non-parametric data. Finally, the laboratory findings were 
compared with Wilcoxon test.

RESULTS
Fever and abdominal pain were the most common presenting symptoms, and acute kidney injury (AKI) 
was the most frequent comorbidity. Technical success was achieved in 100% of patients, while clinical 
success was achieved only in 4 of 11 patients (36.4%). Despite percutaneous drainage, one patient (9%) 
needed exploratory laparotomy five days after drainage that revealed perforated sigmoid colon, which 
was managed by resection followed by patient improvement and discharge after 18 d. Six other patients 
(54.5%) died within a month after proper percutaneous drainage and adequate antibiotic coverage, all of 
them were admitted to ICU and put under mechanical ventilation. The cause of death was overlapped 
between COVID-19 related respiratory failure and sepsis. One patient needed cystogasterostomy for 
peripancreatic collection after 21 d of tube insertion. Two patients (18.2%) had two drainage procedures 
to drain multiple fluid collections. Two patients (18.2%) had recurrent fluid collections and repeated 
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Figure 1 Flow chart of the study.

Figure 2 Cholecystostomy in a 72-yr-old male presented by acute cholecystitis. A: Frontal chest X-ray shows opacities involving both lungs with 
central predominance; B and C: B-mode ultrasound images show distended thick-walled gall bladder with biliary dilatation; D: B-mode ultrasound image show 
puncture needle through the gall bladder; E: B-mode ultrasound image tube inside the gall bladder; F: B-mode ultrasound image of the gall bladder after drainage.

percutaneous drainage procedures. The average volume of the drained fluid immediately after tube 
insertion was 85 mL. The average duration of drainage was 16 d. Follow-up scans showed a reduction of 
the retained content and associated inflammatory changes after tube insertion in all patients. Patient 
demographics, comorbidities, and outcomes are listed in Table 1.

The nature of drained fluid was reported in all cases. The fluid was reported as “dark green” or “pus” 
in cholecystostomy cases, “serosanguinous” and “infected bile” in complicated hepatic resection cases, 
“brownish” in the peripancreatic collection, “clotted blood” in the hepatic abscess, and “pus” in the 
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Table 1 Patients’ demographics, comorbidities and outcome

Cause of sepsis Procedures Age 
(yr) Sex Presentation Co-morbidities Ventilator Tracheostomy Outcome

Patient 
1

Acute 
cholecystitis

Cholecystostomy 72 Male Fever IHD. AKI 40 d before 
drain

20 d before 
drain

Died 8 d post 
drain

Patient 
2

Cholangitis and 
cholecystitis

Cholecystostomy 61 Male Fever Jaundice. AKI (on 
dialysis)

1 d before 
drain

12 d post drain Died 16 d post 
drain

Patient 
3

Acute 
cholecystitis

Cholecystostomy 55 Male Abdominal 
pain

DM No No Discharged 4 d 
post drain.

Patient 
4

Post-operative 
biliary leakage 
resection of 
hemangioma

U/S guided drain 48 Female Fever DM. Septic shock 10 d post 
drain

No Died 12 d post 
drain

Patient 
5

Post-operative 
biliary leakage 
after liver 
resection for 
transplant

U/S guided drain 30 Male Fever No No No Discharged 18 d 
post drain

Patient 
6

Acute pancreatitis CT-guided drain 
and EUS cystogast-
rostomy

43 Male Abdominal 
pain

HTN. Hyperlip-
idemia

27 d post 
drain

No Died 28 d post 
drain

Patient 
7

Acute pancreatitis U/S guided drain 41 Male Abdominal 
pain

GB stones. Biliary 
obst. AKI

No No Discharged 10 d 
post drain

Patient 
8

Recurrent hepatic 
abscess after 
surgical 
evacuation

U/S guided drain 
(2 tubes)

63 Male Abdominal 
pain

DM. AKI 1 d before 
drain

1 d before drain Died 19 d post 
drain

Patient 
9

Right ilio-psoas 
and perivetebral 
abscesses

CT-guided drain 
then tube upsizing

60 Male Abdominal 
pain

HTN. DM, AKI 3 d before 
drain

7 d post drain Died 13 d post 
drain

Patient 
10

Left lumbar 
region abscess 
and unhealthy 
sigmoid colon

CT-guided 
drainage. Sigmoid 
resection

31 Male Abdominal 
pain and 
distension

Crohn’s disease. 
Achalasia. GJ. 
Esophageal 
dilatation

No No Clinical failure 
after 18 d 
followed by 
another tube 
insertion and 
sigmoid 
resection. 
Discharged 48 d

Patient 
11

Right 
pyelonephritis

Rt PCN 30 Male Abdominal 
pain

Right 
hemicolectomy

No No Discharged 9 d 
post drain. 
Recurrence after 
39 d and 
managed by tube 
exchange

U/S: Ultrasonography; EUS: Endoscopic ultrasound; PCN: Percutaneous nephrostomy; IHD: Ischemic heart disease; AKI: Acute kidney injury; DM: 
Diabetes mellitus; HTN: Hypertension; GB: Gall bladder; GJ: Gastrojejunostomy.

other collections. After all procedures, samples from drained fluid samples were sent for microbial 
analysis. Peripheral blood culture was performed for 9 out of 11 patients. In three cases (27.3%), fluid 
culture results were negative for bacterial growth; however, in one of them, the peripheral blood culture 
was positive for Klebsiella pneumonia. Eight cases (72.7%) were found to have positive fluid culture, 
with Escherichia coli being the most common isolated pathogen followed by Klebsiella pneumonia.

Only three patients had imaging features of severe pulmonary parenchymal disease attributed to 
COVID-19 at drainage tome, nevertheless three other patients were admitted to ICU and put under 
ventilator due to progression of respiratory symptoms. The parenchymal lesions were ground-glass 
opacities and consolidations with the basal and peripheral predominant distribution. In addition, 
pleural effusion was reported in three patients. The median time between confirmed diagnosis of 
COVID-19 by RT-PCR test and drainage of septic complications (time to drainage) was 8 d (range 0 d to 
48 d). Table 2 shows data of drainage procedure, drained fluid, outcome, and chest imaging.

The mean WBCs and neutrophil counts show reduction 1 d and 7 d after drainage however there was 
no significant statistical difference (P = 0.6) between the mean of WBCs count before drainage (15.4 × 109

/L) and seven days after drainage (12.1 × 109/L) and between the mean count of neutrophil (P = 0.4) 
before drainage (82.8 × 109/L) and seven days after drainage (70.9 × 109/L). The lymphocyte count 
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Table 2 Data of drainage procedure, drained fluid, and chest imaging

Culture

IR procedure Drain Guide Puncture Drained 
fluid Drain Peripheral 

blood

Chest 
imaging

COVID-
19 
severity

Lesion 
distribution

Time 
between 
PCR test 
and 
drainage

Patient 
1

Cholecystostomy 1 (8 
Fr)

U/S 18G 
needle

Dark 
green

-ve MDR (
Klebsiella)

X-ray Severe Bilateral consol-
idation

48 d

Patient 
2

Cholecystostomy 1 (8 
Fr)

U/S 18G 
needle

Dark 
green

E.coli and 
Klebsiella 
pneumoniae

-ve CT Mild Bilateral basal 
GGO with 
minimal 
effusion

3 d

Patient 
3

Cholecystostomy 1 (8 
Fr)

U/S 18G 
needle

Pus P. aeruginoa. 
MRSA. E.coli

-ve X-ray Normal Normal 5 d

Patient 
4

Percutaneous 
drainage

1 (10 
Fr)

U/S 18G 
needle

Infected 
bile

E.coli -ve CT Sever Bilateral consol-
idation with 
mild effusion

8 d

Patient 
5

Percutaneous 
drainage

1 (8 
Fr)

U/S 18G 
needle

Sero-
sanginous

-ve -ve CT Mild Mild right 
pleural effusion

3 d

Patient 
6

Percutaneous 
drainage

1 (10 
Fr)

CT 21G 
needle

Brownish E.coli and 
Klebsiella 
pneumoniae

-ve CT Mild Left minimal 
effusion and 
basal GGO

17 d

Patient 
7

Percutaneous 
drainage

1 (8 
Fr)

CT 18G 
needle

Brownish E.coli -ve CT Mild Bilateral basal 
GGO

2 d

Patient 
8

Percutaneous 
drainage

2 (8 
Fr)

U/S 18G 
needle

Clotted 
blood

-ve -ve X-ray Normal Mild right side 
pleural effusion

9 d

Patient 
9

Percutaneous 
drainage

1 (10 
Fr). 1 
(8 Fr)

CT 
and 
US

21G 
needle

Pus MRSA and 
staph aureus

-ve CT Severe Bilateral GGO 
and consolid-
ations

15 d

Patient 
10

Percutaneous 
drainage

2 (8 
Fr)

CT 21G 
needle

Pus E.coli and 
Ent. Foecalis

NA CT Mild Right side GGO 0 d

Patient 
11

Right PCN 2 (8 
Fr)

U/S 
and 
fluoro

21G 
needle

Pus Klebsiella 
pneumoniae

-ve X-ray Normal Normal 12 d

CT: Computed tomography; U/S: Ultrasonography; GGO: Ground-glass opacity; NA: Not available.

shows significant increased seven days after drainage (P = 0.03). Five patients had AKI manifested by 
elevation of the serum creatinine and urea levels. Total bilirubin level was elevated in eight patients and 
showed no significant reduction after drainage (P = 0.2). The CRP values were not significantly different 
(P = 0.06) before (182.0 mg/dL) and one week after tube insertion (133.0 mg/dL). Other inflammatory 
markers as D-dimer, procalcitonin and LDH were elevated in all patients before drainage and showed 
variable degree of non-statistically reduction and increase after drainage. The laboratory findings are 
listed in Table 3.

DISCUSSION
This study presents the clinical, radiological, and laboratory data for patients who underwent 
percutaneous drainage to manage septic complications associated with COVID-19 infection. The main 
finding is that patients with suspected septic complications associated with COVID-19 show relatively 
poor outcomes with 36.4% clinical success of percutaneous drainage despite 100% technical success. 
This finding was confirmed by the insignificant difference between the inflammatory markers before 
and after tube drainage insertion. Severe sepsis related to COVID-19 viral infection may be related to a 
decrease in mitochondrial efficiency and dysfunction of the respiratory chain[22,23]. In addition, 
autopsies have confirmed hyperinflammatory state with organ fibrosis, especially in high metabolic 
cells with high mitochondrial volume such as pneumocytes, endothelial cells, hepatocytes, and renal 
cells[24]. The resulting tissue hypoxia and increased inflammation, viral load, and other baseline risk 
factors contribute to an increased risk of severe sepsis or co-existed septic condition exaggeration.
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Table 3 Median (inter-quartile range) for laboratory findings before drainage, 1 d and 7 d after drainage

Pre drain D1 D7 P value

WBCs × 109/L 15.4 (12.50-17.40) 18.8 (10.6-22.1) 12.1 (10.3-21.8) 0.656

Neutrophil × 109/L 82.8 (72.3-91.8) 86.6 (70.4-94.2) 70.9 (60.9-92.3) 0.091

Lymphocyte × 109/L 6.8 (3.7-9.9) 7.10 (2.8-11.2) 10.9 (2.9-19.2) 0.032a

CRP (mg/L) 182.0 (91.0-368.0) 166.0 (32.0-80.0) 133.0 (26.0-170.0) 0.061

Creatinine (μmol/L) 122.0 (70.0-353.0) 109.0 (54.0-426.0) 97.0 (56.0-364.0) 0.789

Urea (mmol/L) 9.2 (5.8-19.7) 8.6 (3.6-22.4) 9.1 (2.8-28.2) 0.574

Bilirubin (μmol/L) 19.1 (15.0-28.4) 14.4 (29.9-12.4) 15.5 (12.5-21.8) 0.247

D-Dimer (ng/mL) 1441.0 (620.0-3340.0) 1363.0 (460.0-2780.0) 1413.0 (380.0-3560.0) 0.373

Procalcitonin (ng/mL) 1.5 (1.1-3.0) 1.87 (0.85-3.56) 1.5800 (0.31-3.11) 0.398

LDH (IU/L) 359.0 (194.0-750.0) 397.0 (155.0-768.0) 438.0 (144.0-798.0) 0.929

aP < 0.05.
CRP: C-reactive protein; WBC: White blood cell; LDH: Lactate dehydrogenase.

Figure 3 Percutaneous drainage of peripancreatic collection in a 43-yr-old male presented by acute pancreatitis. A and B: Axial and sagittal 
contrast enhanced computed tomography (CT) images show large peripancreatic collection/walled-off necrosis. The collection is mixed with pockets of gas inside and 
there is extension of the gas density into the retroperitoneal and perisplenic spaces; C and D: Axial and sagittal contrast enhanced CT images 22 d after tube 
insertion show reduction of the collection size with increased amount of gas within the collection.

This study included different types of septic complications as acute acalculous cholecystitis, acute 
pancreatitis, post-operative infection, abscesses in different locations, and acute pyelonephritis. Several 
reports described acute acalculous cholecystitis in COVID-19 patients[25-30] and raised the possibility of 
underlying dysregulated immune response or presence of viral RNA within the gall bladder wall as a 
culprit factor[28-30]. Percutaneous cholecystostomy for COVID-19 patients is recommended by multi-
society position statement in case of surgical contraindication and after the failure of conservative 
therapy with antibiotics[31]. It is generally a preferred non-surgical procedure due to its relative safety, 
simplicity of execution, and reduced costs. Mattone et al[25] reported clinical failure of percutaneous 
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Figure 4 Percutaneous drainage of hepatic abscess in a 63-yr-old male. A: Coronal contrast enhanced computed tomography (CT) image shows thick-
walled hepatic abscess with dependent high density inside secondary to clotted blood, a rim of perihepatic fluid is also noted; B: Coronal contrast enhanced CT image 
6 d after tube insertion show reduction of the abscess size with few foci of gas density.

Figure 5 Percutaneous drainage of right psoas major abscess in a 60-yr-old male. A: Axial chest computed tomography (CT) image in pulmonary 
window shows bilateral ground-glass opacities (GGOs) and minimal bilateral pleural effusion; B: Axial chest CT image in pulmonary window 11 d after initial CT 
shows bilateral consolidation involving most of the right lung and GGOs in the remaining left lung parenchyma; C: Coronal T2 FAT SAT image shows large multi-
locular psoas major abscess associated with muscular and subcutaneous soft tissue edema; D: Coronal contrast enhanced CT images 8 d after tube insertion show 
reduction of the collection size with regression of the associated soft tissue edema.

cholecystostomy after 3-d from tube insertion; the patient was shifted to surgery that revealed 
gangrenous cholecystitis. In this study, clinical success was reported only in one of three patients had 
cholecystostomy drainage of acute cholecystitis. Contrary to this result, cholecystostomy improved the 
clinical status of patients presented by acute acalculous cholecystitis co-existed with COVID-19[26,27]; 
however, the period of hospitalization was prolonged (25-67 d) compared to the mean hospitalization 
period in non-COVID-19 patients (10.5 d)[32].

COVID-19 associated pancreatic injury and acute pancreatitis are thought to be a result of direct 
cytopathic effect mediated by local viral replication or indirect mechanism related to either a systemic 
response to a harmful immune response or respiratory failure induced by the SARS-CoV-2[33]. COVID-
19 patients with acute pancreatitis are more likely to experience admission to the ICU, peripancreatic 
fluid collections, pancreatic necrosis, persistent organ failure, prolonged hospital stay, and higher than 
usually reported 30-d mortality[34]. We encountered two cases of pancreatitis in the current study, one 
of them died 28 days after drainage.
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Figure 6 Percutaneous nephrostomy in a 30-yr-old male presented with acute pyelonephritis. A and B: Axial and coronal computed tomography 
images in excretory phase show characteristic features of acute pyelonephritis in the form of focal hypoenhnacing areas (striated nephrogram) and debris in dilated 
renal pelvis; C and D: Frontal fluoroscopic images show puncture needle in the lower calyces and successful insertion of nephrostomy tube.

In a meta-analysis performed by Abate et al[35], twenty-three articles with 2947 participants were 
included. The meta-analysis showed a very high global rate of postoperative mortality among COVID-
19 patients of 20%. Percutaneous drainage was performed for two patients after complicated hepatic 
resection for hemangioma and liver donor, only the second patient survived and was discharged 18 
days after drainage. The good outcome in this patient is attributed to the non-inflammatory nature of 
the drained fluid, lower inflammatory marker and less severity of COVID-19 as compared to the other 
patient.

Hepatic abscesses have been described in association with COVID-19[36,37]. While García Virosta et 
al[36] reported clinically successful percutaneous drainage for hepatic abscess and patient discharge 
after ten days from tube insertion, Elliot et al[37] reported a rapidly progressive severe acute respiratory 
distress syndrome, which was complicated by multiorgan failure and severe sepsis that ended by death 
after percutaneous drainage of hepatic abscess in a patient with COVID-19. One patient in this study 
presented with a large lumbar region abscess secondary to sigmoid colon perforation as proved by 
laparotomy. Bowel perforation secondary to COVID-19 has been attributed to microcirculation 
thrombosis[38] or direct insult to the colonic cells by the SARS-CoV-2 itself[39].

There is scanty literature on the association between COVID-19 and acute pyelonephritis. van 't Hof et 
al[40] described an unusual course of acute pyelonephritis in a young female with persistent fever and 
multiple blood clotting and hemorrhagic events one week after recovery from COVID-19. Similar to our 
results, pyelonephritis was managed successfully by percutaneous nephrostomy. More frequently, AKI 
is encountered among critically ill patients with COVID-19, affecting approximately 20%-40% of 
patients admitted to the hospital and particularly to the ICU[41]. AKI was the most frequent 
comorbidity (5/11) in this study. A significantly higher in-hospital death rate for patients with kidney 
abnormalities and AKI was reported by a study consisting of 701 SARS-CoV-2 positive patients[42].

COVID-19 requires a multidisciplinary approach to treatment with interventional radiology 
procedures that have contributed to worldwide patient care. In a study consisting of 92 patients who 
underwent 124 interventional procedures[43] [abscess drainage (12), percutaneous cholecystostomy (8), 
and nephrostomy tube (4)], the mortality rate in this study was 16.3 % (15/92). However, there was no 
specific data as regards clinical, laboratory, and radiological data of the included patients or correlation 
between specific IR procedures and mortality. In this study the poor outcome was related to the 
combined burden of severe COVID-19 pneumonia, presence of other co-morbidities and extent of 
sepsis.
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This study has several limitations. First, our study cohort is small. Second, this study was 
retrospective in nature. Third, our results were not compared to a negative SARS-CoV-2 group with 
matched age, complication, and comorbidities; this may have overestimated the poor outcome of 
percutaneous drainage in this study group.

CONCLUSION
The current study demonstrates relatively poor clinical outcomes for patients having suspected septic 
complications associated with COVID-19 despite technically successful tube drainage and adequate 
antibiotic therapy. This study emphasizes the need for a large-scale comparative study on the 
relationship between septic complications, COVID-19, and comorbidities that might lead to poor clinical 
outcomes and clarifies the necessary precautions for percutaneous drainage in such patients.

ARTICLE HIGHLIGHTS
Research background
The resulting tissue hypoxia and increased inflammation secondary to severe coronavirus disease 2019 
(COVID-19) combined with viral load, and other baseline risk factors contribute to an increased risk of 
severe sepsis or co-existed septic condition exaggeration.

Research motivation
We performed percutaneous drainage for septic complications of COVID-19 and wanted to report our 
experience.

Research objectives
To describe the clinical, radiological, and laboratory characteristics of a small cohort of patients infected 
by severe acute respiratory syndrome coronavirus 2 who underwent percutaneous drainage for septic 
complications and their post-procedural outcomes.

Research methods
This retrospective study consisted of 11 patients who were confirmed to have COVID-19 by RT-PCR test 
and required drain placement for septic complications. The mean age ± SD of the patients was 48.5 ± 14 
years (range 30-72 years). Three patients underwent cholecystostomy for acute acalculous cholecystitis. 
Percutaneous drainage was performed in seven patients; two peripancreatic collections; two infected 
leaks after hepatic resection; one recurrent hepatic abscess, one psoas abscess and one lumbar abscess. 
One patient underwent a percutaneous nephrostomy for acute pyelonephritis.

Research results
Technical success was achieved in 100% of patients, while clinical success was achieved in 4 out of 11 
patients (36.3%). Six patients (54.5%) died despite proper percutaneous drainage and adequate antibiotic 
coverage. One patient (9%) needed operative intervention. Two patients (18.2%) had two drainage 
procedures to drain multiple fluid collections. Two patients (18.2%) had repeat drainage procedures due 
to recurrent fluid collections. The average volume of the drained fluid immediately after tube insertion 
was 85 mL. Follow-up scans show a reduction of the retained content and associated inflammatory 
changes after tube insertion in all patients. There was no significant statistical difference (P = 0.6 and 0.4) 
between the mean of WBCs and neutrophils count before drainage and seven days after drainage. The 
lymphocyte count shows significant increased seven days after drainage (P = 0.03).

Research conclusions
In this study, patients having septic complications associated with COVID-19 showed relatively poor 
clinical outcomes despite technically successful percutaneous drainage.

Research perspectives
Prospective, larger multicentric study is needed to validate our results.
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Abstract
The coronavirus disease 2019 (COVID-19) global pandemic can be a severe illness 
that leads to morbidity and mortality. With the increasing number of COVID-19 
pneumonia survivors, several long-term changes may persist, including abnormal 
imaging of lung parenchyma. In addition to the clinical course, it is vital to follow 
up on pulmonary imaging during the post-infectious period, which is not 
routinely required in other common pulmonary diagnoses. Computed tomo-
graphy (CT) scan of the chest is an effective and diagnostic tool for pneumonia 
which gives an insight into structural abnormalities within the lungs, complic-
ations, and possible progression of the disease. Several studies have monitored 
COVID-19 pneumonia and its complications using serial CT chest imaging from 
the initial phase of infection, hospitalization, and post-discharge. Nonetheless, 
long-term follow-up imaging data in post-COVID-19 is still limited. We have 
summarized the findings utilizing a systematic review of the literature regarding 
COVID-19 pneumonia imaging, including long-term follow-up.

Key Words: COVID-19; Pneumonia; Computed tomography; Evolution; Progression

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Changes seen in computed tomography imaging related to coronavirus disease 
2019 (COVID-19) pneumonia appear to progress and peak around two weeks post-
hospitalization. Overall improvement and complete resolution of COVID-19 
pneumonia-related changes imaging can be seen in the majority of the patients with 
long-term follow-up. We have summarized the findings utilizing a systematic review of 
the literature regarding COVID-19 pneumonia imaging, including long-term follow-up.

https://www.f6publishing.com
https://dx.doi.org/10.4329/wjr.v14.i4.104
mailto:pahnwatt@gmail.com


Chohan A et al. Follow-up CT scan in post COVID-19

WJR https://www.wjgnet.com 105 April 28, 2022 Volume 14 Issue 4

Citation: Chohan A, Choudhury S, Dadhwal R, Vakil AP, Franco R, Taweesedt PT. Follow-up computed 
tomography scan in post-COVID-19 pneumonia. World J Radiol 2022; 14(4): 104-106
URL: https://www.wjgnet.com/1949-8470/full/v14/i4/104.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i4.104

TO THE EDITOR
We read the article titled “Review on radiological evolution of COVID-19 pneumonia using computed 
tomography” by Casartelli et al[1] with keen interest. A chest computed tomography (CT) scan can be a 
useful diagnostic tool in a high-prevalence or pandemic situation, especially with clinical correlation. 
Risk stratification and assessing the progression of disease are also effective uses of CT chest imaging in 
coronavirus disease 2019 (COVID-19) patients. Given the global spread of COVID-19 and the magnitude 
of both direct and indirect effects of the disease, a CT scan of the chest can help in long-term prognost-
ication in patients who survive.

Multiple studies have concluded that with disease progression, certain initial CT findings in COVID-
19 can evolve with a specific pattern and regularity. COVID-19 pneumonia-related changes seen on CT 
chest imaging typically progress rapidly, plateau, and subsequently start to resolve thereafter. Changes 
in CT imaging vary widely from six to seventeen days but typically stabilize within the first two weeks 
of COVID-19 pneumonia. In the short term, some of the features seem to recur, with scans mostly 
showing consolidations and ground-glass opacities (GGO). Besides GGO, chest CT characteristics that 
indicate the reparation, including subpleural, linear opacities, and fibrotic changes, were also reported. 
A sign termed “fishing net on trees” has also been reported. Some reports have also mentioned 
interseptal thickening and fibrous streaks[1,2]. Three weeks post-discharge, GGO and fibrous stripes 
have been seen, while after four weeks, mostly linear opacities remained. The “tinted” sign and 
bronchovascular bundle distortion have also been mentioned. The bronchovascular bundle distortion 
could possibly be a result of inflammatory destruction or subsegmental atelectasis. The latter two signs 
mentioned above may signify the gradual resolution of inflammation with re-expansion of alveoli based 
on previous reports. This review included reports with follow-up durations of up to four months[1].

In a study conducted by Pan et al[3], two hundred nine patients with COVID-19 infection, who had 
been admitted to the hospital, undertook serial chest CT at three, seven, and twelve months. One-year 
CT chest follow-up revealed residual linear lesions, multiple areas of reticular opacities/cysts, and 
complete resolution in 12%, 13%, and 75%, respectively[3]. In another study conducted by Guan et al[4], 
CT results of 69 patients who had COVID-19 infection were assessed in three different phases: Initial 
CT, peak CT, and CT prior to discharge. Peak CT in this study was the highest attenuation of the density 
without alteration in size during COVID-19 progression or the maximal size of lesion on CT which is the 
most common pattern. The intervals were closely correlated to lobe scores and CT appearances; the 
higher the lobe score, the longer the intervals. The lobe score was calculated according to the percentage 
of the lesion in one lobe with the zero equals to no lesion, one equals more than 0% to less than 25%, two 
equals 25% to less than 50%, three equals 50% to less than 75%, and four equals to 75% or more. While 
the utilization of lobe score may be beneficial, further studies are necessary to assess its effectiveness on 
a larger scale.

The duration of initial interval is inversely correlated with the amount of consolidations, air 
bronchograms, and irregular lines[3]. The intervals will be longer if irregular and reticular lines are seen 
on the peak CT and pre-discharge CT. After that, COVID-19 pneumonia lesions on the CT chest may 
resolve completely, while GGO, irregular and reticular lines may remain[3]. In a similar study 
conducted by Chen et al[5], 41 patients were followed with chest CT during the hospital stay and at two 
weeks, one month, three months, six months, and one year after discharge. The study concluded that 
patients showed continuous improvement on lung CT scans during the 1-year follow-up time; however 
residual lesions (GGO and reticular patterns) may still be found, which are associated with lung volume 
parameters and risk of developing lung opacities[5]. Liu et al[6] retrospectively evaluated chest CT 
follow-ups on 51 patients with COVID-19 performed on the day prior to discharge, two weeks post-
discharge, and four weeks post-discharge. The results of this study indicated that changes seen were 
significantly reduced, including density reduction on follow-up scans as compared to the scans done at 
the time of discharge.

Unlike the systematic review by Casartelli et al[1], these results showed that 64.7% of discharged 
patients progressed to complete resolution of previously seen lung lesions at 4-wk follow-up, indicating 
that damaged lung tissue could heal in patients with COVID-19 pneumonia[5]. In another study 
conducted by Liu et al[7], 41 patients diagnosed with COVID-19 were followed up after seven months 
with chest CT and cardiopulmonary exercise testing. The predominant chest CT patterns at seven 
months included parenchymal bands (41%), interlobular septal thickening (32%), and traction 
bronchiectasis (29%). Sixty-one percent of the patients achieved complete radiological resolution, while 
29% went on to develop pulmonary fibrosis. Those patients who went on to develop fibrotic lung 
disease appeared to have an increased risk due to older age and comorbid conditions[7].
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While CT scan of the chest is an effective tool in COVID-19 patients, the side effects to patients of 
repeat irradiation need to be kept in mind and the use of low dose CT to follow up these patients can be 
considered. In conclusion, CT scans of the chest are an effective diagnostic tool which can provide 
insight into the structural pathology of pulmonary disease, its progression, and its association with 
long-term effects. Future studies should be utilized to define its utility in determining long-term 
progression in patients with COVID-19 pneumonia.
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Abstract
BACKGROUND 
The diagnosis of coronoid process hyperplasia (CPH) is usually based on 
symptoms and radiological imaging. Because of its similar symptoms, it can be 
confused with temporomandibular joint diseases. Therefore, an objective and 
reproducible way of diagnosis should be determined.

AIM 
To investigate CPH using Levandoski analysis on panoramic radiographs to 
determine its prevalence.

METHODS 
A total of 300 panoramic radiograph images (600 coronoid processes) were 
examined. Having measured the Condyle-Gonion (Cd-Go) and Coronoid-Gonion 
(Cor-Go) distances, the Cor-Go:Cd-Go ratio was calculated for the left and right 
sides of each image.

RESULTS 
There was a statistically significant difference in Cd-Go and Cor-Go distances 
between male and female participants (P < 0.001). There was no statistically 
significant relationship between Cor-Go:Cd-Go ratios and gender (P > 0.05).

CONCLUSION 
Cd-Go and Cor-Go distances were statistically significantly increased in males on 
both the left and right sides. The ratio of Cor-Go:Cd-Go was preserved in both 
genders. The prevalence of CPH was found to be 0.3%.

Key Words: Coronoid process; Hyperplasia; Prevalence; Levandoski analysis; Panoramic 
radiograph
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Core Tip: Coronoid process hyperplasia (CPH) is an abnormal bone elongation. It is usually seen with a 
mouth-opening limitation. There are various disorders in which limited mouth opening is seen in the 
differential diagnosis. Therefore, an objective and reproducible radiological method should be used in the 
diagnosis. Levandoski analysis is a method frequently used for the diagnosis of mandibular and facial 
asymmetries on panoramic radiographs. However, its use in the diagnosis of CPH is not very common and 
is not well-known by physicians. One of the aims of this study is to raise the awareness of physicians 
about Levandoski analysis and CPH.

Citation: Erdem S, Erdem S. Investigation of coronoid process hyperplasia using Levandoski analysis on 
panoramic radiographs. World J Radiol 2022; 14(5): 107-113
URL: https://www.wjgnet.com/1949-8470/full/v14/i5/107.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i5.107

INTRODUCTION
Coronoid process hyperplasia (CPH) was first described by the German surgeon Bernhard Von 
Langenbeck in 1853[1]. CPH is an abnormal bone elongation that commonly occurs bilaterally. As it a 
rare condition, no epidemiological studies have been reported[2]. It is predominantly seen during the 
second decade of life, mostly among the male population[3] and may develop asymptomatically, 
presenting with late symptoms[4]. However, CPH is usually noticed with a progressive mouth opening 
limitation, which is thought to be caused by interference with the zygomatic bone[3]. Thus, it becomes 
necessary to explain the morphometric relationship between the coronoid processes and condyles 
because limited mouth opening is not always caused by CPH. Additionally, visual diagnosis of CPH 
without using an analysis system is not an accurate and reproducible way[5].

Computed tomography (CT) and cone-beam computed tomography (CBCT) have been reported to be 
useful methods, providing three-dimensional images in the diagnosis of CPH[6]. However, CT and 
CBCT are not used in routine radiological examinations. Panoramic radiography is the simplest 
radiological method that can be used in the diagnosis of CPH and has a low radiation dose[5]. In 
addition, the majority of CPH cases reported to date have used panoramic graphy as a diagnostic 
method[3].

To date, no morphometric or prevalence study has been performed on a large sample group using 
Levandoski analysis. The purpose of this article is to investigate the coronoid process morphometrically 
and determine the prevalence of CPH in a sample subpopulation using Levandoski analysis with 
panoramic radiographs.

MATERIALS AND METHODS
The present study followed the principles of the Helsinki Declaration. Approval was granted by the 
Ethics Committee of University Ordu (No: 2021/231).

The images of the participants who underwent panoramic graphy were analysed retrospectively. The 
study was performed on images without artefacts that could adversely affect the evaluation. The 
participants included in this study were in the second decade and older. The participants with trauma, 
pathological formations and anomalies in condyle or coronoid process regions, musculoskeletal 
anomalies and congenital bone dysplasia were not included. In addition, the images where the condyle 
and coronoid tips and the gonion point could not be clearly distinguished, and the images with any 
artifacts were not included. The patients gave their consent for their radiographic images and 
information to be used in scientific studies.

Image analysis
The images were obtained with a panoramic X-ray unit (Orthopos XG 3, Sirona Dental Systems, 
Bensheim, Germany) operating at 60-90 kVp and 3-16 mAs. When the scans were being taken, the 
patients were in an upright position, with their heads and necks in a neutral position and the Frankfort 
plane parallel to the floor. All examinations and measurements were performed on a 27-inch colour 
LCD screen (BE27AQLB, Asus Computer GmBH, Ratingen, Germany) with a resolution of 2560 × 1440 
pixels.

https://www.wjgnet.com/1949-8470/full/v14/i5/107.htm
https://dx.doi.org/10.4329/wjr.v14.i5.107
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A total of 300 panoramic graphs (600 coronoid processes) were examined using Levandoski analysis 
by a maxillofacial radiologist with five years of experience in a dimly-lit room. The ages and genders of 
participants were recorded using to the software database system. When Condyle (Cd)-Gonion (Go) and 
Coronoid (Cor)-Go distances were measured, the Cor-Go: Cd-Go ratio was calculated for the left and 
right side of each image (Figure 1). Line 1 is the maxillary vertical midline, which passes through the 
nasal septum. Lines 2, 3 and 4 are perpendicular to line 1 and are tangent to the lower border of the 
symphysis mandible, the tip of the condyle and the tip of the coronoid process, respectively.

To examine the intra-observer agreement, the images were reassessed by the same observer two 
weeks later.

Cd: Tip of the condyle.

Cor: Tip of the coronoid process.

Go: The most outward point of the mandibular angle.

Cd-Go: Distances between the Cd and Go points.

Cor-Go: Distances between the Cor and Go points.

Cor-Go: Cd-Go: Ratio diagnosed of CPH when above 1.15 (Kubota et al[5]).

Statistical analysis
The data were transferred to the Statistical Package for Social Sciences 20.0 for Windows. Mann-
Whitney U test was used for the variables with two categories that do not have a normal distribution. 
The Student t-test was used to compare the means of the data in two independent groups with normal 
distribution.

Since the relationship between two continuous variables without normal distribution was examined, 
the Spearman's rho correlation test was used to evaluate the intra-observer agreement.

All statistical tests were conducted at the 95% confidence level; the findings were considered statist-
ically significant at the significance level of 0.05.

RESULTS
The present study was performed retrospectively using 300 panoramic radiographs (126 males and 174 
females). CPH was encountered in only one female out of 300 participants; the prevalence of CPH was 
found to be 0.3% in the sample subpopulation.

The Cd-Go and Cor-Go distances by gender are displayed in Table 1. There was a statistically 
significant difference in the Cd-Go and Cor-Go distances between male and female participants (P < 
0.001). The Cd-Go and Cor-Go distances are statistically significantly increased in males on both left and 
right sides. Table 2 displays the Cor-Go: Cd-Go ratios according to gender. There was no statistically 
significant relationship between the Cor-Go: Cd-Go ratios and gender (P > 0.05).

Based on the Spearman’s rho analysis, the statistically significant (P < 0.01) perfect agreement was 
found between the Cor-Go:Cd-Go ratios calculated at two-week intervals (the rho value for the left side 
equals 0.987, for the right side 0.978).

CPH was detected in only one patient. The measurements of the patient were as follows: Cor-Go/Cd-
Go 76.6/63.6 mm for the right side, 69.1/54.8 mm for the left side, Cor-Go:Cd-Go 1.20 for the right side 
and 1.26 for the left side.

DISCUSSION
CPH, also known as an elongated mandibular coronoid process, is a rare condition characterised by 
elongation of the process. In the case of clinical suspicion of CPH, the diagnosis can be made radiolo-
gically. The cephalometric analysis has been reported to be a reliable method in the diagnosis of CPH
[5]. However, based on this method, only the measurements and evaluations of the right coronoid 
process can be made, leaving the left side of the radiograph unclear. Therefore, a simple radiographic 
method, such as panoramic radiography that allows bilateral examination, is required[5]. Displaying 
anatomical structures in true dimensions without magnification and superimposition, CT is a useful 
diagnostic method in CPH[7,8]. However, CT is an imaging method involving a high radiation dose; 
therefore, it cannot be used for routine examination. Four-dimensional CT (4DCT) is a new imaging 
method that can display the mandibular movement as well as the surrounding soft tissue mobility. The 
4DCT assessment has the potential to understand the mechanisms underlying the symptoms in CPH 
patients[9]. Panoramic radiography is a simple and useful method to diagnose patients with CPH[5]; 
therefore, it is the most frequently used imaging method to diagnose CPH[3].



Erdem S et al. Coronoid process hyperplasia on panoramic radiographs

WJR https://www.wjgnet.com 110 May 28, 2022 Volume 14 Issue 5

Table 1 Condyle-gonion and coronoid-gonion distances according to gender

Total, n = 300 Right Cd-Go, Min-Max, mean 
± SD

Right Cor-Go, Min-Max, 
mean ± SD

Left Cd-Go, Min-Max, mean 
± SD

Left Cor-Go, Min-Max, mean 
± SD

Male, n = 126 49.6-93.0; 72.56 ± 7.34 47.5-82.7; 67.75 ± 7.57 49.9-92.0; 72.26 ± 7.41 47.5-83.10; 67.03 ± 7.69

Female, n = 174 47.9-82.3; 65.45 ± 5.87 45.8-77.6; 61.07 ± 5.99 43.3-78.9; 65.33 ± 6.03 42.30-78.2; 60.69 ± 5.94

P value < 0.001a < 0.001 a < 0.001 a < 0.001a

aStatistically significant. Measurements are in mm; Cd-Go: Distances between the tip of the condyle and gonion point; Cor-Go: Distances between the tip of 
the coronoid process and gonion point. SD: Standard deviation.

Table 2 Coronoid-gonion:condyle-gonion ratios according to gender

Total, n = 300 Right Cor-Go:Cd-Go, Min-Max, mean ± SD Left Cor-Go:Cd-Go, Min-Max, mean ± SD

Male, n = 126 0.76-1.14; 0.93 ± 0.07 0.76-1.13; 0.93 ± 0.07

Female, n = 174 0.78-1.20; 0.93 ± 0.07 0.78-1.26; 0.93 ± 0.07

P value 0.929 0.859

Cd-Go: Distances between the tip of the condyle and gonion point; Cor-Go: Distances between the tip of the coronoid process and gonion point. SD: 
Standard deviation.

Figure 1 The Cor-Go:Cd-Go ratio was calculated for the left and right side of each image.

The etiology of CPH is not well described, and many theories have been put forward, such as genetic 
inheritance[10], hormonal stimulus[11], facial injuries and trauma[12] and temporal muscle activity[13]. 
According to a review that included 115 cases and was published by Goh et al[3] in 2020, CPH is 
predominantly seen bilaterally, mostly in males, during the second decade of life. In the present study 
of 300 patients, bilateral CPH was found in a 50-year-old female patient.

Although CPH is known to be a rare condition, its prevalence is unknown. Izumi et al[18] 
encountered CPH in 17 of 1665 patients whose data had been examined. However, this is not a 
prevalence study but a case-control study conducted with database records of a clinic where only 
patients with temporomandibular joint findings were admitted. In the present study, the Cor-Go:Cd-Go 
ratio was measured applying Levandoski analysis, which is a useful and reproducible way to diagnose 
CPH, on the panoramic radiographs of each participant. CPH was encountered in only one out of 300 
participants, and the prevalence of CPH was found to be 0.3% in the sample subpopulation.

Levandoski developed his analysis for examining panoramic radiographs and adapted it for 
temporomandibular joint evaluation[14]. This analysis has been used in the diagnosis of facial and 
dental asymmetries and CPH in later years. There has been reported a good correlation between 
standard face photographs and Levandoski analysis[15]. Various studies have supported the applic-
ability of the analysis in diagnosing facial and dental asymmetries[15,16].

Kubota et al[5] used Levandoski analysis on panoramic radiographs for the diagnosis of CPH. They 
compared three patients with CT-confirmed CPH and a control group of 56 participants to verify the 



Erdem S et al. Coronoid process hyperplasia on panoramic radiographs

WJR https://www.wjgnet.com 111 May 28, 2022 Volume 14 Issue 5

reliability of the analysis in the diagnosis of CPH. They reported that the Cor-Go and Cor-Go: Cd-Go 
values were significantly higher in the patients than in the control group. They reported the Cor-Go: Cd-
Go value as the maximum of 1.07 for the control group and the minimum of 1.15 for the patient group. 
At the same time, they compared the Cor-Go: Cd-Go value with cephalometric and panoramic 
radiographs only for the right side in all participants (n = 59) and found a stable correlation. They did 
not report a statistically significant difference in the Cor-Go: Cd-Go values based on gender. In the 
current study consisting of 300 participants, there was no significant difference in the Cor-Go:Cd-Go 
values between males and females, similar to the study of Kubota et al However, the Cd-Go and Cor-Go 
distances for both left and right sides increased statistically significantly in males (P < 0.001).

An Anatolian skull with CPH was examined by Çorumlu et al using Levandoski analysis on 
panoramic radiographs[17]. They reported that the Cor-Go and Cd-Go measurements were 95.10 mm 
and 79.03 mm on the right side and 97.53 mm and 87.80 mm on the left side; the Cor-Go: Cd-Go value 
was 1.20 on the right side. In the case they reported, the Cor-Go: Cd-Go value for the left side was below 
the 1.15 required for CPH but above the normal value of 1.07. For this reason, they interpreted their case 
bilaterally. In the present study, CPH was detected in only one patient. The measurements of the patient 
were as follows: Cor-Go and Cd-Go are 76.6 and 63.6 mm, respectively, for the right side and 69.1 and 
54.8 mm for the left side; the Cor-Go: Cd-Go ratio is 1.20 for the right side and 1.26 for the left side.

Izumi et al[18] retrospectively analysed the data of 1,665 patients who visited the temporomandibular 
joint (TMJ) centre to contribute to a case-control study. They determined criteria to rule out the 
conditions other than CPH that cause limitation in mouth opening: (1) Limitation of the mouth opening 
that does not heal for a year or more; (2) The impossibility of forced mouth opening; (3) The absence of 
any symptoms, such as pain or sound, when opening the mouth in the TMJ area; (4) The absence of 
abnormal disc position and osteoarthritic condylar changes on magnetic resonance images; and (5) The 
absence of a history of mandibular trauma and inflammation. Seventeen of the 18 patients who satisfied 
the criteria agreed to undergo CT and participate in the study. CPH without interference with the 
zygomatic bone was detected in 13 out of 17 patients, and CPH with interference with the zygomatic 
bone was diagnosed in four patients. Moreover, the configurations and height levels of coronoid 
processes were examined. An angular shape was seen in only four cases with the zygomatic bone 
interference. The height of the coronoid process was reported to be significantly higher in the case 
group than in the control group.

In another study in which 16 patients with CPH (eight congenital, eight induced) were examined with 
cephalometric graphs together with a control group of 16 participants, no difference in the height of the 
condylar process was reported between the groups; however, the height of the coronoid process was 
reported to be significantly greater in the patient group[19].

Stopa et al[20] used the coronoid-condylar index (CCI) on CT images to diagnose CPH. They included 
in their study 13 participants with CPH and 13 participants without mandibular disease and reported 
that the CCI value, obtained using the measurement method they recommended, in the patients without 
CPH was approximately 1. They claimed that in the presence of CPH, the CCI increased to 1.25 and 
supposed that if the value rose above 1.15, there was a coronoid-condylar derangement.

In the study conducted by Tavassol et al[21], CT images of 41 patients, consisting of 40 healthy 
individuals and 1 with CPH, were examined. The condyle and coronoid lengths and Cor: Cd ratio were 
measured with reference to the tangent point that passed through the sigmoid notch. The mean ratio for 
the healthy group of the participants was 0.78. The values were calculated for only one patient with 
bilateral CPH: the ratio was 2.1 for the left side and 1.87 for the right side. The accuracy of the results of 
this study is questionable, as the reference tangent line is determined arbitrarily.

CONCLUSION
The Cd-Go and Cor-Go distances were statistically significantly increased in males on both the left and 
right sides. The evidence that these values were predominant in males may be related to the fact that the 
anatomical dimensions of males are larger than those of females. Although the Cd-Go and Cor-Go 
distances were higher in males, the ratio of Cor-Go: Cd-Go was preserved for both genders.

According to the results of this study using the Levandoski analysis, the prevalence of CPH was 
found to be 0.3%. In the present study, the images were re-evaluated after two weeks, and intra-
observer agreement was found perfect. According to this result, can be say that Levandoski analysis is a 
reproducible method for diagnosis of CPH. This method is very simple and can be used in the diagnosis 
of CPH by measuring with any radiology software.

Present study was not conducted with a large sample group and only one case of CPH was found. in 
order to reliably obtain the prevalence of CPH, studies with larger sample groups and different ethnic 
populations are necessary.
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ARTICLE HIGHLIGHTS
Research background
The images of the participants who underwent panoramic graphy were analysed retrospectively. The 
radiographs taken in the last 1 year retrospectively from the date of the study were used.

Research motivation
The fact that there are few studies on Coronoid Process Hyperplasia was the main motivation of this 
research.

Research objectives
To detect coronoid process hyperplasia by making repeatable measurements on panoramic radiographs.

Research methods
When Condyle (Cd)-Gonion (Go) and Coronoid (Cor)-Go distances were measured, the Cor-Go:Cd-Go 
ratio was calculated for the left and right side of each image. Line 1 is the maxillary vertical midline, 
which passes through the nasal septum. Lines 2, 3 and 4 are perpendicular to line 1 and are tangent to 
the lower border of the symphysis mandible, the tip of the condyle and the tip of the coronoid process, 
respectively.

Research results
Coronoid Process Hyperplasia was encountered in only one female out of 300 participants; the 
prevalence of CPH was found to be 0.3% in the sample subpopulation.

Research conclusions
The Cd-Go and Cor-Go distances were statistically significantly increased in males on both the left and 
right sides. The evidence that these values were predominant in males may be related to the fact that the 
anatomical dimensions of males are larger than those of females. Although the Cd-Go and Cor-Go 
distances were higher in males, the ratio of Cor-Go:Cd-Go was preserved for both genders.

Research perspectives
Present study was not conducted with a large sample group and only one case of CPH was found. in 
order to reliably obtain the prevalence of CPH, studies with larger sample groups and different ethnic 
populations are necessary.
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Abstract
Tuberculosis (TB) remains a global threat, with the rise of multiple and exten-
sively drug resistant TB posing additional challenges. The International health 
community has set various 5-yearly targets for TB elimination: mathematical 
modelling suggests that a 2050 target is feasible with a strategy combining better 
diagnostics, drugs, and vaccines to detect and treat both latent and active 
infection. The availability of rapid and highly sensitive diagnostic tools (Gene-
Xpert, TB-Quick) will vastly facilitate population-level identification of TB 
(including rifampicin resistance and through it, multi-drug-resistant TB). Basic-
research advances have illuminated molecular mechanisms in TB, including the 
protective role of Vitamin D. Also, Mycobacterium tuberculosis impairs the host 
immune response through epigenetic mechanisms (histone-binding modulation). 
Imaging will continue to be key, both for initial diagnosis and follow-up. We 
discuss advances in multiple imaging modalities to evaluate TB tissue changes, 
such as molecular imaging techniques (including pathogen-specific positron 
emission tomography imaging agents), non-invasive temporal monitoring, and 
computing enhancements to improve data acquisition and reduce scan times. Big 
data analysis and Artificial Intelligence (AI) algorithms, notably in the AI sub-
field called “Deep Learning”, can potentially increase the speed and accuracy of 
diagnosis. Additionally, Federated learning makes multi-institutional/multi-city 
AI-based collaborations possible without sharing identifiable patient data. More 
powerful hardware designs - e.g., Edge and Quantum Computing- will facilitate 
the role of computing applications in TB. However, “Artificial Intelligence needs 
real Intelligence to guide it!” To have maximal impact, AI must use a holistic 
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approach that incorporates time tested human wisdom gained over decades from the full gamut of 
TB, i.e., key imaging and clinical parameters, including prognostic indicators, plus bacterial and 
epidemiologic data. We propose a similar holistic approach at the level of national/international 
policy formulation and implementation, to enable effective culmination of TB’s endgame, 
summarizing it with the acronym “TB - REVISITED”.

Key Words: Tuberculosis; Radiology; GenXpert; Artificial intelligence; Molecular imaging; Quantum 
computing

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A Holistic (comprehensive) approach is suggested to achieve tuberculosis (TB) elimination 
goals. Early diagnosis especially for Multi-Drug Resistant TB. Utility of Modern Rapid Diagnostic Tools. 
The role of Imaging in TB and key radiological signs. Comprehensive Artificial Intelligence(AI) 
algorithms incorporating key Imaging and clinical signs. The role of Vitamin D supplementation in 
complementing the TB drug regimen. Molecular Imaging. Quantum Computing and other perspectives in 
TB strategies to help achieve the various targets set for elimination of TB. A unified Global approach with 
edge computing/ dashboards and other technological innovations.
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INTRODUCTION
Nearly 1.5 centuries after Robert Koch discovered Mycobacterium tuberculosis (MTB) in 1882, tuberculosis 
(TB) remains a global threat and a deadly human pathogen, ubiquitous enough to comprise an occupa-
tional hazard for medical personnel in many locales. Its high prevalence in both immunocompetent and 
immunocompromised individuals historically made TB a top-10 cause of death worldwide and the 
leading cause of death from a single infectious agent, though it fell to 13th after being overtaken by 
COVID-19 in 2021[1]. 95% of cases and deaths occur in developing countries. About one-quarter of the 
world's population has a TB infection, though most are not (yet) symptomatic and contagious[2]. 
Because people with active TB can infect 5-15 other people through close contact over a single year, the 
consequence of delayed/missed diagnosis cascade[2]. However, TB is curable and preventable[2].

The incessant rise of Multidrug-resistant TB (MDR-TB) and extensively drug-resistant (XDR) TB, 
either primary or acquired, pose an additional challenge[3,4]. Incidence of either varies in different 
studies: More concerning, only 1/3rd of such individuals accessed treatment in 2020[2].

The three countries with the largest share of the global burden in 2019 were India (27%, 2.8 million 
cases annually, 150,000 MDR-TB cases every year), China (14%), and the Russian Federation (8%)[5,6]. 
In 2020, an estimated 10 million people fell ill with TB worldwide. The largest number of new TB cases 
occurred in the WHO South-East Asian Region (43%), African Region (25%), and Western Pacific (18%)
[2]. In descending case-count order, eight countries account for two thirds of the total: India, China, 
Indonesia, the Philippines, Pakistan, Nigeria, Bangladesh, and South Africa[2].

Ending the TB epidemic by 2030 is among the health targets of the United Nations Sustainable 
Development Goals[2]. The End TB Strategy defines five-yearly milestones/targets for reducing TB 
cases and deaths. The targets for 2030 are a 90% reduction in TB deaths and an 80% reduction in new 
cases per year, compared with levels in 2015, with a reduction in new cases to < 1 per million population 
annually by 2050[7,8].

DIAGNOSIS OF TB
MDR-TB: Advances in laboratory diagnosis
MDR-TB is defined as an infection with MTB strains non-responsive to isoniazid (INH) and rifampicin 
(RIF), the 2 most effective first-line anti-TB drugs. Mutations in the INH and RIF resistance gene confers 
high competitive fitness, favoring their spread: >90% of RIF-resistant strains are also INH-resistant[9-
11]. Most people develop MDR-TB because of delayed or incomplete treatment, increasing subsequent 
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healthcare costs dramatically[12]. MDR-TB is curable with second-line drugs: In 2018, the treatment 
success rate of MDR-TB patients was 59% worldwide. The earlier treatment regimens for up to 2 years 
have been superseded by WHO’s updated (2021) recommendation for shorter (9-11 mo) and fully oral 
regimens, which increase compliance greatly[2,13,14]. Previously laboratory confirmation of TB by 
culture required 6-8 wk: Diagnosing MDR-TB, which used to be exclusively clinical, involved delays of 
up to 4 mo to identify therapeutic response failure; coupled with persistently positive sputum smears 
after 4 mo of regular treatment with a first-line DOTS (Directly Observed Treatment, Short-course 
Regimen)[15-17]. Such therapeutic setbacks especially impacted impoverished or illiterate patients 
psychologically: after expecting a treatment duration of 7-9 mo only, to be informed halfway through 
that a new regimen was necessary, they often stopped treatment and were lost to follow-up, eventually 
spreading MDR-TB to others, exponentially. The spread of MDR-TB was also worsened by policies of 
using the much cheaper ‘regular TB’ drug regimen empirically: Treating MDR-TB is 5-200 times more 
expensive than treating nondrug resistant TB[18].

However, PCR based technologies such as cartridge based nucleic acid amplification techniques 
[CBNAAT] (GeneXpert®, Cepheid United States, introduced in 2010), can now rapidly detect both MTB 
genetic material from sputum samples and RIF resistance within 2 h using the current generation of 
technology, without requiring special technicians/rooms and barely occupying the space of a computer 
printer, at a cost of $5/test[19,12]. This has been called the most exciting innovation in TB diagnostics in 
over a century[12]. It is recommended by WHO, which developed policies/guidelines and monitoring 
frameworks for its use to support developing countries’ Ministries of Health (MOHs) in their 
implementation[12,20]. The latest GeneXpert technology (MTB/RIF Ultra) has a ten-fold improvement 
in the lower limit of TB detection, and improves differentiation of certain silent mutations, RIF 
resistance detection in mixed infections (in 3-7 d), increased specificity in detecting RIF resistance in 
paucibacillary specimens, and better sensitivity in both pulmonary samples and extrapulmonary 
samples such as pleural/ascitic fluid and biopsied material such as lymph nodes[12,19,21-23]. Our 
group were amongst the first to successfully use it for lymph nodes and also to recommend the same 
being used to detect MDR TB upfront.

TB-QUICK is a recent ultrasensitive MTB detection platform which combines loop-mediated 
isothermal amplification and clustered regularly interspaced short palindromic repeats (CRISPR)-
Cas12b reaction for M TB detection. It is highly sensitive (with a near single-copy sensitivity), requires 
less sample input and offers even a shorter turnaround time than Gene-Xpert for RIF resistance[24].

In South Africa, national screening of high-risk groups [e.g., human immunodeficiency virus (HIV)-
infected individuals), deployment of Gene-Xpert machines, treating latent TB, and using quality MTB 
drugs with shorter regimens led to a decline in TB[25]. We suggest that an identical approach be 
deployed elsewhere to control the spread of this dreaded scourge.

Overall, TB, either incident or prevalent, is found in 4.1% of the MDR-TB contacts, which is higher 
than the corresponding prevalence rates of 1.9% and 1.7% reported among household contacts of drug-
susceptible TB in the same locality[26,27]. In a study it was shown that RFLP analysis confirmed the 
transmission of MDR-TB among household contacts while regression analysis showed XDR-TB had an 
even higher risk of household transmission among all MDR-TB cases[28]. We have successfully used 
CBNAAT to diagnose extrapulmonary TB, and feel this has tremendous potential to revolutionize TB, 
especially MDR-TB early diagnosis, treatment, and further management. Piatek et al[12] and Mechal et al
[23] have independently reported the same.

National TB control programs are working to eliminate TB mainly by intensifying efforts to find and 
cure patients with active disease. Mathematical models developed by Dye and Williams[29] suggest 
that, while most TB patients can be cured with present drug regimens, the 2050 target is far more likely 
to be achieved with a synergistic combination of diagnostics, drugs, and vaccines to detect and treat 
both latent infection and active disease.

IMAGING METHODS IN TUBERCULOSIS
Note: While interventional radiology plays a major role in TB treatment, we deliberately limit this 
review’s scope to diagnostic/prognostic imaging.

TB has a known propensity for dissemination from its primary site and can affect virtually any organ 
system in the body. It therefore demonstrates a variety of clinical and radiologic findings and can mimic 
numerous other diseases[30]. Hence, the role of imaging in TB has grown exponentially. The possibility 
of TB is often first suggested on an imaging study, particularly in relatively inaccessible sites.

In a known case of TB, imaging is often requested to assess the extent of disease, evaluate response to 
therapy, or detect residual infection after completion of anti-TB therapy. Imaging is also vital in guiding 
aspiration biopsies, therapeutic drainage of collections of pathological fluid etc[31]. Hence, Radiologists 
will continue to play a vital role in eliminating TB.

Imaging findings in TB depend upon the extent of the disease process. Familiarity with various 
imaging features permits early diagnosis and prompt management, thereby reducing patient morbidity
[30].
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In this section, we will also refer to various techniques that fall into the category of “Molecular 
Imaging Technology” (MIT). MIT visualizes molecules of relevance to a disease at both microscopic 
levels and in living subjects. For the latter, it provides 3D spatial characterization (often using existing 
imaging modalities) and non-invasive, temporal monitoring within the same subject[32]. MIT may 
augment TB research by advancing fundamental knowledge and accelerating the development of novel 
diagnostics, biomarkers, and therapeutics[32].

Conventional Chest radiography 
While radiology training has moved away from conventional radiology, most of the developing world’s 
population cannot access tomographic (cross sectional) imaging readily for logistic or financial reasons. 
Therefore, the time-tested signs/patterns of TB in conventional chest X-ray (CXR) cannot be forgotten. 
There is no excuse for missing a Ghon’s focus/complex or lamellar effusion of childhood TB in a CXR 
taken for a different purpose (Figure 1). CXR has high sensitivity but limited specificity for detecting 
pulmonary TB. As recommended by WHO’s guidelines, it is very suitable for TB screening and triaging, 
to stratify for risk, assess asymptomatic active disease, and for follow-up[33]. Stability of radiographic 
findings for 6 mo distinguishes inactive from active disease. Where CT is unavailable, lordotic view and 
penetrated (high kV) views improve depiction of the lung apices and mediastinal/carinal nodes, 
respectively[34]. Dual-energy radiography with bone subtraction, has also been used to improve 
depiction of the lung apices[34].

Ultrasonography
Ultrasonography (US) is one of the commonest recommended examinations for TB, including in the 
evaluation of suspected/affected lymph nodes and for guiding biopsies for the same. Basic details are 
well known and beyond the scope of this manuscript. It is a very useful non-invasive examination 
method in children including those with cervical lymphadenitis (across age groups). The US signs of 
hilar absence, short to long axis (S/L) ratio ≥ 0.5, an unclear edge, necrosis, an echogenic thin layer, 
strong echoes and capsular or peripheral vascularity; may aid in the diagnosis of cervical tuberculous 
lymphadenitis[35]. Endobronchial US-guided fine-needle aspiration biopsy for intrathoracic TB 
lymphadenopathy is valuable when bronchoalveolar lavage and sputum culture are ambiguous[36].

US elastography: [Strain/shear wave] is useful for further evaluation of lymph nodes and the detection 
of complications such as fibrosis[37,38]. US elastography (USE) techniques are classified by the type of 
excitation applied: (1) Strain elastography; and (2) Shear wave elastography. Strain elastography 
includes constant force-induced displacement (static/quasi-static imaging) or acoustic energy-induced 
physiologic motion. Shear wave elastography is sub-classified as: Transient elastography, point shear 
wave elastography (pSWE), two-dimensional SWE (2D-SWE), and three-dimensional SWE. Shear wave 
USE has clear advantages over strain USE by virtue of being quantitative and user independent. 
However, shear wave measurements are effective only till 3 cm depth from the skin surface, as the shear 
wave signal tends to attenuate rapidly beyond this depth. This though is an ideal depth for evaluating 
most cervical TB lymph nodes. On the color elastogram, red represents the softest and blue represents 
the hardest areas, while intermediate stiffness is indicated by green. These colors represent the relative 
hardness of tissues on the elastogram (Figure 2A-C). The units of measurement are kilopascal (kPA) or 
Velocity (V) in meters/sec (m/s) - [1 KPa = 3 × V2 (m/s)][39].

Cervical, axillary, and inguinal lymph nodes are easily evaluated by standard USE; and USE has the 
potential to non-invasively differentiate tuberculous from metastatic lymph nodes because of the latter’s 
greater stiffness[40,41]. On strain USE a cut-off value of 3.0 (strain ratio) has been suggested for 
determining if a mass/tissue is benign or malignant[42-44]. Shehata et al[43] stated that the best shear 
wave elasticity ratio cut-off value that allows significant differentiation between benign and malignant 
mass groups was > 4.9. USE also has great potential for marking biopsy sites in a lymph node for 
collecting samples for confirmation of the disease, as well as for drug sensitivity purposes, especially in 
drug resistant TB (Figure 2D). The samples collected should also be run through CBNAAT techniques 
such as GenXpert. This will enable MDR TB to be detected upfront (refer ’diagnosis of TB section).

These non-invasive techniques will be useful both for initial diagnosis and follow-up, including 
treatment - response assessment and monitoring of sequelae; e.g., post TB medication Liver fibrosis 
(Figure 3); where avoiding a liver biopsy would be a great boon[38]. Shear wave Elastography features 
while assessing liver tissue stiffness are as follows: (1) Normal: 1.37 m/s, Metavir F0-F1; (2) Mild 
Fibrosis: 1.37 - 1.55 m/s, Metavir F2; (3) Advanced Fibrosis: 1.55 - 1.8 m/s, Metavir F3; and (4) Cirrhosis: 
> 1.8 m/sec, F4[39]. Metavir is an acronym for "meta-analysis of histological data in viral hepatitis".

EUS: EUS elastography has proven to be useful for the evaluation of mediastinal and abdominal lymph 
nodes and can provide additional information about the structure and pathology of mediastinal and 
abdominal lymph nodes. It is an excellent method for targeting different areas of the lymph node to 
avoid unnecessary needle passes in EUS guided biopsies[40].

Multimodal ultrasound imaging: Multimodal ultrasound imaging combines several US modalities 
simultaneously: Color Doppler US, US elastography, and contrast-enhanced ultrasound (discussed 
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Figure 1 Lamellar pleural effusion. Frontal chest radiograph of an 18-mo-old child with Pulmonary tuberculosis (primary complex) 
reveals a lamellar pleural effusion- (homogeneous increased radio-opacity along lateral aspect of right lung field with blunting of the 
right costophrenic angle- mimicking the appearance of pleural thickening) - [arrowheads]. Image courtesy – Department of Radiology, KEM 
Hospital, Mumbai.

shortly). It differentiates tuberculous from non-tuberculosis superficial tuberculous lymphadenitis with 
100.00% sensitivity and a 94.12% positive predictive value[45].

Micro-Bubbles in diagnosis and theragnostics: “Theragnostics” combines disease diagnosis with 
therapy[46,47]. Micrometer-sized gas bubbles “micro-bubbles (MB)” allow for intravenous contrast-
enhanced US: MBs oscillate resonantly when subjected to high-frequency US, which they reflect 
intensely[48].

The utility of the same in diagnostic radiology, especially for the urinary tract, is well established[49]. 
They can readily be utilized for US assessment of vesico-ureteric reflux in patulous golf-hole uretero-
vesical junctions seen in TB, circumventing the use of ionizing radiation. Kiessling et al[50] discuss 
conjugation of antibodies to the MB surface and incorporation of various molecules inside or onto the 
MB shell.

MBs have potential for targeted therapies. High-intensity US (HIUS) temporarily disrupts the blood-
brain barrier, allowing medications contained in MBs, which HIUS also disrupts, to treat CNS cancers 
and intracranial TB[50]. Additionally, MBs can deliver medications to TB lymph nodes, as well as gene 
therapy to tissues exhibiting congenital disease phenotypes[51].

Ultra-high-frequency US and Ultrasound biomicroscopy: Ultrasound biomicroscopy (UBM) is a 
superb tool to assess superficial TB lesions such as skin TB (lupus vulgaris), both in their diagnosis, as 
well as during follow up (Figure 4). This is safe and easily repeatable and avoids the use of repeated 
biopsies. Ma et al[48] have designed a small-aperture (0.6 mm × 3 mm) IVUS probe optimized for high-
frequency contrast imaging. Their design utilizes a dual-frequency (6.5 MHz/30 MHz) transducer for 
exciting microbubbles at low frequencies (near their resonance) and detecting their broadband 
harmonics at high frequencies. Fei et al[52] have developed broadband lithium niobate single element 
ultrasonic transducers in the range of 100-300 MHz for high resolution imaging. They claim a 
performance comparable to optical resolution and state that availability of ultrahigh frequency 
transducers will make Ultrasound Biomicroscopy (UBM) a promising tool to study fine biological 
structures. Future applications of CEUS and UBM could be expected in TB too.

Dark Field Radiography
X-ray dark-field radiography relies on ultra-small-angle scattering (diffraction) of X-rays at the material 
interfaces within the tissue under investigation[53]. “Dark field”, when applied to visible light, refers to 
the bright appearance of scattering objects on a dark background. Healthy lung tissue, with numerous 
air/parenchyma interfaces in the alveoli, produces a relatively high signal[54,55]. Introduced experi-
mentally in 2008, Dark field radiography may increase sensitivity for early detection of varied lung 
pathologies involving the alveoli, including tuberculosis.

Computed Tomography
Computed tomography (CT) enables non-invasive diagnosis of TB in patients with negative sputum 
examination or no sputum production (as occurs in the follow-up of patients on anti-tuberculosis 
therapy (ATT) or at presentation) non-invasively: it permits empirical ATT initiation until culture 
results are obtained[56]. Contrast-enhanced CT is the investigation of choice for evaluating mediastinal 
LNs and identifying pleural enhancement in empyema (Figure 5). High-resolution CT (HRCT) 
reconstructions are especially useful to detect miliary and centrilobular nodules, ground-glass opacities, 
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Figure 2 Cervical tuberculosis lymph node. A: Cervical tuberculosis lymph node: Ultrasonography (US) elastography - central necrotic area appears soft 
(red); B: Tuberculous lymphadenopathy: A 16-year-old female with fever and neck swelling; B1: Grey scale B-mode image: shows an enlarged lymph node with 
diffusely hypoechoic echotexture and loss of fatty hilum; B2: Strain US Elastography: Showing a mixed pattern, predominantly soft (red); C: Tuberculous 
lymphadenopathy: 35-year-old male with neck swelling and history of weight loss; C1: Grey scale image: shows an enlarged lymph node with diffusely hypoechoic 
echotexture and loss of fatty hilum; C2: Strain US elastography: Showing soft areas within (red areas) s/o necrosis / liquefaction; C3: Shear wave US elastography: 
Shows relatively low shear wave values; D: Tuberculous lymphadenopathy: Neck US of a 14-year-old female (known case of drug resistant tuberculosis); D1: Grey 
scale B-mode image: enlarged lymph nodes with diffusely hypoechoic echotexture and loss of fatty hilum; D2: Strain US Elastography: The strain elastography 
reveals a low strain ratio (2.26). Elastography details are noted on the elastography graph too. Trucut biopsy was done - results awaited. Images courtesy Dr. 
Chaubal N, Thane Ultrasound Centre, India.

and air-trapping (Figure 6).
Multi-detector CT and its volumetric capability enables earlier and more accurate diagnosis of 

pulmonary lesions: detection of radiographically occult disease; assessment of disease activity, 
parenchymal lesions (including miliary TB), mediastinal lymph nodes (LNs), and visualized bones. It 
also helps evaluate complications like bronchiectasis, cavitation, associated fungal balls, LN necrosis, 
and pleural/airway/diaphragmatic pathology (Figure 7).

Spectral imaging on CT (dual-/tri-/quad-energy), when it becomes widely available, should further 
enhance radiologists’ diagnostic armamentarium[38]. Khan et al[57] concluded that dual energy CT is 
superior to high-resolution CT for assessing pulmonary TB. Recent CT iterative reconstructions allow 
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Figure 3 Shear wave ultrasonography elastography of Liver: 28-year male, on tuberculosis medications for 8 mo, with altered liver 
functions. Stiffness median - 1.76 metres/sec -- Metavir F3: indicative of Enhanced liver fibrosis. Images courtesy Dr. Chaubal N, Thane Ultrasound Centre, India.

Figure 4 Ultrasound Biomicroscopy scanned at 50 MHz - Skin tuberculosis - lupus vulgaris. A well-defined reddish-brown plaque with papulo-
nodular borders is seen on the skin (black arrow), Ultrasound biomicroscopy (UBM) shows a well-defined heterogenous mass lesion in the dermis (up arrow-dotted), 
Histopathology shows a well-defined tuberculous granuloma in the dermis (white filled arrow), Follow up UBM after 6 mo of AKT shows marked decrease in the size 
of granuloma in the dermis (down arrow- dashed). Images Courtesy Dr. Bhatt K, UBM Institute & Sonography Centre, Mumbai.

significant X-ray dose reduction and improved image quality over conventional filtered back-projection 
reconstruction methods[58]. These advantages would enable greater use of CT in Molecular Imaging.

Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) yields high soft tissue contrast and resolution with high sensitivity 
for detection of tissue necrosis, as occurs in TB[59]. While MRI lacks the ionizing-radiation hazard, it 
usually requires longer acquisition times. However, more recently, short-sequence lung MRI (such as 
HASTE T2, BLADE T2, TRUFI T2 and VIBE T1) have been used for pulmonary imaging in TB patients
[60]. Cardiac MRI has made rapid progress too and is the ideal modality for diagnosing Cardiac TB.

Cardiac TB can take the form of Pericarditis, Peri-Myocarditis or a Pancarditis. Pericardial TB is the 
commonest manifestation of Cardiac TB (Figure 8A and B). In its early form it is seen as pericardial 
thickening. In advanced cases, pericardial effusion and septations are seen. Accompanying para-spinal 
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Figure 5 Tuberculous pyo-pneumothorax. A: Sagittal high-resolution computed tomography image in lung window showing a thick-walled cavity 
communicating with the left pleural space. A large loculated collection in the left pleural space showing air-fluid level; B: Sagittal image in a mediastinal window 
showing a Right pleural effusion with partial collapse of Right lower lobe. Images courtesy Dr. Thakkar H, Prof & Head (Radiology), KEM Hospital, Mumbai.

Figure 6 Endobronchial spread of tuberculosis. Coronal computed tomography images in mediastinal and lung windows; demonstrative of multiple discrete 
and confluent centrilobular nodules in the lateral basal segment of right lower lobe, some of which show V-Y branching pattern (“tree in bud appearance”- circled 
area). Enlarged mediastinal lymph nodes are also observed in the subcarinal region. Images courtesy Dr. Joshi A, Prof & Head (Department of Radiology), LTMMC & 
LTMGH, Mumbai.

abscesses and pleural effusions can easily be seen (Figure 8C). This may resolve on therapy or can 
undergo calcification. Myocardial TB is rare and in the presence of a myocardial mass lesion, can 
frequently be misdiagnosed as a neoplasm. The presence of associated diffuse or non-contiguous 
pericarditis in the presence of myocardial masses is a good pointer to TB etiology of the cardiac masses: 
The ‘Myocarditis - Pericarditis Complex’ sign[61] (Figure 9). In a case series of 11 Cardiac TB cases 
imaged on a 3 Tesla MRI scanner, myocardial lesions were seen in 6 cases (55%) and all of them had 
concomitant (either diffuse or non-contiguous) pericardial involvement[61]. This is in keeping with the 
etiopathogenesis of myopericarditis in Cardiac TB. Greater awareness about the “Myopericarditis-
Pericarditis Complex” sign/when added to Cardiac AI diagnostic protocols/algorithms, can save the 
patient from unnecessary invasive tests / cardiac biopsies.

Additionally, novel modalities, such as MR spectroscopy (MRS), chemical exchange saturation 
transfer (CEST) contrast, Amide Proton transfer imaging and dynamic contrast-enhanced imaging can 
detect physiological or metabolic changes without the need of exogenous agents. In animal models, 
these novel MRI capabilities differentiated bacterial infections from sterile inflammation or oncological 
processes[62,63].

Low-field MRI: Though currently still under development, low-field-strength (and lower-cost) MRI (0.5 
T vs 1.5 or 3 T for typical scanners), coupled with state-of-the-art hardware, is being evaluated for high-
quality imaging lungs and heart[64].

MR spectroscopy: MR spectroscopy (MRS) allows imaging of biochemical processes using endogenous 
metabolites (e.g., choline, creatine, lactate) or substances labelled with exogenous nuclei such as 19F and 
13C. MRS can be performed with most clinical MRI scanners, but multi-voxel MRS scanners are 
preferred for their greater coverage and resolution. Morales et al[65] reported that a singlet peak at ~3.8 
parts-per-million (ppm) is present in most tuberculomas and absent in most malignant tumors, allowing 
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Figure 7 Tuberculosis sagittal computed tomography. A: Miliary tuberculosis: Axial high-resolution computed tomography (HRCT) image in lung window 
demonstrates miliary nodules scattered in both lungs; B: Tuberculous cavity: Axial HRCT image in lung window showing a thick-walled cavity in the apical segment of 
the right upper lobe. Images courtesy Dr. Joshi A, Prof & Head (Department of Radiology), LTMMC & LTMGH, Mumbai.

Figure 8 Tuberculous pericarditis and pericardial effusion: 3 Tesla Cardiac magnetic resonance imaging. A and B: PSIR (short axis view) 
images shows enhancing pericardial thickening (arrow) and moderate distension of pericardial space with hypointense fluid (asterisk); C: Coronal STIR dorsal spine: 
Paraspinal abscesses (white arrow -filled) with concomitant pleural effusions (white arrow- unfilled).

differentiation between these lesions.

CEST contrast MRI: CEST contrast MRI uses compounds containing exchangeable protons or molecules 
in concentrations too low to be visualized using standard MR imaging, with gadolinium substituted by 
alternative metals, such as manganese, lanthanides, or iron-based agents[66,67]. CEST agents can be 
diamagnetic or paramagnetic[68]. Diamagnetic agents create relatively small chemical shift differences 
(within 5 ppm of the water signal) that limit the observed effect per injected agent dose. Paramagnetic 
(PARACEST) ions induce much larger shifts, up to a few hundred ppm, thus allowing much shorter 
proton lifetimes. PARACEST can be single metal-containing chelates (e.g., lanthanides), dendrimers, 
supramolecules, and liposomes.

Amide proton transfer: Building on the principles of CEST and Magnetization Transfer (MT), amide 
proton transfer (APT) imaging generates tissue contrast as a function of the mobile amide protons in the 
tissue’s native peptides and intracellular proteins (Figure 10). Tuberculomas demonstrate lower MT 
ratios (MTRasym) compared to High Grade Gliomas, reflective of a relative paucity of mobile amide 
protons in the ambient microenvironment. Elevated MTRasym values in the perilesional parenchyma of 
tuberculomas are a unique observation that may be a clue to the inflammatory milieu[69].

MR elastography: Rapid progress has been noted in the utilisation of MR elastography (MRE), which 
includes the evaluation of alternatives to the expensive and invasive ‘liver biopsy option’ for assessing 
liver fibrosis in patients. Hepatic fibrosis is a known complication of TB medications (ATT) (Figure 11)
[70]. Imajo et al[71] reported that MRE and US shear wave elastography (2D-SWE) demonstrated 
excellent diagnostic accuracy in detecting liver fibrosis in patients. They reported that MRE 
demonstrated the highest diagnostic accuracy for stage 4 fibrosis detection and intra - and inter-
observer reproducibility[71]. MRE has the potential to be applied to detection of TB fibrosis in other 
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Figure 9 Cardiac tuberculous myo-pericarditis - ‘the myocarditis-pericarditis complex - a sign of cardiac tuberculosis’: 3 tesla cardiac 
magnetic resonance imaging. A: PSIR (4 chamber view -4CH) images shows enhancing pericardial thickening (thin arrow) and peripherally enhancing nodules 
in the subepicardial myocardium (thick arrow); B: PSIR (VLA view) - Thickened enhancing pericardium (unfilled arrow) with multiple nodular lesions (filled arrow) 
involving the myo-pericardium; C: Cine 4CH view: Diffuse pericardial thickening (<). In addition, nodular wall thickening (<) of the atria, and the interatrial septum is 
noted. (The patient was 10-year-old boy with a 2-mo h/o fever and chest pain and responded to anti-tuberculosis medications- regression of the lesions noted).

Figure 10  Magnetic resonance imaging - tuberculoma. A: Axial T2-weighted imaging shows a variable T2 hypointense circumscribed mass lesion in the 
right anterior frontal region, with surrounding perilesional edema; B: T1 weighted imaging shows a peripheral T1 hyperintense rim; C: Apparent diffusion co-efficient 
map shows restriction of diffusion; D: Susceptibility weighted imaging demonstrates fine punctate intralesional foci of blooming; E Post contrast T1 weighted imaging 
showing slightly irregular peripheral rim enhancement; F: T1 magnetization transfer images; G: Amide proton transfer weighted images show elevated magnetization 
transfer asymmetry in the periphery of the lesion; H: T1 post contrast imaging after completion of anti-tuberculosis treatment reveals significant reduction in the size of 
the previously seen ring enhancing lesion. APT: Amide proton transfer. Images courtesy Dr. Saini J, Professor, Neuroimaging & IVR, NIMHANS, Bangalore.

organs too, e.g. kidney: Including for treatment-response assessment and monitoring of sequelae, as 
fibrosis is a common manifestation in TB, including during healing[38]. This could be extremely vital in 
TB ureteric strictures which need to be stented, as they will heal by fibrosis (with treatment); and could 
result in serious damage/function loss of the affected kidney, if left unstented.

Advances in MR hardware and software: The development of sequences, arrays of coils, k-space 
strategies, stochastic imaging, and machine learning (ML)-based image analysis procedures will provide 
numerous opportunities to improve image contrast in MRI[72,73]. MRI sequences and post-processing 
techniques may replace or decrease the use of contrast agents (for example 4D MRI instead of MRA and 
CEST imaging); hybrid technologies such as positron emission tomography (PET)/MR may rely on 
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Figure 11  Post tuberculosis medication liver fibrosis on magnetic resonance elastography. A: Color elastogram of liver with a 0-8kPa scale shows 
the stiffness distribution in organs for qualitative evaluation. Red or orange regions have higher stiffness values, whereas blue and purple regions are depictive of 
lower stiffness values. Severe Liver fibrosis is noted - 8.1kPa; B: Wave image of liver shows excellent wave propagation anteriorly and laterally. Low amplitude waves 
with wave distortion observed in segment VII and II of liver. Images courtesy Dr. Bhaskar N, Vista Imaging Centre, Bangalore.

radiotracers in lieu of MR contrast agents[74].

Nuclear imaging, fusion imaging and miscellaneous
Nuclear imaging detects gamma-radiation produced by radioactive molecules administered non-
invasively in micromolar quantities. If such molecules also have biological functions, one visualizes 
biological processes in vivo through functional images (at the cost of poorer anatomical resolution 
compared to CT/MRI/High-res US). Well-established for cancer management, molecular imaging may 
soon have potential for infectious disease[75].

PET: PET uses radionuclides that decay via positron emission relatively quickly (e.g., 18-Fluorine and 11-
Carbon have half-lives of 110 and 20 min) and require an on-site cyclotron to make the radionuclides on 
demand before they decay. Single-photon emission computed tomography (SPECT) uses longer-lived 
radionuclides (99-metastable-Technetium and 123-Iodine have half-lives of 6 and 13.2 h). In either case, 
gamma radiation is converted by semiconductor detectors into electrical signals which are then 
reconstructed as 3D tomographic images.

Pathogen-specific PET imaging agents: Pathogen-specific PET imaging agents currently in 
development, could provide more accurate data on bacterial burden and other longitudinal information 
on infection dynamics and treatment responses[76,77].

Fusion imaging: PET CT (Figure 12A and B) and PET MR (Figure 12C) combines functional imaging 
(PET, SPECT) for pharmacokinetic/ metabolic information with anatomic imaging (CT, MRI) for 
structural detail. This permits repeated studies in the same subject over time, a fundamental advantage 
over traditional techniques. Data thus obtained can be supplied to mathematical models of disease 
progression, which represents a major advance for the field that has primarily relied on snapshots to 
understand TB[75]. A small study in adults with MDR-TB, 18F-Fluoro-deoxyglucose (18-FDG) PET plus 
CT showed quantitative changes in computed abnormal volumes at 2 mo into the treatment that 
predicted long-term treatment success more sensitively than conventional sputum microbiology, 
suggesting the potential of imaging scans as possible surrogate endpoints in clinical trials of new TB 
drug regimens[78]. TB reactivation risk in animal models and human subjects has been accurately 
identified through 18F-FDG PET/CT[79-81].

Explorer total-body PET: This device’s increased sensitivity (× 40) allows PET scans at extremely low 
radiation doses while improving the scan speed (potentially in less than a minute) and can track 
radiopharmaceuticals for longer periods after injection[82]. Although MDR-TB poses mortality risks 
comparable to those of many common cancers, radiopharmaceutical imaging, while accepted for cancer 
workup, is oddly avoided for infectious diseases[83]. Explorer total-body PET could allow increased 
PET use in both pediatric and adult patients with infectious diseases and would be very useful for 
assessing the extent of TB, especially when involving multiple sites, including the response to treatment
[84-86].

SPECT: A rotating gamma camera captures energies from labelled molecules, which decay via the 
emission of single gamma rays. Most cameras produce 2D images, although some can perform 
tomographic 3D reconstructions. Foss et al[87] have designed a monoclonal antibody mAb 3d29 that can 
be used to detect and localize areas of infection with M. tuberculosis non-invasively, on SPECT, 24 h 
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Figure 12  Fusion imaging. A: Fluoro-deoxyglucose (FDG) positron emission tomography (PET)/computed tomography (CT) Abdominal tuberculosis: 55-year F - 
h/o loss of weight with mild abdominal pain on and off gradually increasing (for 4 mo). Low grade evening rise of fever. Whole body PET CT showing irregular 
peritoneal thickening with nodularities and cocoon formation. PET and fused PET-CT images showing significant amount of uptake with SUV max of 12.3; B: Whole 
body FDG-PET/CT - Brain Tuberculomas:45 years male - h/o seizures for 5 mo, gradually increasing in frequency. PET-CT advised for the possibility of metastases; 
B1: Whole body FDG-PET/CT done showing irregular ring enhancing lesions in the brain with peri-lesional edema. PET and fused PET-CT images showing 
significant amount of uptake with SUV max of 14.8; B2: There is no other abnormal uptake in the entire body. (Normal myocardial uptake and left axillary vessel 
uptake is noted); C: Fusion imaging (MR-PET): Tuberculoma with Rubral tremor. 12-year-old girl presented with right 3rd and 4th cranial nerve palsy along with 
rhythmic to and fro left ‘shoulder joint tremor’ which worsened with movement; C1: Axial non-contrast CT image demonstrates a well circumscribed hyperdense mass 
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lesion within the right half of the midbrain; C2: T2-weighted imaging shows variable T2 hypo intensity within the lesion; C3 and C4: Diffusion weighted imaging and 
apparent diffusion co-efficient maps reveal restricted diffusion within the lesion; C5: Fusion imaging (T1W and PET) demonstrates avid glucose uptake within the 
lesion; C6: Post contrast T1 weighted imaging with fat saturation, reveals intense nodular enhancement. Stereotactic biopsy of the lesion revealed granulomatous 
inflammatory pathology; C7 and C8: After completion of anti-tuberculosis treatment, resolution of the granulomatous lesion with residual gliosis was observed on T2 
weighted and Post contrast fat saturated T1w images. Images (A & B) courtesy Dr. Sikander Shaikh, Consultant radiologist, Yashodha Hospital, Hyderabad & Image 
(C) courtesy Dr. Saini J, Professor, Neuroimaging & IVR, NIMHANS, Bangalore.

after radiotracer injection.

Optical imaging: Optical Imaging provides high-resolution (e.g., single-cell resolution) live imaging in 
small animal models and has provided very valuable insights into various biological processes (e.g., TB 
granuloma formation)[32,88]. It is performed with highly sensitive fluorescent or bioluminescent agents. 
However, the use of low-energy photons means that the depth of penetration is limited to only a few 
centimetres. These could be used for superficial pathologies e.g., cervical lymph nodes, including their 
complications (TB lymphadenitis, including collar-stud abscess etc.).

Advances in ex vivo molecular imaging and microscopy
Including autoradiography, fluorescence microscopy, fluorescence life-time imaging microscopy 
(FLIM), matrix assisted laser desorption/ ionization mass spectroscopy imaging (MALDI/MSI): Visual-
ization of molecules based on mass detection. MALDI/MSI can simultaneously detect multiple 
compounds and provides high spatial resolution. Quantum Microscopy (improving the speed and 
sensitivity of Raman Scatter Microscopy (SRS); visualizing structures that would otherwise be 
impossible to see.

The molecular imaging techniques discussed below offer potential for cutting-edge research into the 
cellular mechanisms of TB. While autoradiography and Fluorescence Microscopy are long-established 
molecular imaging methods, the newer techniques use different modalities and/or extended study in 
living tissue.

FLIM: Performed in vivo with highly sensitive fluorescent or bioluminescent agents provides high-
resolution (e.g., single-cell resolution) in small animal models, allowing visualization of various 
biological processes (e.g., TB granuloma formation)[32,88,89]. However, the use of low-energy photons 
limits the depth of penetration to a few centimeters. These could be used for superficial pathologies e.g., 
cervical lymph nodes, including their complications (TB lymphadenitis, including collar-stud abscess, 
etc.).

Multiphoton intravital microscopy: Multiphoton intravital microscopy (MP-IVM) is based on the 
simultaneous absorption of two or more (near-) infrared photons. It allows visualization at single-cell 
resolution within a depth of a few millimeters. Murooka et al[90] used MP-IVM to monitor lymphocyte 
motility in lymph nodes of mice.

Matrix assisted laser desorption/ ionization mass spectroscopy imaging: This visualizes molecules 
based on mass detection. MALDI/MSI can simultaneously detect multiple compounds with high spatial 
resolution. It has been used to localize mycobacterial biomarkers and TB drugs in infected tissue[89]. 
MALDI-MSI can localize multiple molecules (e.g., drugs, metabolites, lipids, proteins) simultaneously, 
overlaying them onto histologically stained sections to reveal the spatial distribution of each molecule 
with subcellular resolution[89,90]. MALDI-MSI can also be applied to archived tissue blocks dating back 
decades[91]. This would be a great boon for research, including retrospective studies.

The transition from anatomical imaging to functional/molecular imaging now allows integration of 
imaging data with various levels of “omics” data (genomics, metabolomics, proteomics, and pharmaco-
genomics). This may open new avenues for predictive, preventive, and personalized medicines[58].

Quantum microscopy: Quantum Microscopy has been utilized for improving the speed and sensitivity 
of SRS microscopy; visualizing structures that would otherwise be impossible to see. Casacio applied 
squeezed states of light in SRS, developing a quantum-enhanced-microscope[92]. This enhancement 
allowed for resolution of the cell membrane which could not be seen on a conventional microscope and 
sub-micron spatial resolution and the improved image contrast and reduced imaging time surpassed 
the current state-of-the-art Raman microscopes, while avoiding photodamage in the sample.

MOLECULAR MECHANISMS IN TB
Role of vitamin D
Another addition worth considering is the humble Vitamin D, which was used to treat TB in the pre-
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antibiotic era[93]. Serum levels of 25-hydroxy-cholecalciferol (25-OH-D3) in TB patients have been 
shown to be lower than in healthy controls[94]. The vitamin D-cathelicidin pathway regulates the 
autophagy machinery, protective immune defenses, and inflammation; and contributes to immune 
cooperation between innate and adaptive immunity[95]. Vitamin D activates macrophages and restricts 
MTB’s intracellular growth[96]. In monocytes and macrophages, MTB lipoprotein binds to the 
TLR2/TLR1 heterodimer (TLR = Toll-like receptor): this increases vitamin D receptor expression and 
processing of the pro-vitamin D precursor, which in turn increases production of a mycobactericidal 
peptide[94]. Vitamin D supplementation during TB treatment accelerates sputum smear conversion and 
hastens resolution of inflammatory responses[97].

A systematic review (Sutaria et al[98]) evaluated 21 randomized, controlled trials and concluded that: 
(1) TB patients had lower vitamin D status (lower serum levels of 25-OH-D3than healthy, age-matched, 
and sex-matched controls) [99]; (2) People with certain Vitamin D receptor polymorphisms (BsmI and 
FokI) had increased susceptibility to TB; and (3) TB patients receiving vitamin D supplementation had 
improved outcomes in most studies, including shortening treatment duration[98,100]. Vitamin D 
deficiency may adversely influence TB re-activation/ re-infection: lowered 25-OH-D3 Level leads to a 
fall in cell-mediated immune defenses, which can activate latent tuberculosis[101]. Hence, it would be 
worth checking and restoring 25-OH-D3 Levels in malnourished TB patients[102].

Epigenetics perspective
Epigenetics refers to heritable changes in DNA function caused by environmental factors, without 
altering the DNA sequence, through mechanisms such as DNA (de)methylation (methylation typically 
deactivates genes) and histone modification (DNA is inactive when tightly bound to histone proteins.) 
MTB is known to cause histone changes in immune cells that inactivate the defensive IL-2V gene 
(IL=interleukin), improving MTB’s survival chances[103]. Gauba et al[104] review various MTB-induced 
epigenetic mechanisms. In their review, they have unravelled the numerous ways by which MTB re-
shapes the host epigenetic landscape as a strategy to overpower the host immune system, for its 
survival and persistence.

The degree of methylation of key genes in the vitamin D metabolic pathway influence risk and 
prognosis of tuberculosis[105]. Here’s where Vit D supplementation can play a vital role in protecting 
against TB and in complimenting Anti TB therapies. Understanding the inter-talk between MTB and 
epigenetic mechanisms will also play a vital role in controlling/ eliminating the scourge of TB[106]. 
Analysing epigenetic changes offers great potential in the diagnosis, prevention, and treatment 
strategies for a wide range of diseases, including TB. CRISPR interference (CRISPRi) has been utilized in 
mycobacteria to identify novel drug targets by the demonstration of gene essentiality. Faulkner et al[107] 
used CRISPRi to study genes involved in mycobacterial antibiotic resistance, restoring Rifampicin 
sensitivity in M. smegmatis with CRISPR. This offers hope for the future - for the creation of epigenet-
ically modified Anti -TB drugs to treat MDR and XDR TB.

ADVANCES IN COMPUTING
We discuss these advances under two broad categories, software (e.g., Artificial Intelligence, 
Augmented and Virtual Reality) as well as Hardware Innovations.

Artificial intelligence applications in TB
Increasing Internet bandwidth, coupled with transparent data security, has advanced telemedicine, so 
that remote diagnosis is now routine. Diagnosis can be assisted by Artificial Intelligence (AI). An 
important AI sub-field, ML, uses statistical techniques, rather than explicitly encoded insight from 
human experts, to detect patterns in (often considerable) volumes of data. ML allows classification (e.g., 
diagnosis) or making predictions. A rapidly progressing branch of ML, called multilayer neural 
networks or “Deep Learning” (DL), can increase speed and accuracy of onsite and remote diagnosis. DL 
algorithms have already been used to detect features consistent with pulmonary TB in CXR and CT 
scans[108].

However, “Artificial Intelligence needs Real Intelligence to guide it!” To maximize AI applications’ 
accuracy and utility in medical diagnosis and treatment modalities, AI must incorporate experiential 
wisdom accumulated over decades of clinical and radiological experience time, namely time-tested key 
medical ‘teaching’ and/or key ‘clinical’ parameters, including prognostic indicators.

TB is no exception. Take childhood (< 15 years) pulmonary TB, which represents 12% of new cases, 
but 16% of the estimated 1.4 million deaths[109]. This higher mortality highlights the urgent need to 
improve case detection, and to identify children without TB disease eligible for preventive treatment. 
One strategy is systematic screening for tuberculosis in high-risk groups[109]. Early diagnosis and 
prompt treatment will prevent spread to other children at school or in community settings, especially in 
resource-limited settings[109]. Imaging algorithms can thus play an important role in screening 
strategies.
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The TB Primary Complex (Ghon’s focus, draining lymphatics and hilar node/s) is very common in 
developing countries. However, inexperienced radiologists find it challenging to identify it in children 
on CXR, partly because the relatively prominent pulmonary arteries obscure the hila. However, co-
occurrence of pleural effusion simplifies identification, because “classical” pleural effusions, especially 
of the lamellar type (tracking along the pleura, mimicking pleural thickening) (Figure 1) are relatively 
uncommon in children due to non-TB causes. A Childhood TB diagnosis algorithm using this 
information would gain in specificity. Similar considerations apply to Adult TB. Patients with “Open 
Kochs” (lung cavities or smear positive) (Figure 7B) are far more contagious and require isolation: 
including these factors in analysis/algorithms enables more effective screening/control/management
[27].

While DL excels at recognizing individual patterns (most artificial-vision applications use it), higher-
level knowledge of key imaging and clinical signs allows integrating the individual patterns into a 
diagnosis. Such “Holistic” algorithms that integrate all the available information-not just on a single 
patient, but also molecular and epidemiologic knowledge-can significantly improve not only early 
detection of TB, including MDR-TB, but more effective management and significant improvement in 
healthcare outcomes.

Augmented reality and Virtual reality
Virtual reality creates entirely synthesized 3-D environments, while augmented reality (which is 
technically simpler to create and often more practical) superimposes synthesized content on existing 
environments, typically under user control. Both are potentially valuable for teaching/simulation and in 
clinical practice/patient education, by providing novel visualizations. Clinicians/radiologists could 
walk the patient through their own body to explain the disease, intended intervention, and anticipated 
post-intervention changes. Such immersive experiences could likely ensure greater compliance with the 
treatment regimen.

Distributed computing
We introduce distributed computing (DC) because many AI problems, such as would address TB, 
require computing power that single computing units cannot provide; including data housed in 
computers at diverse geographical locations. In DC, a computational problem is tackled by multiple, 
communicating, computing units. It has the following characteristics: (1) The units may lie within a 
single organization (connected by a local area network) or be distributed geographically (connected by 
the Internet); (2) Typically, a subset of units (often, just one “central” unit) may operate as either 
“coordinators” that control/direct other “peripheral” units, or provide resources (e.g., data, computing 
services) to them; (3) The central units typically have far more CPU power and storage capacity than the 
peripheral units. In the extreme case, the peripherals may be devices like smartphones, or even single-
purpose sensors (e.g., for continuous glucose or EKG monitoring); (4) The central units’ upkeep requires 
skilled/expensive personnel. In Cloud Computing, the units’ housing/maintenance are outsourced to a 
“cloud vendor” (Amazon, Microsoft, Google, etc.). The available services can be scaled up or down in 
each billing cycle based on the customer’s requirements. The term “cloud” indicates that the central unit 
is “out there”, its physical location transparent to customers: location may even change; and (5) A single 
central unit can pose a bottleneck if thousands of small devices connect to it, especially over a sluggish 
Internet. Edge Computing enhances cloud computing by interposing intermediary units between the 
peripherals and central units[110]. The Edge units are physically close to the peripherals at a given 
geographic location (i.e., at the “Edge” of a network diagram). They prevent overwhelming of the 
central unit, reduce overall network traffic by aggregating inputs from the peripherals and also provide 
some computing resources.

Federated ML: ML in general, and DL specifically, need lots of data (as well as diverse data from 
multiple geographic locales) to achieve the desired accuracy. “Big-data” solutions naturally suggest 
themselves. However, the obvious solution, physical pooling of data, faces the following barriers: (1) 
Data privacy - which is less of an issue with all forms of digital imaging, where DICOM metadata 
containing identifiable information can be removed; and (2) Mistrust - a formidable hurdle when 
academic or commercial consortia bring rivals together.

The technique of Federated Learning (FL), originally pioneered by Google as an application of their 
well-known MapReduce algorithm allows iteratively training an ML model across geographically 
separated hardware: the ML algorithm is distributed, while data remains local[111,112]. It can be 
employed for both statistical and deep learning.

Typically, a central server coordinates computations across multiple distributed clients. At start-up, 
the server sends the clients initialization information. The clients commence computation. When each 
client is done, it sends only aggregate results back to the server, not detailed or identifiable data 
elements. The server collates all clients’ results and sends updates to each client, which then computes 
again. The process continues until the ML training completes convergence.

Ng et al[113] provide a detailed technology overview. Sheller et al[114] use FL to replicate prior 
analysis of a 10-institution brain-tumor-image-dataset derived from The Cancer Genome Atlas (TCGA). 
Navia-Vasquez et al[115] describe an approach for Federated Logistic Regression.
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Most important, many AI algorithms can run in FL mode, making them more accurate because they 
are based on more voluminous and diverse data. This increases the scope for Multi- Institutional/Multi-
city collaborations. Dashboards augmented with these algorithms’ can aid key organizational decision-
makers to identify trends (including epidemiological), communicate vital information and monitor 
performance against strategic goals. Better information through technology-assisted developments 
would aid WHO, UNICEF and other such organizations counter/eliminate the scourge of TB 
worldwide. While FL works around institutional barriers, one pays a cost in computational speed, 
which is limited by Internet bandwidth. In almost all cases, this tradeoff is worthwhile.

Quantum technology
“Quantum” technology refers to a highly diverse set of technologies that leverage “quantum 
mechanics”, the physics of sub-atomic particles. Some of these are established, such as scanning 
tunneling microscopy and photoionization, while others are still largely theoretical, or in the prototype 
stage[116]. Quantum Computers and Quantum microscopes, new quantum repeaters enabling a 
scalable super secure Quantum Internet (distance will no longer be a hindrance, not just IOT but 
‘Intelligent Edge’ devices commonplace); will give a quantum boost to Medical Imaging/other health-
care Algorithms/strategies, including in other related fields, improving healthcare in ways beyond the 
realm of dreams[117].

Quantum entanglement microscopy: Quantum entanglement (QE) occurs when a group of particles are 
generated and interact with each other so that each particle’s sub-atomic (i.e., quantum) state cannot be 
described independently of the others’ state. Originally postulated in 1935 by Einstein, Podolsky, and 
Rosen, it led to seemingly bizarre predictions if true. For example, if one particle encountered an object (
e.g., a bacterium), the other particles would reflect this interaction instantaneously - even if the particles 
were at opposite ends of the universe, violating General Relativity’s prediction that faster-than-light 
interactions are impossible. Such predictions led Einstein to believe that Quantum Theory was 
erroneous: However, QE was demonstrated experimentally almost eight decades later.

With QE using confocal “differential interference contrast,” standard microscopy wavelengths, e.g., 
visible light or ultraviolet (UV), provides much higher resolution than without QE, demonstrated by 
Ono et al[118]. QE achieves such detail using much less light (useful for light-sensitive micro-organisms 
or living tissues when UV is employed). A quantum optical counterpart has been developed to the 
classical Fourier-transform infrared spectrometer[119]. "Quantum ghost imaging" produced the world's 
first 2D image captured and reconstructed using asynchronous detection. Ghost imaging is well suited 
to biological and medical applications, in which light-sensitive cell samples can be observed over a long 
period because the new processes use less light[120]. QE microscopy may thus impact TB research and 
diagnosis.

Quantum computing: Quantum computing (QC) relies on the possibility of keeping a collection of 
“qubits” (quantum bits) stable long enough to perform computations with. While a bit (the smallest unit 
of information in a traditional computer, 1 Byte = 8 bits) can be either 1 or 0, a qubit can be both 1 and 0 
simultaneously: thus, 32 qubits can represent 232 approximately equal to 4 billion possibilities. 
Conceived by Nobelist Richard Feynman, QC’s theoretical foundations were strengthened after Peter 
Shor’s work (“Shor’s[121] Algorithm) showed that QC could achieve exponential speedup for extremely 
compute-intensive problems like factorizing the product of two large prime numbers, the basis of RSA 
(= Rivest, Shamir, Adelman ) encryption. Building a practical Quantum Computer, however, is 
challenging. Qubits are most stable at very low temperatures (e.g., 0.025 Kelvin), and most Qubits in a 
computer perform error correction rather than computation. However, QC is showing remarkable 
progress - entangling qubits that could improve error correction in quantum computing, creation of a 
third state to qubits, to create ‘qutrits’ that allow more information to be encoded in a single element 
and decrease readout errors significantly, development of a high-performance source of "squeezed 
light" used to transmit information in optical quantum computing; all signify a quantum leap in the 
technology; with the last being a paradigm shift[122-124]. Optical Quantum computers can now be 
expected to run at room temperature, without the expensive cooling equipment needed for other 
quantum computers that use superconductors.

A recent simulated quantum algorithm by Case Western Reserve University and Microsoft scientists 
(it would have required a quantum computer with 1 million computing qubits) addressed Magnetic 
Resonance Fingerprinting (MRF)[125]. MRF goes beyond MRI in identifying signatures from individual 
tissues simultaneously.

If QC’s hardware challenges are solved (there is no clear-cut timeline for this) the impact on general 
computing, including AI-deep learning, under the hood, performing mathematical optimization-could 
be extraordinary. Almost all aspects of healthcare would benefit: TB diagnosis and disease modeling 
would definitely be a part of it. As quantum computers are also ideally suited for solving complex 
optimization tasks and performing fast searches of unsorted data, this could be relevant for many 
applications in healthcare related to TB; medical imaging, epidemiological simulations, dashboard 
creation, holistic algorithm creation, targeted policy making, to a host of other applications; including 
the realm of Quantum Artificial Intelligence, which offers unlimited possibilities, including many 
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presently undreamable/unthinkable ones. Researchers have now suggested that neuromorphic or brain 
like computers built using memristors (these resemble neuronal synapsis) would perform well at 
running neural networks[126]. Scientists in Austria and Italy have already developed a quantum 
version of the memristor that they suggest could lead to ‘quantum neuromorphic computers’, which in 
turn could lead to an exponential growth in performance, in an ML approach known as ‘reservoir 
computing ‘that excels at learning quickly; and may have a quantum advantage over classical reservoir 
computing, due to the fact that the memristor, unlike any other quantum component has memory[127].

Thus, the Future looks great for QC (including QC based AI) contributing phenomenally to Medical 
Imaging and overall Healthcare as well. We can merely speculate at the potential applications of this yet 
‘Work in Progress’ technology. The spectacular jump in overall computing power will enable hitherto 
unimaginable tasks to be done in a ‘jiffy’ and thus enable more complex tasks to be thought of. 
Quantum Artificial Intelligence Algorithms and the like will be something to look forward to. As and 
when QC evolves the Metaverse will give a more immersive experience both for teaching/simulation 
and during actual interactions; by giving visualizations/viewpoints that would otherwise not have been 
possible; with Augmented Reality/Virtual reality (especially for teaching/simulations etc.) offering 
tremendous potential for Medical Imaging in TB, community involvement, amongst other applications; 
to enable better compliance of TB guidelines and norms (refer the Augmented Reality &/Virtual Reality 
sectionabove).

CONCLUSION
While we have discussed numerous technologies, which operate at scales ranging from the subatomic to 
human populations, the primary challenge for employing these to eliminate the scourge of TB is 
integrating them into a holistic approach. For example, AI cannot operate in a vacuum; it needs large 
volumes of data at the patient and population level: incorporating data also from novel imaging 
modalities, or from translational applications of bench-science research (e.g., detection of resistance 
mutations through PCR, augmented optionally by CRISPR), will make it much more useful. The 
integration must be guided by policies developed by the coordinated actions of international consortia 
(including bodies like WHO, Big Pharma, national health ministries, philanthropists, etc.) that make use 
of diverse expertise around the globe, including those available through leading-edge technologies.

Below, we provide an outline for the implementation of such policies.
Prevention: In addition to current standard practices (besides the usual methods, nutrition, social 

norms etc. 
Screening of vulnerable contacts/populations.
Screening for, and correction of nutritional deficiencies, including vitamin D.
Early diagnosis utilizing newer techniques/technological developments: e.g., Gene-Xpert, TB QUICK 

etc., for both ‘regular TB’ and MDR/XDR TB, including extrapulmonary samples.
Effective treatment, especially for MDR/XDR TB [including addition of recent drugs, shorter 

duration regimen (for better compliance)] + vitamin D for better healing as well as complimenting the 
action of various anti-TB drugs.

Effective monitoring including long term follow up coupled with development of large epidemi-
ological data banks and dashboards that summarize the data therein to facilitate timely decision-
making.

Enhanced Computing Infrastructure to facilitate all the above, from optimized data gathering, to 
more sophisticated algorithms, to more powerful hardware architectures.

The following is a useful acronym for the strategies we believe are vital to help us achieve the various 
targets set by the international health community for elimination of TB.

TB – REVISITED: Regular Screening / Remote patient monitoring; Early Diagnosis; Vitamin D levels/ 
supplementation; Imaging and Investigations; Set up a Holistic Approach (Clinical/Imaging/Bacteri-
ological); Intelligent comprehensive Holistic AI algorithms (+ wisdom vs knowledge); Technology – 
CBNAAT (GenXpert etc.)/National - Global Dashboards; Ensure a Global approach/Edge Computing; 
Do not delay the diagnosis of MDR-TB.

We believe that effective strategy implementation can help alleviate the suffering of millions of 
underprivileged citizens of the world.
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Abstract
Multiphasic multidetector computed tomography (CT) forms the mainstay for the 
characterization of renal masses whereas magnetic resonance imaging (MRI) acts 
as a problem-solving tool in some cases. However, a few of the renal masses 
remain indeterminate even after evaluation by conventional imaging methods. To 
overcome the deficiency in current imaging techniques, advanced imaging 
methods have been devised and are being tested. This review will cover the role 
of contrast-enhanced ultrasonography, shear wave elastography, dual-energy CT, 
perfusion CT, MR perfusion, diffusion-weighted MRI, blood oxygen level-
dependent MRI, MR spectroscopy, positron emission tomography (PET)/pro-
state-specific membrane antigen-PET in the characterization of renal masses.

Key Words: Advanced imaging techniques; Renal mass; Contrast-enhanced ultra-
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Core Tip: To overcome the deficiency in the existing imaging techniques for adequate 
characterization of renal masses, newer/advanced imaging methods have been devised 
and are being tested. This review will cover contrast-enhanced ultrasonography, shear 
wave elastography, dual-energy computed tomography (CT), perfusion CT, diffusion-
weighted magnetic resonance imaging (MRI), MR perfusion, blood oxygen level-
dependent MRI, MR spectroscopy, and positron emission tomography (PET)/prostate-
specific membrane antigen-PET.
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INTRODUCTION
Precise characterization of any renal mass is of paramount importance for clinicians to decide the most 
appropriate treatment and thereby improve the survival outcome. Being safe, cost-effective, and non-
invasive, ultrasound is the current screening modality for the evaluation of renal masses for malignancy 
with a sensitivity of 82%-83% and specificity of 98%-99%[1-3]. However, the sensitivity is low for masses 
less than 3cm in size[4]. Multidetector computed tomography (MDCT) forms the mainstay for diagnosis 
and is the imaging modality of choice for characterization of renal masses[5]. In this technique, a non-
contrast scan is performed, followed by a corticomedullary phase at 25-70 s, a nephrographic phase at 
80-180 s, and an excretory phase at 4-8 min[5]. A non-contrast scan is essential to detect any hemorrhage 
or calcification within the mass. Identification of pseudotumor is best done in the corticomedullary 
phase. A nephrographic phase is ideal for the detection of renal tumors. An excretory phase is acquired 
to detect pelvicalyceal system involvement. Conventional and dynamic contrast-enhanced magnetic 
resonance imaging (MRI) serves as a problem-solving tool[6]. MRI can also be done in cases when 
contrast-enhanced computed tomography (CT) is contraindicated.

Current imaging methods for the evaluation of renal tumors suffer from a few major drawbacks. As 
multiphasic MDCT involves the acquisition of multiple scans at different time intervals for the charac-
terization of renal tumors, the risk of radiation is high with this repeated and multiple scanning. 
Contrast administered for CT or MRI can lead to various allergic reactions as well as impairment of 
renal function. Even after all these investigations, no conclusive diagnosis can be established in a few 
lesions like Bosniak 3 lesions and indeterminate renal masses. Masses like oncocytoma or lipopenic 
angiomyolipoma cannot be confidently diagnosed as they have no specific imaging criterion. Ruling out 
malignancy in pseudolesions at times becomes difficult. Focal pyelonephritis and evolving or resolving 
abscess may sometimes simulate malignancy; hence, more advanced imaging techniques are required 
for a definitive answer as the management would significantly differ in these groups.

To overcome the deficiency in imaging techniques, newer/advanced imaging methods have been 
devised and are being tested. This review will cover contrast-enhanced ultrasonography (CEUS), shear 
wave elastography (SWE), dual-energy CT (DECT), CT perfusion, MR perfusion, diffusion-weighted 
MRI, blood oxygen level-dependent (BOLD) MRI, MR spectroscopy (MRS), and positron emission 
tomography (PET)/prostate-specific membrane antigen (PSMA)-PET.

ADVANCED IMAGING TECHNIQUES
Contrast-enhanced ultrasound
CEUS has recently gained popularity in the last decade as it has become a problem-solving tool in many 
areas including renal diseases. The European Federation of Societies for Ultrasound in Medicine and 
Biology (EFSUMB) has incorporated renal applications of CEUS in 2012[7] and updated the recommend-
ations in a paper published in 2017[8]. Being safe and quick, it has augmented the sensitivity and 
specificity of ultrasound in the characterization of renal masses. It can fairly differentiate small isoechoic 
or small solid lesions, better characterize complex cystic lesions, and differentiate tumors vs 
pseudotumors and renal cell carcinoma (RCC) vs angiomyolipoma, and can be utilized for detection and 
follow-up of renal infections.

Ultrasound contrast agents (USCA) are made up of microbubbles surrounded by a shell. This shell is 
composed of lipid, protein, or polymer. As these microbubbles are very fragile, the shell provides them 
with stability[9]. Two principles play a role in CEUS, one is enhancing the echogenicity of the lesion that 
is imaged and the other is the suppression of the background signal. Contrast agents markedly increase 
the backscatter due to a large difference in acoustic impedance at gas fluid/tissue surface interface. The 
second effect of background suppression is achieved by a technique called pulse inversion. For this, two 
similar signals with opposite phases which are mirror images of each other are sent through the same 
scan line and echoes from both are collected and added by the transducer. Normal tissues which act like 
linear reflectors produce no net signal due to the cancellation of echoes whereas the ones having 
microbubbles act like non-linear reflectors that produce some net signal which stands out against a dark 
background. When ultrasound waves strike these molecules (tissues with microbubbles), they strongly 
backscatter and increase the echoes by a factor of 500-1000, thus resulting in enhancement. 
Microvascular flow rate can also be calculated by calculating the rate at which microbubbles are in the 
imaging plane.

https://www.wjgnet.com/1949-8470/full/v14/i6/137.htm
https://dx.doi.org/10.4329/wjr.v14.i6.137
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USCA evaluates both the macrovascular and microvascular systems. As soon as the contrast agent is 
injected, there is an avid and rapid enhancement of the kidney. Initially, the main renal artery and its 
branches are enhanced, followed by segmental, interlobular, arcuate, and intralobular branches. This is 
followed by enhancement of the cortex, then the outer medulla, and finally the pyramids. Only two 
phases are seen, cortical from 15 to 30s and parenchymal from 25 s to 4 min[10]. The point to note is that 
there will be no excretory phase as the contrast agents are not excreted in the kidneys, thus allowing it 
to use safely in patients with deranged renal function[8]. Current applications of CEUS in renal mass is 
as follows.

Differentiating renal tumors from pseudolesions: B-mode ultrasound and Doppler ultrasound fail to 
differentiate the solid renal tumors from pseudolesions. CEUS can make an apt and confident differ-
ential between the two, especially in patients with chronic kidney disease (CKD). Pseudolesions will 
show the same enhancement pattern as the normal renal parenchyma, whereas renal tumors will show 
different enhancement patterns in at least one of the phases[11]. In 5% of the cases when the tumor is 
isoenhancing, renal vascular anatomy should be studied in the early arterial phase which will show 
normal arteries passing through pseudolesions and aberrant deviation of arteries by the renal tumor[8].

Evaluation of renal cystic lesions: Several studies have shown CEUS to be better than CT in detecting 
any solid component, septa, and thickening in the wall within the cystic renal mass and thus can classify 
it according to Bosniak classification[12-16](Figure 1). Follow-up of complex renal cysts can be easily 
and quickly done by CEUS instead of expensive and high radiation exposure modalities like CT.

Characterization of indeterminate renal tumors: CEUS proves useful in determining even minimal 
vascularity in hypovascularized tumors to differentiate complex renal lesions from solid mass, which 
are indeterminate on cross-sectional imaging[12,17,18]. This is especially advantageous in CKD patients 
where both complex cysts and tumors have a high incidence[19].

Renal vein invasion: Renal vein invasion by tumor thrombus can be reliably detected by CEUS in 
which an enhancing thrombus can be seen within the renal vein and a diagnosis of malignancy can thus 
be confidently made[20].

Renal infections: Early detection of renal abscesses in a case of acute pyelonephritis can be done by 
CEUS which shows avascular areas in renal parenchyma in the parenchymal phase. Also, follow-up can 
be done by CEUS to look for progression or resolution of the disease[21].

The major advantages of CEUS are that it is extremely safe with no radiation exposure and can be 
done in CKD or patients with contrast allergy. It is quick and inexpensive. Major limitations are its 
operator dependence and poor visualization at times due to bowel gas or ribs.

SWE
SWE is a quantitative elastography technique that evaluates the stiffness of the tissue. The EFSUMB laid 
down guidelines and recommendations for its use in non-hepatic areas in the year 2013 and has 
updated it in 2018[8]. In the kidney, its use is limited to assess stiffness in CKD or transplant cases. The 
EFSUMB recommends its use as an additional tool for the diagnosis of chronic allograft nephropathy 
and does not recommend its use in native kidneys[8] as they are deep-seated and beyond 40mm depth 
which is usually the depth of the region of interest (ROI) box at which measurements are done. Only a 
few studies are available which have tried to differentiate benign from malignant renal masses based on 
their stiffness[22].

Shear wave propagation speed in tissues varies depending upon the tissue stiffness. Acoustic 
radiation force impulse transmits longitudinal forces which result in deformation of the tissue and 
generation of transverse waves called the shear waves. These are then captured by the transducer and 
their propagation speed is calculated. A color-coded, real-time SWE map is generated which shows local 
tissue stiffness in kilopascals (quantitative assessment). ROI is selected and values for maximum, 
minimum, mean stiffness, and standard deviation are produced. Less than ten studies have been 
published which have tried to differentiate benign from malignant renal mass based on elasticity. 
Amongst these, several have done strain elastography[23,24] and several shear wave elastography[22,
25]. No standardized values have been obtained yet. One of the studies postulates elasticity values in 
the range of 4.5-4.7 ± 1.5-1.7 kPa of the normal renal cortex[22]. A study by Aydin et al[25] evaluated 40 
renal masses and found the highest elasticity value in the malignant and benign groups to be 27.27 ± 
25.66 kPa and 16.13 ± 8.89 kPa, respectively. However, more studies with a larger number of patients are 
required to authenticate these findings and establish a nomogram and cut-off for elasticity values of 
benign and malignant lesions. Figure 2 depicts a case of RCC having greater stiffness as compared to 
normal renal parenchyma.

This is a rapid, non-invasive, radiation-free, repeatable, and inexpensive technique that has no major 
side effects[22]. The only caution is advised in sensitive areas and fetuses as it can increase local 
temperature like Doppler ultrasound.
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Figure 1 Contrast-enhanced ultrasonography images of a solid-cystic lesion in the left kidney showing thick nodular septal enhancement 
(blue arrow) and enhancement of solid component (long arrow). Consistent with Bosniak category 4 lesion/malignant lesion. The lesion was resected 
and histology revealed clear cell renal cell carcinoma.

Figure 2 Elastography & gray-scale images of the renal mass (A) and the normal kidney (B). The mass showed greater stiffness relative to the 
surrounding kidney. Biopsy showed high-grade renal cell carcinoma.

DECT
DECT works on the principle of differences in absorption of photons at different photon energies which 
also varies with differences in material composition. Dual energy is produced either by two tubes with 
different peak voltages (dual-source scanner) or using a single tube with alternating peak voltage (single 
source)[26]. Atoms with large atomic number, like iodine, shows attenuation differences at two different 
peak voltages. Post-processing software is available which can subtract iodine from all images, resulting 
in the generation of virtual non-contrast images. Iodine overly maps can be generated which can 
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precisely determine areas of iodine uptake[27]. Hence, many masses which are termed indeterminate on 
CECT of the abdomen can be classified based on iodine uptake.

Non-contrast scans are not routinely included in abdominal CT protocol[26]. As most of the renal 
masses are incidentally detected, it becomes very difficult at times to detect post-contrast enhancement, 
hence many times the masses are labeled as indeterminate and advised for further imaging, either by 
multiphasic CT or MRI. If DECT is routinely done, virtual non-contrast scans can be generated and any 
iodine uptake can be confidently identified[28]. This will preclude the need for additional scans, thereby 
resulting in radiation dose reduction. Also, the cost and time of doing additional investigations can be 
markedly cut down.

Iodine quantification can also be done with iodine maps generated by DECT, which is given in 
milligram/milliliter (mg/mL). This is an indirect measure of the vascularity of the region of interest. 
Several studies have shown values greater than 0.5 mg/mL in tissue are indicative of enhancement[29,
30]. Measurement of iodine concentration within a lesion (instead of attenuation value) solves the 
problem of pseudo enhancement of cysts and differentiating hyperdense cysts from hypovascular 
tumours[31] (Figure 3). Obtaining iodine levels from a single ROI is another advantage as it avoids the 
error of keeping ROI in multiple scans which can vary in position due to respiration or motion artifact
[32]. Also, when the mass is large and heterogeneous, fallacious attenuation values can come if a 
hemorrhagic or necrotic component is included within the ROI. Measuring net total iodine concen-
tration will not vary if such areas get included in the ROI. Hence, a large ROI covering the entire mass 
can be kept[33]. According to a systematic analysis and meta-analysis by Salameh, the pooled sensitivity 
and specificity of DECT were to be 96.6% and 95.1%, respectively, in renal masses using quantitative 
iodine concentration[34].

CT perfusion
CT perfusion imaging detects the temporal changes in tissue attenuation after iodinated contrast is 
administered intravenously. It can detect changes at the molecular level and assess tissue perfusion and 
vascular permeability. Both qualitative and quantitative measurements can be done. Blood flow (BF) 
and blood volume (BV) can be obtained from the initial intravascular phase and vascular permeability 
(PMB) from the second phase.

Perfusion studies are an indirect predictor of neoangiogenesis. In renal cell carcinoma, which is a 
highly vascular tumor, multiple factors like vascular endothelial growth factor and tyrosine kinase are 
recruited, which result in neoangiogenesis. This neoangiogenesis is responsible for the growth of the 
tumor and metastasis. Targeted chemotherapy stops the proliferation of new vessels and reduces the 
perfusion parameters; hence, the response to treatment can be assessed. As the size of the mass 
decreases much later than the reduction in vascular parameters, early response evaluation is possible 
with perfusion technique[35] (Figures 4 and 5).

MR perfusion
MR perfusion is the technique developed to measure perfusion or vascularity of tissue after injection of 
a contrast medium. Multiphasic MRI is routinely done to assess the enhancement of the tissue. 
However, quantitative parameters can be derived only with MR perfusion. In this signal intensity, 
curves are generated which are placed against time and many post-processing techniques are done to 
obtain perfusion parameters[36]. Tissue perfusion can also be measured without administering a 
contrast medium through arterial spin labeling technique[37-40]. In this technique, the red blood cells 
(RBCs) behave as endogenous contrast agents. They are labeled non-invasively with MR gradient and 
radiofrequency. Tissue perfusion is calculated by estimating the inflow of the labeled RBCs to the tissue 
of interest. The major advantage of non-contrast MR perfusion is as endogenous contrast is used, 
erroneous calculation due to vascular permeability is not problematic here. Second, it can be done in 
patients where MR contrast medium is contraindicated. But it has a low sensitivity in hypovascular 
masses.

Tumor grading of RCC is also possible by perfusion studies. Higher grade RCC shows higher 
perfusion values than low-grade RCC. One of the studies by Palmowski obtained mean perfusion 
values of high-grade RCC to be 1.59 ± 0.44 (mL/g/min) vs low-grade RCC 1.08 ± 0.38 (mL/g/min)[41]. 
Another advantage of MR perfusion is in the evaluation of antiangiogenic drug therapy commonly 
administered for metastatic RCC. Changes in vascularity occur much before the change in the size of the 
mass. Hence, for early response assessment, several studies[42-44] have demonstrated the potential role 
of this technique.

Diffusion-weighted imaging
Diffusion-weighted imaging (DWI) is a type of functional MR technique that quantitatively assesses the 
free Brownian motion of water molecules and thus derives the image contrast based on the restriction of 
this free motion. This in turn is dependent on the tissue cellularity, organization, cell membrane 
integrity, and extracellular space tortuosity[45,46]. Abundant work is available in establishing its 
usefulness in the central nervous system. Many studies have also come forth evaluating its role in the 
kidneys in the last two decades. DWI has shown promise in differentiating benign vs malignant renal 
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Figure 3 Dual-energy computed tomography images. A: Contrast-enhanced axial dual-energy computed tomography image showing contour bulge from 
the lateral cortex of the interpolar region of the left kidney, enhanced similar to background parenchyma; B: Iodine overlay image confirming the absence of any 
differential iodine distribution, suggesting the lesion to be a dromedary hump.

Figure 4 Computed tomography perfusion images (A-C) reveal a significant difference in permeability and mean transit time values 
between normal renal cortex and malignant lesions. Mean transit time (MTT) and permeability (PMB) in normal renal cortex were 10.48 s and 55.56 
mL/100 mL/min, respectively, which were significantly different from those of renal cell carcinoma (RCC) (MTT: 9.06 s; PMB: 237.09 mL/100 mL/min). A cut-off of 2.5 
mL/100 g/min yielded a 100% sensitivity and 95.92% accuracy to predict RCC.

lesions, in differentiating clear vs non-clear cell carcinoma, and in further subtyping the grade of RCCs
[47-53].

Benign masses show higher apparent diffusion coefficient (ADC) than malignant lesions. According 
to a study by Sandrasegaran et al[53], the mean ADC of benign lesions is [mean (Standard deviation) 
2.76 (0.32) × 10-3 mm2/s] vs malignant lesions [2.02 × 10-3 mm2/s]. Amongst the malignant masses, clear 
cell RCCs show signi-ficantly higher ADC values than papillary and chromophobe RCCs, which have a 
better prognosis than clear cell RCCs. Low-grade clear cell RCCs have significantly higher ADC values 
than high-grade RCC, i.e., an inverse relation is seen, the higher the grade, the lower the ADC[46]. 
According to a study by Agnello et al[54], mean ADC was significantly different between RCC (1.2 ± 
0.01 mm2/s), angiomyolipoma(1.07 ± 0.3 mm2/s), metastases (1.25 ± 0.04 mm2/s), and oncocytomas (1.56 
± 0.08 mm2/s; P < 0.05).

DWI is particularly helpful in patients with contrast allergy or renal impairment when the iodinated 
control is contraindicated. In such situations, diffusion enhances the confidence of making the 
distinction between benign and malignant masses on a plain scan.

As the treatment of focal renal lesions could be variable ranging from ablative procedures to complete 
or partial nephrectomy and radiological follow-up to chemotherapy depending upon the aggressiveness 
of the lesion, clear demarcation and characterization of renal mass are of utmost importance, which can 
be optimally done by DWI. Besides, diffusion is also done in renal parenchymal disease and renal 
infections. It is especially helpful in assessing the response to treatment and in follow-up scans to look 
for any recurrence (Figure 6). In postoperative scans due to marked post-operative/chemo inflam-
matory changes, it is hard to detect early recurrence in plain scans.

The main advantage of this sequence is that it is a quick sequence without much extending the total 
span of MRI examination and hence has been routinely incorporated in standard abdominal MRI. No 
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Figure 5 Pre-treatment (A) and post-treatment (B) computed tomography perfusion images in a case of large left renal cell carcinoma 
with metastasis to the uncinate process of the pancreas (yellow arrow). Comparison of perfusion parameters at the 6-mo follow-up after anti-
angiogenic therapy showed that there was an increase in BF and BV, which was suggestive of progressive disease. No significant change in lesion size would have 
qualified this case as a stable disease as per size criteria.

Figure 6 Magnetic resonance images. Diffusion-weighted imaging (DWI) at b = 800 s/mm2 (A) and apparent diffusion coefficient (ADC) map (B) showed large 
clear cell renal cell carcinoma replacing the left kidney showing markedly restricted diffusion; DWI image (C) showing a malignant thrombus extending to the inferior 
vena cava (arrow) Axial T2W FS image (D) showing that 3 mo after treatment with sorafenib (a tyrosine kinase inhibitor), there was no significant change in the size of 
the lesion; however, there was increased necrosis in the mass; Resultant increase in ADC value on the corresponding DWI at b = 800 s/mm2 (E) and ADC map (F); 
DWI (G) also revealed partial recanalization of the malignant thrombus (arrow)—overall features suggestive of partial response.

contrast administration is required. It is quite specific and has proved more specific when evaluated 
along with basic MRI than CT or MRI alone. However, caution needs to be taken with regard to the area 
from which the values are calculated. If ROI is kept over the hemorrhagic or necrotic component of the 
mass, the values can be misleading. The scanner needs to be optimized and appropriate b values (400-
800) should be used to improve the accuracy of results.

Many researchers are showing interest in evaluating the role of intravoxel incoherent motion (IVIM) 
and diffusion kurtosis in differentiating benign from malignant renal masses and also in the grading of 
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renal cell carcinoma. IVIM is a biexponential model which includes both true and pseudo diffusion, 
which is predominantly driven by perfusion[55]. Parameters like diffusivity (D), pseudo diffusion 
coefficient (D*), and perfusion index (F) can be calculated. Jenson et al[56] in the year 2005 gave the 
concept of diffusion kurtosis which follows non-Gaussian diffusion, and parameters like mean 
diffusivity, mean kurtosis, kurtosis anisotropy, and radial kurtosis can be measured. A significant 
difference in Diffusion kurtosis parameters is seen in different subtypes and grades of RCC. A study by 
Ding et al[57] obtained superior results with IVIM in differentiating benign from malignant renal masses 
than diffusion or kurtosis parameters.

BOLD
BOLD is a quick MRI sequence that non-invasively evaluates deoxyhemoglobin levels in the kidney. In 
most human organs, oxygen tension is relatively constant and varies with the regional blood flow. The 
kidney is one of the organs where the oxygen tension varies both with the blood flow and the need for 
filtration. As tubular filtration is an active process requiring energy, this results in a variation of oxygen 
tension. The cortex of the kidney is well perfused and high in oxygen whereas the medulla is relatively 
less perfused with and low in oxygen tension. The medulla also has a counter-current arrangement of 
vessels which further contributes to lower oxygen tension in this region. This results in higher 
production of deoxyhemoglobin. Deoxyhaemoglobin has a paramagnetic effect and results in the rapid 
dephasing of protons. A higher amount of deoxyhemoglobin leads to a decrease in T2* relaxation time
[58].

BOLD MRI has wide applications in the brain[59-62]. Many studies are being done on the kidneys, 
justifying their utility in renal pathologies. The echo-planar imaging (EPI) sequence or more sequences 
are used. The multiple gradient-recalled echo sequence is better than the EPI sequence in terms of SNI, 
spatial distortion, and spatial resolution. It calculates 1/R2* and generates various maps. After the 
excitation pulse, multiple gradient echoes are acquired. The higher the strength of the magnetic field, 
the better the results obtained. BOLD MRI proves useful in the detection of ischemia in the kidneys as in 
renal artery stenosis, renal artery occlusion, etc. as proven by a few studies[63-65]. Early initiation of 
treatment results in a better outcome. It is also useful in diabetics, hypertension, allograft rejection, etc. 
As various renal lesions would result in a change in perfusion of the kidney, this can be a reliable tool to 
differentiate benign from malignant renal lesion (Figures 7 and 8).

Proton spectroscopy
Proton spectroscopy (H1MRS) is an advanced MR technique that studies the variation in chemical 
metabolites in determining various pathologies. It is a powerful, non-invasive tool to quantitatively 
study the chemical compositions and metabolic processes in vivo.

Whenever there is an application of magnetic field, there is a generation of small magnetic fields by 
the circulating protons which interact with the main magnetic field and bring about a change in Larmor 
frequency. This change in frequency due to differing chemical composition is called “chemical shift
[66]”. Proctor and Yu, for the first time, proposed the concept of chemical shift in 1951, and the first in 
vivo proton MR spectrum was published in 1985[67].

Proton MR spectroscopy has well-known applications in the central nervous system, breast, and 
prostate. Its role in renal masses is the current area of interest. Promising results of a few in vitro and in 
vivo studies are available in the differentiation of different renal masses[68].

The first in vivo study was conducted by Kim et al[69] who recruited five patients with biopsy-proven 
cases of RCC and found the difference of metabolite lipid and choline as per the grade of the tumour
(Figure 9).

MRS is limited by the complexity of its acquisition, processing, and data interpretation[70]. It suffers 
from a low sensitivity and poor spatial resolution. It can only act as a complementary tool that 
supplements the results of basic MRI examination.

PET scan: Fluorodeoxyglucose and PSMA PET
Fluorodeoxyglucose (FDG) PET scan plays a limited role in primary RCC due to low sensitivity[71] but 
can be useful in case of aggressive or advanced RCC[72], recurrent disease[73], and metastatic RCC[74], 
and for post-treatment evaluation[75]. As FDG is excreted by the kidneys, FDG PET is not suitable for 
local staging of primary RCC. However, it has a crucial role in overall staging of the disease, differen-
tiating malignant vs bland thrombosis in the renal vein/inferior vena cava, detecting metastasis to 
distant sites, detecting recurrent/residual disease in postoperative/chemotherapy evaluation, 
monitoring response to therapy, and restaging of the disease. Quantitative measurement of maximum 
standardized uptake values(SUVs) can be done for objective assessment. The higher the SUV, the more 
dismal the prognosis. A cut-off of 3 is seen to be optimal to differentiate low grade vs high-grade RCC
[75].

Although FDG is the most common tracer to be used for PET, other new tracers like 68Ga-PSMA, 18F-
fluoroethylcholine, 11C-acetate, 18F-fluoromisonidazole, and 18F-fluorothymidine are being investigated
[76]. Prostate-specific membrane antigen (PSMA) is a molecule that is expressed in prostatic cells and 
has established application in the prostatic tumor. Further research showed its expression on neovascu-
lature of renal cancer cells and hence its potential role in RCC has been explored by researchers with 
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Figure 7 Rate of spin dephasing (R2* map) showing R2* value of right renal cell carcinoma (20.9/s), which was lower than that of a normal 
kidney (25.5/s).

Figure 8 Magnetic resonance images. T1W axial MR image (A) showing a hyperintense lesion in the upper pole of the right kidney, with fluid-fluid level, 
suggestive of a hemorrhagic cyst; Axial & coronal R2* maps (B and C) showing an R2* value of 6.1/s.

encouraging results[77]. Several studies have shown a change in the management of RCC when gallium 
PSMA PET was used for primary staging compared with CECT scan due to detection of small areas of 
metastasis and synchronous malignancies[78]. Gallium PSMA PET is proven to be better than FDG PET 
for oligometastatic RCC[79].

CONCLUSION
Sonography serves as the screening modality whereas multiphasic CECT acts as the workhorse in the 
assessment of renal masses. MRI with DWI is a potential problem-solving adjunct technique. CEUS and 
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Figure 9  MR spectroscopy of low-grade renal cell carcinoma showed increased lipid-lactate peak.

SWE, an extension of ultrasound, provide comparable results with no added risk of nephrotoxicity or 
radiation-related injuries. DECT, perfusion imaging, BOLD MRI, and MR spectroscopy can be helpful in 
indeterminate cases. PET-CT using FDG or gallium PSMA is also finding gradual applications. The 
constant advancements in imaging techniques allow confident diagnosis and superior characterization 
of renal masses. They also serve as potential biomarkers and aid in prognostication & response 
assessment after chemotherapy/ablative procedures.
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Abstract
The use of artificial intelligence plays a crucial role in developing precision 
medicine in nuclear medicine. Artificial intelligence refers to a field of computer 
science aimed at imitating the performance of tasks typically requiring human 
intelligence. From machine learning to generative adversarial networks, artificial 
intelligence automized the workflow of medical imaging. In this mini-review, we 
encapsulate artificial intelligence models and their use in nuclear medicine 
imaging workflow.
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Core Tip: Artificial intelligence is a distinguished tool for creating tailor-made medicine. 
Artificial intelligence (AI) consists of machine learning, deep learning, artificial neural 
networks, convolutional neural networks, and generative adversarial networks. These AI 
applications affect all phases of a routine medical imaging workflow in nuclear 
medicine: planning, image acquisition, and interpretation. The integration of AI into 
clinical workflow and protocols of medical imaging will provide the opportunity to 
decrease the error rate of physicians and eventually lead to improved patient 
management.
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INTRODUCTION
Personalized medicine (precision medicine) is a developing medical practice that develops tailor-made 
approaches for individual patients, leading to increased reliability and a significant impact on 
preventative, diagnostic, and therapeutic pathways[1]. Artificial intelligence (AI) integration plays a 
significant role in achieving precision medicine in nuclear medicine[2]. It refers to a field of computer 
science aimed at imitating the performance of tasks typically requiring human intelligence[3]. 
Advancements in AI have allowed for precision medicine models to be developed for individual 
patients (Figure 1, Table 1). The advancements in AI have been in the order of machine learning (ML), 
deep learning (DL), artificial neural networks (ANNs), convolutional neural networks (CNNs), and 
generative adversarial networks (GANs)[4,5].

AI MODELS
Machine learning is not a singular algorithm, but a subset of AI. It processes a set of training data and 
constructs a model that carries the associations among the variables that are relevant to a particular 
outcome. It usually needs handcrafted features, requiring more human intervention, for data extraction 
and filtration[2]. There are many ML methods, some of which are supervised learning, unsupervised 
learning, semi-supervised learning, and reinforcement machine learning[5,6]. DL is a subset of ML, 
automating many parts of input extraction, enabling less human intervention. In contrast, ML requires 
more human intervention for data extraction and filtration[2,5,6].

Artificial Neural Networks are a subfield of DL. ANNs are connected nodes with weighted paths. 
Each node has parent nodes that influence it, an activation function, firing threshold, and an output 
value. ANNs are analogous to neurons and their intercommunication[4,5].

Convolutional Neural Networks are made up of convoluting series of pooling layers. CNNs apply a 
neural-network layer to a part of an image and systematically traverse over the image. CNNs 
downsample and summarize features by alternating convolutional layers with pooling layers. Their 
computational requirements are much lower because they operate on a small subset of an image[4,5].

Generative Adversarial Networks are made up of two networks, a generator, and a discriminator, 
that are in a zero-sum game. Generators generate fake input data to minimize the difference between 
counterfeits and real inputs. The discriminator classifies the real and counterfeit inputs, attempting to 
maximize efficiency. Over time, the generator will be good at generating input data and the discrim-
inator will be good at classification[5].

APPLICATIONS
AI advancements in the last decade have improved AI’s application in medical imaging. The myriad of 
applications of AI in nuclear medicine includes all steps of a typical medical imaging workflow: 
planning, image acquisition, and interpretation. In the future, even patient admission and payment 
could be included[7-9].

For medical imaging planning, AI will automatically check for specific contraindications, such as 
allergies and drug interference, or eliminate needless repetition of exams by evaluating past examin-
ations before any examination is done on a patient[10,11].

In nuclear medicine, attenuation maps and scatter correction remain relevant topics for image 
scanning, thus AI research focuses on these topics intensively. Hwang et al[10] generated attenuation 
maps for whole-body positron emission tomography/magnetic resonance imaging (PET/MRI) using a 
modified U-Net, a specialized convolutional network architecture for biomedical image segmentation. 
They compared the CT-derived attenuation map to the Dixon-based 4-segment technique[10,11].

Another hot topic for research is the enhancement of image quality; Hong et al[12] improved the 
picture resolution and noise properties of PET scanners using large pixelated crystals with a deep 
residual convolutional neural network[12,13]. Kim et al[14] demonstrated that Iterative PET recon-
struction employing denoising CNNs and local linear fitting enhanced picture quality and robustness to 
noise-level disparities.

For the interpretation of images, studies on an AI-based triage system for identifying artifacts have 
been published recently[15]. In the near future, similar systems will be able to detect directly using raw 
data, such as sinograms, and issue alarms throughout the scanning process, even before reconstruction, 
so that technicians can adjust or prolong the scheduled scan procedure to accommodate an unexpected 
discovery[16]. Automated identification of pathologies provides additional intriguing potential in 
identifying overlooked results and secondary discoveries, saving time and effort[17].
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Table 1 Artificial intelligence techniques in nuclear medicine

Machine learning (ML)

Deep learning (DL)

Artificial neural networks (ANNs)

Convolutional neural networks (CNNs)

Generative adversarial networks(GANs)

Figure 1  Current artificial intelligence subfields studied in the field of nuclear medicine.

ETHICAL CONSIDERATIONS, DATA PROTECTION, REGULATIONS, AND PRIVACY
Despite the improvements that the field of AI brings to nuclear medicine, there are drawbacks. Ethical 
considerations, data protection, legal regulations, privacy, and education are among these problems. 
According to Hagendorf, the ethical concerns of AI in healthcare can be summarized in the “fairness, 
accountability, and transparency paradigm of AI ethics”[18,19]. Moreover, AI requires considerable 
sensitive data in healthcare, thus standards for data protection and privacy raise issues that must be 
dealt with. Furthermore, for AI to generalize large numbers, large amounts of data with variability are 
needed. This raises more questions about consent, data anonymization, and de-identification[19]. There 
are promising techniques being developed on top of DL algorithms such as federative learning that 
might mitigate some of these issues[20]. Additionally, traditional regulatory pathways are lagging 
behind the recent advancements, creating difficulties regarding regulations and laws. Lastly, insufficient 
education about AI both from patients, physicians, and academia causes mistrust of AI applications in 
healthcare. Physicians and academia need familiarity with AI and the rudimentary knowledge 
necessary to provide patients with the necessary information[19].

CONCLUSION
The integration of AI into clinical practice will transform the medical profession and nuclear medicine 
imaging in particular. New abilities, such as clinical data science, computer science, and ML will be 
considered a necessity when AI is applied to medical imaging workflow and protocols. This could 
provide the opportunity to decrease the error rate of physicians and eventually lead to improved patient 
management.
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Abstract
BACKGROUND 
In recent years, the detection rate of ground-glass nodules (GGNs) has been 
improved dramatically due to the popularization of low-dose computed tomo-
graphy (CT) screening with high-resolution CT technique. This presents 
challenges for the characterization and management of the GGNs, which depends 
on a thorough investigation and sufficient diagnostic knowledge of the GGNs. In 
most diagnostic studies of the GGNs, morphological manifestations are used to 
differentiate benignancy and malignancy. In contrast, few studies are dedicated to 
the assessment of the hemodynamics, i.e., perfusion parameters of the GGNs.

AIM 
To assess the dual vascular supply patterns of GGNs on different histopathology 
and opacities.

METHODS 
Forty-seven GGNs from 47 patients were prospectively included and underwent 
the dynamic volume CT. Histopathologic diagnoses were obtained within two 
weeks after the CT examination. Blood flow from the bronchial artery [bronchial 
flow (BF)] and pulmonary artery [pulmonary flow (PF)] as well as the perfusion 
index (PI) = [PF/(PF + BF)] were obtained using first-pass dual-input CT 
perfusion analysis and compared respectively between different histopathology 
and lesion types (pure or mixed GGNs) and correlated with the attenuation values 
of the lesions using one-way ANOVA, student’s t test and Pearson correlation 
analysis.

RESULTS 
Of the 47 GGNs (mean diameter, 8.17 mm; range, 5.3-12.7 mm), 30 (64%) were 
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carcinoma, 6 (13%) were atypical adenomatous hyperplasia and 11 (23%) were organizing 
pneumonia. All perfusion parameters (BF, PF and PI) demonstrated no significant difference 
among the three conditions (all P > 0.05). The PFs were higher than the BFs in all the three 
conditions (all P < 0.001). Of the 30 GGN carcinomas, 14 showed mixed GGNs and 16 pure GGNs 
with a higher PI in the latter (P < 0.01). Of the 17 benign GGNs, 4 showed mixed GGNs and 13 
pure GGNs with no significant difference of the PI between the GGN types (P = 0.21). A negative 
correlation (r = -0.76, P < 0.001) was demonstrated between the CT attenuation values and the PIs 
in the 30 GGN carcinomas.

CONCLUSION 
The GGNs are perfused dominantly by the PF regardless of its histopathology while the weight of 
the BF in the GGN carcinomas increases gradually during the progress of its opacification.

Key Words: Ground-glass nodules; Tomography; X-ray computed; Lung cancer; Perfusion computed 
tomography; Dual blood supply

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, bronchial flow (BF) and pulmonary flow (PF) as well as perfusion index (PI) were 
obtained by using first-pass dual-input computed tomography perfusion analysis and compared 
respectively among different histopathological types and between pure and mixed ground-glass nodules 
(GGNs), then correlated with the attenuation values in forty-seven GGNs from 47 patients. We found that 
the GGNs are perfused dominantly by the PF regardless of histopathological types while the weight of the 
BF in the GGN carcinomas increases gradually during its opacification. Therefore, the PI may be a 
potentially useful biomarker for distinguishing indolent nodules from aggressive ones.

Citation: Wang C, Wu N, Zhang Z, Zhang LX, Yuan XD. Evaluation of the dual vascular supply patterns in 
ground-glass nodules with a dynamic volume computed tomography. World J Radiol 2022; 14(6): 155-164
URL: https://www.wjgnet.com/1949-8470/full/v14/i6/155.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i6.155

INTRODUCTION
In recent years, more and more ground-glass nodules (GGNs) have been detected due to the application 
of low-dose screening with high-resolution computed tomography (CT)[1]. The rapidly increasing GGN 
cases requires appropriate management which depends on a thorough investigation and sufficient 
knowledge of the GGNs. In most diagnostic studies of the GGNs, morphological factors or nodular 
characteristics are used to differentiate benignancy and malignancy[2-6]. On the other hand, studies of 
the solid lesions suggested that the information of CT perfusion is helpful in identification and 
treatment planning[7-13]. A few studies have quantitatively measured iodine concentration to assess the 
blood supply status of the GGNs with promising outcomes[14]. Furthermore, quantification of the dual 
blood supply from the pulmonary and bronchial artery, i.e., the pulmonary flow (PF) and bronchial flow 
(BF) in lung disorders is recently achieved with the first-pass dual-input perfusion analysis at a dynamic 
volume CT, producing helpful information for differentiations and treatment planning[15]. Therefore, 
this prospective study was designed to determine the patterns of the dual vascular supply in the GGNs 
on different histopathology and attenuation values (HU).

MATERIALS AND METHODS
Study population
The prospective study was approved by the Institution Ethics Committee. Written informed consent 
was obtained from all patients. Between Jan 2014 and May 2018, 50 patients who had been previously 
evaluated by non-contrast CT and had GGNs with an axial diameter > 5 mm were prospectively 
enrolled into this study. All patients received histopathological diagnoses which were acquired by CT-
guided puncture biopsy or surgical resection within 2 wk after the CT perfusion. Exclusion criteria were 
as follows: severe motion artifacts on the perfusion images that made it difficult to perform the 
perfusion analysis; patients receiving any antitumor treatment prior to the CT perfusion and contrain-
dications to the administration of the iodinated contrast media. 1 patient with beam hardening artifacts 
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caused by the contrast agent in an ipsilateral subclavian vein and 2 patients who received antitumor 
treatment before the CT perfusion were excluded. Eventually, forty-seven patients (27 men and 20 
women; mean age, 53 years; range, 35-69 years) with 47 GGNs were included in the statistical analysis.

The radiation dose of the dynamic CT was calculated from the dose–length product (DLP) listed in 
the exposure summary sheet generated by the CT equipment and multiplied by a k-factor of 0.014[16].

CT perfusion imaging technique
Before the CT examination, all patients performed breath training by holding their breath during the 
dynamic CT scan procedure and otherwise adopted regularly shallow breathing.

First, unenhanced helical CT of the entire thorax was performed to determine the location of the 
GGN. Then, the dynamic volume CT perfusion was performed at a 320-row multidetector CT (Aquilion 
ONE, Toshiba Medical Systems, Otawara, Japan). With a dual-head power injector, 50 mL of non-ionic 
contrast medium with an iodine concentration of 370 mgI/mL (Iopromide, Bayer Schering, Berlin, 
Germany) was injected at a flow rate of 5 mL/s, followed by 20 mL of saline solution at the same rate. 
Five seconds after the start of the bolus injection, 15 intermittent low-dose volume acquisitions were 
made with 2 s intervals with no table movement.

The dynamic contrast-enhanced volume CT protocol was performed with the following parameters: 
80 kV tube voltage, 80 mA tube current, 0.5 s gantry rotation speed and 0.5 mm slice thickness. The 16 
cm coverage included both the lung hilum and the GGN. The first two volumes were acquired before 
the contrast medium arrived in the pulmonary artery (PA) and served as the baseline. The duration of 
the breath hold was approximately 30 s. The raw data were reconstructed with adaptive iterative dose 
reduction and automatically produced 0.5 mm slice thickness and 0.5 mm spacing images, resulting in 
320 images per volume and a total of 4800 images for the entire perfusion dataset.

Data post-processing and analysis
Post-processing was performed using perfusion software available on the CT equipment (Body 
Perfusion, dual-input maximum slope analysis, Toshiba Medical Systems, Otawara, Japan). The first 
step is volume registration. The registration is performed to correct for motion between the dynamic 
volumes and creates a registered volume series. The registered volumes were then loaded into the body 
perfusion analysis software.

Rectangular region of interests (ROIs) (mean area 1.0 cm2) was manually placed in the pulmonary 
artery trunk and the aorta at the level of the hilum to generate the TDCs representing the PA input 
function and the bronchial artery input function, respectively. An elliptical ROI was placed in the left 
atrium and the peak time of the left atrium tunneled dialysis catheters (TDCs) was used to differentiate 
pulmonary circulation (before the peak time point) and bronchial circulation (after the peak time point)
[15]. A freehand ROI was drawn to encompass the lesion to generate the TDC of the contrast medium’s 
first-pass attenuation in the GGN. The perfusion analysis range was set from -700 HU to 50 HU to 
confine the perfusion analysis to the GGN or mixed GGN regions only and to ignore normal lung 
parenchyma. Finally, 512 × 512 matrix color-coded maps of the PF, BF and perfusion index [PI = PF/(
PF + BF)] were generated automatically. For each lesion, measurements were repeated on all relevant 
5.0-mm axial slices and then averaged to calculate the final value. Lesion opacity (mean HU) was 
measured on the non-contrast axial slice with the maximum lesion diameter using a freehand ROI 
closely encompassing the lesion and avoiding major vessels. This post-processing procedure was 
independently performed by two radiologists (**BLINDED**, with 13 and 11 years of experience, 
respectively in CT perfusion in the abdomen and chest). Each radiologist was blinded to the results of 
the other and the histopathological diagnoses. The final results were the average of the two observers. 
Inter-observer reproducibility was assessed for the PF, BF and PI as well as the lesion opacity (mean 
HU). The lesion type (pure GGN or mixed GGN) was independently determined by the two radiologists 
and by a third radiologist (**BLINDED**) if the results of the two radiologists were inconsistent.

The pure GGN was defined as a focal, slightly increased attenuation in lung without masking the 
underlying structures on the lung window images while the mixed GGN as a focal increased 
attenuation with solid components masking the underlying structures of pulmonary vessels[17].

Statistical analysis
Forty-seven GGNs were analyzed. The bronchial artery (BF) and pulmonary artery (PF) as well as the PI 
[= PF/ (PF+BF)] were compared respectively between the histopathologic types and the lesion types 
(pure GGNs or mixed GGNs) using one-way ANOVA and students’ t test and correlated respectively 
with lesions’ HU using Pearson correlation analysis. In addition, the BF and PF were compared by 
paired t test to determine the dominant blood flow in the GGNs. The inter-observer reproducibility of 
perfusion parameters (BF, PF and PI) and HU of GGNs were assessed using intraclass correlation coeffi-
cients (ICC). Statistical analysis was performed using commercially available software (SPSS, V13.0, 
IBM). A P value < 0.05 was considered to indicate a significant difference.
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RESULTS
All patients showed good compliance with the CT perfusion procedure. No severe motion artifacts or 
adverse events occurred.

Of the 47 GGNs (mean diameter, 8.17 mm; range, 5.3-12.7 mm), 30 (64%) proved to be bronchioloal-
veolar cell carcinoma (BAC) (n = 24) or adenocarcinoma with predominant BAC component (n = 6), six 
(13%) atypical adenomatous hyperplasia and 11 (23%) organizing pneumonia. None of the three 
perfusion parameters demonstrated significant difference among the three histopathological types 
(Table 1). Of the 30 carcinomas GGNs, 14 showed mixed GGNs and 16 pure GGNs, with a greater PI in 
the latter (P < 0.01). Of the 17 benign GGNs, 4 showed mixed GGNs (including 1 atypical adenomatous 
hyperplasia and 3 organizing pneumonia) and 13 pure GGNs (including 5 atypical adenomatous 
hyperplasia and 8 organizing pneumonia) with no significant difference of the PI between the GGN 
types (P = 0.21). Of the 30 cancerous GGNs, the lesions’ HU demonstrated mild negative correlation 
with the PF (r = -0.558, P = 0.001) while mild positive correlation with the BF (r = 0.565, P = 0.001). The 
PI demonstrates moderate negative correlation with the HU (r = -0.76, P < 0.001). No correlation 
between the perfusion parameters and the HU was revealed in the other two diseases (all P > 0.05).

Perfusion parameters were visualized by color maps and fused onto the original axial CT images. 
Representative perfusion color maps are shown in Figure 1 and Figure 2. Statistical results of the 
perfusion parameters derived from dual-input computed tomography perfusion are listed in Table 1 
and shown in Figures 3-5. ICC (0.94, 95%CI: 0.93-0.95) demonstrated that the reproducibility between 
the two observers is good.

The dynamic volume CT perfusion protocol was identical for all 47 cases. The CT dose DLP = 324.8 
mGy cm or 4.55 mSv (k = 0.014).

DISCUSSION
The PF and the BF, i.e., the dual vascular supply was revealed in lung cancer through post-mortem 
microarteriography in the early 1970s[18]. Since then, the BF in lung cancer was confirmed by many 
reports and broncho angiography studies[19]. In contrast, PF in lung cancer was rarely reported until 
recently with an in vivo evaluation of the dual vascular supply in lung cancer and was achieved by using 
a dynamic contrast-enhanced volume CT[20] which reported a dominant BF along with a subordinate 
PF in solid cancerous nodules. In the present investigation, however, we revealed a dominant PF along 
with a subordinate BF in the GGN carcinomas. In addition, we revealed that with the increase of the 
lesion opacity, the weight of the PF in the total blood flow of the GGN carcinomas decreases while the 
weight of the BF increases. Thus, we would like to provide an interpretation of our findings combining 
with the findings of the previous reports as the following: During the progress of the lung adenocar-
cinoma from a pure GGN to a mixed GGN then to a solid nodule[21,22], the PF dominant perfusion 
pattern may gradually reverse to the BF dominant perfusion pattern. In contrast to solid nodular 
carcinoma, GGN carcinoma are supposed to be indolent, which allows long-term follow-up of their 
morphological changes for treatment planning[23-25]. Our findings on the increasing weight of the BF 
in GGNs during its opacification suggest that the PI which represents the weight of the BF in the total 
blood supply (BF + PF) may be a potentially useful biomarker for distinguishing indolent nodules from 
active ones.

Though the dual vascular supply patterns of the GGNs were determined in the current investigation, 
it cannot help differentiate GGNs between benignancy and malignancy because none of the three 
perfusion parameters (PF, BF and PI) showed significant difference between benign and malignant 
GGNs. Nevertheless, the feature of the PF dominant perfusion in the GGN carcinomas may have two 
important clinical implications: (1) Bronchial arterial chemoembolization may not be suitable for the 
treatment of a GGN carcinoma; and (2) radiation therapy may not be suitable for the treatment of a 
GGN carcinoma. The reason for the former is self-evident. The reason for the latter is because the PF 
dominant perfusion indicates a low level of oxygenation in the GGN carcinoma resulting in a low level 
of radiosensitivity[20,26].

It was reported that the pure GGNs are difficult to be distinguished morphologically between 
malignancy and benignancy[27]; however, the mixed GGNs tend to be a malignant one[28,29]. During a 
long-term CT follow-up of an adenocarcinoma in the lung, the typical case may be a pure GGN at the 
very beginning then gradually changing into a mixed GGN and a solid nodule at last[30,31]. Therefore, 
it strongly suggests an adenocarcinoma when a pure GGN gradually changed into a mixed one during 
follow-up. According to the current investigation, a pure GGN carcinoma is mainly perfused by the PF 
while the weight of the BF increases in a mixed GGN. In addition, a solid carcinoma is mainly perfused 
by the BF according to the previous study[15,20,32]. These adaptive changes of the perfusion patterns 
may bring more oxygen to feed the growth of the GGN carcinomas because of a low oxygen level in the 
PF and a high oxygen level in the BF. However, the mechanism behind these changes is still unknown 
and needs to be investigated further.
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Table 1 Results of histopathologic comparisons on the three perfusion parameters

95% CI
Parameters Histopathology n mean ± SD

Lower Upper
One way ANOVA

Carcinoma 30 135.54 ± 46.58 118.15 152.93

Adenomatous hyperplasia 6 121.51 ± 40.56 78.94 164.08

PF (mL/min/100 mL)

Organizing pneumonia 11 116.06 ± 43.15 87.07 145.05

P = 0.435

Carcinoma 30 33.21 ± 12.12 28.68 37.74

Adenomatous hyperplasia 6 26.55 ± 4.08 22.26 30.83

BF (mL/min/100 mL)

Organizing pneumonia 11 24.96 ± 9.90 18.31 31.61

P = 0.079

Carcinoma 30 0.79 ± 0.09 0.75 0.82

Adenomatous hyperplasia 6 0.80 ± 0.07 0.73 0.88

PI (100%)

Organizing pneumonia 11 0.81 ± 0.69 0.76 0.86

P = 0.657

PF: Pulmonary flow; BF: Bronchial flow; PI: Perfusion index.

Figure 1 Axial colored perfusion maps in a 55-year-old male patient with pure ground-glass nodule carcinoma located in the right 
superior lung. Dominant pulmonary flow (PF) along with subordinate bronchial flow (BF) was observed in the pure ground-glass nodule. A: Axial colored perfusion 
map of PF; B: Axial colored perfusion map of BF; C: Axial colored perfusion map of perfusion index; D: Axial non-contrast computed tomography.

In this investigation, the perfusion analysis range was set from -700 HU to 50 HU to confine the 
perfusion analysis to the GGN or mixed GGN while ignore the normal lung parenchyma. In fact, the 
perfusion analysis range could be set individually according to an on-spot CT measurement of the 
GGN. To simplify and standardize the post-processing procedure, we adopted a fixed CT perfusion 
analysis range, i.e., -700 HU to 50 HU in this study.

There are some limitations to this study. First, the relatively small sample size of this study will 
undermine the significance of our findings. Second, a relatively high radiation dose is an unavoidable 
limitation of perfusion CT though the total effective dose of each patient was controlled to comparable 
with a multiphasic CT procedure[33,34]. Third, although the difference of CT perfusion between the 
pure and mixed GGN carcinomas was investigated, the solid components and the pure components of 
the mixed GGN carcinomas were not evaluated separately because it’s difficult to define the boundary 
of the two components. Fourth, our findings cannot help to differentiate between malignant and benign 
GGNs because no significant difference in perfusion parameters was revealed between them. However, 
the change regularity of the dual vascular supply patterns during the opacification of GGN carcinomas 
could help to better understand its biological behavior and therefore help to better manage it.
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Figure 2 Axial colored perfusion maps in a 72-year-old male patient with mixed ground-glass nodule carcinoma located in the right 
superior lung. The perfusion is heterogeneous throughout the lesion. Pulmonary flow (PF) is globally dominant, especially in the dorsal part of the lesion (arrow), 
which corresponds to the lower attenuation region of the mixed ground-glass nodule. A: Axial colored perfusion map of PF; B: Axial colored perfusion map of 
bronchial flow; C: Axial colored perfusion map of perfusion index; D: Axial non-contrast computed tomography.

Figure 3 Box plot of perfusion parameters demonstrates dominant Pulmonary flow (PF) along with relatively low bronchial flow (BF) in 
carcinoma (n = 30), atypical adenomatous hyperplasia (n = 6) and organizing pneumonia (n = 11).

CONCLUSION
In conclusion, the GGNs are perfused dominantly by the PF regardless of its histopathology while the 
weight of the BF in the GGN carcinomas increases gradually during its opacification. The PI may be a 
potentially useful biomarker for distinguishing indolent nodules from aggressive ones.
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Figure 4 Box plot of perfusion index [= pulmonary flow/(pulmonary flow + bronchial flow)] demonstrates dominant pulmonary flow along 
with subordinate bronchial flow in pure ground-glass nodule carcinoma (n = 16) and a weakened pulmonary flow along with an enhanced 
bronchial flow in mixed ground-glass nodule carcinoma.

Figure 5 Plots of the Pearson correlation between the attenuation values of the ground-glass nodule carcinoma and the three perfusion 
parameters. The HU of the GGN carcinoma correlates negatively, positively and negatively with the pulmonary flow (PF), bronchial flow (BF) and the perfusion 
index (PI), respectively. A: Correlation between the HU of ground-glass nodule (GGN) carcinoma and PF; B: Correlation between the HU of GGN carcinoma and BF; 
C: Correlation between the HU of GGN carcinoma and PI.
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ARTICLE HIGHLIGHTS
Research background
In recent years, the detection rate of ground-glass nodules (GGNs) has been improved dramatically due 
to the application of low-dose computed tomography (CT) screening and high-resolution CT. The 
rapidly increasing detection rate requires appropriate managements of the GGNs which depends on a 
thorough investigation and sufficient knowledge of the GGNs. In most diagnostic studies of the GGNs, 
morphological factors are used to differentiate benignancy and malignancy. However, evaluation of the 
dual vascular supply patterns in GGNs with a dynamic volume CT could provide more valuable 
information for identification and treatment planning.

Research motivation
Studies of the solid lesions suggested that the information of CT perfusion is helpful in identification 
and treatment planning. Furthermore, quantification of the dual blood supply from the pulmonary and 
bronchial artery, i.e., the pulmonary flow (PF) and bronchial flow (BF) in lung disorders was recently 
achieved with a dynamic volume CT and the first-pass dual-input perfusion analysis producing helpful 
information for differentiations and treatment planning. Based on this, our study is devoted to the 
assessment of the dual blood supply pattern of GGNs by dynamic CT to provide more valuable 
information for differentiations and treatment planning.

Research objectives
To assess the dual vascular supply patterns of GGNs with regard to different histopathology and 
opacities using a dynamic volume CT.

Research methods
In this prospective study, 47 GGNs from 47 patients were included and underwent the dynamic volume 
CT. Histopathologic diagnoses were obtained within two weeks after the CT examination. BF and PF as 
well as the perfusion index [(PI) = PF/ (PF+BF)] were obtained using first-pass dual-input CT perfusion 
analysis and compared respectively between different histopathology and lesion types (pure or mixed 
GGN) and correlated with the attenuation values of the lesions, using one-way ANOVA, student’s t test 
and Pearson correlation analysis.

Research results
Forty-seven GGNs including three histopathological types (30 carcinoma, 6 atypical adenomatous 
hyperplasia and 11 organizing pneumonia). All perfusion parameters (BF, PF and PI) demonstrated no 
significant difference among the three conditions (all P > 0.05). The PFs were higher than the BFs in all 
the three conditions (all P < 0.001). Of the 30 GGN carcinomas, 14 showed mixed GGNs and 16 pure 
GGNs, with a higher PI in the latter (P < 0.01). A negative correlation (r = -0.76, P < 0.001) was 
demonstrated between the CT attenuation values and the PIs in the 30 GGN carcinomas.

Research conclusions
In conclusion, the GGNs are perfused dominantly by the PF regardless of its histopathology while the 
weight of the BF in the GGN carcinomas increases gradually during the progress of its opacification.

Research perspectives
Our future study will expand the GGNs sample size to further investigate potential difference of 
perfusion parameters between malignant and benign GGNs and to further confirm that the PI is a useful 
biomarker for distinguishing indolent GGNs carcinomas from aggressive ones.
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Abstract
BACKGROUND 
The commonly used predictors of clinically relevant postoperative pancreatic 
fistula (CR-POPF) following pancreaticoduodenectomy (PD) have subjective 
assessment components and can be used only in the postoperative setting. Also, 
the available objective predictors based on preoperative cross-sectional imaging 
were not prospectively studied.

AIM 
To evaluate the accuracy of the pancreatic attenuation index (PAI) and pancreatic 
enhancement ratio (PER) for predicting CR-POPF following PD and its correlation 
with pancreatic fat fraction and fibrosis.

METHODS 
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A prospective observational study included patients who underwent PD for benign and malignant 
pathology of the periampullary region or pancreatic head between February 2019 and February 
2021. Patients undergoing extended or total pancreatectomy and those with severe atrophy of 
pancreatic tissue or extensive parenchymal calcifications in the pancreatic head and neck 
precluding calculation of PAI and PER were excluded from the study. Preoperatively PAI was 
measured in the neck of the pancreas by marking regions of interest (ROI) in the non-contrast 
computed tomography (CT), and PER was measured during the contrast phase of the CT 
abdomen. Also, the fibrosis score and fat fraction of the pancreatic neck were assessed during the 
histopathological examination. Demographic, clinical and preoperative radiological indices (PAI, 
PER) were evaluated to predict CR-POPF. Preoperative pancreatic neck CT indices were correlated 
with the histopathological assessment of fat fraction and fibrosis.

RESULTS 
Of the 70 patients who underwent PD, 61 patients fulfilling the inclusion criteria were included in 
the analysis. The incidence of CR-POPF was 29.5% (18/61). PAI had no association with the 
development of CR-POPF. Of the preoperative parameters, PER (mean ± standard deviation [SD]) 
was significantly lower in patients developing CR-POPF (0.58 ± 0.20 vs 0.81 ± 0.44, P = 0.006). The 
area under the curve for the PER was 0.661 (95%CI: 0.517-0.804), which was significant (P = 0.049). 
PER cut-off of 0.673 predicts CR-POPF with 77.8% sensitivity and 55.8% specificity. PAI and PER 
had a weak negative correlation (Strength-0.26, P = 0.037). Also, PER showed a moderately 
positive correlation with fibrosis (Strength 0.50, P < 0.001). Patients with CR-POPF had a 
significantly higher incidence of the intraabdominal abscess (50% vs 2.3%, P < 0.001), delayed 
gastric emptying (83.3% vs 30.2, P < 0.001), and prolonged mean (± SD) postoperative hospital stay 
(26.8 ± 13.9 vs 9.6 ± 3.6, P = 0.001).

CONCLUSION 
PER exhibited good accuracy in predicting the development of CR-POPF. PER additionally 
showed a good correlation with PAI and fibrosis scores and may be used as an objective 
preoperative surrogate for assessing pancreatic texture. However, ROI-based PAI did not show 
any association with CR-POPF and pancreatic fat fraction.

Key Words: Pancreatic fistula; Minimally invasive; Pancreaticoduodenectomy; Pancreatic cancer; 
Neoplasms; Computed tomography
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Core Tip: The prospective observational study evaluated the accuracy of the pancreatic computed 
tomography indices in predicting clinically relevant pancreatic fistula after pancreaticoduodenectomy. 
Though the predictive accuracy of pancreatic attenuation index (PAI) was low, pancreatic enhancement 
ratio (PER) exhibited good accuracy in predicting the development of clinically relevant postoperative 
pancreatic fistula (CR-POPF). Also, PER showed a statistically significant weak negative correlation with 
PAI and moderately positive correlation with fibrosis scores suggesting that PER may be an objective 
preoperative surrogate for assessing pancreatic texture. Preoperative quantification of PER can improve 
the risk stratification and management of patients at high risk of CR-POPF.

Citation: Gnanasekaran S, Durgesh S, Gurram R, Kalayarasan R, Pottakkat B, Rajeswari M, Srinivas BH, Ramesh 
A, Sahoo J. Do preoperative pancreatic computed tomography attenuation index and enhancement ratio predict 
pancreatic fistula after pancreaticoduodenectomy? World J Radiol 2022; 14(6): 165-176
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INTRODUCTION
Pancreaticoduodenectomy (PD) has been established as the standard surgical treatment for resectable 
pancreatic head cancer and periampullary tumors. Advances in surgical technology and perioperative 
care have reduced PD-related mortality from roughly 20% to less than 5%[1]. But the morbidity 
following a PD continues to remain high[2]. Hence, the focus has shifted to make PD a less morbid 
procedure. The most feared consequence of PD is postoperative pancreatic fistula (POPF)[1,2]. POPF is 
frequently linked to a lengthy and challenging hospital stay that imposes a significant social and 
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financial burden. Despite numerous novel perioperative therapies, there has been no substantial 
reduction in reported POPF rates[2,3].

The implications of identifying patients at risk of clinically relevant POPF (CR-POPF) are manifold. 
To begin, we can tailor surgical procedures to high-risk factors by making modifications that have been 
demonstrated to reduce the occurrence of CR-POPF. Second, high-risk patients can be closely assessed 
for the need for early intervention to avoid the disastrous consequences of POPF. Finally, it helps 
identify low-risk patients in whom the enhanced recovery after surgery (ERAS) pathway may be 
implemented confidently. Commonly used predictive models for POPF, such as the Fistula Risk Score 
(FRS), modified FRS, and Day 1 Drain Fluid Amylase estimation, can be used only in the postoperative 
setting[4-6]. Attenuation and enhancement patterns of pancreatic parenchyma on computed 
tomography (CT) were studied as preoperative predictors of CR-POPF[7-11]. While pancreatic 
attenuation index (PAI) can quantify pancreatic fat, pancreatic enhancement ratio (PER) has been 
correlated with pancreatic fibrosis. Therefore, the presence of a higher preoperative mean PER and 
lower PAI can be considered protective against the development of CR-POPF after PD[7-11]. However, 
the predictive accuracy of these indices for CR-POPF was not prospectively studied. Also, the distri-
bution of fat and fibrosis within the pancreas varies, with pancreatic neck fat and fibrosis assuming 
relevance since it is the site of anastomosis, which previous studies have not addressed. Also, no 
previous research has prospectively correlated preoperative PAI and PER with histological pancreatic 
fat fraction and fibrosis, particularly in the neck. The present study aims to calculate the accuracy of the 
pancreatic neck PAI and PER in predicting CR-POPF and its correlation with histological pancreatic 
neck fat fraction and fibrosis scoring.

MATERIALS AND METHODS
Patient selection
Patients above 18 years of age who underwent elective PD for both benign and malignant pathology 
involving periampullary and pancreatic head from February 2019 to February 2021 and consented to 
participate were assessed for inclusion in the prospective observational study. Patients undergoing 
extended or total pancreatectomy and those with contraindication to undergo preoperative contrast-
enhanced CT (CECT) or severe atrophy of pancreatic tissue or extensive parenchymal calcifications in 
the pancreatic head and neck precluding calculation of PAI and PER were excluded from the study. 
Also, patients who died in the immediate postoperative period (< 48 h) were excluded from the 
analysis. The study was approved by the Institute's scientific advisory and Ethics Committee 
(JIP/IEC/2018/500 dated 25-01-2019).

Preoperative CT protocol 
As part of the routine evaluation, all patients underwent a pancreatic protocol CECT. Non-contrast and 
CECT of the abdomen and pelvis were performed using a 128 slice CT scanner (SomatomTM Definition 
Edge, M/s Siemens, Erlangen, Germany). Intravenous iodinated contrast media Iohexol with 300mg 
Iodine concentration (ContrapaqueTM 300, JB chemicals and pharmaceuticals limited, India) was 
administered at a dose of 1.5 mL/ kg body weight at the rate of 3-4 mL/s followed by 20 mL of the 
saline chase at 3 mL/s. A dual head pressure injector (Medrad® Stellant D pedestal-mount with 
Certegra® Workstation) was used for contrast injection. Scans were triggered using the Bolus tracking 
technique when the threshold of 150HU was reached in the upper abdominal aorta. Contrast-enhanced 
scans included late arterial phase at 30-40 sec from the start of contrast injection (12-15 sec after bolus 
tracking), portal venous phase at 60-70 sec (25-30 secs delay after the arterial phase) and equilibrium 
phase at 3 min from contrast injection. The plain and contrast-enhanced images were reconstructed at 3 
mm thickness and viewed in a picture archiving and communication system workstation using 
CentricityTM Universal Viewer Zero Footprint (GE, United States). On non-enhanced CT images, 
Hounsfield Units (HU) represents tissue density, while on contrast-enhanced CT images, it represents a 
measure of combination involving density and vascularity (18). Attenuation (HU) was measured in the 
neck of the pancreas and spleen, and attenuation values were calculated with regions of interest (ROI) of 
0.2-0.3 cm2. The mean of 3 ROI values obtained in the neck region divided by splenic attenuation gave 
the PAI of the pancreatic neck (Figure 1). PER was calculated in the neck of the pancreas as (EP-Pre)/ 
(AP-Pre) (AP-arterial phase, pre-nonenhanced phase, EP-equilibrium phase)[11].

Surgery
All patients underwent pylorus resecting PD at the surgeon's discretion using an open, laparoscopic, or 
robot-assisted technique. All operations were performed by three qualified surgeons with extensive 
experience in pancreatobiliary surgery. Pancreaticojejunostomy (PJ) was performed using modified 
Blumgart or a modified invagination technique depending on the size of the pancreatic duct at the 
surgeon's discretion. Hepaticojejunostomy (HJ) was done 15 cm distal to PJ by Blumgart Kelly 
technique. Antecolic Gastrojejunostomy was done about 50 cm distal to the HJ. Two abdominal drains 
were placed, one in the subhepatic space near HJ and the other one adjacent to the PJ. Feeding 
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Figure 1 Calculation of preoperative radiological indices. A: Hounsfield unit (HU) of the pancreatic neck in plain phase; B: HU of the spleen in plain phase; 
C: HU of the pancreatic neck in the arterial phase; D: HU of the pancreatic neck in the equilibrium phase. ROI: Region of interest.

jejunostomy was done routinely for early postoperative enteral feeding.

Histopathological evaluation
A pancreatic neck tissue specimen was sent for histopathological evaluation. The pathologist, blinded to 
CT data and pancreatic texture, performed histological analysis. The existence of Langerhans' islets 
confirmed the Pancreatic tissue. Only tissue free of inflammatory lesions and calcifications was 
evaluated. The histologic pancreatic fat fraction was defined as the area ratio of pancreatic intraparen-
chymal fat to that of the total tissue times 100% (< 5%-mildly fatty; 5-15%-moderately fatty, > 15%-
heavily fatty) using hematoxylin and eosin stain[12]. The degree of fibrosis was studied using Masson's 
trichome stain. The extent of intralobular and interlobular fibrosis was separately measured, and the 
total score (0-6) was calculated (Figure 2). According to the total score, fibrosis was classified as weak 
(score 0-3) and heavy (score 4-6)[13].

Outcome measures
The primary objective of this prospective observational study was to determine the predictive accuracy 
of PAI and PER for CR-POPF following PD. The patients' demographic and clinical data, including age, 
sex, body mass index, bilirubin level, preoperative biliary drainage, comorbidities (diabetes mellitus and 
hypertension), weight loss and radiological indices (PAI and PER) were collected to determine the 
preoperative factors predictive of CR-POPF. Also, the operative outcomes, including operative time, 
estimated blood loss, need for blood transfusion, pancreatic texture and postoperative complications, 
were compared between patients with and without CR-POPF. Delayed gastric emptying [DGE], Post 
pancreatectomy hemorrhage (PPH) and Postoperative pancreatic fistula [POPF] were graded as per the 
International Study Group for Pancreatic Surgery [ISGPS] definition[14-16]. To correlate preoperative 
CT indices (PAI and PER) with histopathological features, pancreatic neck fat fraction and fibrosis were 
measured in the pancreatic neck tissue specimen.

Statistical analysis 
The statistical analysis was done using IBM SPSS Statistics for Windows, Version 28.0. (Armonk, NY, 
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Figure 2 Histopathological evaluation of pancreatic neck fat fraction and fibrosis. A: Photomicrograph showing moderate fat inclusion (hematoxylin 
and eosin [H&E], × 100); B: Photomicrograph showing heavy intralobular fibrosis (Masson's trichome stain, H&E, × 100); C: Photomicrograph showing heavy 
interlobular fibrosis (Masson's trichome stain, × 40); D: Photomicrograph showing weak intra and interlobular fibrosis (Masson's trichome stain, × 200).

United States). The estimated sample size was calculated, anticipating an AUC of 0.75 for PER in 
predicting CR-POPF with 90% power and a 5% level of significance. The required sample size was 
calculated as 60. Both descriptive and inferential statistics were used to analyze the data. Baseline 
characteristics of the patients are presented by descriptive statistics. Categorical data (sex, clinical 
factors, presence or absence of DGE, CRPOPF, PPH, Intraabdominal abscess, pancreatic gland texture, 
pathological diagnosis) was described using percentages and frequencies and compared by using 
Fischer exact test or Chi-square test. The normality of continuous data was assessed by the Kolmogorov-
Smirnov test. The normally distributed data were described by mean ± standard deviation (SD). Median 
and interquartile range was used for non-Gaussian data. Comparison of the continuous data (age, duct 
size, serum bilirubin) between the two groups was done by independent Student's t-test for parametric 
data and Mann-Whitney U-test for nonparametric data. The ability of PAI and PER to predict CR-POPF 
was assessed using receiver operating characteristic (ROC) analysis. A perfect test will have an AUC 
equaling 1. A 95% confidence interval was calculated and reported for the outcome measures. Statistical 
analysis was carried out at a 5% significance level, and P < 0.05 was considered statistically significant. 
The Pearson correlation coefficient (r) was used to examine the association of the histologic pancreatic 
fibrosis score and fat fraction with PAI and PER independently. A perfect positive correlation will show 
a value of +1, and a value of -1 indicates a perfect negative correlation.

RESULTS
Of the 70 patients who underwent PD during the study period, 61 patients fulfilling the inclusion 
criteria were included in the analysis. Five patients did not achieve the required ROI (0.2-0.3 cm2), three 
patients who could not undergo histopathological analysis due to insufficient or other pathological 
changes in the sample and one patient who died during the immediate postoperative period were 
excluded from the analysis.
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Preoperative predictive factors for CR-POPF
The overall incidence of CR-POPF in the study cohort was 29.5% (18/61). The demographic variables, 
history of weight loss, presence of comorbidities, preoperative hemoglobin, serum bilirubin and 
preoperative biliary drainage were comparable between groups with and without CR-POPF (Table 1). 
While PAI was similar between the two groups, the mean (± SD) PER was significantly lower in patients 
developing CR-POPF (0.58 ± 0.20 vs 0.81 ± 0.44, P = 0.006). The ROC analysis was done to determine the 
accuracy of PAI and PER in predicting CR-POPF (Figure 3). The area under the curve for the PAI was 
0.461 (95%CI: 0.304-0.617), which was not significant (P = 0.630). At the same time, the area under the 
curve for the PER was 0.661 (95%CI: 0.517-0.804), which was significant (P = 0.049). We can predict 
whether a randomly chosen case will develop CR-POPF with a probability of 66.1%. With a cut-off of 
PER = 0.673, PER can predict those with CR-POPF with 77.8% sensitivity and 55.8% specificity 
(Figure 3).

Correlation between radiological indices (PAI, PER) and histopathological findings
There was no significant correlation between PAI and fat fraction or fibrosis score (Table 2). Pearson 
correlation coefficient between PER and fibrosis score was moderately positive and statistically 
significant with a strength of 0.504 and a P value of < 0.001. The positive correlation between PER and 
fibrosis score suggests that an increase in the intraparenchymal fibrosis results in the delayed pancreatic 
enhancement on CT, reflected as an increased PER. The correlation coefficient between PER and PAI 
was low negative and statistically significant, with a strength of -0.267 and a P-value of 0.037. The 
negative correlation between PER and PAI signifies that as the fibrosis increases, resulting in an 
increased delayed pancreatic enhancement, the fat fraction within the pancreas decreases, represented 
by a lower PAI.

Perioperative outcomes
The operative time, blood loss, intraoperative blood transfusion, surgical approach and pancreatic duct 
size was comparable between the two groups (Table 3). The proportion of patients with soft pancreas 
was significantly higher in the CR-POPF group. Postoperatively patients with CR-POPF had a 
significantly higher incidence of delayed gastric emptying (83.3% vs 30.2%, P < 0.001) and intra-
abdominal abscess (50% vs 2.3%, P < 0.001). Also, Patients with CR-POPF had a prolonged 
postoperative hospital stay. There was no significant difference in the pancreatic fat fraction and fibrosis 
score between the two groups.

DISCUSSION
The present study documents the role of preoperative CT indices, especially PER, in predicting CR-
POPF. Despite improved surgical techniques and perioperative management, PD remains a morbid 
procedure with a 30-50% estimated morbidity rate[1,2]. POPF is the critical cause of post-PD morbidity, 
and pancreatic texture has been reported as an important predictive parameter for POPF[17,18]. A soft 
pancreatic texture has been associated with an increased risk, while a firm pancreas protects against 
POPF. However, intraoperative assessment of gland consistency by the surgeon's digital palpation is 
highly subjective[18]. In recent years, laparoscopic and robotic approaches for PD have increased 
globally. Assessment of pancreatic texture during minimally invasive PD, especially the robotic 
approach, is challenging. Hence, parameters like acinar cell density and fibrosis score on histopatho-
logical examination were evaluated as objective criteria for pancreatic texture[19]. However, these 
parameters are not helpful for the preoperative prediction of POPF. Preoperative CR-POPF prediction 
using dependable parameters can assist in implementing intraoperative and postoperative measures to 
reduce CR-POPF-related morbidity. Hence, attempts have been made to correlate preoperative cross-
sectional imaging (CECT and MRI) with pancreatic texture[7-11,20]. Most studies evaluating PAI and 
PER on the CECT abdomen were retrospective, which precludes assessment and correlation of 
pancreatic neck fat fraction and fibrosis[7-11].

PAI
The high fat fraction in the pancreas makes the pancreas softer, which might increase the risk of POPF 
following PD. Liver Attenuation Index is the widely used radiological index to measure liver fat fraction
[21]. Similarly, Yardimci et al[22] proposed PAI as a simple tool to assess pancreatic fat fraction based on 
the study of 76 patients who underwent PD. The PAI cut-off value of 0.67 was valuable for risk 
calculation in their research. Other studies also reported the usefulness of PAI in assessing pancreatic fat 
fraction[7,8]. Although PAI was proposed as a simple tool that can be quickly evaluated, the lack of 
adequate external validation remains the primary impediment to its widespread adoption. In the 
present study, PAI was not useful for predicting CR-POPF. Also, PAI did not correlate with histological 
pancreatic fat fraction. On the other hand, PAI correlated negatively with PER, indicating an inverse 
relationship between pancreatic fat content with fibrosis and pancreatic texture. According to our 
analysis, PAI may not accurately reflect pancreas fat fraction and softness. However, the lack of predict-
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Table 1 Comparison of demographic, clinical and preoperative radiological parameters between patients with and without clinically 
relevant postoperative pancreatic fistula

Parameter CR-POPF, n = 18 No CR-POPF, n = 43 P value

Age in yr, mean ± SD 53.7 ± 10.8 54.7 ± 11.5 0.746 

Sex, n (%)

Male 10 (55.6) 28 (65.1) 0.567

Female 8 (44.4) 15 (34.9)

BMI in kg/m2, mean ± SD 21.1 ± 4.4 20.1 ± 3.9 0.388 

Weight loss, n (%) 15 (83.3) 32 (74.4) 0.525 

Comorbidities, n (%) 11 (61.1) 22 (51.2) 0.578 

Hemoglobin in gm%, mean ± SD 10.7 ± 1.4 10.8 ± 1.5 0.735

Preoperative serum bilirubin (mg/dL), median (IQR) 2 (1.8-6) 3 (1-7) 0.848 

Preoperative biliary drainage, n (%) 10 (55.6) 22 (51.2) 0.786 

Pancreatic attenuation index, mean ± SD 0.8 ± 0.2 0.8 ± 0.2 0.741

Pancreatic enhancement ratio, mean ± SD 0.6 ± 0.2 0.8 ± 0.4 0.006 

CR-POPF: Clinically relevant postoperative pancreatic fistula; gm: Gram; IQR: Inter quartile range; SD: Standard deviation.

Table 2 Correlation between preoperative radiological indices and histopathological pancreatic neck fat fraction and fibrosis

Pancreatic attenuation index Pancreatic enhancement ratio Pancreatic fat fraction Fibrosis score

Pancreatic attenuation index - -0.27 a 0.21 -0.20

Pancreatic enhancement ratio -0.27a - -0.10 0.50 b 

Pancreatic fat fraction 0.21 -0.10 - -0.12 

Fibrosis score -0.20 0.50 b -0.12 -

aCorrelation is significant at the 0.05 level (2-tailed).
bCorrelation is significant at the 0.01 level (2-tailed).

ability and correlation may be due to the small sample size and the underpowered study.

PER
An increase in the fibrosis of the pancreas makes the gland firmer, decreasing the incidence of POPF. It 
is technically straightforward to perform a pancreatoenteric anastomosis on a firmer gland. Maehira et al
[9], in a retrospective analysis of 115 patients, reported that the pattern of pancreatic enhancement could 
be a reliable predictor for the development of CR-POPF. Also, Kang et al[11] documented that PER cut-
off of 1.100 might be a valuable predictor for the risk of developing a CR-POPF following PD. In the 
present study, the PER cut-off value of 0.661 had a sensitivity of 78% and a specificity of 55% in 
predicting CR-POPF. Also, PER had a positive correlation with pancreatic fibrosis. The main drawback 
of using PER as a predictor for CR-POPF is that the perfusion of organs with injected contrast depends 
upon the patient's hemodynamic status, influencing the final indices values, unlike PAI, which is 
independent of contrast.

Correlation between the CT indices and Histopathological analysis 
With pancreatic fibrosis known for the protection of CR-POPF and pancreatic fatty infiltration being a 
concern, it is prudent that radiological indices be correlated with histopathological findings to 
determine their predictive accuracy. While multiple studies have evaluated different CT parameters, a 
few have tried to link with histology. However, no previous studies have looked at both contrast and 
non-contrast indices and their relationship with pancreatic neck fat fraction and fibrosis. The present 
study results are similar to the study by Hashimoto et al[10], which reported a correlation between PER 
and pancreatic fibrosis. However, in contrast to the current study, bolus tracking was not used in their 
imaging protocol. Hence, the timing differences between the scan performance and arrival of injected 
contrast in the structures were not considered. Further, the iodine concentration of the contrast used 



Gnanasekaran S et al. CT indices and pancreatic fistula

WJR https://www.wjgnet.com 172 June 28, 2022 Volume 14 Issue 6

Table 3 Comparison of perioperative and pathological parameters between patients with and without clinically relevant postoperative 
pancreatic fistula

Parameter CR-POPF, n = 18 No CR-POPF,n = 43 P value

Operative time in min, mean ± SD 521.9 ± 123 463.9 ± 101.2 0.275

Blood loss in mL, median (IQR) 550 (350-725) 475 (350-800) 0.830

Intraoperative blood transfusion, n (%) 6 (33.3) 17 (39.5) 0.775

Pancreatic texture, n (%)

Firm 1 (5.6) 20 (47.6) 0.002

Soft 17 (94.4) 22 (52.4)

Pancreatic duct size in mm, mean ± SD 2.8 ± 1.1 3.4 ± 1.6 0.169

Surgical approach, n (%)

Open 9 (50) 24 (55.8)

Laparoscopic 6 (33.3) 12 (27.9)

Robot assisted 3 (16.7) 7 (16.3) 0.927

Delayed gastric emptying, n (%) 15 (83.3) 13 (30.2) < 0.001

Postpancreatectomy hemorrhage, n (%) 3 (16.7) 4 (9.3) 0.662

Intra-abdominal abscess, n (%) 9 (50) 1 (2.3) < 0.001

Hospital stay in d, mean ± SD 26.8 ± 13.9 9.6 ±.6 0.001

Pathology, n (%)

Malignant 17 (94.4) 35 (81.4)

Benign 1 (5.6) 8 (18.6) 0.259

Fat fraction, n (%)

Absent 6 (33.3) 20 (46.5)

Mild 9 (50.0) 17 (39.6) 0.669

Moderate 3 (16.7) 6 (13.9)

Fibrosis score, n (%)

Weak 16 (88.9) 27 (62.8)

Heavy 2 (11.1) 16 (37.2) 0.063

CR-POPF: Clinically relevant postoperative pancreatic fistula; IQR: Inter quartile range; SD: Standard deviation.

could affect the magnitude of enhancement. Kang et al[11] reported that the CT enhancement ratio was a 
more powerful predictor of pancreatic fistula than fecal elastase-1 Levels. However, in contrast to the 
current study, their study was a retrospective analysis, with no reference standards of the pathological 
fibrosis data to correlate with the CT enhancement ratios.

Our study did not show any correlation of PAI with pancreatic fat fraction. Kim et al[12] reported a 
significant correlation between the PAI and histopathological fat fraction. However, the clinical 
parameter that was assessed was post PD glycemic control, unlike CR-POPF in our study. Though the 
study was able to show a positive correlation, it was a retrospective study, with a small sample size and 
lack of clarity on whether the histological fat fraction corresponded with the area of ROI. Hori et al[23] 
have recently shown that area-based assessment on unenhanced CT showed higher correlation and 
concordance with histopathology-based fat fraction in the pancreas than the ROI-based CT attenuation 
assessment. A few studies have reported the usefulness of MRI for analyzing pancreatic fat content[20]. 
As MRI is not widely available and routinely used for preoperative workup of patients undergoing PD, 
its use as a predictor tool for CR-POPF has a limited application. The different CT attenuation and 
enhancement values reported in the present study could be due to the calculation of CT indices 
precisely at the pancreatic neck. In contrast, previous studies measured randomly across the pancreas.

Limitations 
Our study is limited by a few factors that require attention. Firstly, the small sample size may not 
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Figure 3 Receiver operating characteristic curve of the computed tomography indices for predicting clinically relevant postoperative 
fistula. The area under curve for the pancreatic attenuation index is 0.461 (95%CI: 0.304-0.617), which is not significant (P = 0.630). The area under curve for the 
pancreatic enhancement ratio is 0.661 (95%CI: 0.517-0.804), which is significant (P = 0.049). ROC: Receiver operating characteristic; PAI: Pancreatic attenuation 
index; PER: Pancreatic enhancement ratio.

represent the entire patient cohort. A future study with a larger sample size is needed to determine 
PAI's predictability accurately. The reliable prediction of CR-POPF preoperatively is challenging in 
patients undergoing PD as it is a mix of a heterogeneous population of patients subjected to different 
heterogeneous surgical approaches. In PD, with various reconstructive options available and each 
Institute and each surgeon adopting a technique of their own choice, creating a standardized operative 
technique is nearly impossible. A homogenous population of patients and standardized uniform 
surgical techniques are prerequisites for any preoperative prediction models to show good predictive 
ability, both of which are difficult to achieve in the case of PD. The patient characteristics, the surgeon's 
expertise and surgical techniques are vital in deciding the risk of a patient developing CR-POPF. With 
all these factors coming into play, it is expected that accurate preoperative prediction of CR-POPF is not 
always possible. Even if some studies show a single or group of parameters as predictors for CR-POPF, 
external validation might not offer the same result because of the factors mentioned above.

Nevertheless, identifying potential preoperative predictors for CR-POPF is a vital step in our journey 
to decrease the morbidity associated with PD. Our study failed to demonstrate any association of PAI 
with CR-POPF and postoperative fat fraction, which may be explained apart from the small sample size 
to the restrictive ROI. Area-based assessment for the pancreatic fat fraction in future studies may better 
correlate with histopathological fat fraction.

CONCLUSION
The PER showed good accuracy in predicting the development of CR-POPF and a PER ratio of 0.673 or 
below increased the likelihood of CR-POPF. The positive correlation of PER with fibrosis and negative 
correlation with PAI suggest that PER may be an objective surrogate for assessing pancreatic texture, 
especially in minimally invasive surgery, where pancreatic texture assessment could be challenging. 
ROI-based PAI has a poor prediction for CR-POPF and does not correlate with a pancreatic fat fraction 
or fibrosis scores. Preoperative quantification of PER can improve the risk stratification and 
management of patients at high risk of CR-POPF. A multi-center trial with a larger sample size is 
necessary to validate PAI and PER reliably.

ARTICLE HIGHLIGHTS
Research background
Postoperative pancreatic fistula is the critical cause of morbidity after pancreaticoduodenectomy. 
Identifying patients at risk of clinically relevant postoperative pancreatic fistula can potentially improve 
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clinical outcomes after pancreaticoduodenectomy.

Research motivation
Most of the available models to predict postoperative pancreatic fistula can be used only in the 
postoperative setting.

Research objectives
To calculate the accuracy of the pancreatic neck pancreatic attenuation index (PAI) and pancreatic 
enhancement ratio (PER) in predicting clinically relevant postoperative pancreatic fistula and its 
correlation with histological pancreatic neck fat fraction and fibrosis scoring.

Research methods
Patients who underwent pancreaticoduodenectomy for benign and malignant pathology of the periam-
pullary region or pancreatic head between February 2019 and February 2021 were included in the 
prospective observational study. The PAI was measured in the neck of the pancreas by marking regions 
of interest in the preoperative non-contrast computed tomography (CT), and the PER was measured 
during the contrast phase of the CT abdomen. Preoperative pancreatic neck CT indices were correlated 
with histopathological evaluation of Fibrosis score and the fat fraction of the pancreatic neck and 
clinically relevant postoperative pancreatic fistula.

Research results
The PAI had no significant association with the development of clinically relevant postoperative 
pancreatic fistula (CR-POPF). However, PER was significantly lower in patients developing CR-POPF 
(0.58 ± 0.20 vs 0.81 ± 0.44, P = 0.006). Also, PER cut-off of 0.673 predicts CR-POPF with 77.8% sensitivity 
and 55.8% specificity. The PER showed a moderately positive correlation with fibrosis (Strength 0.50, P 
< 0.001).

Research conclusions
PER showed good accuracy in predicting CR-POPF. Also, PER showed a good correlation with fibrosis 
scores and may be used as an objective preoperative surrogate for assessing pancreatic texture.

Research perspectives
Quantifying PER on preoperative computed tomography can improve the risk stratification and 
management of patients at high risk of clinically relevant postoperative pancreatic fistula. Failure to 
demonstrate an association of PAI with clinically relevant postoperative pancreatic fistula and 
postoperative fat fraction suggests that area-based assessment for the pancreatic fat fraction may be 
better than the region of interest-based estimation.
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Abstract
Although therapeutic hypothermia (TH) contributes significantly in the treatment 
of hypoxic ischemic encephalopathy (HIE), it could result in devastating complic-
ations such as intracranial hemorrhages. Laboratory examinations for possible 
coagulation disorders and early brain imaging can detect all these cases that are 
amenable to aggravation of HIE after the initiation of TH.

Key Words: Therapeutic hypothermia; Hypoxic ischemic encephalopathy; Hemostatic 
disorders; Intracranial hemorrhage; Magnetic resonance imaging
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Core Tip: It has not been yet elucidated if the initiation of therapeutic hypothermia (TH) 
contributes significantly to better outcomes in cases with already confirmed intracranial 
hemorrhage and hemostatic disorders. In such cases a close follow up with brain 
magnetic resonance imaging before and after the initiation of TH and repeated 
laboratory and clinical examinations may promptly identify neonates requiring emergent 
neurosurgical intervention.
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TO THE EDITOR
Hypoxic ischemic encephalopathy (HIE) is thought to be a significant cause of morbidity and mortality 
at term and pre-term infants[1,2]. As stated in the literature, HIE is an evolving pathological process 
which within hours after its initiation promotes neuronal cell death through several biochemical events 
due to primary and secondary neuronal cell’s energy crisis such as hypoperfusion, extracellular concen-
tration of amino-acids, nitric oxide and free radicals and finally membrane depolarization[3]. Based on 
newborn’s neurological status expressed by Sarnat scale, HIE is divided to mild, moderate and severe
[4]. Diagnosis and follow up is based on patient’s neurological status, laboratory monitoring as well as 
brain imaging studies such as cranial ultrasound and magnetic resonance imaging (MRI) of the head 
which is the gold standard imaging modality for intracranial lesions[5].

Therapeutic hypothermia (TH) is considered the first line treatment of HIE[6]. Several studies in the 
past revealed that TH can reduce neonatal mortality up to 20% in developed countries[7]. TH is widely 
used during the last decade for moderate to severe cases of HIE and it can be induced either as whole-
body cooling or selective head cooling with a great variation in treatment protocols[8,9]. According to a 
published case series, hypothermia is limited to 33-34 degrees of Celsius for around 72 h under close 
medical surveillance and is slowly reinstated at normal body temperatures by patient rewarming with 
an increase rate of 0.5 Celsius degree per hour[3,5]. TH is applied only 6 h after birth in newborns with 
low Apgar score and a gestational age above 36 wk with evidence of moderate to severe HIE[5]. The 
literature describes several side effects of TH with an incidence around 20% of treated cases such as skin 
burns, electrolyte disturbances, low blood pressure, thrombocytopenia, prolonged prothrombin time 
(PT), and activated thromboplastin time[3].

We have read with great interest the case reported by Rousslang et al[10]. The authors eloquently 
highlighted the potential association between TH and increased risk of intracranial hemorrhage in 
neonates with HIE. They described the case of a term neonate that after an emergent C-section delivery 
required intubation due to cardiopulmonary instability[10]. According to the authors, the neonate 
fulfilled the criteria for TH which was applied from the day one. It is very interesting that the patient 
had from his first day of life pathological values of several parameters of coagulation mechanism such 
prolonged international normalized ration (INR), time of thromboplastin, activated partial 
thromboplastin time and low number of platelets.  Authors tried to restore these pathological findings 
of coagulation parameters during the next four days. This is a gray zone in the literate regarding 
contraindications for TH. The question that has to be answered is whether a neonate with pathological 
laboratory findings of his coagulation mechanism is eligible for TH initiation without prior restoration 
of these abnormal values. We have to recognize that the time frame for such decisions is short in order 
to prevent a possible permanent neurological damage. It is strongly supported by the literature that TH 
can induce abnormalities of coagulation mechanism and indirectly favor occurrence of intracranial 
hemorrhages similar to the one that Rousslang et al[10] describe in their case report[3,11]. Obviously, 
this effect can be reinforced in patients with already pathological ratings of coagulation parameters.

In addition, the first screening of the neonate with head ultrasound revealed a left grade I germinal 
matrix hemorrhage. Although the patient already had a small intracranial hemorrhage authors applied 
TH. It is well known that around 38% of cases treated with TH can have an intracranial hemorrhage
[12]. This is a finding that could be studied more thoroughly with an MRI scan before the application of 
TH as the MRI is more sensitive for the detection of any other hemorrhagic lesion, rendering it a 
potential first reference screening study for the neonate. Additionally, a brain MRI could be more 
valuable in assessing the severity of HIE and thus is a prognostic tool of great significance[12-14]. The 
coexistence of HIE and intracranial hemorrhages is another gray zone that requires more extensive 
investigation regarding the final outcome for the neonates receiving TH[13,14]. The current published 
case series refers to MRI scans performed usually several hours after the initiation of TH. Another issue 
that should be clarified in the future is whether any type of intracranial hemorrhage constitutes a 
contraindication for the initiation of any TH protocol.

Finally, it is well presented by the authors that any type of imaging screening combined with 
laboratory and clinical follow up of the neonates during TH can successfully detect any emergent 
intracranial hemorrhage. In these cases, prompt neurosurgical consultation can remarkably affect 
neurological outcome and prognosis for the neonates[15].
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Abstract
There is increasing evidence on the utility of cardiac computed tomography (CCT) 
in infective endocarditis (IE) to investigate the valvular pathology, the extra-
cardiac manifestations of IE and pre-operative planning. CCT can assist in the 
diagnosis of perivalvular complications, such as pseudoaneurysms and abscesses, 
and can help identify embolic events to the lungs or systemic vasculature. CCT 
has also been shown to be beneficial in the pre-operative planning of patients by 
delineating the coronary artery anatomy and the major cardiovascular structures 
in relation to the sternum. Finally, hybrid nuclear/computed tomography 
techniques have been shown to increase the diagnostic accuracy in prosthetic 
valve endocarditis. This manuscript aims to provide a contemporary update of 
the existing evidence base for the use of CCT in IE.

Key Words: Infective endocarditis; Cardiac computed tomography; Multimodality cardiac 
imaging; Cardiovascular structures; Hybrid nuclear
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Core Tip: Cardiac computed tomography (CCT) has an expanding role in the management of infective 
endocarditis (IE). It has been shown to be superior to echocardiography for diagnosing perivalvular 
complications such as pseudoaneurysms and abscesses. CCT can also diagnose extra-cardiac manifest-
ations of IE such as septic emboli to the lungs. It can assist in pre-operative planning by delineating the 
coronary anatomy and assessing vascular structures. Herein, we review the role of CCT in IE including the 
evidence base comparing CCT to echocardiography in diagnosing the valvular complications of IE and the 
use of CT in IE beyond valvular assessment.

Citation: Hughes D, Linchangco R, Reyaldeen R, Xu B. Expanding utility of cardiac computed tomography in 
infective endocarditis: A contemporary review. World J Radiol 2022; 14(7): 180-193
URL: https://www.wjgnet.com/1949-8470/full/v14/i7/180.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i7.180

INTRODUCTION
Infective endocarditis (IE) is an infection of the endocardium, heart valves or intra-cardiac devices. It 
remains a challenging disease to diagnose and manage with high rates of morbidity and mortality[1,2]. 
Echocardiography remains the main imaging modality used in IE; more recently, however, there is an 
increasing evidence base for a multimodality imaging approach for IE. Complementary imaging 
modalities including cardiac computed tomography (CCT) now play increasingly important roles in 
diagnosis, risk stratification and management of IE. CCT has certain advantages compared to echocardi-
ography in being able to investigate for perivalvular extension, extra-cardiac complications of IE, 
including metastatic spread and planning for surgery including assessing for coronary artery disease. 
Advancements in CT technologies, including the use of dedicated cardiac gated four-dimensional CCT, 
have expanded the applications of CT in IE, demonstrating good sensitivity and specificity for 
diagnosing the complications of IE. This article aims to review the available evidence for the use of CCT 
in IE.

CLINICAL CONSIDERATIONS 
The incidence of IE in the United States is estimated to be approximately 15 per 100000 persons annually
[3,4], with Staphylococcus aureus (SA) being the most common pathogen followed by Viridans group 
Streptococci[5]. A number of risk factors have been identified for acquiring IE, including the presence of 
a prosthetic valve, a previous episode of IE, patients with untreated cyanotic congenital heart disease, 
injection drug use, poor dentition and pre-existing valvular heart disease[6]. The clinical presentation of 
IE can vary significantly from an acute life threatening illness to a more indolent chronic disease[7]. The 
most common presenting symptoms are: fever, cardiac murmur, heart failure or complications from 
septic emboli[8].

The Duke criteria were developed in 1994 to assist in the risk stratification of patients with suspected 
IE into definite, possible and rejected cases of IE[9]. These criteria have been since validated by a 
number of retrospective analyses, and underwent further modification in 2000 to reflect changing 
clinical practice and the emergence of SA as the most common pathogen encountered[10-12]. Despite 
the updated clinical criteria for diagnosis of IE, there often remains a delay in diagnosis for many 
patients, commonly due to a lack of microbiological criteria from impropriate antibiotic use, with worse 
outcomes seen in these patients[13,14]. Advances in CT technologies including improvements in both 
temporal and spatial resolution have enabled greater use of CCT for the diagnosis of IE. The European 
Society of Cardiology guidelines for the management of infective endocarditis reflect these advances in 
imaging techniques and include paravalvular lesions detected by CCT to be a major imaging criterion
[15]. The 2020 American College of Cardiology/American Heart Association Guideline for the 
management of patients with valvular heart disease also recommend the use of CCT as an adjunctive 
imaging modality for IE[16].

Echocardiography 
Echocardiography, including transthoracic echocardiography (TTE) and transesophageal echocardio-
graphy (TEE) where appropriate, remain the first line imaging modality for the diagnosis and 
monitoring of IE[17,18]. There are three main echocardiographic findings that are considered major 
criteria for the diagnosis of IE: vegetations, abscesses/pseudoaneurysms and new dehiscence of a 
prosthetic valve[15]. In native valve endocarditis, the sensitivities for the diagnosis of a vegetation are 
approximately 70% for TTE and 96% for TEE, respectively[17]. For prosthetic valve endocarditis (PVE), 

https://www.wjgnet.com/1949-8470/full/v14/i7/180.htm
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the sensitivities for diagnosing a vegetation are approximately 50% for TTE and 92% for TEE, 
respectively[17]. There are many challenges in the diagnosis of IE with echocardiography, including 
small vegetations or embolization of the vegetation prior to imaging, difficulty visualizing the lesion in 
the setting of pre-existing valvular disease or with prosthetic valves. Small abscesses may also be 
challenging to diagnose, especially by TTE[19]. There are also many mimics of IE that could result in a 
false positive diagnosis, such as Lambl’s excrescence, fibroelastomas, thrombus, degenerative lesions, 
prosthetic material/sutures or marantic lesions[20]. CCT can therefore be helpful to assist in the 
diagnosis of IE, when there are equivocal findings by echocardiography or in challenging cases 
involving prosthetic valves[21].

Dedicated cardiac CT protocol for endocarditis evaluation
For evaluation of cardiac valves, multiphase imaging using a retrospectively ECG-gated acquisition is 
required to obtain an isotropic data set. Images are acquired in spiral mode utilizing a low pitch of 0.16 
to 0.5 during 5-10 R-R intervals with a section thickness of 0.60 mm. Thin collimation is used for optimal 
visualization of the valve leaflets, typically 64 mm × 0.6 mm. The tube voltage used is adapted to the 
patient’s weight, and can vary between 100 to 120 kV. Gantry rotation time of 0.28 s to 0.35 s is used[22-
27]. The scan is typically performed in a limited field of view from the level of the carina to the cardiac 
apex.

Timing of the iodinated contrast bolus is important to optimize visualization of the involved cardiac 
valves. A monophasic contrast injection is most commonly used, with timing of the contrast bolus 
chosen for optimal visualization of the expected involved valve and cardiac chambers. Alternatively, 
biphasic contrast injection may be performed, which allows evaluation of all cardiac chambers and 
valves[28]. Premedication with beta blockers may be used to regulate heart rate to less than 65-70 bpm if 
not contraindicated. This improves image quality by reducing artefacts related to cardiac motion and 
valvular motion.

The isotropic data set acquired from the retrospectively gated acquisition allows for reconstruction in 
any desired plane. In addition to static images, imaging at multiple points during the cardiac cycle also 
allows for creation of 4D cine images, allowing for evaluation of valve leaflet motion and planimetry.

Because images are acquired throughout the entire cardiac cycle, this results in a significantly higher 
radiation dose penalty compared to prospectively gated CT as used typically in CT angiography of the 
coronary arteries. Radiation dose may be lowered utilizing methods such as iterative reconstruction and 
ECG-triggered radiation dose modulation. However, ECG-triggered dose modulation may result in 
suboptimal evaluation during the phase of reduced tube current, typically the systolic phase[29]. There 
are specific protocols used for visualizing the various cardiac and extra manifestations of IE and for pre-
operative planning. Herein, we group all of these into an umbrella term of CCT, referring to ECG-gated 
CT of the chest with contrast. There are some situations, such as during investigation for septic emboli 
to the visceral organs, when abdominal imaging may also be needed.

UTILITY OF CARDIAC CT IN INFECTIVE ENDOCARDITIS
CCT has the ability to assess for valvular lesions, perivalvular extension, metastatic spread/
embolization, as well as aortic anatomy. CCT may also be used in appropriate cases for the assessment 
of coronary artery disease[30]. This is particularly relevant in patients with aortic valve IE and 
vegetations, whereby invasive coronary angiography may be relatively contraindicated, due to the 
potential risk of causing the vegetations to embolize during the procedure. CCT can detect valvular 
lesions, such as vegetations, prosthetic valve dehiscence in addition to perivalvular lesions such as 
abscesses, fistulae and pseudoaneurysms[26,31]. Table 1 compares the various definitions for IE 
detected on CCT vs TEE.

PERIVALVULAR COMPLICATIONS
Pseudoaneurysms and abscesses
Perivalvular extension of IE, which includes pseudoaneurysms, abscesses and fistulae are associated 
with a higher rate of operative management and mortality[32-34]. A pseudoaneurysm is a perivalvular 
cavity that is in communication with the cardiovascular lumen which results from an abscess rupturing 
into a cavity[17]. On echocardiography, this appears as a pulsatile echo-free space with detectable 
Doppler color flow, while on CCT, it appears as an abnormal cavity close to the valve with direct 
communication with the heart chambers or major blood vessel[30]. An abscess is a closed cavity with 
necrosis and purulent material not in communication with a cardiovascular cavity[17] . On echocardio-
graphy, this appears as a thickened perivalvular area with a homogenous echo-dense or echo-lucent 
appearance. On CCT, abscesses appear as perivalvular collections of fluid encased in a thick layer of 
inflammatory tissue enhanced by the injection of contrast medium. See Figures 1-4 for examples of 
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Table 1 Comparison of cardiac computed tomography vs transesophageal echocardiography findings in infective endocarditis[15,30]

CCT TEE

Vegetation An irregular mass or thickening associated with the 
endocardium, native valve or prosthetic valve with low 
to intermediate attenuation

Mobile or non-mobile intracardiac mass on valve or other endocardial 
structures, including on implanted intracardiac material

Pseudoaneurysm Perivalvular collection of contrast enhanced material 
usually adjacent to a valve with a visible direct 
communication

Abnormal perivalvular echo-free space with color-Doppler flow 
showing connection with the cardiovascular lumen

Abscess Usually perivalvular collection of low attenuation 
material. Often has a thick layer of tissue in the wall of 
the collection that enhances with contrast

Usually perivalvular collection that can have an echodense or 
echolucent appearance without a communication to a lumen

Dehiscence of a 
prosthetic valve

Prosthetic valve misalignment with a tissue defect 
between the annulus and prosthesis

Evidence of excessive motion of a prosthetic valve. Occasionally, it is 
possible to see a defect between annulus and prosthesis and/or 
evidence of paravalvular leak on Doppler assessment

Perforation Leaflet tissue defect that can be observed in two different 
views

Defect in a valve leaflet that may be seen visually as an interruption of 
tissue or by color flow across the defect

Fistula An abnormal communication between two cardiac 
chambers that is contrast filled

An abnormal connection two neighboring lumen detected by color 
Doppler flow

CCT: Cardiac computed tomography; TEE: Transesophageal echocardiography.

Figure 1 Prosthetic aortic valve infective endocarditis with valve dehiscence and pseudoaneurysm. Patient with extensive peri-aortic root 
abscess cavity/pseudo-aneurysm (stars) related to prosthetic valve endocarditis. Note the extensive peri-valvular space around the prosthetic aortic valve and 
evidence of valve dehiscence on transesophageal echocardiography. Comparable short-axis and long-axis images from cardiac computed tomography and short-axis 
and long-axis images from transesophageal echocardiography.

comparisons of TEE and CCT images in patients with perivalvular complications of IE (Table 2).
A 2009 study by Feuchter et al[24] to investigate the value of CCT for the assessment of valvular 

abnormalities included 37 consecutive patients (29 of whom went on to have surgery) with clinically 
suspected IE who underwent both CCT and TEE. CCT identified all pseudoaneurysms and abscesses in 
this study with sensitivity and specificity of 100%, which was superior to TEE (sensitivity of 89% and a 
specificity of 100%)[24]. CCT was also shown to be superior to TEE for perivalvular extension of the IE, 
identifying myocardial and pericardial extension more often than TEE[24]. In a 2009 prospective study, 
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Table 2 Strengths and limitations of various imaging modalities for assessing infective endocarditis

Modality CCT TTE TEE PET/CT

Strengths Ability to image the entire thorax; 
Improved detection of perivalvular 
complications; CAD Assessment; 
Pre-Operative planning; Detection 
of extra-cardiac emboli

Good Spatial resolution; 
Availability and portable; Low 
cost; Lack of radiation; Lack of 
contrast; Chamber quantification; 
Assess hemodynamics

Improved spatial and temporal 
resolution over TTE; Availability and 
low cost; Lack of radiation; Lack of 
contrast; Better sensitivity than TTE 
in PVE; Assess Hemodynamics

Improved detection of 
perivalvular complications; 
Improved diagnostic 
accuarcy in PVE detection 
of embolic events 

Weaknesses Higher cost; Radiation exposure; 
Nephrotoxicity; Lower sensitivity 
for small vegetations and leaflet 
perforation; Availability may be 
limited 

Limited value in PVE; No tissue 
characterization; Low sensitivity 
for peri-valvular complications

No tissue characterization; May miss 
some peri-valvular complications; 
Invasive procedure requiring 
sedation (cannot be performed in 
some patients with esophageal 
issues)

Limited availability; Higher 
cost; Radiation exposure

CCT: Cardiac computed tomography; TEE: Transesophageal echocardiography; TTE: Transthoracic echocardiography; PET: Positron emission 
tomography; PVE: Prosthetic valve endocarditis; CAD: Coronary artery disease.

Figure 2 Native mitral valve infective endocarditis with pseudoaneurysm. A and B: Mitral annular pseudo-aneurysm (dotted box) detected on cardiac 
computed tomography; C: Cardiac computed tomography with evidence of native mitral valve endocarditis on transesophageal echocardiography (star); D: Cardiac 
computed tomography with a prominent peri-annular cavity, consistent with a mitral annular pseudo-aneurysm.

19 patients with aortic valve endocarditis requiring surgical intervention underwent CCT pre-
operatively[25]. The majority of patients (approx. 90%) had native valve IE. This study showed that CCT 
had sensitivity and specificity for diagnosing pseudoaneurysms of 100% and 92%, respectively, and 
CCT correctly identified all cases where there was extension of IE into the intervalvular fibrosa[25]. This 
paper did not report the TEE findings for their participants [25].

A paper by Fagman et al[23] reported in 2012 on 27 consecutive patients who had TEE findings of 
aortic valve PVE and investigated the strength of agreement between the TEE and CT results. They 
found a strength of agreement compared to TEE was 0.68 for abscesses and 0.75 for dehiscence[23]. 
However, using surgery as the reference standard (16 patients went on to have surgery), CCT had 
sensitivity of 91% to detect pseudoaneurysms /abscesses compared to 82% for TEE[23]. A 2013 study 
investigated the additional value of CCT beyond the usual evaluation with TEE in PVE in 28 patients, 
with a final diagnosis being either determined clinically or at the time of surgery as reported by Habets 
et al[35]. They reported that usual evaluation had sensitivity of 68% for detecting periannular complic-
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Figure 3 Mechanical aortic valve infective endocarditis with aortic root abscess. A and B: Patient with extensive peri-aortic root abscess, with a 
contrast outpouching and surrounding soft-tissue density (star) nearly encasing the left main artery; C and D: Transesophageal echocardiography demonstrated 
similar findings, although not as well defined due to shadowing from the aortic valve prosthesis.

ations (mycotic aneurysms and abscesses), which was increased to 100% with the use of CCT[35]. Koo et 
al[27] also compared CCT vs TEE using intra-operative findings as the reference standard in 2018. They 
enrolled 49 patients, 12 of whom had PVE[27]. The overall detection of IE by CCT was 94%, compared to 
96% by TEE[27]. CCT performed better than TEE at detecting abscess/pseudoaneurysms, with sensit-
ivities of 60% for CCT and 40% for TEE, respectively[27]. A retrospective study from 2018 by Sims et al
[36] investigated the performance of CCT in the pre-operative evaluation of IE. In total, they had 251 
patients undergoing TEE with 34 of these patients also having a CCT[36]. The sensitivity of CCT for 
detecting abscesses/pseudoaneurysms was 91%, which was superior to TEE at 78%[36]. CCT was 
reported to have a lower sensitivity for detecting fistulae at 50% vs 79% for TEE, and dehiscence at 57% 
vs 70% for TEE[36].

Two studies from 2018 (Ouchi et al[31] and Koneru et al[37]) retrospectively investigated the utility of 
CCT in IE with intra-operative findings as the reference standard. CCT performed better than TEE in 
detecting abscess/pseudoaneurysm in prosthetic valves with sensitivity of 81% (versus 64% for TEE) in 
the study by Koneru et al[31]. CCT had sensitivity of 100% sensitivity for detecting perivalvular complic-
ations, such as pseudoaneurysms in the paper by Ouchi et al[37]. A 2019 study by Hryniewiecki et al[26] 
investigated 53 consecutive patients who had perivalvular complications from IE, who also underwent 
CCT and TEE pre-operatively. They showed the sensitivity and specificity for detecting 
abscesses/pseudoaneurysms for CCT were 81% and 90%, respectively, compared to 63% and 90%, 
respectively for TEE[26]. A 2020 study of 68 patients reported by Sifaoui et al with definite left-sided IE 
who underwent CCT and TEE reported the comparison of CCT and TEE to detect perivalvular complic-
ations[38]. They showed again that CT had a higher sensitivity for detecting pseudoaneurysms at 100%, 
compared to TEE at 67%[38].

Overall, the current evidence base suggests that the diagnostic performance of CCT is likely superior 
to that of TEE for the detection of pseudoaneurysms and abscesses in appropriately selected cases. A 
recent meta-analysis reported pooled sensitivity and specificity for CCT for the detection of peri-annular 
complications of 88% and 93%, respectively, compared to TEE at 70% and 96%, respectively[39].

The identification of perivalvular complications is important for prognostic and management consid-
erations. These sequelae of invasive IE, which are more common with aortic valve endocarditis and 
PVE, have been associated with increased rates of surgical management, and may confer an increased 
risk of mortality[32,33]. Therefore, a multimodality imaging strategy for IE that includes CCT would 
have the ability to identify more of these complications, compared to using TEE alone, and therefore 
impact on decision making for patients.
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Figure 4 Aortic repair with left ventricular outflow tract pseudoaneurysm. A and B: This patient had a complex aortic repair with a clear peri-valvular 
space (arrow) on transesophageal echocardiography (TEE); however, the exact origin was difficult to define by TEE imaging; C and D: Cardiac computed tomography 
demonstrated multiple pseudo-aneurysms arising from the left ventricular outflow tract (LVOT) with the largest, fistulous LVOT pseudo-aneurysm (arrow) best 
appreciated on 3-dimensional volume-rendering.

Vegetations
A vegetation is a mass-like lesion of infected material composed of fibrin, platelets and microorganisms 
attached to an endocardial structure or on an implanted cardiac device (CIED)[40,41]. On echocardio-
graphy, this appears as an oscillating or non-oscillating intracardiac echodensity, which can be attached 
to a valve, other endocardial surface or cardiac device[15]. A vegetation tends to move with the cardiac 
cycle, and is more frequently found on the atrial side of the atrioventricular valves and the ventricular 
side of the semi-lunar valves[15]. On CT, vegetations appear as hypodense homogeneous irregular 
masses, which can be attached to a valve or other cardiac structures[30].

In the 2009 paper by Feuchter et al[24] using surgical/pathological diagnosis as the reference 
standard, CCT had sensitivity of 96% and specificity of 97% for the diagnosis of vegetations. 5 
vegetations were missed by CCT (11%) either due to artefact or small size (≤ 4mm)[24]. The performance 
of TEE was similar to CCT with sensitivity of 96% and specificity of 100%[24]. CCT was found to be 
inferior to TEE for detecting leaflet perforations[24]. The study by Gahide et al[25] on aortic valve IE 
showed CCT had a sensitivity of 71% and a specificity of 100% for detecting vegetations, though the 
sensitivity was increased to 100% for large vegetations (> 10 mm). The 2012 paper by Fagman et al[23] 
found that CCT detected vegetations in 7 out of 13 cases (54%), with a lower detection rate being 
potentially explained by artefact from the prosthetic valves obscuring the CCT images. The 2013 study 
by Habets et al[35] found additional benefit with CCT in addition to usual work-up with TEE in PVE, 
with a final diagnosis being either determined clinically or at the time of surgery. They reported that 
usual work-up had sensitivity of 63% for detecting vegetations, which was increased to 100% with the 
use of CCT[35]. The 2018 study by Koo et al[27] reported sensitivity for CCT to detect vegetations of 
91%, compared to 100% by TEE. Missed vegetations were smaller, and the authors also listed motion 
artefact and beam hardening from mechanical valves as reasons for the failure of CCT to detect the 
vegetations[27]. Sims et al[36] reported the sensitivity for detecting vegetations to be 70% for CCT (34 
patients) and 96% for TEE (251 patients). The study by Oucho et al[37] reported sensitivity of 92% for 
detecting vegetations for CCT, correctly identifying 12 of 13 cases who had vegetations confirmed at the 
time of surgery. The retrospective review on 122 patients by Koneru et al[31] showed TEE to have a 
statistically significantly higher sensitivity for detecting vegetations compared to CCT at 85% vs 16%, 
though CCT did have a higher specificity at 96% compared to 69% for TEE. The lower sensitivity in 
detecting vegetations by CCT in this study may be related to only reviewing single-phase images, and 
the fact that the slice thickness used was 3 mm which was thicker than the other studies referenced 
above[31]. In the 2019 paper by Hryniewiecki et al[26] the sensitivity and specificity for detecting 
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Figure 5 Prosthetic aortic valve with hypoattenuating lesion. A-C: This patient presented with elevated prosthetic aortic valve gradients, and although 
transesophageal echocardiography imaging was suspicious for an echodensity (white arrow), imaging quality was challenging due to prosthetic metallic valve 
shadowing; D-F: Multi-phase 4-dimensional cardiac computed tomography was utilized which clearly demonstrated a hypoattenuating mass (white arrows) attached 
to the prosthetic valve. Despite suspicion for infection, intra-operative pathology revealed thrombus.

vegetations by CT were 89% and 71%, respectively, compared to TEE at 97% and 42%, respectively. The 
2020 study by Sifaoui et al[38] showed that TEE had a higher area under the curve (AUC) than CCT for 
detecting vegetations, with AUC for TEE of 0.86 vs AUC for CT of 0.69.

Overall, the current evidence base suggests that TEE is overall superior to CCT for the detection of 
vegetations, particular small vegetations, with pooled sensitivity for TEE from a recent meta-analysis of 
94%[42]. CCT demonstrated a lower pooled sensitivity, at 64% for the detection of vegetations[42]. 
There was a wide range of results reported likely related to small sample sizes, differing patient 
populations and different protocols used for imaging. While CCT should not replace echocardiography 
as the first line imaging tool in the majority of patients primarily to detect vegetations, in a small subset 
of patients who could not undergo clinical indicated TEE (e.g., esophageal pathology), CCT may add 
diagnostic value. CCT has also been shown to improve the diagnostic accuracy overall, when used in 
combination with TEE[35]. For example Figure 5 shows a hypoattenuating lesion on a mechanical aortic 
valve that was more clearly defined on CCT. Figures 6 and 7 shows an examples of an aortic graft and 
aortic stent infections that can be difficult to image with TEE.

INCREMENTAL VALUE OF CCT IN INFECTIVE ENODCARDITIS 
Pre-operative assessment
In addition to the advantages related to the management of IE as outlined above, CCT can also assist in 
the pre-operative planning of IE surgery. In patients with prior cardiothoracic surgery, CCT can 
delineate the relationship of cardiovascular structures to the sternum and the location of the coronary 
artery bypass grafts (CABG). See Figure 8 for CCT images of a patient with a prior CABG. For all 
patients, CCT can identify calcification of the ascending aorta (‘porcelain aorta’), which may preclude 
surgery as well as give precise anatomic location and extent of the degree of calcification of the 
subclavian, axillary and femoral arteries. The advantage of having a pre-operative CCT was described 
by Merlo et al[43] with reported lower rates of stroke and mortality in patients undergoing pre-operative 
CCT followed by primary cardiac surgery, vs those without pre-operative CCT imaging. Figure 9 shows 
a CCT in a patient with vascular calcification.
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Figure 6 Aortic graft infection. A and B: Infection of aortic grafts can be difficult to visualize on transesophageal echocardiography (TEE); C and D: This case 
demonstrates evidence of a peri-aortic graft echolucent space with stranding, which was challenging to image on TEE, and further characterization with cardiac 
computed tomography clearly demonstrated peri-aortic graft thickening (star) consistent with infection.

Figure 7 Aortic endovascular stent infection. Aortic endovascular stents are also prone to infection, and negative transesophageal echocardiography for 
valvular vegetations with a high suspicion should prompt consideration for other sources of infections, as in this case, which was demonstrated on cardiac computed 
tomography with prominent soft-tissue thickening (star) around the proximal descending thoracic aorta stent.

Pre-operative assessment
In addition to the advantages related to the management of IE as outlined above, CCT can also assist in 
the pre-operative planning of IE surgery[44-50]. In patients with prior cardiothoracic surgery, CCT can 
delineate the relationship of cardiovascular structures to the sternum and the location of the coronary 
artery bypass grafts (CABG). See Figure 8 for CCT images of a patient with a prior CABG[50-60]. For all 
patients, CCT can identify calcification of the ascending aorta (‘porcelain aorta’), which may preclude 
surgery as well as give precise anatomic location and extent of the degree of calcification of the 
subclavian, axillary and femoral arteries[61,62]. The advantage of having a pre-operative CCT was 
described by Merlo et al[43] with reported lower rates of stroke and mortality in patients undergoing 
pre-operative CCT followed by primary cardiac surgery, vs those without pre-operative CCT imaging. 
Figures 9 and 10 shows a CCT in a patient with vascular calcification.
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Figure 8 Prior coronary artery bypass graft. A: Cardiac computed tomography has added utility for pre-operative planning by identifying areas of aortic 
calcification (which in this case was prominent at the aortic root graft); B and C: Relevant sternal distance for cardiovascular structures, such as the left 
braciochephalic vein and right ventricle, as well as ilio-femoral anatomy in cases where peripheral vascular access may be needed.

Figure 9 Aortic calcification and thoracic structures. Cardiac computed tomography is also important to identify prior coronary artery bypass graft locations 
(stars) and sternal distance to avoid complications, which can be increased in redo-surgery particularly with increased adhesions and friable structures due to 
infection.

Figure 10  Embolic phenomena of infective endocarditis. A: It demonstrates multiple pulmonary septic emboli, including cavitary lesions (star) from 
tricuspid valve endocarditis. Cardiac computed tomography is also incremental in demonstrating embolic phenomena which can have implications for surgical 
urgency and overall prognosis; B: It demonstrates a splenic infarct (arrow) from mitral valve endocarditis).

CONCLUSION
With improvements in the temporal and spatial resolution of CCT technology, including the use of 
dedicated 4D CCT, there has been an expanding role of CCT imaging in IE. CCT has been shown to be 
superior to TEE for the identification of pseudoaneurysms and abscesses in appropriately selected cases, 
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while the combination of both modalities results in the greatest sensitivity for detection. TEE is superior 
to CCT for small vegetations; however this advantage is less marked for larger vegetations. In addition, 
CCT has a number of adjunctive uses in IE beyond evaluation of valvular pathology. CCT can aid in the 
diagnosis of embolic events, such as pulmonary complications in RSIE. It can also be used to diagnose 
significant CAD in low to intermediate risk patients preoperatively, or when there is a contraindication 
to ICA, such as when there is a large aortic valve vegetation. CCT can also be helpful for pre-operative 
planning to assess the relationship of the cardiovascular structures in relation to the sternum, which is 
particularly helpful in re-do sternotomy cases. The addition of hybrid techniques such as positron 
emission computed tomography or SPECT/CT, has been shown to improve the diagnostic accuracy in 
challenging cases of PVE. Greater awareness of the strengths, weaknesses and appropriate applications 
of CCT in IE will assist in its optimal use for improved diagnosis and management of this challenging 
condition.
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Abstract
Coronavirus disease 2019 (COVID-19) is caused by the novel viral pathogen, 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). COVID-19 
primarily involves the lungs. Nucleic acid testing based on reverse-transcription 
polymerase chain reaction of respiratory samples is the current gold standard for 
the diagnosis of SARS-CoV-2 infection. Imaging modalities have an established 
role in triaging, diagnosis, evaluation of disease severity, monitoring disease 
progression, extra-pulmonary involvement, and complications. As our un-
derstanding of the disease improves, there has been substantial evidence to 
highlight its potential for multi-systemic involvement and development of long-
term sequelae. Molecular imaging techniques are highly sensitive, allowing non-
invasive visualization of physiological or pathological processes at a cellular or 
molecular level with potential for detection of functional changes earlier than 
conventional radiological imaging. The purpose of this review article is to 
highlight the evolving role of molecular imaging in evaluation of COVID-19 
sequelae. Though not ideal for diagnosis, the various modalities of molecular 
imaging play an important role in assessing pulmonary and extra-pulmonary 
sequelae of COVID-19. Perfusion imaging using single photon emission computed 
tomography fused with computed tomography (CT) can be utilized as a first-line 
imaging modality for COVID-19 related pulmonary embolism. 18F-fluorodeoxy-
glucose positron emission tomography (PET)/CT is a sensitive tool to detect 
multi-systemic inflammation, including myocardial and vascular inflammation. 
PET in conjunction with magnetic resonance imaging helps in better character-
ization of neurological sequelae of COVID-19. Despite the fact that the majority of 
published literature is retrospective in nature with limited sample sizes, it is clear 
that molecular imaging provides additional valuable information (complimentary 
to anatomical imaging) with semi-quantitative or quantitative parameters to 
define inflammatory burden and can be used to guide therapeutic strategies and 
assess response. However, widespread clinical applicability remains a challenge 
owing to longer image acquisition times and the need for adoption of infection 
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control protocols.
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Core Tip: Despite extensive global efforts, coronavirus disease 2019 (COVID-19) remains the largest 
public health problem of modern times. As our understanding of the disease and its manifestations 
improve, we must recognize and explore the potential utility of molecular imaging modalities in 
evaluating the long-term sequelae of COVID-19. Molecular imaging tools can be incorporated into routine 
clinical practice by identifying appropriate and specific indications and addressing limitations to their 
practical application.
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URL: https://www.wjgnet.com/1949-8470/full/v14/i7/194.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i7.194

INTRODUCTION
Coronavirus disease 2019 (COVID-19) is an infectious disease caused by the novel pathogen, severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)[1]. Having its early origins in the city of 
Wuhan, China, the disease was transmitted across the globe at disconcertingly rapid rates, prompting 
the World Health Organization (WHO) to characterize the outbreak as a pandemic in March 2020[2,3]. 
The resurgence of the disease in several parts of the world with identification of new mutant variants 
has hindered a targeted global response, owing to which, COVID-19 still remains the largest public 
health problem of modern times[4].

Though primarily believed to involve the lungs and the respiratory tract, the clinical spectrum of 
COVID-19 is diverse with potential for gastrointestinal, cardiac, renal, neurological, and hematological 
manifestations of varying severity[5].

SARS-CoV-2 is a single stranded RNA virus. Nucleic acid testing based on reverse-transcription 
polymerase chain reaction (RT-PCR) is the current gold standard for the diagnosis of SARS-CoV-2 
infection. It is most commonly done with respiratory samples, such as nasopharyngeal and throat swabs
[6]. Serological tests which identify antibodies to different virus proteins have also been developed. 
Laboratory tests, such as complete hemogram, C-reactive protein (CRP), D-dimer, prothrombin time 
(PT-INR), lactic dehydrogenase (LDH), ferritin, and procalcitonin, help in evaluation of disease severity 
and prognostication[7]. In spite of relatively low specificity and radiation exposure, imaging modalities 
have an established role in triaging, diagnosing, evaluating disease severity, monitoring disease 
progression, determining extra-pulmonary involvement, and assessing complications[8,9].

Molecular imaging modalities in current clinical practice, such as magnetic resonance imaging (MRI), 
single photon emission computed tomography (SPECT), and positron emission tomography (PET), have 
great potential in early and sensitive disease detection, accurate delineation of disease extent, and 
assessing therapeutic response with the ultimate aim of personalized medicine. Novel molecular targets 
and tracers (metabolic agents, peptides, small molecules, receptor ligands) are being rapidly identified 
and developed. At present, multimodality molecular imaging is most commonly used for oncological 
applications. However, their role in systemic inflammatory and infectious conditions is being 
increasingly recognized[10,11]. The utility of molecular or functional imaging for COVID-19, in 
particular, has been poorly defined owing to limited availability, longer imaging times, absence of 
clearly defined appropriate usage criteria, lack of standardized protocols, and need for infection control. 
In this article, we aim to review the role of molecular imaging in evaluating the sequelae of COVID-19.

METHODS
The literature search was based on three electronic databases (PubMed, Scopus, and EMBASE) using 
selected keywords which included, “COVID-19,” “sequelae,” “molecular imaging,” “functional 
imaging,” and “nuclear medicine” linked through the "AND" and "OR" Boolean operators to build 
specific strings for each electronic search engine. Original studies, case reports, case series, and review 
articles were included. No restriction was placed in terms of country or language of publication. Only 

https://www.wjgnet.com/1949-8470/full/v14/i7/194.htm
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full-length articles were considered. Information from websites of different professional associations 
and national/international organizations was searched to retrieve relevant information.

ANATOMICAL IMAGING
Chest radiography (CXR) and computed tomography (CT) have been extensively used for imaging 
evaluation of COVID-19. CXR findings in COVID-19 include consolidatory changes and bilateral 
ground glass and peripheral air opacities. However, these findings are non-specific and are highly 
dependent on duration and severity of infection at the time of acquisition[12]. The advantages of CXR 
over CT include its near universal availability, lower ionizing radiation exposure, ability to perform 
multiple repeat examinations, and portability of equipment, which reduces risk of cross-infection. CXR 
is limited by its lower sensitivity compared to RT-PCR and CT, particularly in early stages of the disease
[13,14].

Similar to CXR, the typical findings of COVID-19 on CT are multiple ground-glass opacities (GGOs) 
in a posterior, subpleural, and peripheral distribution, commonly showing bilateral lung involvement. 
Consolidatory changes, reticular opacities, intra- and inter-lobular septal thickening, and crazy paving 
pattern have also been described. CT abnormalities progress rapidly after symptom onset and are 
reported to peak between days 6 and 13 of the illness. Late stage disease shows gradual decrease in 
GGOs and consolidation with appearance of signs of fibrosis[15,16]. CT findings of COVID-19 are 
highly non-specific and may be seen with other viral pneumonias[17,18]. A recent meta-analysis of the 
accuracy of diagnostic tests for COVID-19 found CT to have high sensitivity (91.9%, 95%CI: 89.8%-
93.7%) and low specificity (25.1%, 95%CI: 21.0%-29.5%). Hence CT findings must be interpreted in light 
of clinical presentation, history of exposure, and pre-test probability[6].

At present, most consensus guidelines recommend against the routine use of CT for screening and 
diagnosis of COVID-19 pneumonia. However, the role of chest CT as a rapid-triage tool in resource-
limited facilities (e.g., limited access to/longer processing time of RT-PCR) has also been acknowledged
[19]. The use of CT has been deemed most appropriate in patients with moderate to severe respiratory 
symptoms or mild respiratory symptoms with risk factors for disease progression (such as presence of 
co-morbidities and advanced age)[20,21]. The major advantage of CT is the ability to stratify patients 
based on their risk for clinical decompensation and progression. To that end, different standard 
reporting and scoring systems have been proposed, such as COVID-19 Reporting and Data System (CO-
RADS), Radiological Society of North America (RSNA) imaging classification for COVID-19, chest CT 
severity score (CT-SS), and total severity score (TSS)[22,23]. CT-SS is positively correlated with age, 
inflammatory biomarkers, clinical severity, and disease phases[24]. Lieveld et al[25] showed that the 
chest CT-SS was significantly positively associated with hospital and ICU admission, and in-hospital 
and 30 d mortality for all age groups in patients with COVID-19 and CT patterns ≥ CO-RADS 3.

MRI, owing to its lack of exposure to ionizing radiation, has been found to be useful in select patient-
groups, such as pregnant women and children. Several case-reports have been published highlighting 
the utility of MRI in evaluation of extra-pulmonary involvement, particularly cardiac and neurological 
manifestations of COVID-19[26-28].

Chest ultrasonography (US) is now being advocated as a useful point-of-care (POC) imaging tool for 
evaluation particularly in the emergency and ICU settings. Vascular US of the limbs is useful in the 
diagnostic workup of patients with suspected deep vein thrombosis, a common complication of COVID-
19[29,30].

WHERE DOES MOLECULAR IMAGING FIT IN?
Molecular imaging is a highly sensitive modality that allows non-invasive visualization of physiological 
or pathological processes at the cellular or molecular level. Pathophysiological changes in affected 
tissues are believed to occur earlier than anatomical changes in a variety of infectious and inflammatory 
conditions, and hence, molecular imaging may detect these functional changes before conventional 
radiologic imaging modalities[31]. Different molecular imaging modalities can help in evaluating the 
sequelae of COVID-19 (Figure 1).

PULMONARY VASCULAR SEQUELAE - ROLE OF VENTILATION-PERFUSION IMAGING
It is now well established that COVID-19 is associated with thrombotic complications, such as venous 
thromboembolism (VTE), myocardial infarction (MI), and ischemic stroke[32]. A recent meta-analysis 
found the overall prevalence of COVID-19 related VTE to be 14.7% (95%CI: 12.1%-17.6%), which was 
significantly higher in patients with severe systemic inflammation and respiratory failure[33-35]. 
However, these thromboembolic phenomena have also been documented in patients with milder forms 
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Figure 1 Molecular Imaging modalities for evaluating coronavirus disease 2019 sequelae. CT: Computed tomography; DOPA: L-6-fluoro-3,4-
dihydroxyphenylalnine; DTPA: Diethylenetriamine pentaacetate; FDG: Fluorodeoxyglucose; MAA: Macroaggregated albumin; MIBI: Methoxy isobutyl isonitrile; PET: 
Positron emission tomography; SPECT: Single-photon emission computerized tomography.

of the disease[36].
From a histological stand-point, direct viral infection of endothelial cells with perivascular T-cell 

infiltration, thrombotic microangiopathy, and angiogenesis have been used to differentiate COVID-19 
from other respiratory viruses[37]. Hence, both thromboembolic phenomena and in-situ thrombotic 
microangiopathy can be responsible for pulmonary vascular manifestations of COVID-19. Ventilation-
Perfusion (VQ) imaging is the current gold-standard screening modality for evaluation of chronic 
thromboembolism[38]. Distal subsegmental small vessel thrombi can be missed on conventional CT 
pulmonary angiogram (CTPA), which is designed to visualize a luminal clot rather than assess how a 
clot affects lung perfusion, thereby underestimating the extent of micro-vascular injury[39]. Hence, VQ 
scintigraphy, a functional imaging modality which directly evaluates lung perfusion, can potentially 
help better identify vascular pathology and guide therapeutic decisions.

The possible patterns of perfusion defects seen in COVID-19 are closely related to their patho-
physiology. Typically described segmental or subsegmental ventilation–perfusion mismatch defects are 
usually the result of large- and medium-vessel thromboembolic phenomena. Patchy, mottled peripheral 
pattern of ventilation-perfusion mismatch not adhering to typical segmental distribution may suggest 
micro-angiopathy[40,41].

Dhawan et al[42] recently proposed an algorithm to incorporate perfusion imaging instead of 
angiographic imaging as a first-line modality in the post-COVID recovery patients for follow-up of 
pulmonary vascular sequelae. It would serve as a triage tool to exclude or evaluate residual clot burden 
and small vessel injury.

A few recent publications have discouraged the use of ventilation imaging by nuclear medicine 
departments to reduce the risk of cross-contamination via aerosols[43,44]. Reporting perfusion studies 
without concordant ventilation imaging might hinder interpretation by increasing the likelihood of false 
positives. However, such limitation can be significantly overcome by the use of hybrid imaging. SPECT 
with CT fusion (SPECT/CT) for perfusion studies can be used as a substitute for ventilation imaging by 
providing corroborating anatomical information about the lung parenchyma[45-47]. Perfusion-only 
SPECT/CT has been shown to have practical utility in the diagnosis of pulmonary embolism in COVID-
19 patients with a moderate-to-high pre-test probability. A 60-year-old male underwent perfusion-only 
SPECT/CT (Figure 2) in our department, 2 mo following COVID-19 infection, to rule out pulmonary 
thromboembolism. The study revealed subsegmental mismatched defects suggestive of pulmonary 
thromboembolism.

The use of VQ imaging in the setting of contraindications to iodinated contrast material also makes it 
preferable over CTPA as a first-line imaging modality for COVID-19 related pulmonary embolism[48].
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Figure 2 Coronavirus disease 2019 related pulmonary thromboembolism. A 60-year-old male with history of coronavirus disease 2019 (COVID-19) 
infection 2 mo ago underwent Tc-99m macro-aggregated albumin lung perfusion imaging to rule out pulmonary thromboembolism. A: Coronal SPECT images show 
reduced tracer uptake (yellow arrows) in sub-segmental defects involving the right lung apex and the lateral segment of the RML; B: Corresponding coronal CT image 
shows relatively normal lung parenchyma (red arrows) in the above-mentioned sites (mismatched defects) suggestive of pulmonary thromboembolism. The rest of the 
lung parenchyma shows ground glass changes, fibrotic bands, and bronchiectatic changes consistent with post-COVID recovery phase.

THYROID DISORDERS
SARS-CoV-2 infection has been linked to multiple thyroid disorders, including destructive thyroiditis, 
autoimmune thyroid disease, central hypothyroidism and euthyroid sick syndrome[49]. The binding of 
the viral spike protein to the angiotensin-converting-enzyme-2 (ACE2) receptors on the surface of the 
thyroid follicular cells has been implicated in the etiopathogenesis of the COVID-19-related destructive 
thyroiditis[50]. Further, an aberrant systemic inflammatory syndrome in the wake of COVID-19 can also 
account for the abovementioned thyroid disorders. Thyrotoxicosis, due to destructive thyroiditis or 
activated/relapsed Graves’ disease, can exacerbate the cardiovascular complications and contribute to 
poor outcomes, especially in severe COVID-19 disease. Thyroid scintigraphy, with either 99mTc-pertech-
netate or 123I-sodium iodide, can rapidly and reliably differentiate between these etiologies of thyrotox-
icosis and guide the further course of treatment[49]. A 36-year-old male had complaints of painful neck 
swelling and fever for 1 wk with a history of COVID-19 2 mo ago. He was found to have suppressed 
levels (0.013 mIU/mL) of thyroid stimulating hormone (TSH). Ultrasound neck revealed a diffusely 
heterogeneous thyroid parenchyma with mildly increased vascularity suggestive of thyroiditis. He was 
referred to our department for thyroid scintigraphy to further evaluate the cause of thyrotoxicosis. 
Thyroid scintigraphy revealed (Figure 3) very faint heterogeneous tracer uptake in the region of the 
thyroid with increased background tracer activity. With the given clinical and biochemical context, scan 
findings were suggestive of thyroiditis, likely related to COVID-19.

18F-FLUORODEOXYGLUCOSE PET/CT
18F-fluorodeoxyglucose (FDG) PET/CT is a functional imaging modality with established clinical utility 
in diagnosis, staging, re-staging, and therapeutic response evaluation for a variety of oncological 
conditions[51,52]. However, in the recent past, the role of 18F-FDG PET/CT as a hybrid imaging tool for 
detecting and characterizing various inflammatory disorders has also been validated. 18F-FDG PET/CT 
provides complimentary anatomical and functional information with the ability to non-invasively 
quantify inflammation[53,54]. SARS-CoV-2 viral infection results in a complex inflammatory cascade 
leading to release of pro-inflammatory cytokines and activation of cells such as neutrophils, monocytes, 
and effector T-cells. Activated inflammatory cells are highly glycolytic and hence, non-physiological 
FDG uptake can be reliably used as a surrogate marker for active inflammation[55].

Multiple studies have demonstrated incidental findings in otherwise asymptomatic or mildly 
symptomatic patients who underwent PET/CT for oncology/non-COVID related indications. Hence, 
nuclear medicine physicians must be aware of the radiological manifestations of COVID-19 and must 
nurture a high index of suspicion so that infection may be promptly identified at early stages and 
appropriate treatment may be initiated in such patient populations, the majority of whom may have a 
compromised immune status[56-60].

The currently accepted gold standard for diagnosing COVID-19 infection is RT-PCR to detect viral 
RNA[6]. Despite being fairly sensitive, multiple sources of false negative test results have been reported, 
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Figure 3 Coronavirus disease 2019 related thyroiditis. A 36-year-old male had complaints of painful neck swelling and fever for 1 wk and a past history of 
coronavirus disease 2019 (COVID-19) (2 mo ago). His serum TSH levels were found to be suppressed (0.013 microIU/mL). With a clinical suspicion of thyroiditis, he 
was referred for thyroid scintigraphy, which revealed very faint heterogeneous tracer uptake in the region of the thyroid and increased background tracer activity. In 
the given clinical and biochemical context, scan findings were suggestive of COVID-19 related thyroiditis.

such as insufficient viral genome, incorrect sampling technique, sampling outside the appropriate time-
window for viral replication, and viral mutation. The role of 18F-FDG PET/CT has been sought to be 
explored at early stages when clinical symptoms are not specific and differential diagnosis is 
challenging[61]. An early case series by Qin et al[62] described four patients in Wuhan with strong 
clinical suspicion of COVID-19 who underwent 18F-FDG PET/CT during the acute phase of illness. FDG 
uptake was observed in regions corresponding to GGOs and/or consolidatory changes, with maximum 
standardized uptake (SUVmax) values ranging from 4.6 to 12.2. FDG uptake was also reported in the 
mediastinal and hilar lymph nodes with no obvious anatomical lymphadenopathy[62]. However, given 
the fact that increased FDG uptake is noted in various acute inflammatory and infectious conditions and 
is, hence, non-specific, 18F-FDG PET/CT is not routinely recommended for the initial evaluation of 
patients with known or suspicious COVID-19 infection[63].

Nevertheless, data by Qin et al[62] also raised the possibility that higher SUVmax of pulmonary 
lesions on 18F-FDG PET may be correlated with longer duration of healing. 18F-FDG-PET/CT could, 
therefore, potentially be used to monitor treatment response and predict recovery. However, these 
trends need to be evaluated in larger populations before meaningful conclusions can be drawn.

CARDIOVASCULAR SEQUELAE 
The cardiovascular manifestations of COVID-19 include arrhythmias, acute or fulminant myocarditis, 
acute coronary syndromes, and heart failure[64].

Different etiological mechanisms have been proposed to explain cardiac involvement in COVID-19 
which include: (1) Direct myocardial cellular injury by the virus. The spike protein of the SARS-CoV2 
virus binds to ACE2 receptors, which serves as an entry point to the cell. ACE2 is a membrane protein 
with documented expression on ciliated columnar respiratory epithelium, type II pneumocytes, and 
cardiomyocytes; (2) Severe systemic inflammatory response. High levels of proinflammatory cytokines 
and procoagulants result in endothelial dysfunction, microthombi formation within the coronary 
circulation, and increased plaque vulnerability; and (3) Mismatch of the myocardial oxygen supply and 
demand. Increased cardio-metabolic demand is the result of systemic inflammation and ongoing 
hypoxia due to severe pneumonia or acute respiratory distress syndrome[65].

A recent case report highlighted the role of multi-modality imaging for assessment of myocardial 
injury in COVID-19. 18F-FDG PET/CT (with 18 h prolonged fasting protocol to suppress glucose uptake) 
was performed in a 69-year-old woman with COVID-19 who had complaints of dyspnea and chest pain. 
PET showed FDG uptake in the apex, anterior wall, and septum, and 99mTc-methoxyisobutylisonitrile 
(MIBI) SPECT done subsequently revealed resting perfusion defects in the same segments of the left 
ventricular myocardium, suggestive of an acute inflammatory response to MI precipitated by COVID-
19. Severe left anterior descending artery (LAD) artery disease was found on angiography performed 
later, confirming anterior wall MI. Segmental FDG uptake (due to inflammation) with matching 
perfusion defect (due to inflammatory microvascular dysfunction), though suggestive of myocarditis, 
can also be seen in an acute inflammatory response to MI precipitated by COVID-19, as seen in the case 
described above[66].
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Another case report highlighted the role of 18F-FDG PET/CT in assessing myocardial inflammation in 
COVID-19 related multisystem inflammatory syndrome in children (MIS-C). 18F-FDG PET-CT, 
performed after 18 h of fasting and high-fat, low-carbohydrate diet preparation in a 14-year-old child 
with a clinical diagnosis of COVID-19-related MIS-C, demonstrated hypermetabolism in the infero-
lateral wall of the LV myocardium suggestive of active inflammation (Figure 4, attached with 
permission). A repeat 18F-FDG PET/CT, performed 6 wk later with the same protocol, showed 
resolution of hypermetabolism, consistent with clinical and biochemical improvement, thus highlighting 
the role of 18F-FDG PET/CT in the timely diagnosis and follow-up of this potentially life-threatening 
hyperinflammatory syndrome[67].

VASCULITIS 
Recently there has been increasing recognition of the utility of 18F-FDG PET/CT in inflammatory 
disorders and, in particular, vasculitis. The European League Against Rheumatism (EULAR) 
recommends 18F-FDG PET/CT as an alternative imaging modality in cases of suspected large vessel 
vasculitis[68,69]. The advantages of 18F-FDG PET/CT are its high sensitivity and the ability to non-
invasively quantify inflammatory activity. Semi-quantitative methods of grading FDG uptake have been 
proposed. Total vascular score (TVS) and PET vascular activity score (PETVAS), have recently been 
suggested as PET based global inflammatory burden parameters, with potential for differentiation of 
active vs non-active inflammation, predicting relapse and treatment response monitoring in large vessel 
vasculitis[70,71].

Sollini et al[72] recently evaluated the role of 18F-FDG PET/CT in assessing systemic inflammation in 
10 patients who had recovered from COVID-19. Significantly higher target-to-blood pool ratio (a 
quantitative parameter of FDG uptake) was noted in COVID-19 patients, in comparison to controls in 
three arterial territories – thoracic aorta, right iliac artery, and femoral arteries. This study suggested 
that COVID-19 induces vascular inflammation, and FDG PET has a potential role for evaluation of 
whole body vascular inflammatory process[72].

Central nervous system (CNS) vasculitis can occur as a part of systemic vasculitides or as primary 
angiitis of CNS (PACNS). Viral infections, such as Varicella zoster, hepatitis C virus, West Nile virus, 
and human immunodeficiency virus (HIV), are known to trigger CNS vasculitis[73]. SARS-CoV-2 
infection related vasculitis has also been proposed as a possible mechanism to explain COVID-19 related 
neurologic dysfunction and encephalopathy with clinical improvement post steroid administration[74]. 
MR angiography may reveal concentric vessel wall enhancement as a direct sign of regional mural 
inflammation[75]. However, the majority of the published literature on COVID-19 vasculitis is limited to 
case reports and case series. Further prospective studies are required to unequivocally establish a causal 
relationship between SARS-CoV-2 and vasculitis.

NEUROLOGICAL SEQUELAE 
Neurological manifestations of COVID-19 can range from mild symptoms like headache, dizziness, and 
anosmia to more serious complications, such as encephalopathy, posterior reversible encephalopathy 
syndrome (PRES), acute demyelinating encephalomyelitis (ADEM), cerebrovascular events [including 
acute ischemic stroke, intracranial hemorrhage (ICH)], cortical vein and/or sinus thrombosis (CVST), 
and neuro-inflammatory syndromes[76].

Important neuropathological findings in COVID-19 patients include edema, gliosis with diffuse 
activation of microglia and astrocytes, inflammatory infiltrates, cortical and sub-cortical infarcts, 
hemorrhagic lesions, and arteriosclerosis. It is hypothesized that they represent a combination of direct 
cytopathic effects of the virus and indirect effects via the host immune-inflammatory response owing to 
ACE2 and heme dysregulation, along with release of pro-inflammatory cytokines. However, further 
studies are required to better understand the pathologic mechanisms which drive the neurological 
manifestations of COVID-19[77-79].

In COVID-19 patients with neurological manifestations, MRI neuroimaging may be performed to 
detect the underlying casual pathology, particularly if CT reveals no abnormality. The recommended 
basic MRI protocol includes pre- and post-contrast T1 weighted-images, T2-weighted, fluid-attenuated 
inversion recovery (FLAIR), diffusion-weighted images, and hemorrhage-sensitive sequences, such as 
susceptibility weighted imaging (SWI)[80]. The most common neuroimaging manifestations are acute 
and subacute infarcts with large clot burden, ICH, microhemorrhages, asymmetrical diffuse or 
tumefactive T2 and FLAIR white matter hyperintensities consistent with ADEM, mesial temporal lobe, 
corpus callosum, and olfactory bulb involvement, and cranial nerve enhancement[81-83].

Lu et al[84] explored the role of diffusion tensor imaging (DTI) and 3D high-resolution T1 weighted 
sequences in assessing possible disruption of micro-structural and functional brain integrity in the 
recovery stages of COVID-19. They reported significantly higher bilateral gray matter volumes (GMV) 
in olfactory cortices, hippocampi, and insulas and changes in MRI-based measures of water diffusion in 
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Figure 4 Coronavirus disease 2019 related myocarditis. A 14-year-old male child underwent regional 18F-fluorodeoxyglucose (FDG) positron emission 
tomography (PET) to assess myocardial inflammation. Baseline maximum intensity projection (A), short axis (B), horizontal long axis (C), and vertical long axis (D) 
images showing increased 18F-FDG uptake in the inferolateral wall of the left ventricular myocardium. Corresponding follow-up images (E to H) after 6 wk showing 
resolution of hypermetabolism in the inferolateral wall with no other FDG avid focus. Citation: Satapathy S, Kumar R, Kavanal AJ, Krishnaraju VS, Ramachandran A, 
Deo P, Dhir V, Mittal BR. COVID-19 related multisystem inflammatory syndrome in children (MIS-C): Role of 18F-FDG PET/CT to assess myocardial involvement. J 
Nucl Cardiol 2021. Copyright © The Authors 2021. Published by American Society of Nuclear Cardiology.

white matter of COVID-19 patients 3 mo after acute illness compared to age and sex-matched non-
COVID controls, suggesting neuro-invasion potential of SARS-CoV-2[84].
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High costs, long acquisition times, limited access in developing nations, and lack of specificity of 
nearly all reported neuroradiological findings in COVID-19 are the major limitations of MRI[85].

Delorme et al[86] reported a case series with 4 COVID-19 patients suspected to have autoimmune 
encephalitis. 18F-FDG PET/CT of the brain demonstrated prefrontal or orbito-frontal cortical hypometa-
bolism and hypermetabolism in the cerebellar vermis. These findings were consistent in all 4 patients, 
with no specific MRI features nor significant cerebrospinal fluid (CSF) abnormalities, possibly 
suggesting a parainfectious cytokine storm or immune-mediated mechanism at play rather than direct 
neural invasion[86].

Similarly, Grimaldi et al[87] also reported diffuse cortical hypometabolism with hypermetabolism in 
the putamen and cerebellum in autoimmune encephalitis concomitant with SARS-CoV-2 infection. 
These findings, along with normal morphological data on MRI, might suggest reduced neuronal activity 
and functional alterations in neuro-COVID-19 patients[87]. Increased FDG uptake in the bilateral basal 
ganglia with T2/FLAIR hyperintensities in the bilateral hippocampi was also reported in a case of 
SARS-CoV-2 infection related autoimmune limbic encephalitis[88].

Further, 18F-FDG PET has also been used in the evaluation of patients with persistent functional 
neurological symptoms after apparent recovery from COVID-19. In a retrospective series comprising 35 
such patients, 18F-FDG brain PET demonstrated hypometabolism in the bilateral rectal/orbital gyrus, 
including the olfactory gyrus, connected limbic/paralimbic regions, brainstem, and the bilateral 
cerebellar hemispheres. This metabolic picture was seen to be associated with the patients’ symptoms 
and could be used to reliably identify these patients from normal controls. Brain inflammation related to 
the neurotropism of the SARS-CoV-2 from the olfactory bulb has been suggested as a possible 
mechanism underlying these findings[89].

Few case reports have also highlighted the role of molecular imaging in the evaluation of parkin-
sonian features post COVID-19. Cohen et al[90] reported a case of parkinsonism after SARS-CoV-2 
infection in a 45-year-old man. Brain CT, MRI, and EEG were normal. However, 18F-fluorodopa (18F-
FDOPA) PET scan revealed decreased radiotracer uptake in both putamina (left > right) and mild 
decreased uptake in the left caudate nucleus. The authors reported clinical improvement of rigidity and 
bradykinesia after initiation of pramipexole[90].

Morassi et al[91] described consistent findings of diffuse cortical hypometabolism (with relative 
sparing of sensorimotor areas) associated with hypermetabolism in the brainstem, mesial temporal 
lobes, and basal ganglia on 18F-FDG PET/CT in two patients with COVID-19 related encephalopathy 
who developed a rapidly progressive form of atypical parkinsonism. 123I-ioflupane DaT-SPECT 
performed in one of the two patients showed asymmetrical presynaptic dopaminergic dysfunction in 
the bilateral putamina, more severe on the left side consistent with a parkinsonian disorder[91].

OTHER RADIO-TRACERS
Scarlattei et al[59] have reported incidental findings of 68Ga-labelled prostate-specific membrane antigen 
(68Ga-PSMA) and 18F-labelled choline (18F-choline) radiotracer uptake in regions corresponding to 
subpleural GGOs in two patients who underwent PET/CT for evaluation of prostate cancer[59]. 
Understanding the exact mechanisms that lead to uptake of these radiotracers in acute infective/inflam-
matory pulmonary lesions offers an important research prospect.

There is ongoing research directed at identifying targets for molecular imaging of inflammation with 
several novel radiotracers being described in pre-clinical and early clinical studies, such as 18F-AzaFol, 
89Zr-labebed Feraheme, and 18F-GE180[92-94].

Further potential targets for new radiotracers include chemokine receptor CXCR4, interleukin IL-6, 
fibroblast activation protein inhibitors, and inhibitors of the type 1 angiotensin-II receptor ATR1 and 
ACE2. A radiolabeled ACE2-receptor antagonist has already been developed for autoradiography 
analysis, setting in motion the potential development of a PET radiotracer[95,96]. Since SARS-CoV-2 
spike proteins bind to the ACE2 receptors, novel targeted radiotracers can have potential utility in the 
drug development process.

LIMITATIONS TO MOLECULAR IMAGING 
Widespread utilization of molecular imaging in suspected or confirmed cases of COVID-19 is primarily 
limited by relatively longer imaging times (in comparison to anatomical imaging with CXR, CT, or USG) 
and the need for adopting infection control protocols. Further, there is a need for simultaneously 
ensuring optimal utilization of resources, such as finite amounts of radiotracer, which has economic 
ramifications. Nuclear medicine departments across the globe have to bear in mind these feasibility 
issues and ensure undisrupted services to patients with non-COVID-19 related indications, in particular 
oncological cases in which PET is mandated for crucial treatment decisions[97-99].
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To summarize, the present review comprehensively highlights the tremendous potential utility of 
molecular imaging in evaluation of COVID-19 sequelae such as pulmonary thromboembolism, 
vasculitis, multi-systemic inflammation, and cardiovascular and neurological sequelae. Despite the fact 
that the majority of the published literature is retrospective in nature with limited sample sizes, it is 
clear that molecular imaging provides additional valuable information (complimentary to anatomical 
imaging) with semi-quantitative or quantitative parameters to define inflammatory burden and can be 
used to guide therapeutic strategies and assess response. The authors believe that clinical translation 
and appropriate utilization of molecular imaging and associated imaging biomarkers can greatly benefit 
both the diagnosis and management of COVID-19 sequelae.

CONCLUSION
The potential of molecular imaging and nuclear medicine as a whole, in contributing to this pandemic 
largely remains underutilized. Identifying appropriate indications, establishing standardized protocols, 
and developing structured clinical trials employing novel radiotracers will help in realizing that 
potential[100].
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Abstract
Mucormycosis is caused by the fungi belonging to the order Mucorales and class 
Zygomycetes. The incidence of mucormycosis has increased with the onset of the 
severe acute respiratory syndrome coronavirus 2 infections leading to the 
coronavirus disease 2019 (COVID-19) pandemic. This rise is attributed to the use 
of immunosuppressive medication to treat COVID-19 infections. Authors have 
retrospectively collected data of our cases of mucormycosis diagnosed from April 
2020 to April 2021 at our institute. A total of 20 patients with rhinocerebral 
mucormycosis were studied. Most of the study subjects were male patients (90%) 
and were of the age group 41-50 years. Most patients in the review had 
comorbidities (85%) with diabetes being the most common comorbidity. Para 
nasal sinuses were involved in all the cases. Involvement of the neck spaces was 
present in 60% of the cases. Involvement of the central nervous system was 
present in 80% of the cases. Orbital involvement was present in 90% of the cases. 
The authors reviewed the various imaging findings of mucormycosis on 
computed tomography and magnetic resonance imaging in this article.
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Core Tip: Rhinocerebral mucormycosis constituted the aftermath of the coronavirus disease 2019 
pandemic, leading to rapid increase in the number of cases, which were previously restricted only to few 
susceptible groups of patients. Rhinocerebral mucormycosis is associated with high mortality and 
morbidity. After clinical examination, imaging is the backbone for the diagnosis of this severe disease. 
Computed tomography helps in the preliminary diagnosis and helps to stage the disease. However, when 
orbital and intracranial extension is present, magnetic resonance imaging (MRI) is preferred because it 
delineates the involvement of these structures better. MRI can also delineate vascular involvement better. 
This article reviews the various imaging findings of mucormycosis.
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INTRODUCTION
Mucormycosis is caused by fungi belonging to the order Mucorales and class Zygomycetes[1]. Fungal 
spores that are present in the air constitute a source of infection. However, these fungi rarely infect 
healthy individuals, as normal host defense mechanisms prevent invasion by these organisms. 
However, when host defense mechanisms are weakened due to several factors, such as congenital 
disorders, acquired immunodeficiency syndrome, hematological malignancies, uncontrolled systemic 
illnesses, and the use of immunosuppressive medication, these organisms invade and proliferate in 
human tissues. The incidence of mucormycosis has increased over the past few years due to the aging 
population, medical comorbidities, the increase in the incidence of malignancies, and the pandemic of 
human immunodeficiency virus infection[2].

The situation has worsened with the onset of the severe acute respiratory syndrome coronavirus 2 
infections, which has led to the coronavirus disease 2019 (COVID-19) pandemic that began in late 2019 
and has continued till the present. The main pathogenesis of the complications of this viral infection is 
due to the excessive immunological response that leads to damage to host’s own tissues[3]. This has 
resulted in the use of immunosuppressive medication in the form of corticosteroids, interleukin 
antagonists, and various antibodies to counter the inflammatory cytokines. These drugs have proved to 
be efficacious in dealing with the complications and cytokine storm of COVID-19. However, they come 
with serious side effects of immunosuppression.

The number of cases of mucormycosis has rapidly increased in the last few months. This rise is 
attributed to the use of immunosuppressive medication to treat COVID-19 infections[4]. The paranasal 
sinuses and lungs, being the first spaces to come in contact with the fungus, are most commonly 
affected. Once the disease is established, it spreads to the surrounding structures, such as the orbit, 
brain, mediastinum, etc. The overall mortality of mucormycosis is more than 50%, and the mortality rate 
for disseminated disease reaches 100%[5]. The infection responds to only a few antifungals, such as 
amphotericin B, which are very toxic[5].

The authors of the present study have also come across many cases of mucormycosis in the last few 
months during the times of the COVID-19 pandemic. The following is a mini-review of the radiological 
findings of the rhinocerebral mucormycosis cases recorded by us in the last few months.

MATERIALS AND METHODS
We have retrospectively collected data on cases of mucormycosis diagnosed from April 2020 to April 
2021 at our institute, which is a tertiary care center located in the state of Kerala, India.

All adult patients above the age of 18 years who were diagnosed with mucormycosis by imaging 
post–COVID-19 infection and confirmed by histopathological examination were studied. Patients with 
an unknown medical history, absent hospital records, and unknown outcomes were excluded from the 
review.

Hospital databases in the radiology department of our hospital were searched with the keyword 
“mucormycosis,” and results were obtained. A list of cases was obtained, which was filtered to include 
only those cases from April 2020 to April 2021. Hospital identification numbers were then used to trace 
the clinical details and outcomes of the patients. The demographic details of the patients were recorded, 
and the COVID-19 infection history and treatment history were noted. History of various comorbidities, 
including malignancies, was obtained from the hospital records. The findings of the CECT scans,which 
were obtained using a 128-slice dual-energy CT scanner (SOMATOM Definition Flash, Siemens, 
Germany), were reviewed by the same radiologist to ensure uniformity in reporting. Images were 
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acquired with 1–3 mm collimation and a pitch of up to 2:1 to allow for coverage of the area of interest in 
a single breath-hold.

Imaging was repeated at one-month follow-up to study the lesions.

RESULTS
A total of 20 patients with rhinocerebral mucormycosis were studied. Eighteen patients had isolated 
rhino-cerebral mucormycosis, and two patients had combined pulmonary and rhino-cerebral 
mucormycosis (Table 1). Most study subjects were male patients (90%). The age distribution of the 
subjects is as follows: 10% were between 20–30 years of age, 20% were between 31–40 years of age, 30% 
were between 41–50 years of age, 5% were between 51–60 years of age,20% were between 61–70 years of 
age, and 15% were between 71–80 years of age. Most patients in the review had comorbidities (85%): 
20% had hematological malignancy, 40% had diabetes, 10% had acquired immunodeficiency syndrome, 
and 15% were transplant recipients on immunosuppressive medication.

Sinuses were involved in all the cases. Unilateral involvement of the sinuses was more common than 
bilateral involvement. In most cases (35%), all four sinuses (maxillary, frontal, ethmoid, and sphenoid) 
were involved. The isolated maxillary sinus was involved in 20% of the cases. The isolated frontal sinus 
was involved in 5% of the cases. The ethmoid and sphenoid sinuses combined were involved in 10% of 
the cases. The frontal, ethmoid, and sphenoid sinuses combined were involved in 5% of the cases.

Involvement of the neck spaces was present in 60% of the cases (Table 2). The pterygopalatine space 
was involved in 50% of the cases. The infratemporal fossa was involved in 40% of the cases. The 
masticator space, retropharyngeal space, and parapharyngeal spaces were each involved in 10% of the 
cases.

At one month follow-up, only 50% of the patients survived, 25% had progression of the lesions, 20% 
had improvement in the lesions, and 5% had static lesions.

There were no cases of isolated cerebral mucormycosis. Involvement of the central nervous system 
(CNS) was present in 80% of the cases. The involvement of CNS included the following: leptomeningeal 
enhancement, meningoencephalitis, brain infarcts, brain abscesses, internal carotid artery thrombosis, 
cavernous sinus thrombosis, dural venous sinus thrombosis, and epidural abscesses.

The involvement of various structures of the CNS is listed in Table 2. Vascular involvement was 
present in 60% of the patients in our study, with the most common lesion being cavernous sinus 
thrombosis. Orbital involvement, which included orbital fat involvement, extraocular muscle 
involvement, and orbital cellulitis, was present in 90% of the cases (Table 2).

DISCUSSION
Most cases of rhinocerebral mucormycosis occurred in males in the present review as in other previous 
case series and reviews[6,7]. Most patients had comorbidities, with diabetes being the predominant 
comorbidity as in other previous studies. In the study by Dubey et al[8], all post–COVID-19 patients 
diagnosed with rhinocerebral mucormycosis were diabetic. This also includes new-onset diabetes due to 
the usage of corticosteroids during the treatment of COVID-19, which is as high as 38.18%[8].

In the present study, similar to the study by Therakathu et al[9], unilateral involvement of the sinuses 
was more common. The ethmoid sinus was the most common sinus to be involved in the present study, 
followed by the maxillary sinus, as in the studies by Therakathu et al[9] and Patel et al[10]. In the study 
by Therakathu et al[9], the most common site to be involved other than the sinuses was the orbit (76%) 
and the face (57%), followed by the orbital apex, masticator space, pterygopalatine fossa, bone, skull 
base, cavernous sinus, brain, and internal carotid artery.Orbital involvement was also very common in 
the present study, accounting for 90% of the cases. However, in the study by Patel et al[10], orbital 
involvement was present in only 60% of the cases.

Infection by fungi of the order Mucorales begins in the nasal cavity mostly in the middle turbinate and 
starts spreading, mostly invading the sphenoethmoidal complex[11,12]. As the fungi have the ability to 
invade the blood vessels and the bony walls, they spread rapidly in immunocompromised hosts and 
those with chronic debilitating illnesses, to reach the sinus cavity[13]. The necrotic tissue formed due to 
vascular occlusion acts as a rich niche for the further growth of the organism. Further invasion of the 
orbits and brain occurs through the foramen and through the sphenopalatine and internal maxillary 
arteries[14].

The invasion in mucormycosis can be divided into three stages as per Rupa et al[15]:
Stage 1: The infection is localized to the nasal cavity and paranasal sinuses.
Stage 2: The infection begins to spread to the peri-sinus areas, which are completely resectable.
Stage 3: The infection spreads into the intracranial cavity and to the surrounding areas of the sinuses, 

which are partially resectable.
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Table 1 Table showing the demographic data and findings of the patients under study

Serial 
No. Age Sex Co-morbidities Primary 

location Cerebral involvement Orbital involvement Involvement of neck 
spaces 

1 34 Male Acute myeloid 
leukemia

Right nasal 
cavity, Right 
ethmoid, 
Sphenoid

ICA thrombosis, Cavernous sinus 
thrombosis, Leptomeningeal 
enhancement 

No Right pterygopalatine, 
Right infra temporal, 
Bilateral parapharangeal, 
Retropharyngeal space 

2 64 Male Renal transplant Pan sinusitis > Meningoencephalitis, > infilt-
ration into left basifrontal and 
gangliocapsular region along 
olfactory fossa

Extra ocular muscles, 
Orbital cellulitis 

No

3 72 Male Diabetes Left maxillary, 
Ethmoid, 
Frontal, 
Sphenoid

Ganglio-capsular infarctcav-
ernous sinus thrombosis 

Retro- orbitalfat and 
extra ocular muscles 
and  orbital apex

No

4 50 Male No Right 
maxillary

Cavernous sinus, Subdural 
abscess 

Orbital apex, Orbital 
abscess

Temporal, pterygopalatine, 
masticator space

5 40 Male Post renal transplant Pan sinus Cavernous sinus thrombosis, 
Temporal lobe involvement 

Extra conal extension, 
Right extra ocular 
muscles, Orbital floor

Infratemporal fossa, 
pterygopalatine

6 45 Male Acquired immunode-
ficiency syndrome

Frontal ICA thrombosis cavernous sinus 
thrombosis, Cerebral infarct 
epidural abscess 

Left orbit, Extra 
ocular muscles

Left pterygopalatine

7 67F Female Diabetes Pan-sinus Basifrontal brain parenchyma 
involvement, meningoenceph-
alitis 

Orbital apex, extra 
ocular muscles 
Subperiosteal abscess

Right infra temporal fossa, 
retropharyngeal space

8 75 Male Diabetes Pan-sinusitis No cerebral involvement Extraconal fat 
involvement

No 

9 22 Male ALL Right 
maxillary 
sinus

ICA thrombosis, Cavernous sinus 
involvement, Cerebral infarct 

Extra ocular muscle, 
Orbital apex, Subperi-
osteal abscess 

Right Infratemporal fossa, 
Right pterygopalatine fossa 

10 50 Male Diabetes Left maxillary 
sinus 

No cerebral involvement Left extraconal space No

11 50 Male Acquired immunode-
ficiency syndrome

Pan sinusitis Cavernous sinus, Epidural 
abscess 

Orbital Apex, Extra 
ocular muscles 
involvement, Subperi-
osteal abscess 

Pterygopalatine fossa 

12 40 Male Kidney transplant Frontal, 
Ethmoid, 
sphenoid

ICA thrombosis, Temporal lobe 
abscess 

Orbital apex, Extra 
ocular muscles, 
Subperiosteal abscess, 
Cellulitis 

No 

13 21 Female Acute lymphocytic 
leukemia

Right 
maxillary 
sinus and 
nasal cavity 

ICA thrombosis, Frontal lobe 
abscess, Infarct 

Extra ocular muscles, 
Intraconal fat 

Pterygopalatine fossa and 
infratemporal fossa 

14 64 Male Diabetes Pan sinusitis Cavernous sinus, Subdural 
abscess 

Orbital apex, 
Extraocular muscles, 
Subperiosteal abscess

No

15 48 Male No Pan sinusitis Cavernous sinus, ICA thrombosis Orbital apex, Extra 
ocular muscles, 
Orbital abscess 

Pterygopalatine fossa, Infra 
temporal fossa 

16 68 Male Diabetes Pan sinusitis Not involved Extraconal fat Pterygopalatine fossa 

17 57 Male Diabetes Pan sinusitis Subdural abscess Extraconal orbital fat, 
Extra ocular muscles, 
Orbital cellulitis 

Infratemporal fossa

18 71 Male Diabetes Sphenoid, 
Ethmoid, 
Nasal cavity

Frontal lobe Orbital apex, Extra 
ocular muscles 

Para pharyngeal space, 
Pterygopalatine fossa 

19 48 Male No Right pan 
sinusitis, Nasal 
cavity

Frontal lobe, Cavernous sinus Extraconal fat, extra 
ocular muscles 

No
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20 37 Male Lymphoma Right sinusitis Not involved Extraconal orbital fat No 

ICA: Internal carotid artery.

Table 2 Table showing the summary of central nervous system involvement, orbital involvement and neck space involvement

Complication/local invasion N = 20

Cerebral 16/20

Arterial involvement (ICA thrombosis) 6

Cavernous sinus thrombosis 10

Brain Parenchymal involvement 11

Meninges and Dural/epidural involvement 7

Orbit 18/20

Extraocular muscles 14

Orbital apex 9

Orbital fat only/orbital cellulitis/abscess 16

Neck spaces 12/20

Pterygopalatine foramen and fossa 10

Infratemporal fossa 8

Masticator space 2

Retropharyngeal space 2

Parapharyngeal space 2

ICA: Internal carotid artery.

Computed tomography appearance of the lesions in the sinuses
Computed tomography (CT) is usually the first investigation to be performed whenever invasive 
rhinocerebral mucormycosis is suspected based on clinical history and examination. The CT findings are 
nonspecific and include inflammatory changes in the sinuses. Early changes include mucosal thickening 
due to inflammation, bony erosions, and the formation of a mass lesion inside the sinuses, leading to the 
opacification of the sinuses. Hyperattenuation of the secretions on CT is suggestive of fungal sinusitis. 
The hyperdense areas seen in the sinuses are due to the presence of fungal hyphae and debris. Early 
changes suggestive of the spread of the infection outside the sinus include loss of normal fat density in 
the periantral fat (anterior, premaxillary, or retroantral) and orbit owing to edemafrom vascular 
congestion[16]. Superficial cellulitis is another early sign of invasion, which is not common in nonfungal 
sinusitis[10]. Late stages are characterized by signs suggestive of gross invasion of the structures of the 
orbit and the cranial cavity, which are more specific (Figure 1). Bone changes are also better visualized 
on CT.

The enhancement pattern of the lesions on contrast-enhanced computed tomography (CECT) varies 
from none to mild to heterogeneous enhancement, which was also seen in the cases in the present study
[9,10]. The mild form was the most common type of enhancement observed by Therakathu et al[9]. 
Mucosal involvement may appear as a diffuse thickening or nodular thickening. Bone involvement was 
seen in the form of bone rarefaction, erosion, and permeative destruction in 40% of the cases in the 
study by Therakathu et al[9]. Middlebrooks et al[17]designed a CT-based model based on seven 
variables; this model can be used to suspect acute invasive fungal sinusitis. The variables are periantral 
fatinvolvement, bone dehiscence, orbital invasion, septal ulceration, pterygopalatine fossa, nasolacrimal 
duct, and lacrimal sac. In a study by Silverman et al[16], most cases of extra sinus invasion occurred 
without bony invasion, suggesting that perivascular or perineural invasion plays an important role in 
the spread of mucormycosis. In the same study, Silverman et al[16] noted that the presence of 
retroantral, facial, and orbital fat stranding was associated with a more aggressive infection.

Magnetic resonance imaging appearance of the sinus lesions
Orbital and intracranial invasions are best seen by magnetic resonance imaging (MRI). Early changes are 
nonspecific. These include mucosal thickening, which appears hypointense on T1-weighted images and 
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Figure 1 Non contrast computed tomography image of a 40 year old male post renal transplant patient showing. A: Soft tissue density in 
maxillary, ethmoidal, sphenoidal and frontal sinus; B: Rarefaction of ethmoidal lamella, lamina papyracea and floor of anterior cranial fossa and erosion of maxillary 
walls; C: Section showing orbital involvement; D: Section showing erosions of the cribriform plate.

hyperintense on T2-weighted images. In the study by Therakathu et al[9], on a T2-weighted sequence, 
37% of the lesions were isointense to mildly hypointense, 32% were heterogeneous, and 32% were 
hyperintense. Fungal elements are hypointense on T2-weighted images (Figure 2). The enhancement 
pattern is best studied on fat-suppressed post-gadolinium images and is different for different lesions. 
Of all the cases in the study by Therakathu et al[9], 29% showed intense homogenous enhancement, 36% 
showed heterogeneous enhancement, and 36% showed no enhancement.

Because of the angioinvasive nature of mucormycosis, the vessels get thrombosed. Upon injection of 
the contrast, the normal expected pattern of mucosal enhancement in case of inflammatory lesions may 
not be visible. Instead, there will be a low-signal intensity of the affected mucosa of the nasal turbinate 
on T2-weighted MRI images associated with an increased signal on diffusion-weighted images. This 
was referred to as the black turbinate sign by Safder et al[18].

Differential diagnosis on imaging for mucormycosis includes the following: Acute rhinosinusitis with 
complications, Wegener’s granulomatosis, and squamous cell carcinoma.

However, in the COVID-19pandemic, mucormycosis should be considered the first differential 
diagnosis.

Imaging features of intracranial mucormycosis
Most of the imaging features correlate with the angioinvasive pattern of the mucormycosis infection. 
The imaging findings are nonspecific, but early diagnosis is of paramount importance because of the 
associated morbidity and mortality. Sen et al[19] found that cavernous sinus thrombosis and cribriform 
plate erosion were the commonest pathways of spread into the cranium and were present in 76% and 
22% of the patients, respectively[19]. The involvement may appear as leptomeningeal inflammation, 
which appears as leptomeningeal enhancement and involvement of the cranial nerves with signs of 
meningism.This may be accompanied by cerebritis. Cerebritis appears as T2-FLAIR hyperintensity with 
variable enhancement and heterogeneous diffusion restriction on diffusion-weighted imaging. Invasion 
of the parenchyma may appear as granuloma formation or abscess formation. Fungal granulomas may 
show faint enhancement and surrounding edema.

In contrast to the pyogenic abscess, fungal abscesses are frequently multiple and form at the 
corticomedullary junction and in the basal ganglia. Isolated fungal abscesses are rare, and one should 
suspect intravenous drug abuse if encountered with such a situation. Fungal abscesses have crenated 
borders and non-enhancing, diffusion-restricting intracavitary projections[20].They are hypointense on 
T1 and hyperintense on T2 and show rim enhancement[20]. On diffusion-weighted imaging, Luthra et al
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Figure 2 Magnetic resonance imaging of the patient of Figure 1 showing. A: T1 image showing orbital involvement; B: T2 image showing orbital and 
infratemporal fossa involvement; C: T1+C showing infratemporal fossa involvement; D: T1+C showing cavernous sinus thrombosis.

[20] found that fungal abscesses showed restriction of diffusion in the projections and the wall, and the 
core of the abscess had no restriction of diffusion. In the same study, the authors found that the 
apparent diffusion coefficient was higher for the wall of the abscess when compared to the intracavitary 
projections for the fungal abscess, and it was statistically significant[20].

Vascular complications are observed in the late stages. They include both venous and arterial 
complications such as cavernous sinus thrombosis, arterial thrombosis, and aneurysmal dilatation 
(Figure 3). In the study by Mohindra et al[21], the role of MRI in the detection of vascular lesions was 
studied. In the study by Razek et al[22], cavernous sinus involvement in mucormycosis appears 
hypointense on T1 and T2 sequences with intense, inhomogeneous post-contrast enhancement. 
Cavernous sinus thrombosis is the most common complication in the present study, as in certain 
published studies.

Cause of the increased incidence and severity of mucormycosis during the COVID-19 pandemic
Diabetes was one of the major predisposing factors for mucormycosis during the COVID-19 pandemic. 
Prakash et al[23] highlighted that rhinocerebral mucormycosis cases were predominantly present in 
those with uncontrolled diabetes and diabetic ketoacidosis, and few were present in immunosuppressed 
hosts. The findings were similar to those in other studies by Sen et al[18], John et al[24], and Hoenigl et al
[25]. In the afore mentioned studies, the prevalence of diabetes was 78%-94% among patients with 
mucormycosis post–COVID-19 infection. In Patel et al’s study, patients with mucormycosis with poor 
glycemic control had a more invasive disease, which was statistically significant (P value = 0.040)[10]. 
The rampant use of corticosteroids and other immunomodulatory drugs to control the severity of the 
COVID-19 infection has further led to the increased predisposition[26]. During the peak of the 
pandemic, when healthcare facilities were functioning beyond their capacities, there were instances of 
unsupervised treatment with these immunomodulatory agents, leading to further escalation of the 
problem.

CONCLUSION
Rhinocerebral mucormycosis constituted the aftermath of the COVID-19 pandemic, leading to a rapid 
increase in the number of cases, which were previously restricted to only a few susceptible groups of 
patients. Rhinocerebral mucormycosis is associated with high mortality and morbidity. Hence, it should 
be suspected in any patient who presents symptoms of sinusitis, facial swelling, or CNS symptoms. 
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Figure 3 Magnetic resonance imaging images of a patient of rhinocerebral mucormycosis showing. A: Enhancing soft tissue thickening in right 
nasal cavity involving right maxillary, ethmoid and sphenoid sinus; B: T1+C showing right infratemporal fossa involvement; C: T1+C showing right parapharangeal 
space involvement; D: Angiogram showing right internal carotid artery thrombosis.

After clinical examination, imaging is the backbone of the diagnosis of this severe disease. CT helps in 
the preliminary diagnosis and helps stage the disease. CT detects bony erosion better. However, when 
an orbital and intracranial extension is present, MRI is preferred, as it delineates the involvement of 
these structures better. MRI can also delineate vascular involvement better. In accessible sites, biopsy 
and potassium hydroxide mount help clinch the diagnosis. The treatment of rhinocerebral 
mucormycosis consists of debridement of the necrotic tissue along with intravenous antifungals for a 
prolonged duration. Control of diabetes and judicious use of corticosteroids and immunomodulatory 
drugs can decrease the incidence of this life-threatening disease.
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Abstract
Coronaviruses are a diverse group of viruses that infect both animals and 
humans. Even though the existence of coronavirus and its infection to humans is 
not new, the 2019-novel coronavirus (nCoV) caused a major burden to individuals 
and society i.e., anxiety, fear of infection, extreme competition for hospitalization, 
and more importantly financial liability. The nCoV infection/disease diagnosis 
was based on non-specific signs and symptoms, biochemical parameters, 
detection of the virus using reverse-transcription polymerase chain reaction (RT-
PCR), and X-ray-based imaging. This review focuses on the consolidation of 
potentials of X-ray-based imaging modality [chest-X radiography (CXR) and chest 
computed tomography (CT)] and low-dose radiation therapy (LDRT) for screen-
ing, severity, and management of COVID-19 disease. Reported studies suggest 
that CXR contributed significantly toward initial rapid screening/diagnosis and 
CT- imaging to monitor the disease severity. The chest CT has high sensitivity up 
to 98% and low specificity for diagnosis and severity of COVID-19 disease 
compared to RT-PCR. Similarly, LDRT compliments drug therapy in the early 
recovery/Less hospital stays by maintaining the physiological parameters better 
than the drug therapy alone. All the results undoubtedly demonstrated the 
evidence that X-ray-based technology continues to evolve and play a significant 
role in human health care even during the pandemic.

Key Words: Corona virus; COVID-19 infection; COVID-19 disease; X-rays; Computed 
tomography; Low dose radiotherapy
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Core Tip: Majority of asymptomatic individuals with coronavirus disease 2019 (COVID-19) disease, an 
early diagnosis was a challenge despite the gold standard reverse-transcription polymerase chain reaction 
measures the viral nucleic acid with a turnaround period of reporting for 5-6 h. This ultimately led to the 
usage of chest-X radiography with sensitivity up to 80%, which served as a screening tool for COVID-19. 
X-radiation-based computed tomography imaging served as another modality to monitor the severity of 
COVID-19 disease with sensitivity up to 98%. Low-dose radiation therapy with a limited setting showed 
that it can complement drug therapies in the management of COVID-19. Therefore, X-rays on a whole are 
been widely used for both diagnostic and therapeutic management of COVID-19 disease.

Citation: Aishwarya T A, Mohan DK, Nandhini K, Raavi V, Perumal V. Impact of X-radiation in the management 
of COVID-19 disease. World J Radiol 2022; 14(7): 219-228
URL: https://www.wjgnet.com/1949-8470/full/v14/i7/219.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i7.219

INTRODUCTION
Coronaviruses are a diverse group of viruses that infect both animals and humans. The existence of 
coronavirus and its infection to humans is not new; since the beginning of this century, severe acute 
respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus are 
infecting humans and are of concern to public health[1]. The coronavirus infection is majorly associated 
with an array of clinical symptoms, which range from upper respiratory tract infection of moderate 
clinical concern to lower respiratory tract including bronchiolitis and pneumonia leading to fatality, 
especially in the elderly, and individuals with compromised immunity. The 2019-novel coronavirus 
(nCoV) outbreak leads to a lower respiratory tract disease called novel coronavirus pneumonia and 
renamed this beta-corona virus SARS-CoV-2, the established etiology for COVID-19 disease.

COVID-19 disease
The World Health Organization (WHO) has declared 2019-nCoV infection as a global health emergency, 
because, within a few months not only did several thousand individuals test positive for the virus 
infection but also resulted in a significant number of deaths worldwide. That was because of the disease 
burden, the WHO officially characterized the global COVID-19 flare-up as a pandemic on 11 March 
2020. Important clinical features of COVID-19 spread documented were: (1) An infection rate of 83% 
within the family; (2) Mild to moderate with more systematic symptoms and severe radiological 
abnormalities as clinical manifestations seen in older patients; and (3) Transmission of SARS-CoV-2 
from asymptomatic carriers to others[2]. Given the rapid spread of the disease and asymptomatic 
carriers, it remains a major health problem throughout the world. Although genetic evidence suggests 
that SARS-CoV-2 is a natural virus that likely originated in animals, there is no conclusion yet about 
when and where the virus first entered humans. However, these viruses are known to constantly 
change through mutation and result in a new variant of the virus; such a new variant is known to affect 
the virus properties, such as infection rate, the severity of disease, the performance of vaccines, 
therapeutic medicines, diagnostic tools, or other public health and social measures. Of late many 
variants form of the virus has been reported with a higher infection rate (Omicron) despite the severity 
of the disease and the need for hospitalization is less when compared to that of earlier variants (beta and 
delta coronavirus as SARS-CoV-2) and COVID 19 disease[3]. Even the variant reported causing less 
severe disease, in general, an increase in the total number of cases could lead to an upsurge in hospital-
izations, laying more strain on healthcare resources.

Symptoms and Pathogenesis of the disease
The most common symptoms after COVID-19 infection are fever, fatigue, and dry cough. Less common 
symptoms include sputum production, headache, hemoptysis, diarrhea, anorexia, sore throat, chest 
pain, chills, nausea, and vomiting[2,4-7] olfactory and taste disorders[8]. The majority of infected people 
showed signs of disease for about fourteen days (frequently around five days), and dyspnea and 
pneumonia developed within a median time of eight days from illness onset[9,10]. The pathogenesis of 
SARS-CoV-2 infection in humans manifests itself as mild symptoms to severe respiratory failure. Upon 
entry of the virus in the nasal route, the virus binds to epithelial cells in the respiratory tract, starts 
replicating and migrating down to the airways, and goes into alveolar epithelial cells in the lungs. 
Owing to the hasty replication of SARS-CoV-2 in the lungs, activate a strong immune response, and 
cascade into a cytokine storm, resulting in acute respiratory distress syndrome and then respiratory 
failure, which is considered the notable cause of death in patients with COVID-19 infection[2,5]. Even 
multiple organ failure has also been reported in some COVID-19 cases. Despite the range and severity of 
the disease, clinical manifestations differ with age; men >60 years with co-morbidities are more 
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prospective to develop a severe respiratory disease that required hospitalization or even death, whereas 
most young people and children had only mild diseases and/or are asymptomatic[7,11]. Moreover, 
regardless of evidence of trans-placental transmission of SARS-CoV-2 from an infected mother to a 
neonate, the risk of disease was not higher for pregnant women[4,12]. Thus, the disease caused a major 
burden on the individual and society i.e., anxiety, fear of infection, struggle and extreme competition for 
hospitalization, and more importantly financial liability.

Diagnosis of COVID-19
Given the rapid spread of infection, early diagnosis is crucial for controlling the spread of COVID-19. 
Choice of diagnosis options is: (1) detection of SARS-CoV-2 nucleic acid; (2) detecting antibodies to N or 
S protein; and (3) imaging by simple chest X-ray and high-resolution computed tomography (CT) with 
X-rays. The detection time ranges from several minutes to hours depending on the technology used for 
the diagnosis[13-18]. Among those tools, a quantitative reverse-transcription polymerase chain reaction 
(RT-PCR) test is the current standard of test and remains the “gold standard” to confirm the COVID-19 
infection. RT-PCR has also its challenges such as delays in result turnaround time and interpretation of 
the results. Another major hurdle is the dynamic conversion of RT-PCR results from either negative to 
positive or vice-versa. Serology tests detecting antibodies to N or S protein could complement molecular 
diagnosis, particularly in late phases after disease onset or for retrospective studies[19-21].

In alternate, imaging using X-rays such as conventional chest X-rays (CXR) and high-resolution CT 
was used to quickly identify a patient when the capacity of molecular detection was overloaded as well 
as to identify the disease severity. CXR examination after two days of RT-PCR tests revealed that the 
yield of improved heatmaps of influential regions contributed to deep learning prediction scores via 
machine learning[22]. CT, a routine imaging modality is being performed for immediate diagnosis 
which is even effective in asymptomatic patients whose RT-PCR test results reveal to be negative as the 
CT scores give better disease findings and long-term follow-up with 29% increased sensitivity in 
comparison with chest radiography[23]. CT scanning combined with repeated swab tests was used for 
individuals with high clinical suspicion of COVID-19. Thus, combining RT-PCR with CT of the chest in 
an appropriate clinical setting is considered the best modality to investigate any patient. Ai et al[24], 
2020 suggested a higher sensitivity of CT chest (98%) than RT-PCR (71%) in diagnosing COVID-19. In 
addition to CXR and CT, Infrared thermography has been useful in the identification of asymptomatic 
carriers via the detection of true core body temperature but its thermal cameras are insufficient for 
screening the disease[25]. The single-photon emission computerized tomography, and in vivo molecular 
imaging allows the observation of patient-specific and disease-specific characteristics for physiological 
models of COVID-19 patients[26,27].

Therapy and management of COVID-19 infection
Until the introduction of vaccines, test-positive subjects were isolated/ quarantined and provided with 
medication and supplements to boost their immune mechanism to overcome the disease. Initially, in the 
absence of proven effective therapies for COVID-19 or antivirals against SARS-CoV-2, researchers and 
manufacturers are conducting large-scale clinical trials to evaluate various therapies for COVID-19. 
Some of the existing options are to prevent viral entry, inhibition of virus replication, immunomodu-
latory agents, immunoglobulin therapy, vaccines, and potential control measures using ultraviolet 
radiation, and low-dose ionizing radiation[28]. The illustration of the use of X-rays in the diagnosis and 
therapy for COVID-19 has been provided in Figure 1. Absence of knowledge on the COVID-19 disease, 
screening, and specific treatment regimes, multiple approaches were tried to contain the spread of 
infection in the early time of the pandemic. Thus, the X-radiation technology was used in the early 
diagnosis, management, and containment of COVID-19 disease. The present review focused on consol-
idating the role of X-radiation in various stages of COVID-19 infection and disease manifestations: 
Screening, diagnosis, and management. Also, concerns associated with the use of X-rays in those phases 
of disease management were discussed.

CXR AND CT IMAGING OF COVID-19 PATIENTS
X-ray-based imaging is being used for the diagnosis of numerous health conditions for several decades. 
In the sudden outbreak of COVID-19, X-ray-based imaging was considered a relevant and rapid 
modality in the diagnosis of patients with COVID-19 disease, especially if the availability of other 
diagnostic methods like RT-PCR becomes limited due to a large number of infected patients and the 
time required for the reporting. CXR and high-resolution chest CT are the two important non-invasive 
examinations for the diagnosis of lung damage caused by COVID-19 infection[29]. Because of its intense 
resolution capacity and also clarity of organizational structures, these two X-ray imaging modalities 
have been used for the diagnosis of COVID infection and severity of disease in several countries. The 
prominent chest CT imaging findings of COVID-19 patients were found to be bilateral lung involvement 
and Ground Glass Opacities (GGO). Since then, many hospitals from different countries used both chest 
X-ray and chest CT imaging for the initial diagnosis of lung damage and published at a rapid pace. An 
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Figure 1 The use of X-rays in the diagnosis and therapy for coronavirus disease 2019 disease. COVID-19: Coronavirus disease 2019; CT: 
Computed tomography; LDRT: Low-dose radiation therapy; RT-PCR: Reverse-transcription polymerase chain reaction.

overview of the published articles on the diagnosis of COVID-19 infection using chest X-ray and chest 
CT imaging were shown in Supplementary Table 1. The finding from all those studies suggests that the 
radiographic findings seem to be good predictors for assessing the progress of COVID-19 disease. It was 
found that the chest CT has high sensitivity and lower specificity for diagnosis and severity of COVID-
19 disease. CXR was used as a primary imaging technique for the initial screening of COVID-19 in many 
hospitals[30,31]. However, few studies sounded controversial that chest CT detected a combination of 
lung abnormalities that were not observed in CXR[32]. The enhanced use of CT substantially improved 
diagnostic performance over CXR in COVID-19 infections and diseases. Age-dependent variations on 
CT features were associated with clinical manifestation and also with patient prognosis[33]. Therefore, 
CT was considered for the initial assessment of suspected COVID-19 infections compared to CXR. In 
general, the CT features and scores ranging between, mild (0-7), moderate (8-17), and severe (18 or 
more) are usually associated with clinical manifestation and COVID-19 disease prognosis[34]. CT 
imaging had good diagnostic value in symptomatic infections and was insufficient to justify its use as a 
first-line screening approach in asymptomatic infections[35]. CXR severity was correlated with known 
laboratory markers of disease such as higher lactate dehydrogenase (LDH), higher C-reactive protein 
(CRP), and lower lymphocyte count[36]. In a similar study, CT findings showed characteristics of GGO, 
which were correlated with biochemical markers such as CRP, erythrocyte sedimentation rate, and LDH 
to the severity of COVID-19 infection[37]. Although the gold standard RT-PCR has been the primary 
source of diagnosis of COVID-19 infection, chest CT imaging has a high sensitivity for diagnosis and 
finding the severity of COVID-19 disease when compared to RT-PCR[24]. Both RT-PCR and X-ray-based 
imaging has been used extensively throughout the world to contain the spread of COVID-19 infection 
and disease severity in COVID-19 patients.

LOW DOSE X-RADIATION THERAPY (LDRT) FOR THE MANAGEMENT OF COVID-19 
PATIENTS
The sudden outbreak of SARS-CoV-2 infections results in COVID-19 disease, which is associated with 
compromised immunological defense and lung damage[38]. Therefore, the COVID-19 patients were 
isolated/quarantined and provided with medication and supplements to boost their immune 
mechanism to overcome the disease[39]. In addition to the boosters to immune mechanisms, several 
therapy strategies were tested to prevent viral entry, inhibition of virus replication, immunomodulatory 
agents, immunoglobulin therapy, vaccines, and potential control measures[28]. The schematic repres-
entation of the possible therapy has been provided in Figure 2. One of those therapy strategies is the use 
of LDRT for COVID-19-infected patients because it has been proven to cure pneumonia in the early 20th 

century[40]. The treatment with low-dose X-rays complements other treatment modalities and has a 
profound role in minimizing COVID-19 infection severity[39]. Low dose comprises doses below 100 
mGy as defined by UNSCEAR and has the characteristics such as accelerated immune senescence, 
altered immune fitness, a shift in peripheral lymphocyte, balance in favor of B-cells, and pro-inflam-
matory responses[39]. The first attempt on the use of LDRT for COVID-19-related pneumonia was made 

https://f6publishing.blob.core.windows.net/58f9ea47-d7e7-441c-a729-639cae1ced3b/WJR-14-219-supplementary-material.pdf
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Figure 2 Overview of the therapy strategies to treat coronavirus disease 2019 disease. COVID-19: Coronavirus disease 2019; CT: Computed 
tomography; LDRT: Low-dose radiation therapy; RT-PCR: Reverse-transcription polymerase chain reaction.

by Italian and American scientists for which the patients received a single dose of either 0.10, 0.18 or 
0.25 Gy[38]. Since then, many studies have attempted to exploit the potential of radiation in the 
management of COVID-19 disease. The list of major studies (animal models, isolated studies, and multi-
centric clinical trials) related to LDRT and their salient findings are presented in Supplementary Table 2.

The range of doses employed in the LDRT among the published literature varies between 0.5-1.5 Gy 
of X-rays[39]. Whole lung LDRT may serve as a better option as it presents a low-risk treatment for 
COVID-19 pneumonia patients[38]. The LDRT is possible by using LINAC equipment that can deliver 
an appropriately low dose[39]. A recent study with nine clinical trials used the dose range between 0.5-1 
Gy in a single fraction to investigate the effect of whole-lung irradiation of COVID-19 patients by 
analyzing the parameters such as CRP, IL-6, D- dimer, and ferritin as it can affect the lung macrophages 
at these doses[39]. The therapeutic benefits of LDRT for pneumonitis were evaluated based on the 
percentage of recovery and the extent of severity[41]. The most commonly evaluated outcome 
parameters were ventilator-free numerous hematologic, cardiac, hepatic, and inflammatory markers. 
Few parameters such as the probability of intubation rates, hospital discharge, hospital duration, 
oxygen supplementation, fever duration, radiographs, clinical recovery , SatO2/FiO2 index, and lung 
inflammation [42,43]. The radiation toxicity effects had also been studied apart from other parameters
[44]. Physiological parameters such as blood oxygen level, clinical recovery rate, mean oxygen 
saturation, improvement in oxygenation SF ratio, and demand for supplemental oxygen in post-
radiotherapy[45]. Clinical parameters such as overall survival, response rate, and X-ray severity score 
were mainly considered[46]. The level of serum biomarkers such as CRP, CK, and inflammatory 
cytokines such as IL-2, IL-6, IL-1, IL-8, IL-10, TGF-beta, TGF-alpha, ICAM-1, VCAM, and oxidative 
marker (PON-1) had been evaluated in previous studies[42]. LDRT can increase interferon-γ production, 
activates natural killer cells, stimulates antigen processing and antigen presentation to T- cells and 
activates natural killer T-cells (NKT), γδ T cells, and αβ CD8+ T-cells[47]. The results of these initial 
studies highlight that the LDRT can be used as one of the treatment options to treat pneumonia in 
COVID-19 patients.

The inclusion criteria for LDRT adopted in recent studies were COVID-19 +ve patients, age > 18 
years, both genders, and national early warning score of ≥ 5, and the exclusion criteria were healthy 
volunteers, patients on mechanical ventilatory support, and hemodynamically unstable patients[48]. 
The mechanisms proposed in these recent studies are that the LDRT could inhibit the cytokine storm, 
activation of immune and endothelial cells, and inhibition of subsequent virus-induced pulmonary 
dysfunction in COVID-19 patients[49]. Despite many clinical trials being ongoing, three studies reported 
the prognosis of COVID-19 patients treated with LDRT as 80% to 90%[45,46,48]. The guidelines 
routinely used for whole-lung-irradiation of patients undergoing radiotherapy have been applied for 
COVID-19 patients treated using LDRT[49].

COVID-19 patients are associated with mucormycosis, shortly referred to as CAM, being one 
notifiable disease in India with a 50% fatality rate for which administering anti-fungal drugs 
(amphotericin-B) is the treatment[50]. This CAM condition had been observed in 79% of males, either 
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with 59% active COVID-19 or with 41% COVID-19 recovered status[44]. Further CAM studies were 
inquisitive for COVID-19 variants with mucor-immunity-associated disturbances, population-associated 
genetic susceptibilities, and the presence of virulent strains or influence of environmental factors. In 
such cases, LDRT is a hope in reducing CAM as it can increase CD3, CD4, and CD8 cells thereby 
transforming them to CD8 cells that can destroy acute respiratory syndrome-infected cells. An example 
of this LDRT was its implementation in treating tinea captitis till the discovery of griseofulvin[44].

Radiation as the choice of COVID-19 infection containment
LDRT also regulates lymphocyte counts, and bacterial co-infections in COVID-19 patients by 
modulating excess inflammatory responses[5]. The use of UV or γ-rays for sanitization will effectively 
kill viral particles[51]. Thus, deactivating COVID-19 viral cells and not allowing the infection to recur by 
implicating minimal dose radiation therapy by assessing the patient's condition can cure COVID-19[52]. 
The LDRT was also tested by combining with 2-deoxy glucose (2-DG), which has a potential adjuvant to 
enhance the efficacy of LDRT in the treatment of COVID-19 pneumonia[53]. Anti-inflammatory effects 
in LDRT are found to be associated with anti-viral or anti-bacterial effects[53]. Targeting the glycolytic 
pathway by 2-DG has been well established for its radio- and chemo-sensitizing effects in both in vitro 
and in vivo conditions. The 2-DG has been suggested as a therapeutic for the management of COVID-19 
patients[53]. The 2-DG in combination with LDRT may also protect other virus-sensitive tissues and 
organs leading to a reduction in mortality and morbidity[53]. Azido-2-DG will produce the electron-
mediated formation of oxidizing aminyl radicals, thus an adjuvant to LDRT[53].

BIOMARKERS FOR DIAGNOSIS OF COVID-19 INFECTION AND DISEASE
The biomarkers for the diagnosis of COVID-19 disease have been categorized into hematological 
[lymphocyte count, neutrophil count, and neutrophil-lymphocyte ratio (NLR)], inflammatory (CRP, 
Erythrocyte Sedimentation Rate, and procalcitonin), immunological (cytokines), and biochemical (D-
dimer, troponin, creatine kinase, and aspartate aminotransferase), coagulation cascades in disseminated 
intravascular coagulation in most of the studies[54]. Retrospective studies conducted in COVID-19 
patients admitted in intensive care unit (ICU) and post-recovery had been assessed for levels of several 
biomarkers wherein interleukins (IL)-2, IL7, IL10, GCSF, IP10, MCP1, MIP1A, and TNFα were higher in 
ICU patients than non-ICU patients[2]. Elevation of glomerular filtration function markers such as 
serum urea, CREA, and Cys C had been observed in severe COVID-19 patients more than in mild 
COVID-19 patients[55]. In comparison with the recovered group, the deceased group had an elevation 
in levels of leukocytes, neutrophils, high-sensitivity C-reactive protein (hsCRP), prothrombin, D-dimer, 
serum ferritin, IL-2, and IL-6[56]. Elevated levels of LDH, CRP, ferritin, and D-dimer had been found in 
most of the cases. IL-6 significantly increased in severe type, also IL-6, CRP, LDH, and ferritin were the 
most commonly elevated biomarkers and were associated with the severity of COVID-19[57]. On the 
other hand, a decrease in the density of natural killer cells and CD3+ T cells, including all T cell subsets 
had been observed in patients. Multiplex gene expression analysis showed an up-regulation of genes 
involved in type-I IFN signaling (IFNAR1, JAK1, and TYK2) contrasting with a striking down-regulation 
of IFN-stimulated genes (MX1, IFITM1, and IFIT2) in critical SARS-CoV-2 patients[58]. Lymphocyt-
openia was found to be the most common marker of infection in most critically ill COVID-19 patients
[59]. These biomarkers are thus significant in the early identification of COVID-19 disease; hence disease 
prognosis can be improved and also helpful to monitor the LDRT.

LIMITATIONS/ FUTURE IMPROVEMENTS ON USING X-RAYS FOR THE DIAGNOSIS AND 
THERAPY OF COVID-19 DISEASE
Although, exposure to radiation from these X-ray imaging is a concern, due to its wide application in 
delivering intense structures of the organs which are been reliably used for the diagnosis of COVID-19 
disease. However, the use of this X-ray-based imaging should be done with the most precaution since it 
might result in stochastic effects later in the life span of the exposed individual. Also, the concerns 
associated with the use of radiation in terms of risk for carcinogenesis were evaluated using phantom 
models[60]. The stochastic effects are seen with low doses in LDRT and thus quantifying the effective 
dose and Lifetime Attributable Risk will help in the effective treatment of COVID-19 pneumonia[41]. 
Delivering radiotherapy by giving quality assurance is impossible as the system conditions of portable 
X-ray machines delivering low-dose radiation therapy are not compatible. The concept of being as low 
as reasonably achievable is the basis of the radiation protection approach[61]. Targeting the whole lung 
requires vast knowledge about the biological mechanisms and hence deliverance of a low dose for an 
appropriate target volume is highly challenging. Examining LDRT in a trial setting in the case of 
COVID-19 treatment can be beneficial for patients and can be taken to the next level for scientific 
scrutiny. Shortening overall therapy time by giving multiple fractions/weeks may enhance COVID-19 
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management[62]. Based on the previous clinical trials, the effectiveness of LDRT in treating COVID-19 
was up to 80%; therefore, the Food and Drug Administration recommended LDRT (by irradiating 0.5 
Gy) as a treatment for COVID-19[63]. Thus, the contribution of X-ray-based imaging is enormous and its 
use is inevitable in modern-day health care including the COVID-19 pandemic. Despite the beneficial 
effects, the ethical concerns to use LDRT in the management of COVID-19 were the risk of spread of 
infection, time frame for a patient, and inconvenience in treating an intubated patient[64]. Even though 
medical imaging is widely used, divergent thoughts existed on the health effects of low-dose IR in 
scientific communities/stakeholders[65,66]. An “enhanced risk of stochastic effects due to radiation 
dose received by the patients during CT imaging” and “clarifications” from professional associations 
and regulatory authorities during this COVID-19 pandemic raised the anxiety among the public at the 
national level[67,68]. Any technology is not devoid of risk/side effects. Nevertheless, the impro-
vements/advancements in technology contribute to minimizing the risk while enhancing the benefits. 
The same is the case for CT imaging; a recent low-dose chest CT protocol has been proposed to reduce 
the dose up to 89% when compared to the standard-dose protocol without compromising the diagnostic 
accuracy of COVID-19-induced pneumonia in CT images[69]. Despite those developments, the medical 
uses of IR are not devoid of criticism owing to the projected risk for different health effects. The reported 
studies suggest that CXR contributed significantly toward initial rapid diagnosis and CT- imaging to 
monitor the disease.

CONCLUSION
Overall the review of the literature suggests that the chest CT has high sensitivity (98%) and less 
specificity for COVID-19 disease diagnosis compared to RT-PCR. The LDRT therapy for COVID-19 
patients compliments the drug therapy in the early recovery stage by maintaining the physiological 
parameters better than the drug therapy alone. All the recent studies results demonstrated that X-ray-
based technology continues to evolve and play a significant role even during the COVID-19 pandemic.
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Abstract
BACKGROUND 
Magnetic resonance imaging (MRI) with multiparametric dynamic contrast plays 
a critical role in the assessment of breast lesions. Dynamic curves are a critical 
parameter in determining the benign or malignant nature of lesions. Dynamic 
curves of type 1 are known to represent benign masses, while dynamic curves of 
type 3 are known to identify malignant masses. Type 2 dynamic curves have a 
sensitivity of 42.6% and specificity of 75% for malignancy detection.

AIM 
To investigate the pathological diagnosis of lesions with type 2 dynamic curves.

METHODS 
We evaluated breast MRI examinations performed between 2020 and 2021 
retrospectively and included lesions with type 2 dynamic curves. We included 38 
lesions from 33 patients. The lesions were evaluated for their pathological 
diagnosis and morphological characteristics.

RESULTS 
Twenty-six lesions were malignant, while twelve were benign. The most 
frequently encountered benign lesion (7/12, 58.3%) was sclerosing adenosis, while 
the most frequently encountered malignant diagnosis was invasive ductal cancer. 
The presence of a type 2 dynamic curve had a sensitivity of 40.2% and specificity 
of 73.4% for predicting malignancy. By combining type 2 curves and morpho-
logical features, the sensitivity and specificity were increased.

CONCLUSION 
The high rates of malignancy detected histopathologically among patients with 
type 2 dynamic curves in our study are remarkable. Type 2 dynamic curves can be 
detected in benign breast masses, especially in sclerosing adenosis cases. 
Considering morphological features can increase the diagnostic accuracy in cases 
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with type 2 dynamic curves.
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Core Tip: Dynamic contrast-enhanced magnetic resonance imaging (MRI) plays a critical role in the 
evaluation of breast lesions. The sensitivity and specificity of dynamic curves acquired using MRI are 
variable. While type 1 curves indicate more benign pathologies and type 3 curves indicate more malignant 
pathologies, there is a significant overlap in type 2 dynamic curves. We examined the histopathological 
outcomes of lesions with type 2 curves retrospectively. The histopathology results of lesions with type 2 
curves were malignant at a rate of 68.4%. The presence of a type 2 dynamic curve had a sensitivity of 
40.2% and specificity of 73.4% for predicting malignancy. By combining type 2 curves and morphological 
features, the area under the curve, sensitivity, and specificity were increased.
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INTRODUCTION
Breast magnetic resonance imaging (MRI) is a noninvasive technique that is highly sensitive for 
detecting breast cancer. Breast MRI can be used in situations where mammography is insufficient, in 
patients with dense breast structure, for preoperative planning in breast cancer, in multifocal and 
multicentric cases, for detecting contralateral malignancy, for evaluating response to neoadjuvant 
chemotherapy, and for postoperative control[1-5]. Breast MRI provides morphological information 
about lesions as well as kinetic features such as perfusion and enhancement of the lesion. Additionally, 
breast MR imaging is less affected by dense breast tissue than other imaging modalities, allowing for a 
higher sensitivity in detecting lesions[6-10].

The most frequently used MRI technique for evaluating breast cancer is dynamic contrast-enhanced 
magnetic resonance imaging (DCE-MR). A low molecular weight contrast agent (gadolinium) is injected 
intravenously for DCE-MR imaging. Gadolinium uptake and washout, and thus the detection of signal 
changes on T1-weighted images and the differentiation of cancerous from normal breast tissue, are the 
foundations of DCE-MR imaging of breast cancer[11].

The enhancement properties are determined by examining changes in signal intensity across multiple 
images acquired by pre- and post-contrast repeat MRI scans. The time-signal intensity curve, also 
known as the kinetic curve, can be classified into three types: Type 1 (persistence), type 2 (plateau), and 
type 3 (washout). Dynamic curve of type 1 (persistent) exhibits a persistent increase in signal intensity 
following contrast agent injection. Dynamic curve of type 2 (plateau) exhibits an initial slow or rapid 
increase followed by a flattening. Dynamic curve of type 3 (washout) involves an initial increase and 
subsequent decrease in signal intensity. Between benign and malignant lesions, there is considerable 
overlap in dynamic curves. Various noninvasive cancers may lack washout or plateau kinetics, but 
various benign entities, such as fibroadenomas, fibrocystic changes, scars, sclerosing adenosis, lobular 
carcinoma in situ, focal fibrosis, and atypical ductal hyperplasia, may show malignant curves[9,12,13]. 
Therefore, dynamic curves should not be evaluated alone without considering lesion morphology.

The aim of this study was to examine the histopathological outcomes of lesions with type 2 dynamic 
curves, in which there is a high degree of overlap between benign and malignant entities in the kinetic 
analysis performed using dynamic contrast MR imaging.

MATERIALS AND METHODS
Between January 2020 and January 2021, dynamic contrast enhanced breast MRI scans were evaluated 
retrospectively. In the research conducted from the hospital information system, there were 560 patients 
who underwent dynamic contrast MR examinations between January 2020 and January 2021. In the 
results of these patients, type 2 dynamic curve was detected in 48 lesions of 41 patients. Ten lesions in 
eight patients were excluded from the study due to a history of radiotherapy within the previous 6 mo, 
previous surgery or tru-cut biopsy, lack of histopathological results, and imaging artifacts. As a result, 
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38 lesions in 33 patients were included in the study.
Dynamic contrast enhanced breast MR images of the lesions included in the study were reviewed 

retrospectively with a consensus formed by two radiology specialists. The evaluators had more than 8 
years of experience in interpreting breast MRI images. The patients' anamnesis, previous mammo-
graphy, and ultrasonography examinations were re-examined using the hospital information system. 
The radiologists who performed the retrospective evaluation were blinded to the lesions' histopatho-
logical findings. Enhancement dynamic curves were calculated using the region of interest (ROI) 
method. Evaluators checked for type 2 dynamic curves by reconstructing dynamic curves from high 
temporal resolution dynamic images of the included lesions. Additionally, the evaluators classified the 
lesions according to their morphological characteristics using the American College of Radiology 
(ACR)'s Breast Imaging Reporting and Data System (BI-RADS) classification[14], which ranges from 0 to 
5. Additionally, the histopathological findings of the patients were retrieved and recorded retrospec-
tively from the hospital information system.

The data used for this study were collected anonymously and local ethics committee approval was 
obtained for this study (ethics committee number: 34336249-604.01.02-E.30236). This study adhered to 
the Declaration of Helsinki. Because the study was retrospective, informed consent was not obtained.

The same device and protocol were used for dynamic contrast-enhanced breast MRI examinations. 
One 1.5-T whole-body MRI scanner was used for breast MRI with dynamic contrast (Magnetom Avanto; 
Siemens Healthineers). The vendor-supplied receive-only 4-channel circularly polarized breast array 
coil was used. A standard protocol includes a T2-weighted rapid (fast or turbo) spin-echo (TR: 4000 ms; 
TE: 90 ms; ≤ 4 mm thickness) acquisition and 3D T1-weighted GRE (20/4.5; flip angle, 30°–45°; ≤ 3 mm 
thickness) acquisitions before and after the administration of gadolinium, with the usual dose of 0.1 
mmol/kg injected as a bolus and followed by a 10–20-mL saline flush. For sagittal plane, an image 
matrix of 256 × 192 can be used with zero-filled interpolation to 512 × 512, a small field of view (16–18 
cm), and chemical fat suppression. For bilateral axial imaging, the field of view is increased to approx-
imately 30 cm, and high-resolution matrices (between 256 and 512) are used.

Statistical analysis
The sample size was calculated using G power analysis (alpha error: 0.05; power: 80%); the minimum 
number of patients was thus defined as 31. The Statistical Package for Social Sciences (SPSS) for 
Windows 20 software was used to analyze the data (IBM SPSS Inc., Chicago, IL, United States). The 
Kolmogorov-Smirnov test was used to determine whether the age data conformed to a normal distri-
bution. Age is represented as the mean ± SD and categorical variables as number (n) and percentage 
values (%). To define the diagnostic efficacy of type 2 dynamic curves alone and along with morpho-
logical characteristics, receiver operating characteristic analysis was used. The chi-square test was used 
to compare two groups of categorical variables. Statistical significance was defined as a two-tailed value 
of P < 0.050.

RESULTS
A total of 38 lesions in 33 patients were included in the study. The mean age of the patients was 53.7 ± 
10.1 years (range, 43-87 years).

The 38 lesions included in the study showed a dynamic contrast enhancement curve of type 2 
(plateau) on their dynamic contrast imaging (Figures 1 and 2). The histopathological diagnoses of these 
lesions are shown in Table 1. As a result, 12 lesions were determined to be benign, while 26 lesions were 
determined to be malignant. While sclerosing adenosis was the most frequently encountered benign 
pathology, invasive ductal carcinoma was the most frequently encountered malignant pathology 
(Table 1).

The morphological evaluation results obtained using the ACR BI-RADS classification system for the 
lesions are given in Table 2. Histopathological examinations of eight lesions classified as BI-RADS 3 
revealed that the vast majority (5 of them) were sclerosing adenosis. One lesion in the BI-RADS 3 
category was histopathologically diagnosed as invasive ductal carcinoma. The remaining two lesions 
were benign. Sixteen of the 18 BI-RADS 4 lesions with type 2 dynamic curve were malignant, while two 
were benign. All 12 lesions classified as BI-RADS 5 were found to be malignant on histopathology 
(Table 2).

The presence of a type 2 dynamic curve had a sensitivity of 40.2% and specificity of 73.4% for 
predicting malignancy. By combining type 2 curves and morphological features, the area under the 
curve, sensitivity, and specificity were increased (Table 3, Figure 3).

DISCUSSION
In our study, we investigated the histopathological results of type 2 dynamic curves obtained from 
dynamic contrast magnetic resonance imaging, which plays a critical role in the evaluation of breast 
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Table 1 Histopathological results of lesions with type 2 curves

Histopathological diagnosis n (%)

Sclerosing adenosis 7 (18.4)

Fibroadenoma 3 (7.9)

Intraductal papilloma 1 (2.6)

Benign 12/38 (31.6%)

Usual ductal hyperplasia 1 (2.6)

Ductal carcinoma in situ 7 (18.4)

Invasive ductal carcinoma 15 (39.5)

Malignant 26/38 (68.4%)

Invasive lobular carcinoma 4 (10.5)

Total 38 (100)

Table 2 Breast Imaging Reporting and Data System categories of lesions

BI-RADS category n (%)

BI-RADS-0 0

BI-RADS-1 0

BI-RADS-2 0

BI-RADS-3 8 (21) 

BI-RADS-4 18 (47.4)

BI-RADS-5 12 (31.6)

Total 38 (100)

BI-RADS: Breast Imaging Reporting and Data System.

Table 3 Sensitivity and specificity values obtained by combining type 2 curves and morphological features for predicting malignancy

Sensitivity Specificity

Type 2 dynamic curve 40.2 73.4

Type 2 dynamic curve + BI-RADS 3 category 41.9 75.8

Type 2 dynamic curve + BI-RADS 4 category 95.3 97.7

Type 2 dynamic curve + BI-RADS 5 category 100 100

BI-RADS: Breast Imaging Reporting and Data System.

lesions. We found that the type 2 dynamic curve had a sensitivity of 40.2% and specificity of 73.4% in 
predicting malignancy. Additionally, we found that combining type 2 dynamic curve with morpho-
logical findings increased the sensitivity and specificity.

The type 1 (persistent) dynamic curve obtained from breast MRI with dynamic contrast indicates a 
higher rate of benign pathologies, while the type 3 (washout) dynamic curve indicates a higher rate of 
malignant pathologies according to the literature[9,11]. However, it has been reported in the literature 
that time-signal intensity curves have a high sensitivity but relatively low specificity for breast cancer 
diagnosis[15-20]. It is critical to keep in mind when evaluating these kinetic images that there is consid-
erable overlap between benign and malignant lesions[9,12,13,21]. Schnall et al[20] reported in a 
multicenter study of evaluating 995 breast lesions that a lesion with type 3 curve has a five times higher 
relative risk of cancer than a lesion with type 1 curve. According to the same study, 76% of lesions with 
type 3 curves were associated with malignancy. In other studies in the literature, a significant 
correlation was reported between malignancy and type 3 washout dynamic curve[15,16,22,23]. Durhan 
et al[24] in their study on young women under 40 years of age, stated that 25 of 27 malignant lesions had 
type 2 and type 3 dynamic curves. In contrary to the majority in the literature, Williams et al[25] found 
no significant difference between dynamic curves and benign and malignant lesions in their study with 
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Figure 1 A 63-year-old patient. A: Hyperintense lesion on T2 weighted image (WI) in the right breast; B: The lesion is enhanced on post-contrast T1WI; C: The 
dynamic curve of the lesion is type 2. Pathological diagnosis is invasive ductal carcinoma.

Figure 2 A 37-year-old patient. A: Hyperintense lesion on T2 weighted image (WI) in the right breast; B: The lesion is enhanced on post-contrast T1WI; C: The 
dynamic curve of the lesion is type 2. Pathological diagnosis is fibroadenoma.

41 malignant and 113 benign lesions. They stated that the reason for lack of significant difference may 
be due to the lower temporal resolution in their study and the different MR imaging protocols 
compared to other studies. Macura et al[26] stated in support of this in the literature that due to the low 
temporal resolution, washout may not be visible in the signal intensity-time curve because the first 
contrast images are acquired too late after peak formation. When these data in the literature are 
reviewed, it is understood that the results of dynamic curves, especially type 2 dynamic curves, may be 
contradictory. For this reason, we conducted a study investigating the histopathological results of type 2 
curves. Our findings show that type 2 dynamic curve can be an important finding in demonstrating 
malignancy and supports other data in the literature in contrary to the study of Williams et al[25].

In our study, we evaluated lesions with a type 2 (plateau) dynamic curve and discovered that approx-
imately 68% of these lesions were malignant. According to the literature, Kuhl et al[15] in their study 
including 101 malignant and 165 benign cases, found that the type 1 dynamic curve was observed in 
83% of benign lesions and 9% of malignant lesions, type 2 dynamic curve was observed in 13% of 
benign lesions and 34% of malignant lesions, and type 3 dynamic curve was observed in 6% of benign 
lesions and 57% of malignant lesions. Bluemke et al[16] in their study including 404 malignant and 366 
benign cases, found that the type 3 dynamic curve had a 20.5% sensitivity and 90.4% specificity, type 2 
dynamic curve had a 42.6% sensitivity and 75% specificity, and type 1 dynamic curve had a 52.2% 
sensitivity and 71% specificity for detecting benignity. According to these results[15,16], our study's 
malignancy rate was higher than those reported in the literature, but the sensitivity and specificity rates 
were similar. As supported by our findings and the literature, the type 2 dynamic curve indicates an 
increased risk of malignant lesions. These results led us to believe that in the presence of a type 2 
dynamic curve, we should exercise caution in terms of suspicion of malignancy.

Numerous studies have demonstrated that combining use of both morphological and enhancement 
kinetics improves the sensitivity and specificity of MRI[27-29]. Lee et al[21] stated in their study that as a 
reasonable strategy, the morphological features of the lesion should be evaluated before evaluating the 
enhancement kinetics, and in case of suspicious morphological features, further evaluation including 
histopathological diagnosis should be made. They also stated that if the lesion is morphologically 
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Figure 3 Receiver operating characteristic analysis graph by combining type 2 curves and morphological features for predicting 
malignancy. AUC: Area under the curve.

benign or indeterminate, evaluation of the enhancement kinetics can help differentiate lesions that may 
require biopsy. Additionally, it should be emphasized at this point that the MR examination should be 
correlated with mammographic and sonographic findings to increase the accuracy of the result. 
According to these data, we also examined the sensitivity and specificity of type 2 dynamic curves for 
detecting malignancy both alone and in combination with the BI-RADS classification. Accordingly, 
while the sensitivity and specificity values of the type 2 dynamic curve increased significantly when 
combined with BI-RADS 4 and 5, no significant increase was observed when combined with BI-RADS 3. 
According to the ACR, radiological follow-up is recommended instead of histopathological correlation 
in BI-RADS 3 lesions[14]. In our study, histopathological correlation was performed on eight lesions 
with type 2 dynamic curves in BI-RADS 3 lesions, and one of them was found to be malignant. At this 
point, although there is a possibility of unnecessary histopathological correlation to BI-RADS 3 lesions, 
the fact that even one malignancy was detected in our results suggests that histopathological correlation 
may provide additional benefit in the presence of type 2 dynamic curve in BI-RADS 3 lesions. There is a 
need for studies examining the type 2 dynamic curve and BI-RADS 3 classification in a larger patient 
population.

There are some limitations to our study. The most significant limitations are the study's retrospective 
design and small patient population. Additionally, when the ROI method is used to create a dynamic 
curve, inter-rater variability may occur. In our study, two radiologists evaluated the images 
retrospectively with a consensus and there was no assessment of interobserver variability. Finally, the 
study was designed to assess only the type 2 dynamic curve in contrast-enhanced dynamic series; 
lesions with type 1 or type 3 dynamic curves were not included and early phase (initial) enhancement 
was not assessed.

CONCLUSION
In conclusion, the high rates of malignancy detected histopathologically among patients with type 2 
curves in our study are remarkable. However, it is possible to detect type 2 dynamic curves in benign 
lesions as well. Compared to the evaluation made with only the type 2 dynamic curve, the combined 
evaluation with the BI-RADS categories increases the sensitivity and specificity of the type 2 dynamic 
curve.

ARTICLE HIGHLIGHTS
Research background
Dynamic contrast-enhanced magnetic resonance imaging (MRI) is the most frequently used MRI 
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technique for evaluating breast cancer. Changes in signal intensity across multiple images acquired by 
pre- and post-contrast repeat MRI scans are used to determine the enhancement patterns. The time-
signal intensity curve, also known as the kinetic curve, can be classified into three types: Type 1 
(persistence), type 2 (plateau), and type 3 (washout). A higher rate of benign pathologies is indicated by 
the type 1 dynamic curve, while a higher rate of malignant pathologies is indicated by the type 3 
dynamic curve. However, there is a dilemma with the type 2 curve. The aim of this study was to 
investigate the histopathological outcomes of lesions with type 2 dynamic curves, which have much 
overlap in the kinetic analysis between benign and malignant entities.

Research motivation
There have been several studies on type 3 and type 1 dynamic curves, but studies on type 2 dynamic 
curves are not sufficient. More research on type 2 dynamic curves, which have much overlap in kinetic 
analysis between benign and malignant entities, is needed.

Research objectives
The aim of this study was to examine the histopathological outcomes of lesions with type 2 dynamic 
curves, in which there is a high degree of overlap between benign and malignant entities in the kinetic 
analysis performed using dynamic contrast MRI.

Research methods
Two experienced radiologists retrospectively re-evaluated lesions with type 2 dynamic curves. The 
included lesions were re-examined for type 2 dynamic curves by the evaluators. Additionally, the 
evaluators classified the lesions according to their morphological characteristics using the American 
College of Radiology's Breast Imaging Reporting and Data System classification. The histopathological 
findings of the patients were retrieved and recorded retrospectively from the hospital information 
system. Receiver operating characteristic analysis was done to determine the diagnostic efficacy of type 
2 dynamic curves alone and in combination with morphological characteristics.

Research results
Thirty-eight lesions in 33 patients were included in the study. As a result, 12 lesions were determined to 
be benign, while 26 lesions were determined to be malignant. While sclerosing adenosis was the most 
frequently encountered benign pathology, invasive ductal carcinoma was the most frequently 
encountered malignant pathology. The presence of a type 2 dynamic curve had a sensitivity of 40.2% 
and specificity of 73.4% for predicting malignancy. By combining type 2 curves and morphological 
features, the area under the curve, sensitivity, and specificity were increased.

Research conclusions
In our investigation, the significant rates of malignancy discovered histopathologically among patients 
with type 2 curves are remarkable. In the presence of a type 2 dynamic curve, we should exercise 
caution in terms of suspicion of malignancy.

Research perspectives
Studies with larger patient populations focusing on the histopathological results of lesions with type 2 
dynamic curves are needed.
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Abstract
BACKGROUND 
Renal sympathetic denervation (RSD) provides a minimally invasive interven-
tional treatment modality for patients with resistant hypertension. However, the 
post-operative outcomes remain a key area of investigation since its earliest 
clinical trials.

AIM 
To evaluate patient outcomes after RSD intervention among peer-reviewed 
patient cases.

METHODS 
A systematic review of literature on MEDLINE, Google Scholar, and the Cochrane 
Database of Systematic Reviews for RSD case studies to assess post-operative 
hypertension readings and medical management.

RESULTS 
Among 51 RSD cases, the post-operative RSD patients report an apparent 
reduction with a mean number of 3.1 antihypertensive medications. The mean 
systolic arterial blood pressure 1 year following RSD was 136.0 mmHg (95%CI: 
118.7-153.3).

CONCLUSION 
The apparent improvements in office systolic blood pressure after 12 month post-
operative RSD can support the therapeutic potential of this intervention for blood 
pressure reduction. Additional studies which utilized a uniform methodology for 
blood pressure measurement can further support the findings of this systematic 
review.
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Core Tip: This is the first systematic review focused on peer-reviewed clinical case reports in the topic area 
of renal sympathetic denervation in hypertension outcomes. In addition, this study has noted the changes 
in blood pressure medication regimens for the management of resistant hypertension.
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INTRODUCTION
Hypertension continues to be a pressing health condition worldwide. Despite widespread use of 
antihypertensive medications, it is estimated that only 24% of the patients who are prescribed these 
medications currently have their blood pressures controlled[1,2]. It is estimated that between 10% and 
15% of patients with hypertension do not achieve adequate blood pressure control, despite the use of at 
least three antihypertensive agents[1,2]. Moreover, this group of patients is designated as having 
resistant hypertension[2]. Let alone, patients with true resistant hypertension bear a greater risk for 
mortality compared to the general population[3-5]. In fact, rates of cardiovascular events correlate with 
mean 24-hour ambulatory blood pressures, which further justifies the pressing need to innovate medical 
management of this condition[5]. Similarly, non-adherence to anti-hypertensive therapy is a significant 
problem that limits the success of drug therapies[6]. As such, the need for additional intervention 
beyond medication in patients with resistant hypertension is apparent.

Renal sympathetic denervation (RSD) has been proposed as a potential solution to control arterial 
pressure. Moreover, RSD is a catheter-based renal denervation which employs transvascular ablation of 
the renal sympathetic nerves using radiofrequency energy to interrupt both sensory and motor nerves 
through the renal arterial wall. The earliest clinical studies on RSD demonstrated a significant reduction 
in arterial pressure in most patients[7-9]. However, the body of evidence has largely been in dispute as 
to what the true postoperative outcomes are regarding this novel procedure. In fact, the SYMPLICITY 
HTN-3 clinical trial did not show a benefit for patients treated with the procedure compared to the sham 
group[10]. This has prompted the numerous additional studies of the effects of RSD. Most of these 
studies have reported reductions of ambulatory blood pressure, but the extent and location of ablation 
sites have varied considerably[10-12]. The efficacy of this procedure is difficult to evaluate due to widely 
varying levels of denervation and often the lack of appropriate control groups[11]. Despite this paucity 
in evidence, there have been a number of clinical cases reported in peer-reviewed literature which 
showcase the utilization of catheter-based renal denervation. However, there has not been a systematic 
review of these cases to consolidate the findings. Therefore, the aim of this study is to assess the efficacy 
of RSD treatment in attenuating systolic blood pressures and reducing antihypertensive agents among 
patients with resistant hypertension.

MATERIALS AND METHODS
Study design and inclusion
A systematic review of literature was performed on MEDLINE, Google Scholar, and the Cochrane 
Database of Systematic Reviews for renal denervation case studies. This study methodology was 
registered by PROSPERO International prospective register of systematic reviews (National Institute for 
Health Research). The search was performed following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines and checklist.3 Contingent valuation studies within 
renal denervation procedures were identified using search terminologies that combined the following 
epidemiological terms: renal sympathetic denervation, renal sympathetic ablation, hypertension renal 
denervation, renal denervation case studies, renal denervation case reports. Variations of the terms were 
also used when deemed necessary by the reviewers (e.g., “study” vs “studies”).

The initial search yielded 368 articles. Duplicates were removed, and then each article was reviewed 
for the following inclusion criteria: English language, case reports, full-text, pertinence to renal 
denervation procedures, and peer-reviewed (Figure 1). In addition, the reference list of each identified 
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Figure 1  Flow diagram of study selection process.

study was also reviewed to further ensure that all appropriate studies were identified. No further 
articles met the inclusion criteria. This qualitative synthesis yielded 62 articles.

Data extraction and evaluation
Each study included was independently appraised by three reviewers (Singh SP, Varghese KJ, Qureshi 
FM) for literature quality and categorical data including: patient age, sex, ethnicity, height, weight, 
hypertension diagnosis, years hypertensive, blood pressure reading prior to renal denervation, 
presentation to emergency department, medications prior to renal denervation procedure, previous 
treatments related to hypertension, past medical/social/family history, renal denervation approach, 
number of lesions, duration of lesion/ablation, brand name of ablation catheter, bilateral (Y/N), renal 
artery length/diameter(s), days until discharge, blood pressure readings on follow-up, post-treatment 
medications, success in attenuating hypertension, and complications post-procedure. If there was any 
discrepancy between the three reviewers, discussion was conducted, and final determination was made 
by Singh SP. Meta-analyses were not performed due to a heterogeneity in reporting methodologies.

Statistical analysis
Statistical analysis was performed using Stata 14 Statistical Package (StataCorp, College Station, TX, 
United States) for descriptive statistics on the variables of interest including counts, percentages, means 
and standard deviations where appropriate. ANOVA calculations were performed to determine 
significance between variable groups of interest. The level of significance was set at P < 0.05.

RESULTS
The systematic review identified 368 records through the search methodology (Figure 1). After 
duplicates were removed, 94 records remained and 66 of those records were then screened and assessed 
for eligibility. This left a total of 43 complete studies to be included in the qualitative synthesis. Three of 
these studies included multiple patients. In total, 51 patient cases involving renal denervation 
procedures for hypertension were extracted from the 43 studies examined. The articles included in this 
study were published between 2012 and 2021. The peak year for case study reports was 2015 (n = 12), 
followed by 2013 (n = 11), 2012 (n = 7), 2014 (n = 6), 2017 and 2018 (n = 4), 2021 (n = 3), 2019 and 2020 (n 
= 1), respectively.

Among patients treated with RSD, 24 were female, 27 were male. The mean age of the patient 
population was 49.9 years (95%CI: 44.9-55.0) with the youngest being 6 years and the oldest being 83 
years. Among sexes, the mean age of females was 50.1 (95%CI: 41.7-58.5) and for males was 49.5 (95%CI: 
43.3-55.8). The mean body mass index (BMI) of the patient population was 31.3 (95%CI: 27.4-35.2). 
Among sexes, the mean BMI of females was 31.6 (95%CI: 25.3-37.9) and males was 31.0 (95%CI: 24.7-
37.3).
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The reviewers identified the terminology used for diagnosis of hypertension for each of the 51 
patients studied and stratified these to identify 40 patients with resistant hypertension. Additionally, 
not all studies reported the number of years patients were hypertensive prior to RSD. Among those that 
did, the total patient population had a mean duration of diagnosed hypertension of 10.1 years (95%CI: 
4.5-15.8), with the mean for males being 8.1 years (95%CI: -1.2-17.4) and females being 11.8 years 
(95%CI: 2.4-21.2). Additionally, of the patients diagnosed with resistant hypertension, the mean 
decreases to 7.8 years (95%CI: 3.4-12.1).

Two patients underwent RSD treatment following a presentation of hypertensive crisis in the 
Emergency Department. Six patients reported a history of diabetes (type 1: n = 1; type 2: n = 5). Another 
4 patients reported polycystic kidney disease. One patient reported fibromuscular dysplasia. Histories 
of myocardial infarctions, hypercholesterolemia and hyperlipidemia were not compiled due to 
variations in reporting these potential contributing factors. No patient underwent RSD before the case 
report. Prior to RSD treatment, patient histories reported a mean number of 4.7 antihypertensive 
medications (95%CI: 4.1-5.4) as shown in Table 1.

The mean standard office blood pressure of patients prior to RSD treatment was assessed. The mean 
systolic blood pressure was 172.7 mmHg (95%CI: 165.1-180.3) among the entire patient population, and 
171.4 mmHg (95%CI: 162.3-180.4) among those with resistant hypertension.  Females had a mean 
systolic blood pressure of 170.2 mmHg (95%CI: 158.2-183.3), and males had a mean of 175.5 mmHg 
(95%CI: 164.7 – 186.3).

The first-generation SYMPLICITY renal denervation catheter® (Medtronic, Dublin, Ireland) was the 
most commonly used, being identified in 57.5% of cases (n = 40). This frequency was greater than 
EnligHTN renal artery ablation catheter® (St. Jude Medical, Inc., Saint Paul Minnesota) at 15%. The 
remaining cases used other available treatments. The mean number of ablations on the left renal artery 
was 5.0 (95%CI: 3.2-6.8), and the right renal artery was 5.3 (95%CI: 3.5-7.2). The reported duration of an 
ablation varied among each study, noting the shortest duration at 10 s, and longest duration at 120 s. 
Four studies reported discharge from the hospital within 24 h of treatment.

Three studies reported renal artery stenosis in at least 1 artery during follow up appointments. One 
study noted progression into aortic stenosis. Two studies reported aortic dissection, one occurring 
during the operation, and the second reported the dissection twenty-two months post-operatively. In 
both cases, the dissection was deemed unrelated to the RSD procedure. Episodes of hypertensive crises 
post-treatment were not reported in any of the case studies.  In addition, the mean standard office blood 
pressure (BP) of patients post-RSD treatment was assessed. The mean post-operative systolic blood 
pressure of reported cases was reported at 24 h, 1 mo, 3 mo, 6 mo and 1 year after surgery (Table 2). The 
arterial pressure appeared to be significantly reduced although all measurements were not done at all 
time points in all these studies. After RSD treatment, patient follow-up histories in some reports 
described an apparent reduction with a mean number of 3.1 antihypertensive medications (95%CI: 2.3-
3.9) in all patients (Table 3).

DISCUSSION
The aim of this systematic review of case reports was to examine the postoperative efficacy of RSD on 
blood pressure reduction in patients with resistant hypertension and evaluate the change in antihyper-
tensive medication regimen. Overall, the therapeutic potential that this catheter-based procedure 
provides in attenuating hypertension merits its exploration. This search for contemporary case studies 
published in English medical journals yielded 48 patient cases which reviewers utilized to draw 
conclusions. The focus of this study is to determine the effect of RSD on blood pressure attenuation in 
hypertensive patients. Based on the most recent European Society of Cardiology (ESC) and the 
European Society of Hypertension (ESH) guidelines for the management of arterial hypertension, which 
classifies arterial blood pressures into grades[12], the mean standard office systolic blood pressure of 
patients prior to RSD treatment was between 160-179, or grade 2 hypertension, and ≥ 180, or grade 3 
hypertension, among the patient population as a whole. The mean 24 h post-operative systolic blood 
pressure of reported cases was in grade 2 hypertension. At 1, 3, 6, and 12 month follow-up, the mean 
systolic arterial pressure of reported cases remained in grade 1 hypertension (systolic blood pressure 
between 140-159). For the majority of patients, the severity of hypertension declined from borderline-
malignant hypertension to grade I hypertension. The resulting reduction in arterial pressure during 
these follow up visits are consistent with the results of larger renal denervation trials[7-9,12].

Regarding the current body of literature, the SYMPLICITY HTN-3 clinical trial which was performed 
in the United States reported the lack of a sustained reduction in arterial pressure after RSD[10]. Despite 
the observations in other studies showing reductions maintained for at least three years, the consistency 
of arterial pressure reduction has been controversial. There were similar observations in the case reports 
reviewed here, but the overall findings note a net reduction in blood pressure at one year follow up. In 
addition, the intention to evaluate the office systolic blood pressure readings is further supported by 
contemporary literature as a modality to objectively evaluate blood pressure reduction effects[13].
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Table 1 Case reports used in this study

Ref. Patients, n Age (yr) Sex Brand

Aksu et al[21] 1 46 M MARINER

Alegria-Barrero et al[22] 1 53 M SYMPLICITY

Armaganijan et al[23] 1 29 F

Atas et al[24] 1 42 F SYMPLICTY, ARDIAN

Berra et al[25] 1 54 M SYMPLICITY

Bilge et al[26] 1,1 41, 51 F, M .

Yap et al[27] 2 44, 69 M, M

Bonanni et al[28] 1 6 F SYMPLICITY

Bortolotto et al[29] 1 39 F MARINER

Celik et al[30] 1 59 M SYMPLICITY

Chandra et al[31] 1 51 F SYMPLICITY

Chiarito et al[32] 1 47 F ARDIAN

Daemen et al[33] 1 55 M RADIANCE

Ewen et al[34] 1 61 M .

de Araújo Gonçalves et al[35] 1 67 F SYMPLICITY

Gziut et al[36] 1 62 . ENLIGHTN

Heradien et al[37] 1 62 F SYMPLICITY

Himmel et al[38] 1 83 F SYMPLICITY

Ho et al[39] 1 58 M .

Jaguszewski et al[40] 1 72 F ENLIGHTN

Kelle et al[41] 1 62 F SYMPLICITY

Kiuchi et al[42] 1 15, 16, 32 F, F, M ENLIGHTN

Koppelstaetter et al[43] 1 68 F SYMPLICITY

Kostka-Jeziorny et al[44] 1 52 F SYMPLICITY

Lee et al[45] 1 31 F SYMPLICITY

Lee et al[46] 1 16 M

Luo et al[47] 1 80 F

Miller et al[48] 1 54 M

Możeńska et al[49] 1 60 M

Ott et al[50] 1 29 F SYMPLICITY

Papademetriou et al[51] 1 59 F ENLIGHTN

Pietilä-Effati et al[52] 4 24, 55, 56, 72 M, F, F, M SYMPLICITY

Prejbisz et al[53] 1 26 M SYMPLICITY

Pucci et al[54] 1 73 F SYMPLICITY

Raju et al[55] 1 19 M STOCKERT

Shah et al[56] 1 74 M SYMPLICITY

Spinelli et al[57] 1 39 M SYMPLICITY

Sridhar et al[58] 1 67 F SYMPLICITY

Stefanadis et al[59] 1 74 M SYMPLICITY

Tsioufis et al[60] 1 58 M

Versaci et al[61] 1 49 M VESSIX
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Wang et al[62] 1 49 M

Wu et al[63] 1 62 M CORDIS

Table 2 Summary of arterial blood pressure measurements at different time points before and after renal sympathetic denervation

Mean systolic blood pressure

Time post-RSD
Prior to RSD

24 h 1 mo 3 mo 6 mo 1 yr

All 
subjects

172.7 mmHg (95%CI: 
165.1-180.3)

146.2 mmHg (95%CI: 
131.4-161.1)

139.2 mmHg (95%CI: 
124.8-153.6)

132.9 mmHg (95%CI: 
114.8-151.1)

133.0 mmHg (95%CI: 
120.7-145.31)

136.0 mmHg (95%CI: 
118.7-153.3)

Females 170.2 mmHg (95%CI: 
158.2-183.3)

147.2 mmHg (95%CI: 
125.7-168.7)

137.0 mmHg (95%CI: 
102.8-171.2)

136.7 mmHg (95%CI: 
105.3-168.7)

130.0 mmHg (95%CI: 
118.0-142.0)

134.2 mmHg (95%CI: 
107.4-161.0)

Males 175.5 mmHg (95%CI: 
164.7– 186.3)

144.4 mmHg (95%CI: 
114.0-174.8)

137.0 mmHg (95%CI: 
102.8-171.2)

126.3 mmHg (95%CI: 
117.2-135.3)

1160.0 mmHg 1131.0 mmHg

1One reported observation.
RSD: Renal sympathetic denervation.

Table 3 Comparison of quantity of antihypertensive medications used before and after renal sympathetic denervation

Mean number of antihypertensive medications

Pre-RSD Post-RSD

All subjects 4.7 (95%CI: 4.1-5.4), 3.1 (95%CI: 2.3-3.9),

Females 4.9 (95%CI: 3.8-6.0) 3.0 (95%CI: 1.0–5.0)

Males 4.6 (95%CI: 3.7-5.5) 3.0 (95%CI: 1.96-4.0) 

RSD: Renal sympathetic denervation.

The most common instrument used in these studies was the first generation, radiofrequency device 
(Symplicity, Medtronic®). During the initial studies with this instrument, it was recommended that the 
device be advanced to the first bifurcation of the renal artery allowing for 3-6 RF lesions on each renal 
artery. Subsequent studies have shown that this has highly variable effects on depletion of renal 
catecholamines[14]. Additionally, it has been shown that the renal nerves are more closely apposed to 
the renal artery in the distal segments[15]. This has led to the development of smaller catheters with 
multiple electrode sites that can be advanced farther into the renal artery and are able to make many 
more focal lesions[16]. This has likely improved the success of the actual denervation making the 
second-generation devices more effective in RSD.

Contemporary clinical guidelines encourage a stepwise approach, involving combination therapy, in 
order to increase the number and doses of medications when treating hypertension. Additionally, this is 
also with the understanding that every drug has a limited capacity for blood pressure reduction[17,18]. 
Therefore, patients described in these reports with grade 2 or 3 hypertension were typically on several 
medications. Since it is known that adherence to antihypertensive drug therapy is poor[6], the 
permanence of the RSD treatment offers a significant advantage, including reducing drug therapies in 
some patients and thereby improving compliance. These case reports were encouraging in this regard, 
as this study reported an average reduction by one-to-two medications from the patient’s regimen. 
Furthermore, chronic administration of common antihypertensives can lead to adverse effects such as 
impotence with beta-blockers or angioedema with ACE inhibitors. Therefore, a desirable characteristic 
of RSD is a corresponding reduction in pharmacotherapy leading to improved compliance and reduced 
side effects.

Several case studies detailed complications of RSD, particularly associated with renal artery stenosis. 
While these were not deemed a major risk, the outcome can exacerbate hypertension. Furthermore, 
renal artery stenosis is a contraindication for medications such as ACE inhibitors or angiotensin receptor 
blockers. The combination of drug therapy and inhibiting Angiotensin II can significantly reduce renal 
function, particularly in the context of kidney disease. This study proposes the close monitoring of the 
renal arteries at the follow-up visits post-RSD treatment to track and quickly counter the occurrence of 
renal artery stenosis.
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While the first United States-based trial (SYMPLICITY HTN-3) reported a reduction in arterial 
pressure in treated patients that was the same as the reduction observed in control patients[10], RSD has 
not been approved in the United States. Clinicians in the United States have a wealth of data because 
practitioners in other countries have been using RSD to treat resistant hypertension for nearly a decade. 
The International Sympathetic Nervous System Summit evaluated the future of RSD. The author’s 
conclusions include an expected 10 mmHg decrease in blood pressure and 25% decrease in overall 
cardiovascular events[19]. Furthermore, a large meta-analysis comparable to this review established 
similar findings. Warchoł-Celińska et al[7] included 613815 patients from 122 studies to find a reduction 
of office systolic blood pressure by 10 mmHg, cardiovascular events by 20%, and overall mortality by 
13%. Adding our study to the current conversation supports the notion that RSD is an intervention with 
significant advantages[18,19]. It would be most beneficial to perform additional randomized control 
trials to acquire definitive evidence of the antihypertensive effects of RSD treatment.

CONCLUSION
Renal sympathetic denervation is a procedure that can manage resistant hypertension while avoiding 
the complications of drug adherence. Benefits of the procedure include sustainable attenuation of 
arterial pressure, reduced dependence on medications leading to fewer side effects, and to a reduction 
in the inherent diseases associated with hypertension. One limitation encountered in this analysis is that 
the antihypertensive medications detailed were only evaluated based on the quantity, dose or number 
that a patient was taking, not based on the class or mechanism of action. Furthermore, as all included 
articles were case studies, which can affect the validity of these results to translate into clinical reasoning 
and practice. Moreover, the use of case reports in a systematic review make the structure of this review 
require further investigation through larger systematic reviews in order to have more rigor in transla-
tional reasoning. Another area of development which would benefit future studies is through use of a 
artificial intelligence-controlled databases which can provide greater accuracy of citation retrieval in a 
systematic review (e.g., Reference Citation Analysis)[20]. Overall, this study recognizes that there is a 
need for more randomized control trials to establish the benefits of RSD, duration of effectiveness, 
incidence of complications, and improvement in all-cause mortality. Finally, findings of irregular 
attenuation of arterial pressure are likely confounded by improved quality of denervation afforded by 
newer devices. This procedure offers a viable option to control blood pressure with significant 
advantages over current treatments that could improve the effectiveness of the treatment of 
hypertension.

ARTICLE HIGHLIGHTS
Research background
The background behind this literature is the initial collaboration between SPS and MMK who explored 
the effects of renal afferent denervation from a basic science perspective. Of note, MMK has contributed 
to a number of early literatures regarding renal sympathetic denervation.

Research motivation
The utilization of thermal radiofrequency ablation in medical practice has grown tremendously over the 
past decade alone. We are motivated to contribute to the potential direction of bringing this therapeutic 
modality to greater avenues of evaluation compared to the past. Of note, renal sympathetic denervation 
(RSD) is not used in the United States yet.

Research objectives
The objective was to utilize current peer-reviewed case report data to gain a current understanding of 
the climate regarding RSD interventions.

Research methods
Systematic Review of the literature.

Research results
RSD intervention has shown, in these case reports, to mainly lower office systolic blood pressure and 
lessen the patient burden on medication regimens.

Research conclusions
The promising results of RSD can simplify therapeutic regimens in patients with resistant hypertension. 
There is a significant amount of area which can be explored in clinical trials in the future.
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Research perspectives
The study team believes this therapeutic intervention needs to be brought under greater attention 
among the interventional radiology community for it future usage.
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Abstract
Risk calculators have offered a viable tool for clinicians to stratify patients at risk 
of prostate cancer (PCa) and to mitigate the low sensitivity and specificity of 
screening prostate specific antigen (PSA). While initially based on clinical and 
demographic data, incorporation of multiparametric magnetic resonance imaging 
(MRI) and the validated prostate imaging reporting and data system suspicion 
scoring system has standardized and improved risk stratification beyond the use 
of PSA and patient parameters alone. Biopsy-naïve patients with lower risk 
profiles for harboring clinically significant PCa are often subjected to 
uncomfortable, invasive, and potentially unnecessary prostate biopsy procedures. 
Incorporating risk calculator data into prostate MRI reports can broaden the role 
of radiologists, improve communication with clinicians primarily managing these 
patients, and help guide clinical care in directing the screening, detection, and risk 
stratification of PCa.
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Core Tip: Incorporating risk calculator data into prostate magnetic resonance imaging reports can broaden 
the role of radiologists, improve communication with clinicians primarily managing these patients, and 
help guide clinical care in directing the screening, detection, and risk stratification of prostate cancer.
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INTRODUCTION
Prostate cancer (PCa) is the most common solid organ malignancy in American men and the second 
cause of cancer-related death in the United States[1]. Due to increased awareness, nearly 20 million men 
in the United States engage in screening and early detection discussions (National Comprehensive 
Cancer Network). Prostate specific antigen (PSA) made large-scale screening for PCa feasible, but lacked 
accuracy, with 15%-25% false negatives and 60% false positives[2,3]. Since PSA has proven to be an 
unreliable biomarker for clinically significant prostate cancer [csPCa; Grade Group (GG) ≥ 2], a large 
percentage of patients continue to undergo prostate biopsies with either benign or clinically indolent 
PCa (GG 1). Prostate biopsies are an invasive diagnostic procedure with well-established risks, such as 
hematuria, hematospermia, rectal bleeding, urinary tract infections, and recognized risk of sepsis[4-7]. 
Furthermore, potentially unnecessary biopsies and over treatment of low-risk prostate cancer has placed 
an undue psychological burden on patients[8].

The role of multiparametric magnetic resonance imaging (mpMRI) in prostate cancer diagnosis, 
surveillance, and treatment has significantly evolved and is growing in popularity as a tool to 
potentially avoid unnecessary biopsies in biopsy-naive patients. Controversy remains due to significant 
variability across patient cohorts and institutions. Risk calculators combining mpMRI with clinical 
variables can limit this variation and have been shown to improve predictive models[9,10]. An individu-
alized screening algorithm using a patient’s clinical history can result in a considerable reduction in 
unnecessary biopsy sessions. A validated clinical risk calculator that could be incorporated into MRI 
reporting and aid in the decision to pursue prostate biopsies in biopsy-naive patients is needed[11]. 
However, such a risk calculator must be carefully validated to ensure its reliable performance and 
applicability to a broad population of patients undergoing prostate cancer screening when including 
MRI in the screening algorithm.

OVERVIEW OF RISK CALCULATORS
Historical perspective
One of the first algorithms to predict the risk of prostate cancer on prostate biopsy was the European 
Randomized Study for Screening of Prostate Cancer (ERSPC) risk calculator. The ERSPC has six 
calculators, two of which are used by patients and the remaining four used by physicians. The RC3/RC4 
combined calculator uses PSA levels, digital rectal exam (DRE) exam, previous prostate biopsy history, 
prostate volume, and now incorporates MRI prostate imaging reporting and data system (PI-RADS) v 
1.0 score to predict the detectable risk of prostate cancer on biopsy. The calculator stratifies the risk of 
detecting cancer to assist clinicians with the decision to pursue biopsy (https://www.prostatecancer-
riskcalculator.com/). Several external validation studies have been performed for these RCs. The 
discriminative ability of detecting positive prostate biopsy (PBx) in biopsy-naive or previously biopsied 
patients using the ERSPC RC3 or RC4 was assessed, showing area under the curve (AUC) values in the 
range of 0.71-0.88[12-16].

Thompson et al[17] developed one of the first online individualized predictive assessments of prostate 
cancer before prostate biopsy extrapolated from the 5519 patients in the Prostate Cancer Prevention 
Trial (PCPT). It was found that PSA, family history, DRE findings, African American race, and history of 
a prior negative prostate biopsy provided independent predictive value to the calculation of risk of a 
biopsy that showed presence of cancer. The first calculator became known as the Prostate Cancer 
Prevention Trial Risk Calculator (PCPTRC) and has been used widely online at https://riskcalc. 
org/PCPTRC/. In 2012, an updated PCPTRC 2.0 was released with the added capability to provide 
prediction of indolent low-grade (Gleason grade < 7) vs high-grade (GG ≥ 2) PCa. Both versions of the 
online PCPT risk calculator were externally validated in 2014.

https://www.wjgnet.com/1949-8470/full/v14/i8/249.htm
https://dx.doi.org/10.4329/wjr.v14.i8.249
https://www.prostatecancer-riskcalculator.com/
https://www.prostatecancer-riskcalculator.com/
https://riskcalc.org/PCPTRC/
https://riskcalc.org/PCPTRC/
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Independent validation and comparisons between the ERSPC and PCPTRC calculators demonstrated 
comparable calibration in their agreement between predicted and observed risks of prostate cancer. 
However, the AUC for predicting clinically significant sPCa was higher for the ERSPC risk calculator 
compared with the PCPTRC (0.73 vs 0.70; P = 0.043)[18]. The PCPTRC has been replaced by a more 
contemporary risk calculator developed by the Prostate Biopsy Collaborative Group (PBCG) that 
incorporates age, PSA level, DRE results, family history, race, and a history of negative biopsy along 
with more contemporary biopsy schemes[19]. The study demonstrates a greater inclusion of patients 
with diverse backgrounds and PBCG model outperformed the PCPTRC in predicting csPCa on both 
internal (AUC, 75.5% vs 72.3%; P < 0.0001) and external validation (AUC, 72.9% vs 69.7%; P < 0.0001). 
Furthermore, the PBCG model was found to be well calibrated and offered a higher net clinical benefit 
than the PCPT risk calculator: it led to 2.7% fewer biopsies without missing any csPCa.

Advent of imaging
Prior to 2017, mpMRI of the prostate was not commonly used in the PCa workup worldwide due to the 
high cost and limited availability of prostate MRI. In 2019, Alberts et al[20] published a study on the use 
of risk calculators and biopsy results to avoid unnecessary prostate MRI. Alberts et al[20] suggested that 
mpMRI of the prostate provided an opportunity to enhance the non-invasive portion of the PCa workup 
and introduced a nomogram integrating PI-RADS data into the ERSPC risk calculator. Alberts et al[20] 
demonstrated a superior nomogram compared to the ERSPC standard, achieving an AUC of 0.84, which 
was significantly increased compared to ERSPC calculators that did not incorporate imaging data.

As mpMRI of the prostate became more widely available and the Urology community became more 
aware of the potential impact of PI-RADS score on risk calculator development, prostate MRI data was 
more widely incorporated into PCa risk nomograms. PI-RADS data, scored on a zero to five Likert scale, 
is easily incorporated into nomograms due to its objective, defined numerical values. In 2019, Alberts et 
al[20] refined the ERSPC-RC-3/4 risk calculators, developing MRI-ERSPC-RC-3/4 by adding mpMRI 
examination results. The addition of MRI to the ERSPC calculators increased the discriminative ability 
for high-grade PCa [AUC of 0.84 (95%CI 0.81-0.88) and 0.85 (95%CI 0.81-0.89) for the MRI-ERSPC-RC3 
and MRI-ERSPC-RC4, respectively][20]. Beyond the established clinical based calculators like the 
ERSPC and the PBCG, novel risk calculators were developed across the globe, with several large 
multicenter trials occurring in North America, the United Kingdom, and Australia, such as the Stanford 
Prostate Cancer Calculator (SPCC)[21], the PLUM cohort[22], the PCRC-MRI[23], MRI study by Chau et 
al[24], and the study done by van Leeuwen et al[25] PI-RADS integrated clinical calculators consistently 
demonstrated superior performance to calculators using clinical data alone[23-27]. Of note, due to the 
wide variety in study location, practice type, and timing of data collection, some of these risk calculators 
use data from PI-RADS v1.0 and PI-RADS 2.0. The SPCC notes that its calculator is validated for both 
PI-RADS v1.0 and v2.0[21].

For biopsy-naive patients, the superior performance of imaging integrated risk calculators represents 
a possibility to avoid invasive biopsy for low risk PCa. Trials specific to the biopsy-naive population 
have demonstrated promising results with high sensitivity and specificity and high net benefit. Radtke 
et al[27] and Chau et al[24] attained high AUC values, both in excess of 0.8, and both were trained on 
patient populations from the United Kingdom. The van Leeuwen et al’s risk calculator has an AUC of 
0.90 and demonstrates one of the most substantial net benefits, avoiding 28.6% of biopsies at 10% risk 
tolerance, missing only 2.6% of PCa[25]. Additional external validation studies have demonstrated high 
AUC for the van Leeuwen and ERSPC based models, however both studies conclude that the use of 
MRI integrated risk calculators to avoid biopsy remains controversial[28,29].

DISCUSSION
Risk calculators and nomograms provide a valuable tool in risk stratification of patients with abnormal 
screening PSA levels potentially allowing selection of cases to avoid biopsy in patients at low risk for 
harboring csPCa. Incorporation of risk calculator data into radiology reports could represent an 
opportunity for radiologists to add value to the patient evaluation and mitigate ambiguity of borderline 
results, especially PI-RADS 3 Lesions found on prostate indication MRI studies (Figures 1 and 2). In 
collaboration with the referring clinician, the radiologist could incorporate patient clinic and 
demographic information, along with the lesion PI-RADS score, calculate the percent risk of csPCa, and 
include this information in the final diagnostic imaging report.

Three PI-RADS integrated calculators, the SPCC[21], the PLUM Prostate cancer risk calculator, and 
the MRI-ERSPC-R-3/4 published open access online calculators, allowing a more streamlined 
integration into workflow. For biopsy-naive patients, the PLUM calculator demonstrated the highest 
sensitivity and specificity with an AUC value of 0.87 and a net benefit of avoiding 18.1% of biopsies 
without missing any csPCa in biopsy-naive patients at a 15% tolerance. The MRI-ERSPC-R-3/4 
calculator reported an AUC of 0.84 in its initial study from Alberts et al’s net benefit for biopsy-naive 
patients was not reported in the Alberts et al’s study[20], but in Petersmann et al[29], which compared 
the MRI-ERSPC-R-3/4 calculator to the calculator described in van Leeuwen et al[25], the MRI/ERSPC-
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Figure 1 Axial magnetic resonance imaging images of the prostate. A: T2 weighted image; B: b1200 diffusion weighted imaging (DWI) image; C: 
Calculated apparent dispersion coefficient (ADC) image. A mostly encapsulated T2-hypointense transitional zone lesion is demonstrated in the left posterior central 
gland, measuring 10 mm (blue arrows) with focal moderate low ADC, high DWI signal, designated prostate imaging reporting and data system (PI-RADS) 3 per PI-
RADS version 2.1. An additional 8 mm PI-RADS 4 Lesion of the anterior right transitional zone is present (red arrow), demonstrating non-circumscribed moderate T2 
hypointensity and marked focal ADC hypointensity and DWI hyperintensity.

Figure 2 Sample structured report for prostate lesion reporting with integrated risk calculator reporting. The calculated percent risk of clinically 
significant prostate cancer is included in the lesion evaluation findings with recommendations for biopsy or observation in the conclusion. csPCa: Clinically significant 
prostate cancer; DRE: Digital rectal exam; DWI: Diffusion weighted imaging; PI-RADS: Prostate imaging reporting and data system; PSA: Prostate specific antigen.

R-3/4 nomogram avoids only 9% of biopsies in biopsy-naive patients while missing 3% at a 15% risk 
threshold. The SPCC trial did not report a specific AUC or net benefit for biopsy-naive patients but 
reported AUC values ranging from 0.78-0.83 and a net benefit of avoiding 10.3% of biopsies while 
missing csPCa in 0.8% of patients with a risk tolerance of 20%[21].

Additional notable nomograms have demonstrated promising results for biopsy-naive patients that 
outperform some of the larger and more established risk calculators. The van Leeuwen et al[25] 
nomogram demonstrated the highest AUC of all evaluated risk calculators and reported one of the 
highest net benefits, avoiding 28.6% of biopsies while missing only 2.6% of csPCa, but was developed 
on a smaller and more homogenous patient population (393 patients from Australia) than many of the 
other noted calculators. However in the external validation study by Petersmann et al[29], the van 
Leeuwen nomogram was demonstrated to maintain high performance, and even outperformed the 
ERSPC in net benefit. Petersmann et al[29] compared ERSPC and van Leeuwen risk calculator. This 
study showed comparable AUC values between the two studies, 0.81 for ERSPC and 0.82 for van 
Leeuwen, however the van Leeuwen calculator demonstrated a greater net benefit from a risk threshold 
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of 10%-15%, avoiding 24% of biopsies while missing 6% of csPCa, compared to 14% and 5% for the MRI-
ERSP-RC-3/4, respectively. Notably the ERSPC calculator had a near perfect calibration, with a 
calibration slope of 0.94 compared to the van Leeuwen model, 0.70. The Petersmann et al’s study 
population came from a hospital system in Nuremberg, Germany and likely reflected a similar 
demographic to the ERSPC training population, whereas the van Leeuwen study was performed in 
Australia[29]. The gaps in calibration between these two studies may indicate future pitfalls in general-
izability, and clinicians need to be aware of the training data and population demographics when 
applying these calculators to their own patient population.

Novel imaging technologies such as prostate cancer directed PET imaging may further aid in refining 
these risk calculators, allowing for additional improvements in pre-biopsy patient risk stratification. 
Radiomics, a subset of clinical artificial intelligence (AI), is a promising tool on the horizon of prostate 
imaging and prostate cancer classification. Prostate MRI has represented a prolific area of AI research in 
the past decade, with algorithms demonstrating improved prostate cancer detection, classification, and 
upstream applications, such as deep learning reconstruction and its role in instituting abbreviated 
protocols. In a systematic review, Ferro et al[30] discuss 21 manuscripts related to radiomics and the 
detection of csPCa. These publications have demonstrated the capability of radiomics to extract salient 
features and develop models that predict csPCa that significantly outperform clinical models[31] and 
combined clinical and imaging models[32]. While these results are encouraging, the algorithms to date 
are often trained at a single institution and are limited by a lack of external validation and heterogeneity 
of the extracted radiomics features. Although further refinement and broader, multi-institution testing is 
needed, early successes of radiomics models suggest a promising future for AI in the evaluation, 
diagnosis, risk stratification, and treatment decision making in the management of csPCa.

CONCLUSION
Risk calculators have enabled physicians and patients to make a more informed decision when 
considering pursuit of a prostate biopsy. When evaluating biopsy-naïve patients, multiple risk 
calculators can be applied, each with their own strengths. The role of imaging using MRI in the 
diagnosis of csPCa has significantly evolved and is growing in popularity. The PI-RADS system has 
become a component of many currently available pre-biopsy prostate cancer risk calculators. Artificial 
intelligence shows promise in further advancing the role of imaging in csPCa risk assessment. Further 
incorporation of imaging in clinical risk calculators shows promise in aiding the decision to pursue 
prostate biopsies with improved confidence and patient-centric goals.
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Abstract
Salivary gland tumors (SGTs) make up a small portion (approximately 5%) of all 
head and neck tumors. Most of them are located in the parotid glands, while they 
are less frequently located in the submandibular glands, minor salivary glands or 
sublingual gland. The incidence of malignant or benign tumors (BTs) in the 
salivary glands varies according to the salivary gland from which they originate. 
While most of those detected in the parotid gland tend to be benign, the incidence 
of malignancy increases in other glands. The use of magnetic resonance imaging 
(MRI) in the diagnosis of SGTs is increasing every day. While conventional 
sequences provide sufficient data on the presence, localization, extent and number 
of the tumor, they are insufficient for tumor specification. With the widespread 
use of advanced techniques such as diffusion-weighted imaging, semi-
quantitative and quantitative perfusion MRI, studies and data have been 
published on the differentiation of malignant or BTs and the specificity of their 
subtypes. With diffusion MRI, differentiation can be made by utilizing the 
cellularity and microstructural properties of tumors. For example, SGTs such as 
high cellular Warthin’s tumor (WT) or lymphoma on diffusion MRI have been 
reported to have significantly lower apparent diffusion values than other tumors. 
Contrast agent uptake and wash-out levels of tumors can be detected with semi-
quantitative perfusion MRI. For example, it is reported that almost all of the 
pleomorphic adenomas show an increasing enhancement time intensity curve and 
do not wash-out. On quantitative perfusion MRI studies using perfusion 
parameters such as Ktrans, Kep, and Ve, it is reported that WTs can show higher 
Kep and lower Ve values than other tumors. In this study, the contribution of 
advanced MRI to the diagnosis and differential diagnosis of SGTs will be 
reviewed.

Key Words: Salivary gland tumors; Magnetic resonance imaging; Diffusion-weighted 
imaging; Dynamic contrast-enhanced imaging; Perfusion-weighted magnetic resonance 
imaging
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Core Tip: Conventional magnetic resonance imaging (MRI) provides more data than other radiological 
modalities in determining the extent of tumor extension and evaluating its relationship with vascular and 
neural structures in salivary gland tumors (SGTs). Advanced MRI techniques, which have been 
increasingly used in the radiological evaluation of SGTs in recent years, contribute to obtaining more 
information about the nature of the lesion compared to conventional sequences. Different features such as 
cellularity, microstructural features and vascularity of tumors can be evaluated by diffusion MRI or 
perfusion MRI techniques, and they can contribute to the differentiation of benign or malignant tumors.

Citation: Gökçe E, Beyhan M. Advanced magnetic resonance imaging findings in salivary gland tumors. World J 
Radiol 2022; 14(8): 256-271
URL: https://www.wjgnet.com/1949-8470/full/v14/i8/256.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i8.256

INTRODUCTION
Salivary gland tumors (SGTs) account for approximately 3%-5% of all head and neck tumors[1-3]. The 
majority of SGTs occur in the parotid glands, followed by those arising from the submandibular glands, 
minor salivary glands, and sublingual glands[3-6]. While the majority of those developing from the 
parotid glands are benign, the incidence of malignancy increases in tumors in other glands. In SGTs for 
which operation is planned, it is essential to determine the preoperative characterization of the tumor, 
its number, location (localization in the superficial or deep lobe for the parotid gland), extension to the 
surrounding tissues and lymphatic involvement[7]. The most effective radiological method in operative 
planning is magnetic resonance imaging (MRI). Conventional sequences may be insufficient to charac-
terize SGTs. For this reason, in recent years, it has been tried to characterize tumors with advanced MRI 
applications [diffusion-weighted imaging (DWI) MRI, dynamic contrast-enhanced (semi-quantitative) 
MRI, perfusion (quantitative) MRI, diffusion tensor imaging (DTI), MR spectroscopy (MRS) etc.][1-5]. In 
this review, it is aimed to evaluate the imaging findings detected in advanced MRI applications of SGTs.

DWI
DWI is an imaging method that detects the motion of water molecules and allows calculation with the 
apparent diffusion coefficient (ADC). DWI, which can determine the cellularity and microstructural 
properties of tissues, can contribute to the differentiation of tumors[8-11]. When the studies on SGT 
were reviewed, some studies stated that the ADC values of malignant and benign tumors (BTs) were 
significantly different[12-16], while in some studies no significant difference was found[17,18], but in 
most of these studies, it was reported that ADC values were more effective in separating subgroups 
[pleomorphic adenomas (PMAs), Warthin’s tumors (WTs) and lymphoma]. In the literature, mean ADC 
values of malignant SGTs are (0.8-1.53) × 10-3 mm2/s that of benign SGTs is (1.04-1.72) × 10-3 mm2/s 
reported in the range[16-21]. Although ADC values overlap in some SGTs due to the nature of the 
components they contain, we can generalize the mean ADC values of SGTs as malignant lymphomas < 
WTs < carcinomatous malignant tumors (MTs) < PMAs.

SEMI-QUANTITATIVE DYNAMIC CONTRAST-ENHANCED MRI
Dynamic contrast-enhanced (DCE) MRI in tumoral lesions is the acquisition of multiple T1-weighted 
images (T1WI) within a few minutes following contrast material administration to monitor contrast 
agent uptake and wash-out. On DCE MRI, the time intensity curve (TIC) is obtained in connection with 
the signal changes that occur with the passage of the contrast material through the tissues and the wash-
out processes from the tissues. Slope, signal intensity (SI) peak, time to peak (Tpeak), enhancement ratio 
and wash-out ratio (WR) values can be obtained semi-quantitatively from the TIC curve. In the 
literature, different TIC patterns have been defined based on the Tpeak and wash-out values of SGTs[14,
22-27]. The most preferred TIC patterns were those described by Yabuuchi et al[24]. Tumor cellularity 
and vascularity are correlated with TIC patterns. Tpeak is related to the microvessel number and tends 
to be short when the microvessel count is high. Wash-out is dependent on the cellularity and stromal 
grade, with cellular tumors being wash-out more rapidly[3,24]. When we evaluate the TIC patterns of 
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SGTs, in general, PMAs tend to demonstrate progressive enhancement due to low microvessel content 
and cellularity-stromal grade. WTs and lymphomas show rapid enhancement and wash-out because of 
their high microvessel content and cellularity-stromal grade. MTs show rapid enhancement and wash-
out due to high microvessel count and lower cellularity-stromal grade, but they tend to have a lower 
and slower wash-out compared to WTs[3]. TIC analysis can reveal physiological characterizations of 
different tissues using the blood flow properties of SGTs[26,28]. Despite overlapping TIC patterns in 
some SGTs, semi-quantitative DCE MRI is an imaging modality that can help differentiate subtypes of 
SGTs.

QUANTITATIVE DCE PERFUSION MRI
On DCE MRI, in addition to semi-quantitative examination with TIC parameters, quantitative perfusion 
MRI can be performed. In the literature, perfusion parameters such as Ktrans [volume transfer constant 
between blood plasma and extracellular extravascular space (EES)], Kep (flux rate constant between the 
EES and plasma), and Ve (EES fractional volume) have been studied in SGTs on quantitative DCE 
perfusion MRI[29]. In the literature, the Ktrans values of PMAs were found to be lower than the Ktrans 
values of other SGTs. However, while some studies stated that the Ktrans values of PMAs differ 
significantly from those of other SGTs[29,30], some studies could not detect a significant difference[31]. 
In studies in the literature, Kep values were found to be lowest in PMAs and highest in WTs. In some 
studies[29,31], the Kep values of PMAs, WTs and MTs differed significantly, while in some studies only 
the Kep values of WTs differed significantly from the other SGTs[30]. In the literature, it was found that 
mean Ve values of WTs were significantly lower than the Ve values of other SGTs[29-31].

DYNAMIC SUSCEPTIBILITY CONTRAST PERFUSION-WEIGHTED MRI
Dynamic susceptibility contrast (DSC) perfusion-weighted MRI measures signal loss during passage of 
a non-invasive contrast bolus through a tumor and can be performed using the bolus tracking technique 
that follows the first passage of contrast material through a capillary bed. DSC perfusion-weighted MRI 
is increasingly used as a diagnostic and research tool and to assess the extent of capillaries and 
microvasculature, mostly in central nervous system tumors. DSC perfusion-weighted MRI contributes 
to the assessment of tumor angiogenesis as the degree of signal loss depends on the volume of the 
intravascular space within a tumor and the concentration of injected contrast material in the blood[32]. 
There is a limited number of studies in the literature that have performed DSC perfusion-weighted MRI 
for SGTs and differing results have been obtained. In the study of Abdel Razek and Mukherji[33] on 
parotid tumors, it was reported that the mean DSC % values of both MTs and all BTs as well as PMAs, 
WTs and MTs were significantly different. Park et al[32] found that WTs tended to have higher DSC % 
values than malignant parotid tumors, although there was no significant difference. The parameters 
used in the evaluation of SGTs on some advanced MRI techniques are shown in Table 1.

PSEUDO/PULSED CONTINUOUS ARTERIAL SPIN LABELING PERFUSION MRI
Arterial spin labeling (ASL) provides measurement of tumor blood flow (TBF) using the magnetization 
of protons in arterial blood as an intrinsic tracer without the use of contrast material[34,35]. High 
vascularity, increased tumor blood volume, arterio-venous shunt formation, altered capillary transit 
time and increased the capillary permeability may lead to high TBF values in MTs. There is a limited 
number of studies in the literature that have performed ASL perfusion-weighted MRI for SGTs[35]. 
Razek[35] reported that TBF values of malignant SGTs were significantly higher than benign SGTs.

DTI
DTI provides the ability to distinguish between different tissue compartments at the cellular level, with 
different matrices that reflect the micromovement of water molecules. The most common DTI metrics 
used are fractional anisotropy (FA) and mean diffusivity (MD). MD is the average diffusivity along 
three orthogonal planes in the x, y, z directions of the tensor, equal to the mean of the three eigenvalues 
and equal to the ADC value. As the cellularity of the tumor increases, the MD value decreases. FA 
indicates the level of directionality of tissue microstructure in water diffusion and correlates with 
structural tissue orientations. FA correlates linearly with tumor cellularity and grade of malignancy. 
Abdel Razek et al[33] found a significant difference between the MD values of malignant and benign 
SGTs. At the same time, significant differences were found between the FA values of MTs and BTs in 
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Table 1 Evaluation on advance magnetic resonance imaging techniques of salivary gland tumors

Advance magnetic resonance imaging techniques

Lymphoma Warthin’s tumor Malign tumor Pleomorphic adenoma

Diffusion weighted ımaging 
(ADC values)

< 0.8 × 10-3 mm2/s (0.8-1.0) × 10-3 mm2/s (1.0-1.2) × 10-3 mm2/s > 1.2 × 10-3 mm2/s

Dynamic contrast-enhanced MRI 50 s < Tpeak < 90 s, WR < 
30%

Tpeak < 50 s, WR ≥ 30% Tpeak < 120 s, WR < 30% Tpeak > 120 s, WR: Non-
washout

Quantitative dynamic contrast-
enhanced perfusion MRI

Ktrans < 0.8 min−1, Kep > 1 
min−1, Ve < 0.2

Ktrans < 0.5 min−1, Kep < 
1 min−1, Ve > 0.3

Ktrans < 0.3 min−1, Kep < 0.6 
min−1, Ve < 0.9

ADC: Apparent diffusion coefficient; MRI: Magnetic resonance imaging; Tpeak: Time to peak; WR: Wash-out ratio; Ktrans: Volume transfer constant 
between blood plasma and extracellular extravascular space; Kep: Flux rate constant between the extracellular extravascular space and plasma; Ve: 
Extracellular extravascular space fractional volume.

DTI studies performed for SGTs[20]. WTs, which are rich in lymphoid content and have high 
anisotropy, have the highest FA levels among benign SGTs[20,33].

DIFFUSION KURTOSIS IMAGING
Diffusion kurtosis imaging (DKI) is a complex method that uses the non-Gaussian movement of water 
molecules in tissues. The MRIs are obtained based on the diffusion and microstructural features 
resulting from the organization of water molecules. A minimum of three b values are required on the 
DKI[36]. In the literature, some authors reported that DKI is useful in defining benign and malign SGTs, 
while some authors reported that no significant difference was found in distinguishing BTs and MTs. 
However, some of these authors reported that DKI parameters [ADC (Dapp) and apparent kurtosis 
coefficient (Kapp)] differ significantly in PMAs compared to other SGTs[30,37].

INTRAVOXEL INCOHERENT MOTION MRI 
Intravoxel incoherent motion (IVIM) provides both true molecular diffusion and motion of water 
molecules in the capillary network can be estimated with a single diffusion-weighted acquisition 
technique. Microvascular volume fraction (f), pure diffusion coefficient (D), and perfusion-related 
incoherent microcirculation (D*) parameters are used on IVIM. Single-shot spin-echo echo-planar 
imaging with multiple b values usually ranging from 0-800 s/mm2 is used to generate IVIM MRI. Sumi 
and Nakamura[26] reported that WTs had significantly higher f values than PMAs. In addition, Sumi 
and Nakamura[26] reported that D and D* values contribute to the differentiation of WTs, PMAs, and 
MTs, and even the use of these parameters together provides 100% diagnostic accuracy.

PROTON MRS
Metabolite concentration in tissues and organs is measured in Proton MRS (1H-MRS) and used to 
characterize metabolic changes associated with tumors. Proton MRS in neoplasms uses a diagnostic 
algorithm based predominantly on the detection of high levels of choline compounds. Choline is an 
indicator of cellular proliferation and cell membrane transformation[38]. A limited number of studies 
have been conducted in the literature with MRS in SGTs[39]. King et al[39] reported that Cho/Cr ratios 
were significantly different between PMAs and WTs, and between BTs and MTs.

SGTS
According to the 4th edition of the World Health Organization (WHO)’s head and neck tumors classi-
fication published in 2017, SGTs are classified as MTs, BTs, non-neoplastic epithelial lesions, benign soft 
tissue lesions and haematolymphoid tumors[40]. WHO’s head and neck tumors classification version 4 
is given in Table 2. Despite efforts to simplify this classification, there are still more than 30 entities. MTs 
were divided into 20, BTs 11, non-neoplastic epithelial lesions 4, benign soft tissue lesions 3 subgroups. 
Two new entities have been added to this classification: Secretory carcinoma [known as mammary 
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Table 2 World Health Organization classification of salivary gland tumors 2017

Salivary gland tumors
Malignant tumors Benign tumors

Mucoepidermold carcinoma Pleomorphic adenoma

Adenoid cystic carcinoma Myoepithelioma

Acinic cell carcinoma Basal cell adenoma

Polymorphous adenocarcinoma Warthin’s tumor

Clear cell carcinoma Oncocytoma

Basal cell adenocarcinoma Lymphadenoma

Intraductal carcinoma Cystadenoma

Adenocarcinoma, NOS Sialadenoma papilliferum

Salivary duct carcinoma Ductal papillomas

Myoepithelial carcinoma Sebaceous adenoma

Epithelial-myoepithelial carcinoma Canalicular adenoma and other ductal adenomas

Carcinoma ex pleomorphic adenoma Non-neoplastic epithelial lesions

Secretory carcinoma Sclerosing polycystic adenosis

Sebaceous adenocarcinoma Nodular oncocytic hyperplasia

Carcinosarcoma Lymphoepithelial sialadenitis

Poorly differentiated carcinoma Haemangioma

Lymphoepithelial carcinoma Lipoma/sialolipoma

Squamous cell carcinoma Nodular fasciitis

Oncocytic carcinoma Haematolymphoid tumors

Sialoblastoma Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue

NOS: Not otherwise specified.

analogue secretory carcinoma (MASC)] and sclerosing polycystic adenosis to non-neoplastic epithelial 
lesions[41].

SALIVARY GLAND BTS
Pleomorphic adenoma (benign mixed tumor)
Pleomorphic adenoma is the most frequently observed SGT. Great majority of them are located in the 
parotid gland, and about 80%-90% is found on the surface of the gland[42-44]. PMAs are slowly 
growing, painless masses observed in 30-60 years of age and more frequently in women (ratio 2:1)[43,
44]. Multicentricity of PMAs is less than 1%[43]. At cellular level, morphological diversity characterized 
by a mixture of both epithelial and mesenchymal components is a characteristic feature of PMAs[44,45]. 
Ratio of these components varies greatly in PMAs, and MRI features vary based on the distribution of 
these components[44,46]. Stromal components in PMAs could be myxomatous, chondromatous, 
lipomatous, hyalinized, fibrous, calcified, or osseous, myxoid stroma being the most frequent (94.2%)
[44,45]. Tsushima et al[47] mentioned that high intensity signals on T2WI represented myxoid histology. 
Classical appearance on T2WI of MRI is generally well bordered, microlobule contoured masses with 
prominently high signal confined by hypointense fibrous capsule[10,44,46-48]. Zaghi et al[49] evaluated 
the diagnostic efficiency of conventional MRI in differentiating PMAs using five different criteria. They 
found that masses with bright T2 signal, sharp borders, heterogeneous nodular enhancement, lobulated 
contours and a T2 dark rim were predictive of PMAs with a sensitivity of 43.9% and a specificity of 95%. 
Cellular variants of PMAs featured intermediate SI on T2WI due to their epithelial components, while 
the ones with fibrous stroma were hypointense. PMAs with hypointense signals on T2WI could 
represent malignity, but the presence of complete capsule and lobulated contour are good indications of 
PMAs[44]. Cystic degeneration was observed in 29%-40% of parotid gland PMAs[50]. Due to their 
heterogeneous composition of epithelial, myoepithelial and stromal cells with fluid areas within 
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epithelial glandular regions, PMAs have unrestricted diffusion and high ADC values. ADC values of 
PMAs were reported to vary between (0.66-2.86) × 10-3 mm2/s[19-21,51], while ADCmean values varied 
from (1.35-2.15) × 10-3 mm2/s[19,20,51-53]. Cellular variants of PMAs could have lower ADC values in 
the range of (1.0-1.3) × 10-3 mm2/s[44,54]. Average Dapp value of (1.525 ± 0.396) × 10-3 mm2/s and 
average Kapp value of 0.394 ± 0.172 were reported for PMAs on DKI[37]. Huang et al[30] reported the 
mean D value as 1.81 × 10-3 mm2/s and the K value as 0.51 on DKI. Zheng et al[52] reported that a great 
majority of PMAs featured type A TIC pattern (persistent and Tpeak > 120 s) because of unbroken 
capillary endothelial cells and more complex nature of stroma in tumor (Figure 1). They also mentioned 
slow flow of contrast medium into extracellular space. However, cellular variants of PMAs showed 
atypical gradual wash-out pattern on DCE MR due to their high epithelium content and low myxoid 
stroma[52]. Frequency of this atypical pattern in all PMA TIC patterns was reported to be about 17%-
18%[24,44,55].

Regarding Tpeak values of PMAs on DCE MRI, Tsushima et al[23] observed Tpeak was equal to or 
greater than 260 s while Sumi and Nakamura[26] found Tpeak values of 120 s or longer in 92.9% of the 
cases and less than 120 s in 7.1% of them. Similarly, Zheng et al[52] measured 120 s or over in 88.9% of 
the cases and less than 120 s in 11.1%. Tao et al[14], on the other hand, found 58 s or longer Tpeak values 
in 82.0% of the cases whereas in 18% it was less than 58 s. For WR values of PMAs, Tsushima et al[23] 
reported no wash-out while Zheng et al[52] reported no wash-out in 88.9% of the patients and less than 
30% WR in 11.1% of the cases. The literature contains a few studies on quantitative DCE perfusion MRI 
parameters (Ktrans, Kep and Ve) in SGTs. In these studies, mean Ktrans value of PMAs was 0.101 ± 
0.069 to 0.217 ± 0.036; mean Kep values 0.245 ± 0.160 to 0.567 ± 0.048; mean and values were determined 
as 0.380 ± 0.192 to 0.590 ± 0.478[3,7,30].

WT
WT is the second most commonly observed benign SGT[43,48]. It is mostly observed in middle-age or 
older men in the parotid gland or periparotid region and more commonly in the inferior pole of the 
parotid gland[56,57]. Smoking, autoimmune disease and radiation exposure were reported to increase 
WT risk[43,48,56]. About 20% of WTs tend to be bilateral and multicentric[43,56]. They generally have a 
spherical to ovoid shape of 2-4 cm diameter, and their surface is smooth. WT is basically an adenoma 
with mucoid or brown fluid filled cysts of variable number. The cysts are made of two layered papillary 
proliferations of oncocytic epithelium and supporting stroma made of an abundant follicle carrying 
lymphoid tissue. They may have focal hemorrhage and necrosis[57]. Transformation of WTs to 
malignancy is extremely rare (0.3%)[43,56]. Intermediate or hypointense areas on short tau inversion 
recovery and T2WI, and hyperintense area on T1WI on MRI suggest WTs[48,57,58]. Solid WT 
components result in iso-intensity or hypo-intensity on T2WI because histopathologically WT is made of 
epithelial cells and lymphoid stroma with fibrovascular tissue[56]. About 30%-60% of WTs are partly or 
predominantly cystic[50,56,58]. WTs may resemble other less frequently observed benign lesions such as 
myoepitheliomas and basal cell adenomas (BCAs) which may also carry cystic components and tend to 
involve superficial lobe of parotid gland[48,59,60]. WTs were reported to have low ADC values 
(Figure 2) due to their epithelial and lymphoid stroma contents which have microscopic slit-like cysts 
containing proteinous fluid[56,57]. In different studies, ADC values of WTs ranged from (0.69-1.36) × 
10-3 mm2/s and ADCmean was about (0.74-1.02) × 10-3 mm2/s[19,52,53,56,57]. Only two studies in the 
literature reported ADCmean values higher than 1.0 × 10-3 mm2/s, while others had lower values. A study 
reported that mean Dapp and mean Kapp values of WTs on DKI were (0.808 ± 0.227) × 10-3 mm2/s and 
0.999 ± 0.228, respectively[37]. Huang et al[30] reported the mean D value of WTs as 0.97 × 10-3 mm2/s 
and the mean K value as 0.99 on DKI.

In terms of Tpeak values of WT in studies on the literature dealing with DCE MRI, Tsushima et al[23] 
reported < 20 s, Hisatomi et al[61] in the range of 30-45 s, Sumi and Nakamura[26] < 120 s, while Tao et 
al[14] found that in 97.6% of the cases Tpeak was less than 58 s and in 2.4% of the cases Tpeak was equal 
to or greater than 58 s. For WR values of WTs, Hisatomi et al[61] mentioned that WR was prominent in 
the first 30 s after Tmax. On the other hand, Sumi and Nakamura[26] found that WR ranged from 30%-
70%, while Zheng et al[52] found WR values equal to or larger than 30%. Tao et al[14] found that WR 
values were 22.6% or over in 85.4% of the cases, less than 22.6% in 12.2% and no wash-out was observed 
in 2.4% of the cases. In the literature, quantitative DCE perfusion MRI values in WTs mean Ktrans 
values 0.105 ± 0.064 to 0.464 ± 0.036; mean Kep values 0.729 ± 0.112 to 2.299 ± 1.312; mean Ve values are 
reported in the range of 0.1439 ± 0.093 to 0.272 ± 0.013[29-31].

Oncocytoma
Oncocytomas are well bordered, benign epithelial neoplasms of homogeneous solid structure consisting 
of mitochondria-rich oncocytes[48,60]. They constitute about 1% of parotid tumors, but about 80% of 
them are observed in the parotid gland[48,56,60]. They are commonly observed in people in their 60 s 
and 80 s, and are slightly more common in women. Because they have high cellularity and low free 
water content, conventional MRI findings of oncocytomas resemble those of WTs[62]. In addition, with 
their lower ADC content, fast enhancement and wash-out on dynamic MRI, findings of DWI and DCE 
MRI could overlap. However, oncocytomas usually have higher ADC values than WTs[56]. 
Oncocytomas were reported to have ADC values ranging from (0.8-1.16) ×10-3 mm2/s[56,63]. Hisatomi et 
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Figure 1 Twenty-nine years old male patient with smooth lobule contoured pleomorphic adenoma located on the superficial lobe of right 
parotid gland. A: The lesion contains prominent hyperintense components and mixed signals on T2-weighted image; B: The lesion contains heterogeneous 
hypointense signal on T1-weighted image; C: The lesion appears to have marked heterogeneous enhancement on the contrast-enhanced image; D: The apparent 
diffusion coefficient (ADC) value of mass was 1.58 × 10-3 mm2/s on ADC map; E: Hypo-hyper perfused areas on perfusion magnetic resonance imaging color map; F: 
The time intensity curve of mass is seen increasing contrast-enhancement towards late phases.

Figure 2 Sixty-five years old male patient with smooth lobule contoured Warthin’s tumor located on the superficial lobe of right parotid 
gland. A and B: Hypointense signal of the lesion compared to the gland on T2-weighted image and T1-weighted image; C: The mass is hyperperfused on the color-
coded perfusion image; D: The mass appears to be slightly heterogenous hyperintense on the diffusion-weighted image, E: The apparent diffusion coefficient (ADC) 
value of mass was 0.74 × 10-3 mm2/s on the ADC map; F: The time intensity curve of mass has a wash-out ratio of 50%.

al[61] found that oncocytomas have similar contrasting dynamics to WT, and consequently, they cannot 
be differentiated from WTs using DCE MRI alone.

BCA
BCAs are made of basaloid cells carrying eosinophilic cytoplasm, and they have no clear cell borders. 
Their nuclei are round-to-oval. They have solid, trabecular, tubular and membranous distribution 
patterns. Although most tumors carry one of these patterns predominantly, some of them may have 
more than one pattern. Membranous BCAs have different biological characteristics from other BCA 
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variants because they carry microfocal adenomas, incomplete capsules or no capsule. Besides, they may 
recur after operation and they have malignant transformation characteristics. Their frequency is higher 
after 50 years of age, and women have a slightly higher prevalence[51]. BCAs most frequently arise from 
the parotid gland and are more frequently located in the superficial lobe[31,51]. They tend to have 
clearly defined borders[3,31,51]. BCAs may have cystic or hemorrhagic components[51]. In MRI of 
BCAs, signal intensities on T1WIs are relatively low while on T2WIs intensity varies between 
hypointense to slightly intense. In studies in the literature, mean ADC values of BCAs were found to be 
[(1.21 ± 0.20)-(1.24 ± 0.18)] × 10-3 mm2/s[31,51]. On dynamic MRI, on the other hand, they feature rapid 
and prolonged enhancement[51]. Mukai et al[51] found that on DCE MRI, 12 of 14 BCAs (85.7%) had 
TIC patterns of either Tpeak > 120 s or Tpeak < 120 s and wash-out < 30%. Yabuuchi et al[31] reported 
Tpeak < 120 s and wash-out < 30% in 61.5% of BCAs in DCE MRI, and Tpeak > 120 s and no wash-out in 
15.3% of them.

Myoepithelioma
Myoepitheliomas are responsible only for about 1%-1.5% of all salivary neoplasms. Their primary 
location is parotid gland (about 40%) but they may also appear on other salivary gland parts (about 
21%)[59,64]. Differentiated myoepithelial cells in the form of spindle, plasmacytoid, epithelioid, or clear 
cells constitute most of myoepithelioma[59]. Myoepithelial cells were proposed to have contractile units 
helping to excrete glandular secretions. Myoepitheliomas need to be differentiated from parotid cyst, 
abscess, mucocele, schwannoma, leiomyoma, neurofibroma, rhabdomyosarcoma, smooth muscle 
neoplasms, extramedullary plasmacytoma, benign fibrous histiocytoma, PMA, mucoepidermoid 
carcinoma (MEC) and myoepithelial carcinoma[64]. They feature homogeneous isointense signal based 
on muscle tissue on T1WI and homogeneous iso-hyperintense signals on T2WI. In the majority of them 
(about 80%), hypointense capsule formation and homogeneous contrasting could be observed on T2WI 
and contrast-enhanced series[59]. ADCmean values of myoepithelioma in different studies varied from 
1.31 ± 0.9 to 1.86 ± 0.18 (range 1.18-1.91) × 10-3 mm2/s[19].

Schwannoma and neurofibroma
Intraparotid neurofibromas or schwannomas could be associated with neurofibromatosis, but they may 
also arise sporadically[48]. Frequency of parotid tumors which originate in the facial nerve was 
estimated to be between 0.2%-1.55%[65]. A fusiform tumor appearance extending into intratemporal 
facial nerve canal could be a distinguishing feature in diagnosis. However, this appearance also 
resembles perineural extension of malignant neoplasms. Peripheral nerve sheath tumors could easily be 
distinguished by their target and fascicular signs on MRI[48]. The target sign refers to the appearance of 
central T2 hypointensity and enhancement and peripheral T2 hyperintensity and non-enhancement[48,
65]. The fascicular sign corresponds to multiple ring-like T2 hypointense foci within a relatively T2 
hyperintense and enhancing background[48]. On DWI, neurofibromas were reported to have ADCmean 
values in the range of (1.41-1.91) × 10-3 mm2/s[13,17].

Lipoma or sialolipoma
Lipomas are neoplasms consisting of mature adipose tissue. For salivary gland involvement, they may 
be intraglandular or extraglandular[48]. Lipomas have similar signal intensities to subcutaneous 
adipose tissue on T1WI and T2WI[66]. Fat-suppression is useful on MRI of salivary gland lipomas. 
These tumors may have septations when they surround vessels[48]. Some rare variants of lipomas with 
a biphasic pattern where serous tissue is diffusely scattered among fat is termed sialolipoma and their 
appearance closely resemble normal parotid tissue[48,67]. They are encapsulated but tend to be hetero-
geneous in appearance due to their soft salivary gland tissue and fat tissue[48]. DWI studies showed 
that lipomas had ADCmean values of (0.09-0.62) ± 0.21 [range (0.08-0.76) × 10-3 mm2/s] [19].

Hemangioma
Hemangiomas refer to vascular abnormalities involving increased proliferation and endothelial cell 
renewal. They are more common in childhood. About 60%-65% of hemangiomas are observed in the 
head and neck area, and 81%-85% of them are found in the parotid gland. Hemangiomas constitute 
0.4%-0.6% of all tumors in the parotid gland and the ADC value of the hemangioma was found to be 0.8 
× 10-3 mm2/s[68]. On MRI, they have homogeneously hyperintense appearance on T2WI and strong 
enhancement, but they are devoid of prominent flow. These tumors often affect the whole gland and 
could have additional lesions elsewhere in the head and neck or in other regions[48,68].

SALIVARY GLAND MTS
MEC
MEC refers to the most common salivary gland malignancy and 60% of these lesions involve the parotid 
gland. MEC develops in epithelium tissue of salivary gland ducts. It is made of mucus secreting cells, 
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epidermoid cells and intermediate cells[46]. They may have low, intermediate or high-grade subtypes 
with different radiological appearances. Low grade tumors have smooth borders and cystic components 
containing mucin, and have hyperintense signals on T1WI and T2WI. High-grade tumors, on the other 
hand, are quite solid with undefined borders due to extension into neighboring structures. They often 
appear on T2WI as hypointense or isointense lesions due to their high cellularity[33]. ADC values of 
MECs on DWI is low in poorly differentiated lesions. ADCmean values of MECs on DWI studies were 
reported to vary from [(0.81 ± 0.06)-(1.05 ± 0.03)] × 10-3 mm2/s [range (0.65-1.14) × 10-3 mm2/s][13,19,20,
69]. Zheng et al[52] reported Tpeak value of 120 s or lower for MECs on DCE MRI. WR of a case was 
reported to be less than 30% while that of another was 30% or over.

Adenoid cystic carcinoma
Adenoid cystic carcinoma (ACCa) is made of ductal epithelial and myoepithelial cells. It may be in 
solid, cribriform or tubular forms, cribriform being most common. It is more frequent in middle-aged or 
elderly patients. Perineural spreading and invasion capacity of ACCa is very high[46]. They can result in 
distant metastases and local invasions. ACCa is frequently observed as ill-defined masses with 
perineural spreading in imaging. ACCa has intermediate to low signal on T1WI and T2WI MRI. The 
parotid gland is the most common location for ACCa (about 25%), which often involves perineurium of 
cranial nerve VII during the diagnosis[46]. On DWI studies, ACCas were found to have ADCmean values 
varying from [(0.84 ± 0.07)-(1.46 ± 0.03)] × 10-3 mm2/s[9,13,17,19,69]. Tsushima et al[23] detected PMA-
like TIC pattern (Figure 3) in two ACCa cases using DCE MR (Tpeak > 260 s and no wash-out). It was 
suggested that this pattern could be due to increased interstitial space of ACCa which contains 
extracellular mucin and low microvessel count[3,23]. Zheng et al[52] reported that one ACCa they 
studied had the TIC pattern most commonly observed in MTs (type C, Tpeak ≤ 120 s and WR < 30%).

Acinic cell carcinoma
Acinic cell carcinoma is a low-grade malignant lesion, and about 90% of these lesions are located in the 
parotid gland[46]. Its characteristic feature is serous acinar differentiation and basophilic granules in 
cytoplasm[8]. No specific finding is observed in imaging, but most acinic cell carcinomas are homogen-
eously enhanced, well-bordered, slowly growing masses like other benign or low grade malignant 
lesions[33,46]. Most of the malignancies which were previously considered acinic cell carcinomas are 
now identified as MASCs[46]. Kashiwagi et al[70] revealed that acinic cell carcinomas tended to be solid 
while MASCs were predominantly cystic masses with solid papillary extensions. The authors 
mentioned that intermediate-high SI of acinic cell carcinomas on T1WI could help in differential 
diagnosis. DWI studies in the literature showed ADCmean values from [(0.79 ± 0.33)-(1.76 ± 0.11)] × 10-3 
mm2/s for acinic cell carcinomas[69,70]. Zheng et al[52] studied three acinic cell carcinoma cases on DCE 
MRI and observed a Tpeak value of 120 s or less. WR was over 30% in two cases and equal to or larger 
than 30% in the other.

MASC
MASC was first described in 2010 as a rare salivary carcinoma mimicking acinar cell carcinoma and was 
released to the World Health Organization classification of head and neck tumors in 2017[71,72]. MASC 
has morphological and genetic similarities with secretory carcinoma of the breast. The majority of 
MASCs (approximately 70%-80%) are located in the parotid gland, while a smaller number are located 
in other minor salivary gland areas or major salivary gland glands[72,73]. MASCs are often tumors of 
“papillary and cystic” or “non-papillary and cystic” morphology. The cystic and solid components of 
these tumors have high signal on T1WIs on MRI, more often in the cystic component. On contrast-
enhanced MRI series, solid components may show different forms of enhancement (homogeneous, 
heterogeneous, or scarce)[72]. DWI has been applied in a limited number of cases in MASCs, and ADC 
values in the solid components of the tumor vary between (0.5-1.7) × 10-3 mm2/s[70,72].

Carcinoma ex pleomorphic adenoma
Carcinoma ex pleomorphic adenoma arises in connection with a primary or repeating benign PMA. 
About 1.5% of pleomorphic adenoma cases develop carcinoma ex pleomorphic adenoma in five years, 
and 10% of them in 15 years. In this condition, a painless mass still for many years starts growing. They 
appear in MRI as masses with ill-defined borders extending into surrounding tissues, discontinuous 
hypointense rim and mediate to low heterogeneous SI on T2WI[74]. On DWI studies, carcinoma ex 
PMAs were reported to have ADCmean values in the range of [(0.82 ± 0.01)-(1.32 ± 0.035)] × 10-3 mm2/s[9,
13,17]. Zheng et al[52] found that Tpeak of carcinoma ex PMA was 120 s or less while their WR was less 
than 30% on DCE MRI.

Lymphoma
Primary lymphoma of salivary glands is rare and in 75%-80% of the cases parotid gland is involved. 
Most commonly encountered Non-Hodgkin lymphoma types of salivary glands are extranodal 
marginal zone B-cell lymphoma in mucosa-associated lymphoid tissue (MALT), follicular B-cell 
lymphoma and diffuse large B-cell lymphoma. Follicular type and MALT lymphomas are low-grade 
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Figure 3 Fourty-four years old female patient with adenoid cystic carcinoma infiltrating into the left maxiller sinus. A: T2-weighted image 
shows a hyperintense mass in the left maxillary sinus; B: T1-weighted image shows a hypointense mass in the left maxillary sinus; C: The apparent diffusion 
coefficient (ADC) value of mass was 1.19 × 10-3 mm2/s on the ADC map; D: There was intense contrast enhancement on the contrast-enhanced image of the mass; 
E: On the color-coded perfusion magnetic resonance imaging, hyper and hypoperfused areas are seen in the mass; F: On the time intensity curve of mass, 
progressive enhancement is seen towards the late phases.

lesions characterized by slow growth, which sometimes regress spontaneously. In cases with 
autoimmune conditions such as Sjogren’s syndrome MALT lymphoma risk is 44 times higher. Parotid 
MALT lymphomas are mostly solid-cystic lesions which may have a solitary or diffused pattern. In non-
MALT lymphomas, on the other hand, multiple or solitary homogeneous internal structure is more 
common. A diffuse large B-cell lymphoma is the most common high-grade lymphoma involving the 
parotid gland. Some of them arise from an underlying low-grade lesion. They manifest themselves with 
an asymptomatic mass in the parotid gland which grows in a period of four to six months[75]. The ADC 
values of lymphomas on DWI were generally lower than other solitary tumors (Figure 4), which helps 
in their differential diagnosis. DWI studies found ADCmean values from 0.55 to 0.98 [range (0.4-1.21) × 10-3 
mm2/s] for parotid gland lymphomas[15,20,21,58,76].

It has been known that malignant lymphomas have higher cellularity and less extracellular space 
than head and neck carcinomas[27,76]. Therefore, malignant lymphomas show rapid enhancing and 
wash-out TIC patterns[19,26,28]. Since TIC patterns of malignant lymphomas and WTs are similar, 
differentiation of WTs and malignant lymphomas cannot be done using DCE MRI alone[27]. However, 
Tpeak of lymphomas are somewhat longer and their WR is lower compared to WTs. In their study 
dealing with head and neck lymphomas, Asaumi et al[77] measured average maximum duration for 
lymphomas to reach contrast index as 78.5 ± 29.1 s. Tao et al[14], on the other hand, found that in all of 
seven lymphomas they studied Tpeak was less than 58 s while WR was less than 22.6% in six of them 
(85.7%) but equal to or greater than 22.6% in one (14.3%). Wang et al[76] evaluated 20 MALToma cases 
and reported that parotid MALTomas were usually (94.1% of the patients) in early ascending type (i.e., 
type I, with a Tpeak of less than 79.65 s and an initial slope of increase less than 0.807). They mentioned 
that Tpeak values could be used to distinguish between parotid tumor-like benign lymphoepithelial 
lesion (BLEL) and MALToma because Tpeak value was at least twice higher in tumor-like BLEL cases 
compared to MALToma cases[76].

Salivary duct carcinoma
Salivary duct carcinoma (SDC) refers to tumors of different sizes characterized by duct structures which 
contain eosinophilic tumor cells. They often have a cribriform structure. SDC constitutes the most 
commonly encountered malignant component of carcinoma ex pleomorphic adenoma. Majority of SDCs 
originate from PMAs[78]. On DWI studies, ADCmean values of SDCs were reported to vary from (0.88-
1.28) ± 0.16 [range (0.87-1.47) × 10-3 mm2/s][26,27,30,31,79]. Motoori et al[79] reported that on DCE MRI 
78% of SDCs appeared as type B (Tpeak < 120 s and WR < 30%), and 67% of had areas of type C TIC 
pattern (Tpeak > 120 s) due to their abundant fibrotic tissue.

Epithelial-myoepithelial carcinoma
Epithelial-myoepithelial carcinoma (EMC) is a rare subtype of malignant salivary gland tumor. 
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Figure 4 Sixty-one years old male patient with non-Hodgkin lymphoma infiltrating into the right parotid gland. A and B: Hypointense signal of 
the lesion compared to the gland on T2-weighted image and T1-weighted image; C: Contrast enhancement components of different intensities are seen on contrast-
enhanced image in the lesion; D: The apparent diffusion coefficient (ADC) value of mass was 0.55 × 10-3 mm2/s on the ADC map; E: The mass is hyperperfused on 
the color-coded perfusion image; F: The time intensity curve of mass has a wash-out ratio of 43%.

Histopathologically, it consists of a biphasic array of inner lumen ductal cells and outer myoepithelial 
cells. On conventional MRI, EMCs are well-contoured, may contain mostly solid or cystic components, 
septa or multi-nodularity can be detected, solid components are isointense or hypointense on T1WIs, 
hyperintense or isointense on T2WIs, contrast-enhancement with different forms (homogeneous or 
heterogeneous; moderate, mild or none) can be seen as masses. On DWI studies, ADCmean values of 
EMCs were reported to vary from (0.96-1.05) ± 0.03 [range (0.789-1.14) × 10-3 mm2/s][80].

Secondary malignancies of the salivary glands (metastases)
Secondary malignancies of the salivary glands may develop either by distant metastasis or by direct 
infiltration of tumors from adjacent tissues. Secondary malignancies of the salivary glands may involve 
the parenchyma of the salivary glands or the intraglandular and/or periglandular lymph nodes. 
Secondary malignancies most commonly involve the parotid gland, followed by the submandibular 
gland. Metastases in other salivary glands are less common. Metastases to the salivary glands most 
commonly arise from squamous cell carcinomas of the head and neck region and the upper aerodi-
gestive tract[81,82] (Figure 5). Various hematopoietic and lymphoid malignancies, including 
lymphomas, but not as much as squamous cell carcinomas, constitute a significant portion of secondary 
malignancies of the salivary glands[81]. Metastases may originate less frequently from distant organs 
such as malignant melanoma, breast, lung, kidney, thyroid, pancreatobiliary, prostate, and bladder[81,
82].

Cystic lesions of parotid gland and its tumors which may have cystic component
Parotid gland could have pure cystic benign lesions such as lymphoepithelial cysts, lymphangiomas, 
dermoid cysts, first branchial cleft cysts and mucocele, but they could be BTs and MTs which contain 
cystic components of different size[50]. Kato et al[50] found cystic components of different size scattered 
over different areas which might have different T1 and T2 signal characteristics in 40% of PMAs, 60% of 
WTs, 67% of BCAs, 86% of SDCs, 80% of MECs, 75% of epithelial myoepithelial cell carcinomas, 50% of 
acinic cell carcinomas, 100% of carcinoma ex PMA, 100% of adenocarcinomas and 100% of ACCs. In 
order to avoid erroneous ADC measurements in tumors with cystic or necrotic components using DWI 
and in measurements to determine TIC pattern in DCI, region of interest should be placed in solid 
sections of the lesions[24,62,83].

CONCLUSION
In addition to the morphological data of conventional MRI, advanced MRI techniques allow us to obtain 
information about the cellularity, microstructural features or vascularity of tumors and thus to interpret 
the nature and subtypes of tumors. For example, while high cellular tumors such as WTs or lymphomas 
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Figure 5 Eighty-seven years old female patient with squamous cell carcinoma infiltrating into the left parotid gland. A: T2-weighted image 
shows a mass with a large cystic component; B: The lesion is hypointense on T1-weighted image; C: Solid component of the mass appears to be slightly hyperintens 
on the diffusion-weighted image; D: The apparent diffusion coefficient (ADC) value of the solid component of mass was 1.05 × 10-3 mm2/sec on the ADC; E: There 
was intense contrast enhancement of the solid component of mass on the contrast-enhanced image; F: On the color-coded perfusion magnetic resonance imaging, 
hyperperfused areas are seen in the solid component of the mass; G: On the time intensity curve of mass, progressive enhancement is seen towards the late phases. 
H: Ktrans was measured on quantitative dynamic contrast-enhanced magnetic resonance imaging.

show low ADC values on diffusion MRI, they cause rapid contrast enhancement and significant wash-
out on dynamic contrast MRI series. Except for their cellular variants, PMAs show high ADC values and 
an increasing TIC pattern on dynamic MR series. High cellular MTs show diffusion restrictions and 
WRs not as much as WTs or lymphomas. Quantitative perfusion MRI values (such as Ktrans, Kep, Ve) 
can be measured in accordance with the structural features of the tumors. With the increase in data and 
studies on the nature and subtypes of SGTs in the literature, threshold values or acceptance intervals for 
quantitative measurements have begun to emerge, although there are overlaps.
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Abstract
In its classic form, amebic liver abscess (ALA) is a mild disease, which responds 
dramatically to antibiotics and rarely requires drainage. However, the two other 
forms of the disease, i.e., acute aggressive and chronic indolent usually require 
drainage. These forms of ALA are frequently reported in endemic areas. The acute 
aggressive disease is particularly associated with serious complications, such as 
ruptures, secondary infections, and biliary communications. Laboratory 
parameters are deranged, with signs of organ failure often present. This form of 
disease is also associated with a high mortality rate, and early drainage is often 
required to control the disease severity. In the chronic form, the disease is charac-
terized by low-grade symptoms, mainly pain in the right upper quadrant. Ultra-
sound and computed tomography (CT) play an important role not only in the 
diagnosis but also in the assessment of disease severity and identification of the 
associated complications. Recently, it has been shown that CT imaging 
morphology can be classified into three patterns, which seem to correlate with the 
clinical subtypes. Each pattern depicts its own set of distinctive imaging features. 
In this review, we briefly outline the clinical and imaging features of the three 
distinct forms of ALA, and discuss the role of percutaneous drainage in the 
management of ALA.

Key Words: Amebic liver abscess; Complicated liver abscess; Refractory liver abscess; 
Ruptured amebic liver abscess; Pleuropulmonary complication; Biliary communication; 
Needle aspiration; Catheter drainage
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Core Tip: The clinical presentation and imaging findings of amebic liver abscess (ALA) can be classified 
into three forms: subacute mild, acute aggressive and chronic indolent. The latter two forms are partic-
ularly associated with most complications of ALA. Despite this, prior literature primarily focused on the 
mild form of the disease, which responds well to antibiotics. To the best of our knowledge, there is no 
research on the types of ALA. In this review, the distinct clinical and imaging characteristics of each type 
are discussed in detail. With this understanding, the therapeutic strategy, medical or interventional, can be 
employed more efficiently for patients with ALA.

Citation: Priyadarshi RN, Kumar R, Anand U. Amebic liver abscess: Clinico-radiological findings and 
interventional management. World J Radiol 2022; 14(8): 272-285
URL: https://www.wjgnet.com/1949-8470/full/v14/i8/272.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i8.272

INTRODUCTION
Amebic liver abscess (ALA) is an infection caused by the protozoan Entamoeba histolytica (EH), an 
intestinal parasite. The infection is acquired by ingestion of water or food contaminated by EH cysts (the 
infective stage of the parasite). The cysts resist gastric juice and reach the distal ileum, where they 
undergo excystation producing trophozoites (the feeding stage of the parasite). In > 90% patients, the 
trophozoites feed on intestinal tissue and bacteria without producing symptoms. In less than 1% of 
cases, however, the trophozoites penetrate the mucosa and, through the portal route, reach the liver 
causing liver abscess[1]. ALA is the most common and has the highest mortality of amebiasis manifest-
ations. It continues to remain the most common cause of liver abscess in developing and under-
developed countries[2-6].

ALA was known as a progressive and deadly disease a century ago; however, since the introduction 
of modern antibiotics, the mortality has drastically reduced to between 1% and 3%[7]. Metronidazole is 
the most effective agent, with cure rates of approximately 90%. Most patients become asymptomatic 
within 72 to 96 h of treatment, and drainage adds no benefit to uncomplicated cases[7,8]. This fact seems 
to be more relevant for a typical case where the patient presents the classic and the most common form 
of the disease, i.e., subacute mild disease. Reports from endemic areas have shown that a greater 
percentage of cases require drainage through either a needle or catheter. The reported prevalence of 
such cases varies from 44% to 80%[3-5,7,9-14]. A thorough literature search shows that two distinct 
clinical settings usually require drainage. In the first, the patients present acutely with severe and 
fulminant disease, and drainage is performed to control disease progression and prevent organ failure. 
Such abscesses, by different authors, have been denoted by different terms that indicate the aggressive 
nature of the disease, such as “acute aggressive ALA”, “severe ALA” or “fulminant ALA”[10,15-17]. In 
the second clinical setting of the disease, the patients present late with mild symptoms, usually 
tenderness; they usually have a large persistent abscess despite medical therapy. Various terms are used 
to describe such abscesses, such as “drug-resistant ALA”, “refractory ALA” or “chronic indolent ALA”
[18-22]. Regardless of the presentations, most cases are usually associated with a few complications, 
such as rupture, secondary infection or biliary communication. Considering this fact, a few authors 
prefer referring to it as “complicated ALA”[13,14]. Therefore, ALA can be classified into three clinical 
subtypes: subacute mild, acute aggressive and chronic indolent. Not only do the ALAs have varied 
clinical presentations, but they are also associated with distinct imaging patterns[10].

This review describes the three major types of clinical presentations as well as three types of imaging 
patterns (correlating with clinical subtypes). Special emphasis has been placed on the two clinical types 
— acute aggressive and chronic indolent. This paper also discusses the complications of ALA and their 
percutaneous management.

OVERVIEW OF EPIDEMIOLOGY, RISK FACTORS AND PATHOGENESIS OF 
COMPLICATED ALA
Epidemiology
Although ALA occurs globally, most reports emerge from endemic countries, such as India, Sri Lanka, 
Bangladesh, Mexico, East and South Africa or parts of Central and South America[23]. A high 
endemicity in these countries is related to poor hygiene and sanitation since the parasite is transmitted 
via the fecal-oral route. Even in endemic countries, ALA occurs primarily in rural areas where 
defecation in the open air is a common practice[11,24-26]. The lack of adequate sewage disposal results 
in contamination of drinking water with EH cysts. Using polymerase chain reaction (PCR), a 
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population-based study from India detected the prevalence of EH in 14% of stool samples[27]. In 
developed countries, ALA occurs mostly in travelers or immigrants from endemic areas[28]. Apart from 
endemicity, several other epidemiological factors also increase the risk of developing complicated 
disease.

Risk factors
The disease is found almost exclusively in men (male: female > 10:1)[11]. The reason for this is unknown 
but several investigators have speculated that it might be related to alcohol, particularly those prepared 
locally from the sap of palm trees (toddy)[11,24,25,29]. Not only is the toddy a risk factor for ALA, but in 
many studies it has been linked to severe disease[13,30]. The exact mechanism by which it contributes to 
the pathogenesis of ALA is unclear. It has been proposed that alcohol may alter the gut mucosa or 
convert the pathogen to a more virulent strain or render the liver more susceptible to the infection[23,24,
29]. Most cases occur in middle age ranging from 20 to 50 years[30]. In older patients, the disease tends 
to be more severe possibly due to their poor immunity, whereas it is rare in children[31]. Another factor 
contributing to the pathogenesis of ALA is malnutrition[11,13,23]. For centuries, the disease has been a 
symbol of poverty. A typical patient with ALA, as we have observed, is a thin emaciated villager of low 
socioeconomic status. Their poor nutritional status is evidenced by low albumin, BMI and hemoglobin
[11]. ALA has also been shown to be severe in diabetic patients[16,32].

Pathogenesis 
The term “amebic liver abscess” is a misnomer as the cavity formation or liquefaction is not due to 
suppuration; rather, it is the result of a unique type of necrosis[33,34]. The necrotic area appears as if it 
has been dissolved by chemical or toxin. Considering this morphological pattern, it was believed that 
the parasite possesses a toxin that lyses the hepatocytes, and therefore the parasite was named 
“histolytica”[35]. It is now known that several proteolytic enzymes released by the inflammatory cells 
are responsible for tissue destruction[7,36,37].

Understanding the gross morphology is important because it is characteristic and, to a large extent, 
can be extrapolated to imaging findings[35,38,39]. The gross appearance varies depending on the 
severity and the duration of the disease. In the early stage, it is that of a necrotic area where the center 
has liquefied necrotic tissue (chocolate-colored sterile “pus”); however, the periphery has more solid 
tissue[10,35,38-40]. The peripheral solid and partially liquified tissue is responsible for the shaggy or 
ragged appearance on the abscess wall[10,40]. A mature wall is absent and the tissue surrounding the 
abscess is congested, compressed and edematous[41]. There may be pressure over the surrounding liver 
parenchyma or the hepatic capsule. Venous thrombosis and ischemic infarction are commonly observed 
in fatal cases[42]. As the abscess heals, a fibrous wall forms and the cavity becomes more sharply 
defined[38,43]. The edema and congestion regress and the abscess wall is surrounded only by a thin rim 
of edema. The peripheral solid tissue becomes more liquefied, the content is gradually resorbed, and the 
lesion heals completely without scar. However, a complicated or a very large abscess can persist in the 
form of a residual abscess with a thick fibrous wall. A mature wall, as opposed to the ragged wall, 
indicates chronicity or secondary infection[42].

ALA is usually solitary, located in the right lobe of the liver. The size varies from a few centimeters to 
20 cm[35]. However, the risk of complications increases with the number and size. In autopsy series, 
unlike successfully treated series, 60% of cases show multiple abscesses varying in size from 10 to 15 cm
[35]. Literature shows a higher incidence of large (> 5 to 10 cm) and multiple abscesses (occurring in 
about 50% of cases) among the Southeast Asian population compared to other studied populations[8-11,
43-47].

CLINICAL PRESENTATION
The clinical presentation varies from mild to severe. Based on the duration and the severity, ALA can be 
classified into three main types: subacute mild, acute aggressive, and chronic indolent[10,15,23,28,48].

Subacute mild ALA
Most patients (approximately 80%) have a subacute course characterized by mild symptoms that 
develop in less than 2 to 4 wk[23,28,30,49-51]. The disease typically begins with fever and chills, right 
upper quadrant pain and tender hepatomegaly. Other symptoms include anorexia, weakness, nausea 
and diarrhea. There may be right shoulder pain when an abscess located in the posterosuperior 
segments irritates the diaphragm. The typical finding on physical examination is point tenderness in the 
intercostal spaces[31]. The disease is associated with no or minimal organ dysfunction; the laboratory 
parameters are near normal except mild to moderate leukocytosis. Dramatic improvement is observed 
after medical therapy and no further complications occur. This pattern of presentation has also been 
referred to as “acute benign ALA” by a few authors; however, the term “subacute mild” may be 
preferable as it correctly defines the clinical course of the disease[15,48]. Additionally, the term also 
differentiates it from the two other forms of the disease, i.e., acute aggressive ALA and chronic indolent 
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ALA.

Acute aggressive ALA 
Acute aggressive ALA is characterized by a more severe and rapidly progressive course. Considering 
the acuteness and severity of this form, Katzenstein et al[15] named it “acute aggressive ALA”. The 
prevalence of this type of ALA may be high in endemic areas[10]. In a study of 317 patients with ALA, 
Balasegaram reported acute fulminating infection in 13% of cases[17]. The patients often present more 
acutely (< 10 d) with signs of severe disease including systemic toxicity, high fevers and chills, and an 
exquisitely tender hepatomegaly[15]. Signs related to rupture and other complications may be present. 
In fact, rupture is a common presenting manifestation of aggressive ALA, occurring in up to 57% of 
patients[10]. The patients with free intraperitoneal rupture often have features of generalized peritonitis. 
Sepsis-like features can occur in more severely affected patients. Up to 90% of patients require hospital-
ization and about 13% require intensive care unit management[10]. Signs of organ dysfunction, such as 
jaundice, may also be observed in most patients[9,12,32]. Renal dysfunction can occur in 5% to 12% of 
cases[6,10]. Hepatic failure and encephalopathy may also occur. Approximately, one-third to one-half of 
the patients will have gross fluid derangements including ascites, pleural effusion and edema[5,9,10,13,
52]. Patients with aggressive ALA are often misdiagnosed as having acute cholecystitis, appendicitis or 
bowel perforation[30,53-55].

Most patients with aggressive ALA will have markedly deranged laboratory parameters, such as 
severe leukocytosis, hyperbilirubinemia, hypoalbuminemia, elevated liver enzymes, and elevated 
alkaline phosphatase[10]. A high mortality has been recorded in this group of patients. Most deaths are 
usually related to intraperitoneal rupture, which is followed by sepsis and multiorgan failure. Many 
findings of aggressive disease have been identified as poor prognostic markers in different studies, such 
as multiple abscesses, large (> 500 cc) volume abscesses, presence of encephalopathy, hypoalbu-
minemia, and hyperbilirubinemia (> 3.5 mg/dL)[3,9,13,32]. Medical therapy alone is often suboptimal 
to control the disease and the laboratory tests do not return to near normal following treatment. 
Therefore, drainage with either a needle or catheter is usually required[10,15].

Chronic indolent ALA
Chronic presentation can occur in approximately 10 to 20% of cases[10,15,23,49,56,57]. This presentation 
has been designated in most studies as “chronic indolent ALA”. In this form, patients present late with 
mild symptoms for more than four weeks. Most patients complain of pain over the right lower chest or 
upper abdomen. Fever is usually absent or of low grade. However, a history of fever with chills at the 
onset of the disease may be obtained in most cases. Additionally, many patients will have a history of 
prior medical treatment or sometimes prior needle aspirations. On examination, right upper quadrant 
tenderness is usually present. Other low-grade symptoms include weight loss, anorexia, or malaise[10,
15]. Laboratory tests are usually normal except elevated alkaline phosphatase level and low serum 
albumin. Leukocytosis in chronic abscesses suggests the presence of secondary infection, which is the 
most common complication in this form of the disease. In contrast to acute aggressive ALA, chronic 
ALA is rarely associated with intraperitoneal rupture.

LABORATORY EVALUATION
The diagnosis of ALA is based on recognition of the typical clinical features, imaging studies and 
serological tests. Serological tests are considered confirmatory (sensitivity > 94%; specificity > 95%)[7]. 
However, their usefulness in the diagnosis of acute ALA is limited in endemic areas because the tests 
remain positive for several months to years after resolution of infection. Moreover, the serological tests 
may be negative in the first seven to ten days of the infection, limiting their diagnostic use for acute 
ALA[7].

Routine laboratory tests in ALA are nonspecific and do not differ from those in pyogenic abscess[58,
59]. However, these tests are useful in assessing the severity and monitoring the treatment response. In 
most patients with acute benign ALA, mild to moderate leukocytosis is found with an average WBC 
count of 16000/μL. However, a high WBC count above 20000/μL should suggest either aggressive, or 
secondarily infected abscesses[9,56,60]. In our series, a mean of 24000/μL was found in patients with 
aggressive abscesses. Serum bilirubin and liver enzyme (AST/ALT) levels are normal or minimally 
elevated in mild cases. When elevated, the AST/ALT levels return to normal following medical therapy. 
However, the alkaline phosphatase level is elevated in 70 to 80% of cases, regardless of the severity of 
the disease and the duration of presentation[56,60]. A very high value of bilirubin (> 3.5 mg/dL) and 
liver enzymes indicates complications or aggressive disease. A low serum albumin (< 2 g/dL) is found 
in almost all patients; however, an exceedingly low value is a poor prognostic marker[34]. Inflammatory 
biomarkers, such as C-reactive protein and procalcitonin have been found to be nonspecifically raised in 
most patients with ALA[34,59,61].
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IMAGING EVALUATION: IMAGING CLASSIFICATION AND CLINICORADIOLOGICAL 
CORRELATION
Chest radiographs, ultrasound, computed tomography (CT), and magnetic resonance imaging (MRI) are 
the most employed modalities for diagnosis of ALA. Radiographs are insensitive, non-specific and are 
abnormal in only half of cases[23]. They can reveal elevated diaphragm, pleural effusion and basal 
consolidation or atelectasis. MRI seems to offer no advantage over CT[33,62]. Of all radiological tests, 
ultrasound and CT are the most employed tools; in fact, they are complementary to one another in 
many ways. For example, ultrasound can detect the degrees of liquefaction, differentiating solid necrotic 
tissue from more liquefied tissue; this information is not provided by CT. Ultrasound, however, can fail 
to detect an early abscess when the lesion is not liquid enough to be visible[63]. CT is more sensitive in 
this regard. Another concern with ultrasound may be that early aggressive abscesses might be mistaken 
for necrotic malignant masses because they often contain solid (non-liquefied) necrotic material[8,38,39,
47]. Due to its ability to differentiate viable tissue from necrotic tissue, contrast-enhanced CT can 
distinguish between necrotic mass and aggressive abscesses. Additionally, CT is useful in the identi-
fication of various complications associated with ALA. Although both ultrasound and CT are highly 
sensitive (ultrasound, 85%-95%; CT, 100%)[64], their specificity is low for differentiating ALA from 
other infective abscesses or necrotic masses[45].

The imaging features of ALA on CT have been described as round oval hypodense lesions with a rim 
enhancing wall and on sonography as hypoechoic or anechoic lesions with internal echoes. This classic 
description of ALA, however, does not take into account the entire spectrum of the imaging findings, 
which are known to vary considerably. The varied morphology has largely been shown to reflect the 
underlying pathological changes, which occur as ALA evolves through the different phases of 
maturation. Acute abscesses consist mainly of solid necrotic tissue and their edges are irregular or 
ragged. As the abscesses heal, there is formation of a distinct wall, edges become smooth, and the 
contents become more liquefied[10,38,43]. This morphologic variation has prompted several invest-
igators to classify the imaging features of ALA into distinct types[46,65,66]. Most investigators have 
classified ALA into three types based on sonographic appearance. In 1987, Léonetti et al[65] divided the 
sonographic morphology into three stages: pre-suppurative stage (phase I), suppurative stage (phase II), 
and scarring stage (phase III). Subsequently, N'Gbesso et al[66] proposed a similar sonographic classi-
fication: non-collected ALA (type I), collected ALA (type II), and healed ALA (type III).

On MRI, a variable degree of wall formation and edema surrounding ALA have been reported 
according to the status of abscess healing. Elizondo et al[43], who examined 29 ALAs with MRI, reported 
that untreated ALAs are associated with an incomplete ring (corresponding to incomplete wall) and 
diffuse or wedge-shaped perilesional edema. Following successful treatment, the ring formation is 
complete and the edema regresses to form concentric rings around the abscess. Matching with the MRI 
findings, a double-target sign has been described on contrast-enhanced CT; the inner ring corresponds 
to the enhancing wall and the outer ring to the perilesional edema[10,67].

Our recent experience suggests that the latest generation CT can effectively evaluate several imaging 
characteristics, such as wall formation, degree of liquefaction, enhancement patterns, septa, or perile-
sional hypodensity[10]. These characteristics can provide considerable information on the patient’s 
clinical status. It appears that imaging findings of ALA can be classified into three distinct but 
overlapping patterns (type I, II and III) that correlate well with the clinical subtypes (Table 1)[10]. This 
classification may be useful for identifying those abscesses that would require more aggressive 
treatment.

Type I: ALA with ragged edges
Type I pattern is observed in patients with acute aggressive ALA. It is characterized by incomplete or 
absent walls and ragged edges (Figure 1A). This pattern is observed in patients with acute aggressive 
ALA. Type I pattern indicates an early and progressive abscess, with no sign of healing. Surrounding 
the abscess, there is a diffuse or wedge-shaped hypodensity, which is usually due to the combined effect 
of hypoperfusion and edema[10,68]. Most cases show irregular and interrupted enhancement at the 
edges. Multiple irregular septa may be observed at the periphery, indicating the viable parenchyma that 
is yet to be necrotic[10]. On sonography, they appear heterogeneous due to the presence of both solid 
and liquefied necrotic tissue[38,47]. The heterogeneity accounts for the frequent misdiagnosis of 
aggressive ALA as malignant lesions[10,38,47,67]. Other imaging features often associated with type I 
morphology are large size, multiplicity, and irregular shape (due to coalescence of multiple lesions)[10].

Type II: ALA with a complete rim enhancing wall
Type II pattern indicates subacute mild ALA. It is characterized by a well-defined enhancing wall 
(Figure 1B). The rim enhancement of the wall indicates active granulation tissue, a pathological sign of 
inflammation and beginning of healing[43]. A thin rim of edema surrounding the wall (in contrast to the 
more widespread edema of type I pattern) may be observed to form a perilesional “halo” on contrast 
CT. In many cases, a double-target sign (the inner ring of wall enhancement and outer ring of 
hypodense edema) is identified. The content is more liquefied and homogeneous compared to those 
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Table 1 Distinguishing clinical findings, imaging features and treatment strategy of the three forms of amebic liver abscesses

Acute aggressive Subacute mild Chronic indolent

Presentation Acute (< 10 d) Subacute (< 2-4 wk) Chronic (> 4 wk)

Symptoms Severe symptoms (RUQ pain, fever, toxicity, abdominal 
distention, leg edema, shock-like syndrome resembling 
sepsis, jaundice, signs of intraperitoneal or intrathoracic 
rupture)

Moderate symptoms(usually 
intermittent fever and RUQ 
tenderness)

Mild (usually RUQ tenderness, fever 
if secondary infection)

Laboratory 
tests

Marked leukocytosis (> 20000/μL), abnormal LFT, 
features of organ failure (hyperbilirubinemia, renal 
dysfunction)

Transient leukocytosis and transient 
elevation of LFT (returns to normal 
after treatment)

Usually normal

Imaging 
features

Incomplete or absent wall, ragged edge, interrupted or no 
enhancement, septations, heterogeneous content, 
widespread or wedge-shaped perilesional hypodensity

Relatively smooth outline, rim-
enhancing wall with perilesional 
hypodense “halo” (double-target sign)

Smooth outline, thick non-enhancing 
wall, faint or no perilesional “halo”

Size and 
number

> 5-10 cm, multiple in over 50% of cases < 5-10 cm, usually single > 5-10 cm, usually single

Treatment Antibiotics; Early drainage is often required to control 
severity

Antibiotic alone suffices in most cases; 
rapid recovery, drainage when 
symptoms persist

Mostly pre-treated with antibiotics, 
drainage not required unless 
pressure symptoms or secondary 
infection present

RUQ: Right upper quadrant; LFT: Liver function test.

Figure 1 Computed tomography images. A: Computed tomography (CT) (coronal image) demonstrating the characteristic imaging findings of an acute 
aggressive abscess (type I pattern) in a 60-year-old man who presented with sepsis-like features and markedly deranged laboratory parameters. There are multiple 
abscesses in the right lobe with irregular ragged edges, multiple septa and heterogeneous densities indicating partially liquefied tissue. Also, note the presence of a 
hypodense area in the surrounding parenchyma (asterisk) and right hepatic vein thrombosis (arrowhead). The thickened cecal wall (arrow) and mild ascites are also 
evident; B: CT of a typical case of subacute mild disease. The laboratory profile was near normal. The axial image shows an abscess in the left lobe with a well-
defined wall showing rim enhancement (type II pattern). This patient presented with mild abdominal pain after 20 d of symptoms; C: CT image of a chronic indolent 
abscess (type III pattern). Coronal image of a 24-year-old man showing a large abscess with a thick non-enhancing wall in the right lobe. He had persistent pain in the 
right upper quadrant for two months despite complete resolution of fever and normalization of laboratory tests after metronidazole therapy.

presenting acutely. This pattern is nonspecific and resembles pyogenic abscesses[43,69,70].

Type III: ALA with a nonenhancing wall
Type III pattern represents chronic indolent ALA. It is characterized by a thick fibrotic wall that is much 
smoother and does not enhance with contrast (Figure 1C). The absence of contrast enhancement 
excludes active inflammation. This pattern, in fact, represents persistence of amebic pus (usually more 
than four weeks), in which the liver fails to clear the necrotic tissue. The abscesses in this form are 
usually asymptomatic; however, when they are large enough to cause capsular stretching, they can 
cause right upper quadrant pain. Clinicians should be aware that healed ALAs in this pattern often 
resemble cysts and can persist for months or years following successful treatment[46,66,71,72].
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COMPLICATIONS: CLINICO-RADIOLOGICAL FINDINGS
Rupture
The most feared complication of ALA is rupture. The overall incidence ranges from 6 to 40%[10,44,52,
73]. ALA generally ruptures into the thoracic cavity or intraperitoneal space. Occasionally, the abscess 
can rupture into hollow viscera, such as the stomach, duodenum, or colon[20,60,74,75]. Of all ruptures, 
the gravest, but fortunately rare, is rupture into the pericardium[49]. In our experience, the risk of free 
intraperitoneal ruptures is high when the abscesses present acutely (type I pattern). However, 
intrathoracic ruptures, particularly the intrapulmonary ones, are noted more frequently in chronic cases 
(type II or III pattern). This may be due to development of adhesion between the diaphragm and pleura 
in older abscesses[10].

Intrathoracic rupture: Pleural empyema, lung abscess, hepatobronchial fistula 
Pleuropulmonary rupture occurs in 7% to 20% of patients[7,56,57]. The abscesses located inferior to the 
diaphragm can perforate it to enter the pleural space causing amebic empyema, which is the most 
common intrathoracic complication. It is important that pleural empyema be differentiated from sterile 
pleural effusion, which occurs more frequently than empyema. The sterile effusion is reactionary and 
resolves spontaneously, and therefore, it requires no drainage[57]. The presence of loculations and 
septations on ultrasound indicate amebic empyema[11]. The next intrathoracic complication is the 
development of lung consolidation or lung abscess, which occurs when an abscess directly ruptures into 
lung parenchyma invading through both the diaphragm and pleura. The lung abscess may, in turn, 
communicate with the bronchi to cause hepatobronchial fistula or with pleura to cause bronchopleural 
fistula. Bronchial communication has been reported to occur in over one-third of thoracic complications
[76]. The presence of air in the lung abscess or liver abscess or in the pleural collections indicates these 
fistulous complications (Figure 2)[11]. Clinically, the patients complain of productive cough, often 
expectoration of amebic pus-like material. The pleuropulmonary rupture is considered less severe than 
the intraperitoneal rupture because of spontaneous drainage of the abscesses following the hepato-
bronchial fistula.

Intraperitoneal rupture: Contained rupture versus free rupture
Intraperitoneal rupture has been said to occur in only 7% of cases[7,56,57]. However, we found an 
incidence of intraperitoneal rupture of 33% in our series[10]. In fact, several series from endemic 
countries have reported similar findings[6,13,17]. Based on imaging findings, intraperitoneal ruptures 
can be divided into two types: contained rupture and free rupture[11,60]. The contained rupture is 
characterized by accumulation of the localized fluid collection around the liver, usually in the 
subphrenic or subhepatic space (Figure 3A)[11]. The localized fluid from the contained rupture may 
occasionally be palpable on abdominal examination. This type of rupture carries a good prognosis and 
fortunately, is more common than its counterpart — the free rupture. The free rupture is characterized 
by fluid collection that diffusely involves the entire peritoneal cavity; it can cause generalized peritonitis 
and carry a poor prognosis (Figure 3B). The differentiation between these two types is significant as 
more aggressive treatment for longer duration is required for free ruptures[11,21].

Biliary complication: Communication versus compression
A common cause of drug failure is the presence of biliary complications, which has been reported to 
occur in up to 27% of refractory cases[12,22,77]. This occurs either from ductal communication with the 
abscess or from external compression by a large abscess[12,41]. When the liver parenchyma is destroyed 
by an aggressive abscess, the bile ducts are also damaged, producing ductal communications[12]. 
Usually, the communication is subtle, and therefore, ductal dilatation may not be evident on imaging. In 
several cases, the diagnosis is made only during percutaneous drainage when the initial aspirated fluid 
is bilious or when bile (usually persistent) appears thereafter[11,22,77]. Uncommonly, an abscess, partic-
ularly when large and aggressive, can rupture into the central bile ducts, causing duct dilation 
(Figure 4). In such cases, the diagnosis may be confirmed when endoscopic retrograde cholangiopan-
creatography (ERCP) or cavitogram demonstrates contrast extravasation into the abscess cavity[22,55]. 
Usually, the bile ducts are compressed by a large abscess, resulting in biliary duct dilation; these cases 
are evident on ultrasound or CT. The size and location of an abscess on imaging can provide anatomic 
clues to the presence of a biliary complication. The large (> 5 to 10 cm) and centrally located abscesses 
(near porta hepatis) are more likely to have biliary compilations than those smaller and with 
subcapsular locations[12]. Clinically, the presence of high jaundice may indicate biliary complications. 
Agarwal et al[22] compared the abscesses with and without biliary communications and found that total 
bilirubin levels > 2 mg/dL were present only in the patients with biliary complications.

Secondary bacterial infection
ALA is typically sterile. However, in 10% to 20% of cases, it can be complicated by secondary bacterial 
infections[58,78,79]. The incidence may be higher than generally recognized. Recently, in a PCR based 
study from liver aspirates, Singh et al[2] found bacterial infection in 37% of cases, mostly anaerobes of 
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Figure 2 Computed tomography image (coronal view) of a patient who presented with productive cough and mild upper abdominal pain 
for more than four weeks. Note the rupture of a subdiaphragmatic abscess into the lung resulting in the formation of a lung abscess. The air-fluid level in the 
lung abscess (arrow) indicates fistulous communication between the lung abscess and the bronchus.

Figure 3 Computed tomography image. A: Computed tomography image (coronal view) demonstrating a contained rupture. A fluid collection that is localized 
in the subphrenic space (asterisk). Note the wide rent in the abscess (arrow). Additional imaging features of an aggressive disease in this image are the presence of 
ascites and thrombus in a segment of the hepatic vein (arrowhead); B: Free intraperitoneal rupture in a 40-year-old man who presented with features of generalized 
peritonitis. Coronal computed tomography image showing a large amebic abscess with an irregular edge in the right lobe and diffuse intraperitoneal fluid collection 
(arrows).

intestinal microbiota. The authors suggested that intestinal bacteria reach the liver along with the 
trophozoites through the portal route, that is, concurrent or coinfection with bacteria. When secondary 
bacterial infection occurs as coinfection, the disease may take an aggressive course. This complication 
should be suspected in refractory cases, particularly those associated with persistent high fever and 
marked leukocytosis (> 20000/μL)[56]. Another mechanism of secondary infection is bacterial superin-
fection, which usually occurs in the stagnant fluid following unsuccessful needle aspiration or 
inadequate catheter drainage[18]. Since most of the abscesses are walled off at this point, symptoms are 
of chronic indolent disease. In contrast to sterile amebic aspirate, cultures of pus from secondarily 
infected ALA usually yield positive results. Blood cultures, however, may be negative because most 
patients are generally pretreated with antibiotics[80].

Vascular complication: Venous thrombosis, venous compression and arterial aneurysm
Venous thrombosis is a common phenomenon in this disease. Autopsy studies have shown that venous 
thrombosis occurs in up to 30% of cases; however, we have identified venous thrombus in 70% of cases 
with the use of the latest multidetector CT[42,68]. Venous thrombosis may involve the portal or hepatic 
vein, but usually both are involved. Thrombus typically occurs in the smaller segmental or subseg-
mental branches. The hepatic vein thrombosis can extend into the inferior vena cava (IVC) or even into 
the right atrium[68]. Rarely, it can cause a Budd-Chiari like syndrome[81]. Detection of thrombus in 
large veins may be indicative of severe ALA[68,82]. The diagnosis of thrombosis on CT can be suggested 
by the presence of a wedge-shaped hypoattenuating area surrounding the abscess, which might be due 
to thrombosis led hypoperfusion[68]. Another vascular complication is compression of the intrahepatic 
veins and the IVC. Venous compression may be a clue to the presence of a high intracavitary pressure in 
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Figure 4 Axial computed tomography of a 60-year-old man showing a large abscess in segment IV of the liver near the porta hepatis. Note 
the duct dilation (arrows) that resulted from rupture of the abscess into the central bile ducts. He was managed with catheter drainage. Bilious fluid draining through 
the catheter was observed for several weeks in this patient.

the abscess, which in turn indicates aggressive abscesses. IVC compression occurs when a large abscess 
located in the caudate lobe compresses the IVC, causing leg edema[48]. Additionally, portal vein 
compression near the porta hepatis has been reported to cause splenomegaly and portal hypertension
[41]. Hepatic artery pseudoaneurysm is a rare, but serious complication of ALA that results from 
erosion of the arterial wall by an aggressive abscess[83].

Concurrent colitis and perforations
Although diarrhea is found in only 15% to 30% of patients with ALA, concurrent colonic ulcers are 
detected in approximately 50% of patients with ALA on colonoscopy[17,57,84,85]. The colonic lesions on 
colonoscopy appear as small discrete ulcers in the cecum or ascending colon. Approximately 70% of the 
ulcers are localized to cecum and contiguous involvement of the appendix (amebic typhlo-appendicitis) 
is common[10]. As the ulcers are usually small and localized, symptoms related to colitis are mild. In 
severe cases, however, other segments may also be involved or there may be cecal perforations. 
Furthermore, the severity of colitis seems to parallel the severity of abscesses. Recently, Premkumar et al
[85], in a study of 52 patients with ALA, reported bleeding and large ileocecal ulcers in the majority of 
their patients; most synchronous ALAs in this series had aggressive clinical and imaging features. In an 
autopsy study of 76 patients with fatal ALA, Aikat et al[42] found that the incidence of colonic ulcers 
was 62%. With multidetector CT, we have observed concurrent colitis in 28% of patients, more 
frequently and possibly more severe in the patients with aggressive ALA than those with mild ALA. On 
CT, colitis generally manifests as nonspecific bowel wall thickening (Figure 1A)[10].

MANAGEMENT: ROLE OF IMAGE-GUIDED PERCUTANEOUS DRAINAGE
ALA, in most patients, is mild and responds promptly to medical therapy. The drug of choice for the 
treatment of ALA is metronidazole, a nitroimidazole, which is given at a dose of 750 mg orally or 
intravenously three times daily for seven to ten days[31]. This regime results in resolution of fever, 
toxemia, and pain in 80% to 90% of patients with uncomplicated ALA within 72 to 96 h of treatment[7]. 
The disease resolves without complications or without the need for any invasive procedures. This 
treatment is followed by a luminal agent (paromomycin or diloxanide furoate) to clear the luminal 
parasites.

The decision to perform drainage is based largely on the clinical grounds. Any symptomatic patient 
with persistent symptoms after four days of treatment requires drainage, regardless of the imaging 
findings. In the most common scenario of percutaneous drainage, the patients continue to have 
symptoms, primarily pain or tenderness in the right upper quadrant, despite completed medical 
therapy. In another clinical setting, early drainage is performed for acute aggressive abscesses to control 
the disease severity[10]. The third clinical setting may be the patients in whom there is diagnostic 
uncertainty between ALA and pyogenic abscess. In such cases, most physicians prefer to drain the 
amebic abscesses considering them as a pyogenic abscess.

In addition to clinical criteria, imaging-based criteria for the use of drainage was formulated by de la 
Rey Nel et al[86]. They recommended that abscesses with the following risk factors should be drained: 
abscesses > 10 cm (because of their long healing time), abscesses located in the left lobe (because of the 
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risk of rupture into the pericardium), and large superficial abscesses with a thin rim (because of the risk 
of rupture). In this context, it must be emphasized that lack of a mature wall is also an important risk 
factor that must be considered while assessing rupture risk. Most intraperitoneal ruptures in our series 
occurred when the abscesses lacked a mature wall[10].

Needle aspiration vs catheter drainage
Percutaneous drainage can be performed either by needle aspiration or catheter drainage under image 
guidance. Usually, sonographic guidance suffices for the placement of the catheter or needle into the 
abscess cavity[11]. CT guidance may be required in some cases, particularly in thoracic complications. 
Success of the procedure is dependent on its effectiveness in evacuation of the amebic pus. Needle 
aspiration is a simple, less invasive technique and requires less expertise. However, it is not as effective 
as catheter drainage, and presents several disadvantages. It fails to evacuate the solid necrotic tissue, 
which usually blocks the needle lumen during aspiration. Since tissue necrosis and its liquefaction is a 
dynamic process, not all tissue is completely liquid at the time of aspiration, and therefore, multiple 
sessions are generally needed to achieve complete drainage. This practice is perhaps related to the most 
serious drawback of needle aspiration, i.e., bacterial superinfections. The reported rate of superinfections 
following needle aspirations is 15%[18]. Nevertheless, needle aspirations may be useful in the 
appropriate settings, such as when the abscesses are small (< 5 cm) and the content is completely 
liquefied. Another common scenario includes multiple abscesses, where smaller and more liquefied 
abscesses are aspirated using an 18G spinal needle, whereas the larger and partially necrotic abscesses 
are drained using catheters[11]. Several randomized controlled studies have demonstrated that catheter 
drainage offers a higher success rate (up to 100%) compared to needle aspiration, particularly when 
abscesses are larger than 5 cm[78,87-89]. Due to its obvious advantage of having a large bore, it 
evacuates the necrotic tissue efficiently. It has an additional advantage of being indwelling, which 
makes it more effective in clearing those abscesses that liquefy over a period of time.

Percutaneous drainage in the management of complications
Although aspirations have been useful in the management of refractory abscesses for several decades, 
free rupture with peritonitis was typically considered an indication for surgery. The reported mortality 
rate in surgically treated patients was as high as 50%[90,91]. In the last three decades, a paradigm shift 
has been seen from surgical drainage to catheter drainage. All complications related to ALA are 
currently managed with percutaneous catheter drainage[11,19-21,92-94]. By using catheter drainage, we 
have achieved a success rate of 97%, without significant mortality[11]. Only the placement of multiple 
catheters, usually in multiple sessions, is required to drain intraperitoneal fluid collections. As the 
collections are sterile, the peritonitis is not as severe as that seen in cases of bowel perforation. Not only 
is catheter drainage curative for the intraperitoneal rupture, it also effectively treats pleuropulmonary 
ruptures[11]. The drainage of pleural fluid collections may require CT guidance as ultrasound has low 
sensitivity for pleuropulmonary pathology. Lung abscesses usually do not require drainage due to the 
presence of bronchial fistula, which provides natural drainage in most patients. Catheter drainage has 
also been proved to be excellent in the management of biliary communications. Agarwal et al[22] 
evaluated 33 patients with refractory abscesses, nine of the patients were found to have an abscess with 
intrabiliary communication, and all patients were successfully treated with prolonged catheter drainage 
(12 to 50 d). None of the patients required endoscopic placement of stents. Endoscopic stenting or 
sphincterotomy, however, may be required to control bile leak prior to catheter removal when fistulous 
communication persists despite prolonged catheter drainage. Catheter drainage has also been shown to 
facilitate spontaneous healing of small arterial aneurysms resulting from ALA[83].

Surgical management
The role of surgical drainage in the management of ALA has been reassessed due to the widespread use 
of radiologically guided drainage[95]. However, open drainage may be warranted in some cases where 
percutaneous drainage may fail to evacuate abscess content. Surgery may also be indicated in selected 
cases of intraperitoneal rupture with generalized peritonitis[96]. As an alternative to open surgical 
drainage, laparoscopic drainage can result in less morbidity and mortality[97].

CONCLUSION
Clinical and imaging features of ALA are variable and parallel to each other. Although the mild form of 
the disease is cured easily with antibiotics alone, the other two forms of the disease-acute aggressive and 
chronic indolent-often require percutaneous drainage. Most complications and mortality in ALA occur 
when it presents in its acute aggressive form. Imaging studies play a key role in identifying the different 
forms of the disease and assessing the complications. All complications, including free intraperitoneal 
ruptures, can be managed with percutaneous catheter drainage.
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Abstract
Pulmonary embolism represents a common life-threatening condition. Prompt 
identification and treatment of this pathological condition are mandatory. In cases 
of massive pulmonary embolism and hemodynamic instability or right heart 
failure, interventional radiology treatment for pulmonary embolism is emerging 
as an alternative to medical treatment (systemic thrombolysis) and surgical 
treatment. Interventional radiology techniques include percutaneous 
endovascular catheter directed therapies as selective thrombolysis and thrombus 
aspiration, which can prove useful in cases of failure or infeasibility of medical 
and surgical approaches.

Key Words: Pulmonary embolism; Interventional radiology; Thrombolysis; Throm-
bectomy; Catheter directed therapy; Endovascular

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Endovascular treatment of massive pulmonary embolism can be a life-saving 
intervention in hemodynamically unstable patients.
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INTRODUCTION
Venous thromboembolism, clinically presenting as deep vein thrombosis or pulmonary embolism (PE), 
is the third most frequent acute cardiovascular syndrome globally, after myocardial infarction and 
stroke[1]. Approximately one-third of all patients with a new diagnosis of venous thromboembolism 
have PE, with or without deep vein thrombosis[2]. PE can be defined as the occlusion of the pulmonary 
arteries or its branches with embolic material (thrombus, air, fat or amniotic fluid) that originates 
elsewhere in the body. Most commonly, the cause is a thrombus arising from the deep veins of the 
lower extremities, which travels to the pulmonary circulation.

Diagnosis of PE can be subtle, as there are no specific symptoms, and clinical presentation varies 
widely, ranging from asymptomatic to sudden cardiac death, which is seen in 25%-30% of patients[3]. 
There have been many advances in the field of PE in the recent decades. The development of new 
diagnostic and therapeutic strategies, including medical and surgical treatment as well as endovascular 
therapy, has led to an increasing complexity of patient treatment and, consequently, to the need of 
optimizing the management of this serious condition.

PHYSIOPATHOLOGY
PE, by definition, is characterized by the presence of emboli in the pulmonary arterial circulation. Most 
emboli originate as thrombi in the deep veins of the lower extremities; the most common site of 
thrombosis is represented by the calf veins, followed by femoro-popliteal veins and iliac veins. Less 
frequently, emboli arise from upper extremity veins and are typically associated with central venous 
catheters, intracardiac devices, malignancy or venous trauma. A smaller percentage of PE is caused by 
pelvic deep vein thrombosis, but they are generally associated with a predisposing factor such as pelvic 
infection, pelvic surgery or pregnancy[4]. When 25%-30% of the pulmonary vasculature is obliterated by 
a thrombo-embolus, pulmonary artery pressure begins to increase. However, the mechanical 
obstruction is not the only element leading to pulmonary hypertension: the disruption of the alveolar-
capillary membrane by the thrombi results in a decrease of oxygen diffusion, with subsequent hypoxia 
and release of vasoconstrictors that contribute to the acute development of pulmonary hypertension[5]. 
The increase of pression in the pulmonary artery determines heterogeneity of pulmonary perfusion, 
leading to the simultaneous presence of hypo- and hyperperfused areas; there will be an imbalance 
between ventilation and perfusion, generating hypoxemia[6].

Moreover, PE can have significant cardiac and hemodynamic consequences, related to the size of 
emboli and the presence or absence of underlying cardiopulmonary disease. In healthy patients, the 
mean pulmonary artery pressure can be up to 40 mmHg acutely; right ventricle (RV) failure ensues 
when 50%-75% of pulmonary arteries are obstructed[7]. When the degree of pulmonary artery 
obstruction exceeds 50%-75%, the right heart dilates and the combination of the increased wall stress 
and cardiac ischemia impair RV function and left ventricular (LV) output, leading to hypotension[8]. 
The presence of pre-existing cardiopulmonary disease results in diminished pulmonary vascular reserve 
and hemodynamic compromise at a lower level of pulmonary arterial obstruction.

PULMONARY EMBOLISM RISK STRATIFICATION
The American Heart Association (AHA) and the European Society of Cardiology (ESC) classified PE 
according to its severity, identifying three main categories[1,9].

Patients with massive (AHA) or high risk (ESC) PE present with hypotension, defined as a systolic 
blood pressure lower than 90 mmHg, or a drop of > 40 mmHg for at least 15 min or need for 
vasopressor support.

Submassive (AHA) or intermediate risk (ESC) classifications slightly differ as, according to AHA, 
patients with submassive PE present with an RV strain with no hypotension. RV strain is defined as: RV 
dysfunction on echocardiography or computed tomography pulmonary angiography, and RV injury 
identified by an increase in cardiac biomarkers as troponins or brain natriuretic hormone. On the other 
side, the ESC criteria for intermediate-risk PE include patients with a simplified Pulmonary Embolism 
Severity Index score ≥ 1, regardless of RV strain. The Pulmonary Embolism Severity Index score is based 
on the patient’s age, comorbidities, heart rate, blood pressure and oxygen saturation. Moreover, the ESC 
subclassifies intermediate-risk patients in two groups based on RV dysfunction and RV injury 
(intermediate risk–high) or only one or neither of these findings (intermediate risk–low).

Low risk patients, according to both AHA and ESC, do not meet criteria for the abovementioned risk 
categories.
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MEDICAL AND SURGICAL TREATMENT
Severe PE leads to hypoxaemia due to the ventilation-perfusion mismatch. Therefore, it is advised to use 
oxygen in patients with oxygen saturation < 90%. High-flow oxygen and mechanical ventilation should 
be taken in consideration when extreme hemodynamic instability is present (i.e. cardiac arrest), even 
though obtaining a good hypoxemia correction is not completely possible without PE reperfusion 
techniques[10,11]. Intubation should be considered in patients who are not manageable with 
noninvasive ventilation[1].

Acute RV failure is a cause of death in high-risk PE patients due to the reduction of cardiac output. 
When low central venous pressure is present, modest fluid challenge (< 500 mL) could be an option, 
increasing cardiac index in these patients[12]. On the other hand, fluid challenge could also over-distend 
the RV, leading to a reduction of cardiac output. Therefore, it is recommended to use it wisely[13]. If 
signs of elevated central venous pressure are present, no volume loading is advised. Vasopressors are 
often necessary in association with reperfusion treatment (medical, surgical or interventional). 
Norepinephrine leads to an improvement in coronary perfusion and ventricular systolic interaction, 
without changing pulmonary vascular resistance[14]; the use of norepinephrine should be limited in 
patients with cardiogenic shock.

Temporary extracorporeal membrane oxygenation could be used in patients with a high-risk PE, 
cardiac arrest and circulatory collapse, but its use needs to be further tested with clinical trials[15,16].

Acute PE may lead to cardiac arrest, in which case the current advanced life support guidelines have 
to be followed[17].

Moreover, in patients with intermediate to high risk of PE, it is advised to start subcutaneous antico-
agulation while waiting for diagnostic tests, usually with low-molecular weight heparin, fondaparinux 
or unfractionated heparin[18]. Clinical trials with non-vitamin K antagonist oral anticoagulants are 
ongoing.

Vitamin K antagonists are vastly used for oral anticoagulation in recent years; when vitamin K 
antagonists are used, low-molecular weight heparin or unfractionated heparin should be continued 
along with oral anticoagulants for more than 5 d until the International Normalized Ratio value reaches 
2-3 for 2 d[19].

Regarding reperfusion treatment, systemic thrombolysis leads to fast improvement of the pulmonary 
obstruction and cardiovascular parameters in patients with PE compared to medical treatment alone[20,
21]. The best results are obtained when reperfusion treatment starts 48 h after symptoms onset; however 
thrombolysis could be useful even after 6-14 d[22]. Intravenous administration of recombinant tissue-
type plasminogen activator is preferred to first generation thrombolytic agents (i.e. urokinase)[23].

Surgical embolectomy in patients with acute PE is performed through cardiopulmonary bypass, with 
incision of the pulmonary arteries and clots removal. This approach is advised in high-risk PE and in 
selected intermediate-risk patients[1,24].

ENDOVASCULAR TREATMENTS: CURRENT EVIDENCE AND FUTURE PERSPECTIVES
Catheter directed thrombolysis
Catheter directed thrombolysis (CDT) gives the advantage of locally delivering a high concentration of 
fibrinolytic agent to a great clot surface. This way, fibrinolytic dose can be greatly reduced compared to 
the systemic one, and side effects are therefore lower. A routine use diagnostic angiography catheter 
with multiple holes can be used to deliver the fibrinolytic agent and increase its local blood concen-
tration. This could enhance the efficiency of fibrinolysis, reducing the risk of bleeding. Each pulmonary 
artery is catheterized with a multihole catheter, and a fibrinolytic agent such as tissue plasminogen 
activator is injected through the clot at a rate of 1 mg/h for 24 h in case of a unilateral PE (single device) 
and 1 mg/h for 12 h if bilateral PE (double device) (SEATTLE II Trial)[25]. A more recent trial, the 
OPTALYSE PE trial, analyzed the possibility to further lower the dose of tissue plasminogen activator 
with shorter infusions. The total dose was significantly lower, ranging from 4 to 12 mg per lung, and 
shorter infusion times (2 to 6 h)[26].

Efficient systemic administration of heparin is continued throughout the endovascular fibrinolysis 
procedure. Despite the lack of randomized trial studies comparing endovascular and systemic 
thrombolytic therapy, several comparative studies have been carried out. In a meta-analysis of Bloomer 
et al[27], the rate of intracranial hemorrhage with CDT was 0.35%, which is significantly lower than that 
reported with systemic thrombolytics in other randomized trials (1.46%). Bloomer et al[27] also found 
that the rate of major bleeding or vascular complication was 4.65%, and the observed mortality rate was 
3.4% (12.9% in the massive PE group, 0.74% in the submassive PE group).

In addition, results of an American national registry enrolling 3107 patients who underwent systemic 
fibrinolytic treatment and 1319 patients undergoing CDT showed that the systemic thrombolysis group 
had increased rates of bleeding-related mortality (18.1% vs 8.4%), general mortality (14.9% vs 6.12%) and 
rehospitalization (10.6% vs 7.6%)[28]. According to these data, the risk of fatal bleeding is lower during 
CDT than in cases of systemic thrombolysis. This can be due to the higher (approximately four-fold) 
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Table 1 Main mechanical thrombectomy devices

Rheolytic Rotational Aspiration +/- retriever Fragmentation Ultrasound

Angiojet (Boston 
Scientific)

Aspirex (Straub 
Medical)

Indigo CAT8 (Penumbra Inc.); 
Flowtriever (Inari)

Fogarty arterial balloon embolectomy catheter (
Edwards); Pig-Tail Catheters

Ekos endovascular system (
Boston Scientific)

dose of fibrinolytic agent used in systemic thrombolysis. However, as these data are extracted from a 
national registry and not from randomized studies, they should cautiously be taken in consideration. 
The ongoing PE-TRACT and HI-PEITHO studies are designed to overcome this issue.

Mechanical thrombectomy
In cases of massive PE, the first aim should be to quickly declot the affected pulmonary artery to 
decrease pulmonary hypertension and the risk of RV failure. Initial fragmentation or thrombectomy by 
different devices (Table 1) can help reduce the thrombotic load and improve reperfusion. In addition, 
fragmentation of the clot exposes a greater surface of the thrombus, increasing the efficacy of local or 
systemic therapies[29].

Current catheters for mechanical thrombectomy or endovascular aspiration are classified based on 
the mechanism of action.

Rheolytic: AngioJet (Boston Scientific, Massachusetts, United States) working mechanism is determined 
by aspiration of the thrombus using the Venturi-Bernoulli effect. It creates a suction effect with high-
pressure jets in the catheter’s distal holes. Various complications (e.g., bradycardia and heart attack, 
severe hemoptysis, kidney failure as well as intra- and periprocedural deaths) were reported during the 
use of this device[30]; hence, the use of AngioJet as a first-approach treatment should be avoided. 
Currently the main indication of this product remains treatment of peripheral venous districts.

Rotational: A relatively new device for treatment of PE is Aspirex (Straub, Wangs, Switzerland). 
Launched in mid-2010, the Aspirex catheter acts as an Archimedean screw that rotates inside the 
catheter lumen; this spiral mechanism provides an aspiration supplied by an active motor. Clinical 
results are promising; however, only recent studies with small cohorts of patients demonstrated its 
safety and efficacy, and there is a lack of randomized studies supporting this evidence[31]. Two 
European case series have been reported, with complete thrombus clearance observed in 83% to 88% of 
patients with intermediate- and high-risk PE[31,32].

Aspiration: The Indigo mechanical aspiration system (Penumbra, Alameda, United States) is an 
aspiration thrombectomy catheter system. A large caliber (8 French) catheter with a directional soft tip, 
allows easy aspiration of the clots in the pulmonary arteries due to the great suction power of a suction 
pump. Several studies are being performed to evaluate safety and efficacy of this device. The recent 
Indigo Aspiration System for Treatment of Pulmonary Embolism Trial (EXTRACT-PE), a prospective 
multicenter study on 119 patients demonstrated a significant reduction in the RV/LV ratio and a low 
major adverse event rate in submassive PE patients treated with the Indigo CAT8 aspiration system, 
with a reduction of administered intraprocedural thrombolytic drugs, which were avoided in 98.3% of 
patients[33]. The Indigo CAT8 received Food and Drug Administration approval for PE treatment in 
December 2019. The system is being monitored to assess its safety even in real-world clinical practice, 
showing a low incidence of reports linked to the product[34].

FlowTriever® System (Inari Medical) is another aspiration device. Its mechanism features three self-
expanding nitinol mesh disks designed to engage, disrupt and deliver the clot to the Triever Aspiration 
Catheter for extraction. It has been evaluated in a recent single-arm multicenter trial involving 106 
patients (FLARE Study) and appears safe and effective in patients with acute intermediate-risk PE, with 
significant improvement in RV/LV ratio and minimal major bleeding[35]. In 2021 Inari Medical, Inc. 
announced enrollment of the PEERLESS randomized controlled trial comparing the clinical outcomes of 
patients with intermediate-high risk PE treated with the company’s FlowTriever system vs CDT 
(NCT05111613). PEERLESS is a prospective, multicenter trial that will include up to 700 patients and 60 
centers in the United States and Europe. It will be the first ever randomized controlled trial to compare 
mechanical thrombectomy to catheter-directed thrombolysis for the treatment of PE and aims to provide 
definitive data on interventional treatment options for these patients.

Fragmentation: The EKOSonic system (Boston Scientific, Massachusetts, United States) is an ultra-
sound-assisted catheter-directed thrombolysis system, which was specifically indicated for treatment of 
PE. The ultrasound waves that depart from the interior of the 5.4 French catheter can reach and treat the 
whole thrombus; in addition, fibrinolytic agent infusion can be performed from the catheter, combining 
the two treatment modalities. The functioning tip of the catheter can be of different lengths, with a range 
from 6 to 50 cm. Although it has been associated with a relatively safe and effective profile, the clinical 
benefits of this treatment when compared to classical CDT has yet to be proven[25]. Ultrasound-assisted 
thrombolysis was shown in a randomized trial named ULTIMA to determine faster decreases of the 
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RV/LV ratio in patients with acute onset of intermediate-risk PE when compared to medical treatment, 
with no occurrence of major bleeding. However, the authors did not observe variations in 90-d patient 
mortality[36].

CONCLUSION
Actual ESC guidelines indicate that in high-risk or intermediate/high-risk patients (with RV 
dysfunction at transthoracic ultrasonography or at computed tomography pulmonary angiography or 
Pulmonary Embolism Severity Index greater than 1 and positive troponin test), reperfusion treatments 
should be performed, in association with prompt hemodynamic support[1]. However, systemic 
thrombolysis is actually considered as the first indication, and as literature evidence states surgical 
pulmonary embolectomy is recommended in patients with high-risk PE in whom systemic thrombolysis 
is contraindicated or has failed (level of evidence I). Percutaneous catheter-directed treatment has level 
of evidence IIa and therefore should be conditionally considered after failure or infeasibility of the 
abovementioned medical and surgical therapies[2].

Set up of a multidisciplinary team and of management protocols for high-risk and intermediate/high-
risk patients with PE should be considered, to promptly and correctly address every PE case.

New perspectives
The 2021 announcement of the multicentric prospective PEERLESS randomized controlled trial 
comparing aspiration thrombectomy vs catheter-directed thrombolysis in up to 700 patients will provide 
real-life data on interventional radiology treatments for patients with intermediate/high-risk PE. At the 
same time, ultrasonography-assisted thrombolysis is proving valuable in intermediate/high-risk PE 
patients with good results and low complication rates[36]. However, more prospective studies are 
needed to shed light on the best interventional radiology treatment for this critical condition as well as 
to give the right place in the guidelines to these endovascular and mini-invasive techniques, on par to 
medical and surgical treatments.
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Abstract
BACKGROUND 
The World Health Organisation declared the coronavirus disease 2019 (COVID-
19) a pandemic on March 11, 2020. While globally, the relative caseload has been 
high, Australia’s has been relatively low. During the pandemic, radiology services 
have seen significant changes in workflow across modalities and a reduction in 
imaging volumes.

AIM 
To investigate differences in modality imaging volumes during the COVID-19 
pandemic across a large Victorian public health network.

METHODS 
A retrospective analysis from January 2019 to December 2020 compared imaging 
volumes across two periods corresponding to the pandemic’s first and second 
waves. Weekly volumes across patient class, modality and mobile imaging were 
summed for periods: wave 1 (weeks 11 to 16 for 2019; weeks 63 to 68 for 2020) and 
wave 2 (weeks 28 to 43 for 2019; weeks 80 to 95 for 2020). Microsoft Power 
Business Intelligence linked to the radiology information system was used to mine 
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all completed examinations.

RESULTS 
Summed weekly data during the pandemic’s first wave showed the greatest decrease of 29.8% in 
adult outpatient imaging volumes and 46.3% in paediatric emergency department imaging 
volumes. Adult nuclear medicine demonstrated the greatest decrease of 37.1% for the same period. 
Paediatric nuclear medicine showed the greatest decrease of 47.8%, with angiography increasing 
by 50%. The pandemic’s second wave demonstrated the greatest decrease of 23.5% in adult 
outpatient imaging volumes, with an increase of 18.2% in inpatient imaging volumes. The greatest 
decrease was 28.5% in paediatric emergency department imaging volumes. Nuclear medicine 
showed the greatest decrease of 37.1% for the same period. Paediatric nuclear medicine showed 
the greatest decrease of 36.7%. Mobile imaging utilisation increased between 57.8% and 135.1% 
during the first and second waves. A strong correlation was observed between mobile and non-
mobile imaging in the emergency setting (Spearman’s correlation coefficient = -0.743, P = 0.000). 
No correlation was observed in the inpatient setting (Spearman’s correlation coefficient = -0.059, P 
= 0.554).

CONCLUSION 
Nuclear medicine was most impacted, while computed tomography and angiography were the 
least affected by the pandemic. The impact was less during the pandemic’s second wave. Mobile 
imaging shows continuous growth during both waves.

Key Words: COVID-19; Pandemic; Radiology; Imaging volume; Modality; Mobile imaging

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Analysis of weekly imaging modality volumes provides an overview of changes in service 
demand over time. We describe the changes in imaging modality and mobile imaging volumes during 
Victoria’s first and second waves of the coronavirus disease 2019 pandemic.
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INTRODUCTION
The World Health Organisation declared the coronavirus disease 2019 (COVID-19) a pandemic on 
March 11, 2020[1]. Healthcare facilities implemented strict infection control, social distancing protocols, 
and other measures in the interest of public health and safety[2]. In preparation for the surge in hospit-
alisations across the globe, overall elective surgical services decreased by approximately 72%[3]. In 
comparison, in Australia, this fell by about 69%. Others utilised computational modelling to help predict 
the health services saturation point for ICU beds and ventilators[4]. While globally, the relative caseload 
has been high, Australia’s has been relatively low. In this context, during 2020, Victoria has experienced 
most of Australia’s cases, with the new daily caseloads shown in Figure 1.

Due to the overwhelming prevalence of COVID-19 in various countries, for example, Italy, some 
radiology departments were dedicated to imaging COVID-19 patients only[5]. Radiology services have 
also seen significant changes in workflow across modalities and a reduction in imaging volumes[6-8]. 
For example, departments were re-configured to separate COVID-19 patients from non-infected 
patients, segregation of staff to reduce infection transmission, increased demand for PPE, radiologists 
reporting from home, and expansion of video conferencing use[5,9]. For patients presenting to the 
emergency department, general radiography was primarily used due to its accessibility, availability and 
low radiation levels. The chest X-ray was an ideal first choice for patients with typical symptoms of 
COVID-19, such as shortness of breath on exertion, persistent cough and chest pain [8]. To minimise the 
transmission risk of suspected COVID-19 (sCOVID) patients in hospital, mobile imaging became partic-
ularly important to manage workflow[10,11]. Imaging in the ward wearing PPE could reduce staff 
exposure, with effective cleaning of mobile units possible between imaging patients, without 
compromising patient care.

https://www.wjgnet.com/1949-8470/full/v14/i8/293.htm
https://dx.doi.org/10.4329/wjr.v14.i8.293
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Figure 1  Victorian new the coronavirus disease 2019 case numbers by date from January 2020-November 2020.

While it has been reported, there was a decrease in patients presenting with stroke to our institution 
during the pandemic[7]. To our knowledge, little is known about the severity of impact on radiology 
volumes in Australia. While overall Australian imaging volumes were analysed through Medicare, no 
institutional experience has been presented[12].

Objectives
This study investigates the imaging volume changes during the pandemic across the network at a large 
Victorian public health service provider. A secondary aim was to study changes in mobile imaging 
utilisation and whether that impacted the use of fixed (non-mobile) X-ray imaging systems. This data 
will help inform radiology practices for service adaptation with subsequent pandemic phases or other 
“once in a lifetime” events.

MATERIALS AND METHODS
This health network has 98 imaging systems across eight imaging modalities analysed according to 
Table 1.

Study setting
Our network provided over three million episodes of care from 2019 to 2020. Three of our five hospitals 
provide accident and emergency services, and one is a geriatric centre, and the other is an oncology 
centre that did not service COVID-19-positive patients (‘clean site’). Data from the geriatric and 
oncology centre were excluded due to heterogeneity in these sites. Significant federal, state and local 
health policy and guideline changes were implemented and updated during the pandemic that 
impacted the imaging pathway, including: patients with typical respiratory symptoms (fever, chest 
tightness, dyspnoea, cough) were classified as sCOVID-19 (suspected COVID-19); recommendation for 
all eligible sCOVID-19 patients to have computed tomography (CT) pulmonary angiography (CTPA) 
instead of V/Q scans[13]; rescheduling of non-urgent cases as discussed with referring clinicians; use of 
mobile X-ray to reduce infection transmission; social distancing guidelines restricting patient waiting 
room numbers and minimum area of 4 m2 per person in shared spaces.

Data collection
Microsoft Power Business Intelligence, linked to the radiology information system, was used to mine all 
completed examinations between January 1, 2019 and December 31, 2020 across three sites. Imaging 
modality was defined as the device or technology used in medical imaging (general X-ray, 
mammography, nuclear medicine, CT, magnetic resonance imaging (MRI), fluoroscopy, angiography, 
ultrasound, with mobile X-ray being a subset of X-ray). Fixed or non-mobile imaging was an X-ray 
system permanently secured in an X-ray room. Mobile imaging was defined as using a portable X-ray 
imaging system capable of moving to different locations. Patient classes were defined by location 
(inpatient (IP), outpatient (OP) or emergency department (ED)). Adult patients were ≥ 16 years, while 
paediatric patients were aged < 16 years. Examinations were filtered by modality and patient class. 
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Table 1 List of equipment number across all modalities

Modality MRI NM BMD CT X-ray Fluoro US Angio

Equip No. 5 6 2 7 26 4 45 3

MRI: Magnetic resonance imaging; NM: Nanometer; BMD: Bone mineral densitometry; CT: Computed tomography; Fluoro: Fluoroscopy; US: Ultrasound; 
Angio: Angiography.

March 2020 and April 2020 [week 63 (March 11 to March 17) to week 68 (April 15 to April 21)] corres-
ponded to Victoria’s first wave of the pandemic; July 2020 to October 2020 [week 80 (July 9 to July 14) to 
week 95 (October 21 to October 26)] corresponded to the second wave of the pandemic. Figure 2 
provides the timeline of the first and second waves for considering the impact on departmental 
caseloads. The outcome measure was total weekly completed imaging case numbers from Wednesday 
to Tuesday commencing Wednesday January 2 to Tuesday January 8, 2019 (week 1) for direct day 
matched weekly comparisons between 2019 and 2020, allowing for any periodic variability observed. 
Weekly modality data were summed to reflect the first and second waves of the pandemic.

Statistical analysis
Weekly volumes across patient class, modality and mobile imaging were summed for defined periods: 
wave 1 (weeks 11 to 16 for 2019; weeks 63 to 68 for 2020) and wave 2 (weeks 28 to 43 for 2019; weeks 80 
to 95 for 2020). This was to evaluate the impact of COVID-19 on patient class, modality and mobile 
imaging case volumes during each COVID-19 wave. For analysis of mean weekly case numbers, pre-
COVID data were defined as weeks 1 to 60 (i.e., January 2, 2019 to February 29, 2020), while COVID-19 
data were defined as the mean of weeks 61 to 104 (i.e., March 1, 2020 to December 31, 2020). 
Independent sample t-tests were performed comparing the mean weekly imaging case volumes in the 
years 2020 and 2019 for each imaging modality type stratified by patient service locations for the pre-
COVID-19 and post-COVID-19 periods with results presented as means and 95% confidence intervals 
(95%CI). The relationship between mobile and non-mobile imaging volumes was assessed using 
Spearman rank correlation. Statistical significance was considered for p values < 0.05. All analyses were 
performed using SAS version 9.4 (SAS Institute, Cary, NC, United States). Dr Eldho Paul reviewed the 
statistical methods of this study from Monash University.

This study was approved by the Monash Health Human Research Ethics Committee.

RESULTS
Adults
Total volume (all modalities): During the pandemic’s first wave in Victoria, total adult imaging volume 
across all modalities declined by 20.7% between March 11 and April 21, 2020 (weeks 63 to 68) compared 
to the same time in 2019 (March 13 and April 23, 2019, weeks 11 to 16). During the pandemic’s second 
wave, adult imaging volume across all modalities declined by 6.6% between July 8, and October 27, 2020 
(weeks 80 to 95) compared to the same time in 2019 (July 10, and October 29, 2019, weeks 28 to 43).

Volume by patient class 
Table 2 shows the summed weekly imaging volumes for the defined periods and the percentage of adult 
image volume change across all included modalities by patient class for weeks 11 to 16 (March 13 and 
April 23) and 28 to 43 (July 10 and October 29) in 2019 and weeks 63 to 68 (March 11 and April 21) and 
80 to 95 (July 8 and 2October 27) in 2020.

Volume by modality: During the pandemic’s first wave between March 11 and April 21, 2020 (weeks 63 
to 68), adult angiography, bone mineral densitometry, computed tomography, fluoroscopy, general 
radiography, magnetic resonance imaging, mammography, nuclear medicine and ultrasound imaging 
volumes declined between 10.3% and 37.1% when compared to the same time in 2019 (March 13 and 
April 23, 2019, weeks 11 to 16) shown in Table 3.

During the pandemic’s second wave between July 8 and October 27, 2020 (weeks 80 to 95), adult 
angiography, bone mineral densitometry, fluoroscopy, general radiography, magnetic resonance 
imaging, mammography, nuclear medicine and ultrasound services declined between 1.6% and 31.6%, 
while computed tomography increased by 1.7% when compared to the same time in 2019 (July 10 and 
October 29, 2019, weeks 28 to 43) shown in Table 4.

Figure 3 highlights the weekly adult modality imaging volumes.
Comparison of the adult mean weekly 2019 (pre-COVID-19, January 1, 2019 to February 29, 2020, 

weeks 1 to 61) with 2020 (March 1 to December 31, 2020 weeks 61 to 104) imaging volumes by modality, 
categorised by inpatient, outpatient and emergency services (Table 5) shows statistically significant 
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Table 2 Summed imaging volumes and percentage change in adult imaging volume across patient class in waves 1 and 2

Wave 1 2020 (weeks 63-68) 2019 (weeks 11-16) % change Wave 2 2020 (weeks 80-95) 2019 (weeks 28-43) % change

ED 9521 12783 -25.5 ED 29454 32262 -8.7

IP 9210 9395 -2.0 IP 31424 26576 18.2

OP 8874 12636 -29.8 OP 26967 35236 -23.5

Overall 27605 34814 -20.7 Overall 87845 94074 -6.6

ED: Emergency department; IP: Inpatient; OP: Outpatient.

Table 3 Summed imaging volumes and percentage change in adult imaging volumes across modalities in wave 1

Wave 1 2020 (weeks 63-68) 2019 (weeks 11-16) %

Angiography 269 300 -10.3

Bone Mineral Densitometry 185 239 -22.6

Computed Tomography 5883 6688 -12.0

Fluoroscopy 766 968 -20.9

General Radiography 11668 15311 -23.8

Magnetic Resonance Imaging 2013 2709 -25.7

Mammography 82 123 -33.3

Nuclear Medicine 394 626 -37.1

Ultrasound 6345 7850 -19.2

Total 27605 34814 -20.7

Table 4 Summed imaging volumes and percentage change in adult imaging volume across modalities in wave 2

Wave 2 2020 (weeks 80-95) 2019 (weeks 28-43) %

Angiography 822 835 -1.6

Bone mineral densitometry 690 892 -22.6

Computed tomography 19316 18997 1.7

Fluoroscopy 2313 2550 -9.3

General radiography 36845 40592 -9.2

Magnetic resonance imaging 6685 7539 -11.3

Mammography 303 334 -9.3

Nuclear medicine 1149 1679 -31.6

Ultrasound 19722 20656 -4.5

Total 87845 94074 -6.6

declines in six imaging modalities (P = 0.042 to P < 0.0001). There were statistically significant declines 
in one inpatient imaging modality (P = 0.002) and nine outpatient imaging modalities (P = 0.027 to P < 
0.0001). Statistically significant increases were observed in five inpatient modalities (P = 0.0003 to P < 
0.0001). All patient classes observed overall declines across seven imaging modalities (P = 0.027 to P < 
0.0001).

Mobile and non-mobile X-ray imaging: During the pandemic’s first wave in Victoria, total adult mobile 
imaging volume increased by 57.8% between March 11 and April 21, 2020 (weeks 63 to 68) compared to 
the same time in 2019 (March 13 and April 23, 2019, weeks 11 to 16). During the pandemic’s second 
wave, adult mobile imaging volume increased by 135.1% between July 8 and October 27, 2020 (weeks 80 
to 95) compared to the same time in 2019 (July 10 and October 29, 2019, weeks 28 to 43). Table 6 
highlights the mobile imaging changes across inpatient and emergency patient classes during the first 
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Table 5 Comparison of mean adult weekly imaging volumes for 2019 and 2020 including 95%CIs, by imaging modality categorised by 
patient setting

2020 2019
Adult Setting Modality

Mean Min-max 95%CI Mean Min-max 95%CI
P value

Emergency Angiography 4.05 1-10 3.38-4.71 5.03 2-12 4.51-5.56 0.02

Computed tomography 541.2 384-663 520-562.4 548.68 473-606 541.7-555.7 0.453

Fluoroscopy 5.18 1-12 4.31-6.05 4.15 0-11 3.58-4.72 0.042

Radiography 1162.64 925-1309 1133.02-1192.25 1299.03 1156-1446 1281.05-1317.02 < 0.0001

Magnetic resonance imaging 12.11 3-27 10.35-13.87 18.55 9-30 17.09-20.01 < 0.0001

Nuclear Medicine 3.27 0-8 2.66-3.88 7.55 0-21 6.43-8.67 < 0.0001

Ultrasound 122.98 85-157 117.52-128.43 172.13 116-255 163.72-180.55 < 0.0001

Mammography 0 0-0 0-0 0.02 -0.02-0.05 0-0.1 0.394

Inpatient Angiography 38.8 23-53 36.25-41.34 29.48 17-43 27.94-31.02 < 0.0001

Computed tomography 408.05 277-498 392.38-423.71 298.87 210-416 285.57-312.16 < 0.0001

Fluoroscopy 125.98 82-162 120.33-131.63 129.25 80-155 125.39-133.11 0.325

Radiography 855.64 557-1015 824.02-887.25 794.77 685-968 779.87-809.67 0.0003

Magnetic resonance imaging 123.09 74-158 117.84-128.34 100.65 67-132 97.32-103.98 < 0.0001

Nuclear Medicine 21.64 8-37 19.76-23.52 20.92 12-35 19.68-22.15 0.507

Ultrasound 325.82 215-395 314.29-337.35 264.22 192- 323 256.97-271.46 < 0.0001

Mammography 0.7 0-7 0.3-1.1 1.87 0-10 1.3-2.43 0.002

Bone mineral densitometry 1.41 0-5 0.97-1.85 1.6 0-5 1.27-1.93 0.479

Outpatient Angiography 9.0 2-26 7.47-10.53 17.08 5-30 15.86-18.31 < 0.0001

Computed tomography 249.86 107-333 234.48-265.25 313.7 139-367 302.61-324.79 < 0.0001

Fluoroscopy 17.61 6-37 15.2-20.03 24.78 5-43 22.97-26.59 < 0.0001

Radiography 268.02 120-473 246.82-289.23 427.12 147-507 410.57-443.66 < 0.0001

Magnetic resonance imaging 268.09 98-414 249.76-286.43 347.6 108-401 335.36- 359.84 < 0.0001

Nuclear medicine 50.84 19-88 46.88-54.8 71.72 31-112 68.14-75.3 < 0.0001

Ultrasound 768.48 492-943 741.33-795.62 855.27 554-931 836.21-874.32 < 0.0001

Mammography 15.82 2-24 14.2-17.44 17.75 8-23 16.87-18.63 0.027

Bone mineral densitometry 36.77 4-72 301.13-42.42 50.9 0-72 47.57-54.23 < 0.0001

All classes Angiography 51.84 30-70 48.58-55.11 51.6 30-63 49.76-53.44 0.892

Computed tomography 1199.11 768-1458 1154.65-1243.58 1161.25 962-1339 1141.96-1180.54 0.090

Fluoroscopy 148.77 96-205 141.2-145.35 158.18 92-184 153.59-162.78 0.027

Radiography 2286.3 1602-2603 2214.97-2357.62 2520.92 2310-2718 2498.03-2543.80 < 0.0001

Magnetic resonance imaging 403.30 175-556 380.71-425.88 466.8 200-526 452.6-481.0 < 0.0001

Nuclear medicine 75.75 29-128 70.65-80.85 100.18 46-134 96.21-104.15 < 0.0001

Ultrasound 1217.27 808-1491 1178.47-1256.08 1291.62 918-1429 1268.35-1314.88 .001

Mammography 16.52 2-24 14.87-18.17 19.63 10-30 18.61-20.66 0.001

Bone mineral densitometry 38.18 5-74 32.33-44.03 52.5 0-72 49.13-55.87 < 0.0001

Total 5437.05 3520-6441 5250.9-5623.8 5822.68 4645-6175 5750.97- 5894.4 < 0.0001

and second waves.
Comparison of the adult mean weekly 2019 (pre-COVID-19, January 2, 2019 to February 29, 2020, 

weeks 1 to 61) with 2020 (March 1 to December 31, 2020, weeks 61 to 104) mobile and non-mobile X-ray 
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Table 6 Summed imaging volumes and percentage change in adult mobile imaging volume across patient class in waves 1 and 2

Wave 1 2020 (weeks 63-68) 2019 (weeks 11-16) % change Wave 2 2020 (weeks 80-95) 2019 (weeks 28-43) % change

ED 1952 372 424.7 ED 7526 1037 625.7

IP 2008 2138 -6.1 IP 8654 5845 48.1

Overall 3960 2510 57.8 Overall 16180 6882 135.1

ED: Emergency department; IP: Inpatient.

Figure 2 Timeline of significant events in Victoria, Australia during the first and second waves of the coronavirus disease 2019 
pandemic. COVID-19: The coronavirus disease 2019.

imaging volumes, categorised by inpatient and emergency services (Table 7) shows statistically 
significant changes across all mobile and non-mobile imaging (P = 0.001 to < 0.0001). A strong 
correlation was observed between mobile and non-mobile imaging in the emergency setting 
(Spearman’s correlation coefficient = -0.743, P = 0.000). No correlation was observed in the inpatient 
setting (Spearman’s correlation coefficient = -0.059, P = 0.554). Figure 4 shows the weekly adult X-ray 
mobile and non-mobile imaging volumes.

Paediatrics
Total volume (all modalities): Total paediatric imaging volume across all modalities declined by 28.6% 
between March 11 and April 21, 2020 (weeks 63 to 68) compared to the same time in 2019 (March 13 and 
April 23, 2019, weeks 11 to 16). During the pandemic’s second wave, paediatric imaging volume across 
all modalities declined by 6.6% between July 8 and October 27, 2020 (weeks 80 to 95) compared to the 
same time in 2019 (July 10 and October 29, 2019, weeks 28 to 43).

Volume by patient class: Table 8 shows the percentage of paediatric image volume change across all 
included modalities by patient class for weeks 11 to 16 and 28 to 43 in 2019 and weeks 63 to 68 and 80 to 
95 in 2020.

During the pandemic’s first wave between March 11 and April 21, 2020 (weeks 63-68), paediatric IP, 
OP and ED services declined by between 3.7% and 46.3% when compared to the same time in 2019 
(March 13 and April 23 2019, weeks 11 to 16).

During the pandemic’s second wave between July 8 and October 27, 2020 (weeks 80 to 95), paediatric 
IP, OP and ED services declined by between 16.1% and 28.5% when compared to the same time in 2019 
(July 10 and October 29, 2019, weeks 28 to 43).

Volume by modality: During the pandemic’s first wave between March 11 and April 21, 2020 (weeks 63 
to 68), paediatric imaging modality services declined by between 18.6% and 47.8% and 18.6%, while 
angiography increased by 50% when compared to the same time in 2019 (March 13 and 23th April 2019, 
weeks 11 to 16 shown in Table 9.
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Table 7 Comparison of mean adult weekly imaging volumes for 2019 and 2020 including 95%CIs, by mobile and non-mobile imaging 
categorised by patient setting

2020 2019
Adult Setting Modality

Mean Min-max 95%CI Mean Min-max 95%CI
P value

Emergency Mobile 366.64 63- 550 330.11-403.17 63.23 45-85 60.86-65.61 < 0.0001

Non-mobile 783.59 574-1190 739.11-828.08 1234.33 1095-1385 1216.54-1252.13 < 0.0001

Inpatient Mobile 451.25 240-614 420.38-482.12 355.65 298-417 348.44-362.86 < 0.0001

Non-mobile 404.00 310-514 386.64-421.36 438.93 339-564 428.10-449.77 0.001

Table 8 Summed imaging volumes and percentage change in paediatric imaging volume across patient class in waves 1 and 2

Wave 1 2020 (weeks 63-68) 2019 (weeks 11-16) % change Wave 2 2020 (weeks 80-95) 2019 (weeks 28-43) % change

ED 804 1498 -46.3 ED 2780 3887 -28.5

IP 1799 2571 -30.0 IP 5818 6938 -16.1

OP 1162 1207 -3.7 OP 3041 3776 -19.5

Overall 3765 5276 -28.6 Overall 11639 14601 -20.3

ED: Emergency department; IP: Inpatient; OP: Outpatient.

Table 9 Summed imaging volumes and percentage change in paediatric imaging volume across modalities in wave 1

Wave 1 2020 (weeks 63-68) 2019 (weeks 11-16) %

Angiography 9 6 50

Bone mineral densitometry 16 22 -27.3

Computed tomography 71 96 -26.0

Fluoroscopy 120 148 -18.9

General radiography 1896 2936 -35.4

Magnetic resonance imaging 253 340 -25.6

Nuclear medicine 12 23 -47.8

Ultrasound 1388 1705 -18.6

During the pandemic’s second wave between July 8 and October 27, 2020 (weeks 80 to 95), paediatric 
imaging modality services declined by between 5.2% and 36.7% when compared to the same time in 
2019 (July 10 and October 29, 2019, weeks 28 to 43), shown in Table 10. Figure 5 highlights the weekly 
paediatric modality imaging volumes.

Comparison of the paediatric mean weekly 2019 (pre-COVID-19, Jan 2nd 2019 to 29th Feb 2020, weeks 1 
to 61) with 2020 (March 1st to Dec 31st 2020 weeks 61 to 104) imaging volumes by modality, categorised 
by inpatient, outpatient and emergency services (Table 11) shows statistically significant changes in two 
emergency imaging modalities (P = 0.0001 to P < 0.0001), two inpatient imaging modalities (P = 0.0003 
to P < 0.0001), and four outpatient imaging modalities (P = 0.019 to P < 0.0001). Overall changes across 
all patient classes were observed in five imaging modalities (P = 0.037 to P < 0.0001).

Mobile and non-mobile X-ray imaging: During the pandemic’s first wave in Victoria, total paediatric 
mobile imaging volume decreased by 0.7% between March 11 and April 21, 2020 (weeks 63 to 68) 
compared to the same time in 2019 (March 13 and April 23 2019, weeks 11 to 16). During the pandemic’s 
second wave, paediatric mobile imaging volume decreased by 6.7% between July 8 and October 27, 2020 
(weeks 80 to 95) compared to the same time in 2019 (July 10 and October 29, 2019, weeks 28 to 43). 
Table 12 highlights the mobile imaging changes across inpatient and emergency patient classes during 
the first and second waves.

Comparison of the paediatric mean weekly 2019 (pre-COVID-19, Jan 2nd 2019 to 29th Feb 2020, weeks 1 
to 61) with 2020 (March 1st to Dec 31st 2020 weeks 61 to 104) mobile and non-mobile X-ray imaging 
volumes, categorised by inpatient and emergency services (Table 13) shows statistically significant 
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Table 10 Summed imaging volumes and percentage change in paediatric imaging volume across modalities in wave 2

Wave 2 2020 (weeks 80-95) 2019 (weeks 28-43) %

Angiography 19 23 -17.4

Bone mineral densitometry 56 68 -17.6

Computed tomography 226 241 -6.2

Fluoroscopy 314 397 -20.9

General radiography 5472 7938 -31.1

Magnetic resonance imaging 874 922 -5.2

Nuclear medicine 38 60 -36.7

Ultrasound 4640 4952 -6.3

Figure 3 Weekly adult imaging volumes by modality from January 2019 to December 2020 (Weeks 1 to 104). A: Week 63-commencement of first 
wave; B: Week 80-commencement of second wave.

changes across all mobile and non-mobile imaging (P = 0.025 to < 0.0001). The correlation between 
mobile and non-mobile imaging was -0.29 (P = 0.003) in the emergency setting, while no correlation was 
observed in the inpatient setting (Spearman correlation coefficient 0.044, P = 0.656). Figure 6 highlights 
the weekly paediatric X-ray mobile and non-mobile imaging volumes.

DISCUSSION
We found a reduction in the imaging volume between 2% and 30% across all adult patient classes and 
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Table 11 Comparison of mean paediatric weekly imaging volumes for 2019 and 2020 including 95%CIs, by imaging modality 
categorised by patient setting

2020 2019
Paediatric Setting Modality

Mean Min-max 95%CI Mean Min-max 95%CI
P value

Emergency Angiography 0.02 0-1 -0.02-0.07 0.02 0-1 -0.02-0.05 -0.83

Computed tomography 4.3 0-11 3.54-5.05 5.0 0-12 4.33-5.67 0.17

Fluoroscopy 2.27 0-6 1.68-2.86 2.53 0-7 2.08-2.99 0.48

Radiography 160.77 75-281 144.44 -177.11 206.58 123-268 198.64-214.52 < 0.0001

Magnetic resonance imaging 1.7 0-5 1.33-2.08 1.87 0-5 1.49-2.24 0.55

Nuclear Medicine 0.07 0-1 -0.01-0.15 0.05 0-1 -0.01-0.11 0.70

Ultrasound 14.41 6-25 13.16-15.65 17.67 8-26 16.59-18.74 0.0001

Inpatient Angiography 1.18 0-4 0.83-1.53 1.17 0-6 0.85-1.48 0.95

Computed tomography 5.66 1-14 4.92-6.4 5.66 0-11 5.0-6.27 0.96

Fluoroscopy 17.8 7-38 15.86-19.73 19.98 7-30 18.61-21.36 0.061

Radiography 85.84 56-120 81.74-89.94 97.97 70-143 93.99- 101.95 < 0.0001

Magnetic resonance imaging 25.73 11-41 23.6-27.86 25.05 8-41 23.41-26.69 0.61

Nuclear Medicine 0.55 0-3 0.28-0.81 0.98 0-5 0.72-1.25 0.025

Ultrasound 58.36 33-76 55.51-61.21 65.33 40-84 62.9-67.77 0.0003

Bone mineral densitometry 0.82 0-4 0.47-1.17 1.27 0-4 1.01-1.53 0.038

Outpatient Angiography 0.05 0-1 -0.02-0.11 0.38 0-3 0.20-0.57 0.003

Computed tomography 4.43 1-9 3.82-5.04 4.28 0-10 3.75-4.82 0.72

Fluoroscopy 2.25 0-7 1.7-2.8 2.72 0-9 2.22-3.22 0.22

Radiography 121.2 66-197 110.62-131.79 167.88 87-215 161.21-174.55 < 0.0001

Magnetic resonance imaging 25.48 10-37 23.49-27.46 28.82 11-47 26.92-30.72 0.019

Nuclear medicine 2 0-6 1.54-2.46 2.47 0-6 2.08-2.86 0.13

Ultrasound 198.77 92-266 186.88-210.66 208.77 117-260 201.54-215.99 0.13

Bone mineral densitometry 1.86 0-8 1.37-2.35 2.8 0-7 2.35-3.25 0.007

All classes Angiography 1.25 0-4 0.89-1.61 1.57 0-6 1.22-1.91 0.22

Computed tomography 14.39 8-23 13.10-15.67 14.92 5-21 14.01-15.83 0.49

Fluoroscopy 22.32 11-44 20.04-24.60 25.23 8-40 3.59-4.54 0.037

Radiography 367.82 239-538 340.73-394.90 472.43 331-581 458.91-485.96 < 0.0001

Magnetic resonance imaging 52.91 23-78 49.27-56.55 55.73 22-84 52.78-58.68 0.23

Nuclear Medicine 2.61 0-8 2.01-3.21 3.5 0-7 3.05-3.95 0.017

Ultrasound 271.55 149-346 258.11-284.98 291.77 184-350 283.07-300.46 0.010

Bone mineral densitometry 2.68 0-9 2.03-3.33 4.07 0-8 3.59-4.54 0.001

Total 735.52 476-1024 693.13-777.91 869.22 553-1016 845.88-892.55 < 0.0001

10% and 37% in adult imaging volumes by modality during the first wave of the pandemic. Nuclear 
Medicine was the modality most impacted, and angiography the least impacted. While periods analysed 
may differ slightly, the findings for adult imaging volumes were less than those reported in Germany 
(41%, all modalities)[14], New York (14% to 53%)[15], California, Florida, Michigan, Massachusetts and 
New York (40% to 70%)[16], and Ohio (53%)[17]. During the second wave of the pandemic, all adult 
radiology modalities reported a reduction of between 2% and 32% in imaging volumes and between 9% 
and 24% in imaging volumes across all patient classes. Adult computed tomography imaging volumes 
experienced a 2% increase. Nuclear medicine was the modality most impacted. This is less than the data 
obtained from Medicare reported by Sreedharan et al[12], who found that general radiography and 
ultrasound were most impacted, while computed tomography and nuclear medicine services were less 
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Table 12 Summed imaging volumes and percentage change in paediatric mobile imaging volume across patient class in waves 1 and 2

Wave 1 2020 (weeks63-68) 2019 (weeks 11-16) % change Wave 2 2020 (weeks 80-95) 2019 (weeks 28-43) % change

ED 44 32 37.5 ED 370 151 145.0

IP 400 415 -3.6 IP 1021 1340 -23.8

Overall 444 447 -0.7 Overall 1391 1491 -6.7

ED: Emergency department; IP: Inpatient.

Table 13 Comparison of mean paediatric weekly imaging volumes for 2019 and 2020 including 95%CIs, by mobile and non-mobile 
imaging categorised by patient setting

2020 2019
Paediatric Setting Modality

Mean Min-max 95%CI Mean Min-max 95%CI
P value

Emergency Mobile 18.70 1-38 16.08-21.33 6.62 1-17 5.69-7.54 < 0.0001

Non-mobile 142.07 63-251 126.62 – 157.52 199.97 121-261 192.12 – 207.81 < 0.0001

Inpatient Mobile 66.89 44-95 63.13-70.64 72.95 46-102 69.31- 76.59 0.025

Non-mobile 18.95 7-33 17.22-20.69 25.00 9-42 23.24-26.76 < 0.0001

Figure 4 Weekly adult X-ray mobile and non-mobile imaging volumes from January 2019 to December 2020 (Weeks 1 to 104). A: Week 63-
commencement of first wave; B: Week 80 commencement of second wave. ED: Emergency department; IP: Inpatient.

affected. It was unclear whether paediatric data were included in their analysis[12].
Similarly, during the first wave of the pandemic, there was a reduction in paediatric imaging volumes 

of between 19% and 48% across all modalities except for angiography reporting a 50% increase in the 
imaging volume. There was a 4%-46% reduction across all paediatric patient classes. Nuclear Medicine 
was the modality most impacted, with ultrasound being the least impacted. While paediatric emergency 
patient presentations decreased by 25% in one Sydney health service, we observed a larger decrease in 
paediatric imaging service utilisation in the emergency department and inpatient settings[18].

During the second wave of the pandemic, there was a reduction of between 5% and 37% in paediatric 
modality cases and between 16% and 28% across paediatric patient classes. Nuclear Medicine was most 
impacted, while magnetic resonance imaging was least affected.

Decline in adult services (2% IP, 30% OP, 26% ED) were generally less to those reported by Naidich et 
al[15] (ED (27%), OP (57%), IP (14%)). Furthermore, outpatient services were reported in South Africa 
(40% over six months)[5]. outpatient imaging (58%, 72%[14,17], inpatient imaging (41%, 43%)[14,17], 
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Figure 5 Weekly paediatric imaging volumes by modality from January 2019 to December 2020 (Weeks 1 to 104). A: Week 63-commencement 
of first wave; B: Week 80 commencement of second wave.

and emergency department imaging (39%, 49%)[14,17] in Ohio and Berlin highlighted greater declines 
in demands than we observed. Australia utilised the experience of other nations in preparation for 
COVID-19. For example, Australia reduced elective medical procedures in line with other countries and 
implemented PPE measures, social distancing, and stay-at-home measures for non-essential workers[5]. 
We found that most of our outpatient imaging services were severely impacted (19%-50% loss in 
imaging volume) by new social distancing and appropriate cleaning measures. Inpatient services were 
also affected by the decline in elective surgeries, while emergency patient volume was reduced due to 
more people isolating at home.

From July to September 2020, Australia experienced the pandemic’s second wave. This was most 
prevalent in Victoria. The government implemented border closures, curfews, limiting movement to a 
five-kilometre radius, working from home for non-essential workers, business and education closures, 
wearing masks indoors and outdoors, and physical distancing measures to reduce COVID-19 cases[5]. 
During this phase of the pandemic, we observed a minor reduction in patient volume across all 
modalities at our institution compared to the first wave’s impact. This could be due to health services 
becoming better equipped, informed and organised to manage pandemic outbreaks[5]; earlier diagnosis 
of COVID-19 via more rigorous PCR testing[5,20]; patients were better informed about the risks of 
contracting COVID-19, thus more likely to seek medical care. Earlier in the pandemic, it had been 
reported that patients were afraid to come to the hospital, potentially compromising their health[21,22].

Angiography
Our angiography statistics represented interventional radiology procedures performed in the 
angiography suite primarily guided by fluoroscopy or ultrasound. Like other modalities, the 
angiography suite was substantially impacted in outpatient volume when the Department of Health 
and Human Services ruled that only Category 1 patients could attend. In April and August 2020, there 
was a decrease in inpatient studies. However, recovery in this patient class was swift, with patient 
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Figure 6 Weekly paediatric X-ray mobile and non-mobile imaging volumes from January 2019 to December 2020 (Weeks 1 to 104). A: Week 
63-commencement of first wave; B: Week 80 commencement of second wave. ED: Emergency department; IP: Inpatient.

volume surpassing pre-COVID attendances. Patients delayed procedures during the first wave of 
COVID-19 for fear of contracting the virus while in hospital.[7] This increased unplanned hospital 
admissions with patients requiring procedures, leading to increased service demand. Some patients 
may have also been scheduled to relieve burgeoning waitlist times.

Bone mineral densitometry
United Kingdom bone mineral densitometry (BMD) wait lists increased during the pandemic, resulting 
in treatment delays for osteoporosis[23]. We observed the same relative reduction in imaging volumes 
during the first and second waves of the pandemic, likely determined by clinic closures[24], use of 
telehealth to minimise hospital visits[5], staff redeployment[25], or delaying medical treatment[26].

CT
CT was one of the modalities least impacted by new policies and guidelines implemented during the 
pandemic. This is not surprising given the importance of CTPA for early contribution to patient 
diagnosis[5]. While early in the pandemic, CT was the modality of choice for assisting in COVID-19 
diagnosis[5], this changed due to the high radiation doses and availability of PCR testing[5]. While there 
was a reduction in CT demand during the peak waves of the pandemic, we observed an increase in CT 
utilisation during the second wave of the pandemic, consistent with other reports[27]. During the 
pandemic, outpatient CT studies for malignancy staging were delayed based on criteria set by senior 
management due to the risk of cross-contamination between inpatients and outpatients. Access to an 
independent CT scanner within the hospital at an onsite research facility improved workflow for this 
patient cohort. During the pandemic, elderly Victorians in aged care died from the virus as transmission 
rates among staff members in certain aged care facilities increased. The government intervened by 
placing aged care residents into Victorian hospitals as a safety measure for our most vulnerable. The 
increase in inpatient CT scans during this period can likely be attributed to this mandate.

Fluoroscopy
Many non-clinically urgent fluoroscopy studies, such as barium swallows for outpatient studies, were 
placed on hold or rescheduled during the pandemic. Following Victoria’s second wave, there was a 
resurgence of patient bookings from October 2020. The end of September 2020 marked the easing of 
stage 4 restrictions, with COVID-19 infections decreasing significantly. Thus outpatient and inpatient 
bookings were rescheduled over the coming months to cope with demand. A significant change in 
imaging volume was observed between June and July, with a below-average patient number in July 
(Figure S2). This can be likely attributed to the similar timing of outbreaks in COVID-19 at aged care 
centres, prompting the Victorian government to move aged care residents to hospitals to prevent further 
COVID-19-related deaths.
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General radiography
While adult general X-ray was particularly impacted during the pandemic’s first wave, likely due to the 
cancellation of elective surgery and outpatient clinics, less impact was observed during the second 
wave. Conversely, paediatric general X-ray imaging volumes significantly reduced during both 
pandemic waves. In 2020, the utilisation of mobile imaging saw significant growth. This can be 
attributed to workflow changes such as infection control measures to reduce patient movement[28]. 
Senior management purchased extra mobile imaging systems to manage the increased demand, 
contributing to the observed changes. Other imaging protocol modifications to reduce the risk of 
contracting COVID-19, such as imaging through glass, were performed but not used routinely at our 
institution[8]. The utilisation of mobile imaging more than doubled during the peak of the pandemic at 
our institution, particularly in the emergency setting. This is comparable with the findings of others. 
Surveyed Western Australian medical imaging professionals perceived increased mobile chest imaging, 
particularly in the public hospital setting[29]. At the same time, in Singapore, there was a three-fold 
increase in emergency department mobile imaging usage[30]. Although mobile imaging utilisation 
increased, there was little change in radiographer-reported doses[31]. There was a slight shift in imaging 
regions other than the chest (data not shown)[31]. We also observed that fixed X-ray imaging decreased 
when adult mobile imaging increased in the emergency setting. This was likely to reduce transmission 
risk and manage potential increased demand[8,32]. The greatest impact on adult mobile imaging usage 
was observed during the pandemic’s second wave, when the risk of cold and influenza was heightened 
(July-September 2020)[33].

MRI
We observed appreciable declines due to work practice changes implemented in adult and paediatric 
MRI services during the pandemic contributed to long waiting lists across our network. Elective general 
anaesthetic cases were placed “on hold” as per Victorian Government recommendations and aerosol-
generating procedure policies to allow room resting and cleaning that extended the total examination 
time, particularly impacted paediatric services[3,34,35].

Mammography
As with other imaging modalities, our mammography service also experienced a reduction in imaging 
volumes during the first and second waves of the pandemic. This is consistent with other findings, 
though to a lesser extent, in our health service[15,36,37]. In Australia, breast screening services were 
temporarily suspended, with services reopening based upon government recommendations. Similarly, 
changes in workflow required stricter patient management protocols and cleaning protocols to minimise 
transmission risk[28,37,38].

Nuclear medicine 
We found that nuclear medicine, then mammography were the modalities most impacted by the 
pandemic and consistent with the findings of others[15,16,36,37]. This could, in part, be due to logistical 
changes to isotope supply. From March to July and October to November 2020, there were significant 
issues with isotope transportation locally and overseas, particularly during the first wave of the 
pandemic. Due to unforeseen mechanical problems at the Australian Nuclear Science and Technology 
Organisation manufacturing site, there were also supply interruptions. These included a broken 
conveyer belt, storm causing electrical faults, production failure, isotope refinement and contamination 
issues. Other challenges included scheduled reactor shutdown, with difficulty in alternate isotope 
sourcing to meet demand. These interruptions could have contributed to the significant changes 
observed.

Ultrasound
At our institution, ultrasound was less impacted than other modalities, which is consistent with other 
experiences[16,19]. However, data from Germany found ultrasound was the most significantly affected 
imaging modality, though not all modalities were included in their analysis[14]. Ultrasound services 
were transformed considerably in the early weeks of the outbreak, with the expansion of ambulatory 
centres to provide ‘clean’ sites. In the main hospital centres, there was a substantive need for mobile 
ultrasound examination both in ED and in the wards. In the lead-up to the pandemic, we observed a 
decrease in ED patients. ED patient imaging volume stabilised during the pandemic, with some growth 
observed. The reason for this surge was thought to be multi-factorial. There seemed to be a tendency for 
patients to attend an ED rather than their local GP. It was also believed that patients’ examinations were 
initially delayed, and the surge compensated for this. There was no obvious change in the referral 
patterns for the types of examinations requested. Anecdotally, point of care ultrasound (PoCUS) 
examinations decreased across this period. This seemed to be related to clinicians minimising patient 
contact and deciding to suspend PoCUS training.

Inpatient services overall increased, but there were small reductions in patient volumes during the 
first and second waves. While other services reported some value for lung ultrasound, this was not used 
in evaluating COVID-19-positive patients at our institution[10]. Consistent with the other modalities, we 
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did see a decrease in outpatient attendances, which returned relatively quickly. This is likely due to 
outpatient clinic closures, halting non-essential ultrasound intervention, and patients' choice to delay 
their scans. As with other modalities, ultrasound was less impacted during the second wave. Obstetric 
cases throughout this period were deemed an essential service and did not change. Sonographers were 
activated to perform blood pressures as part of a third-trimester pathway as many women were seen via 
telehealth. The Early Pregnancy Bleeding pathway and clinic were also relocated to ultrasound. Minor 
changes were made to scan protocols. Targeted scans were introduced for high-risk patients. The timing 
of paediatric hip screening was adjusted to minimise the risk of repeat examinations.

Paediatrics
Overall, there was a decrease of approximately 55% from April to October 2020 compared to 2019. 
Recovery of paediatric imaging, particularly after the second wave (September to December 2020), was 
more rapid, coinciding with the gradual reduction in Melbourne’s COVID-19 case numbers and the 
subsequent easing of restrictions. Many patients and families deferred non-urgent imaging during the 
lockdown. Moreover, lockdown, home-schooling and suspension of group sports further reduced 
paediatric cases from sporting injuries[39]. We did observe a slight increase in some services, such as 
MRI, during 2020 despite COVID-19 disruption, as services returned to pre-COVID-19 demand. This 
was due to the new software and hardware upgrade in February 2020, reducing the total scan time and 
potentially increasing patient throughput while providing additional time for cleaning. As observed 
with adult modality data, following lockdowns in April and July-September 2020 and elective surgery 
deferral, there was a dramatic decrease in paediatric imaging across all modalities, except for 
angiography (minimal imaging volume). Recovery was observed between the first and second waves. 
However, it did not reach the pre-COVID-19 Levels. We also observed an increase in mobile usage in 
emergencies to help reduce the transmission risk.

Study limitations
While our health service cared for the first Australian COVID-19 patient, other health services across 
Melbourne, particularly in the north and west, experienced higher caseloads. Consequently, these health 
services may have experienced more significant declines in radiology services than we observed across 
our health services. Our institution purchased additional mobile X-ray units to prepare for the 
pandemic, contributing to the increased use. Of note, the MRI software and hardware upgrades did not 
significantly increase the imaging volume. However, they did provide additional time for practice 
changes, such as improved infection control measures. Nuclear medicine experienced even more 
significant challenges during the pandemic due to unforeseen interruptions to isotope supplies as a 
confounding variable. This required additional patient rescheduling, often at short notice. Given that 
data was analysed between 2019 and 2020, some underlying baseline year-to-year variability may be 
contributing to the findings. Timeframes defining COVID-19 may vary worldwide, making data 
comparison somewhat difficult.

This work represents one large Victorian health service; however, it may not be generalisable to other 
health services.

Lessons learned: (1) Once-in-a-lifetime events such as a global pandemic can significantly impact 
workflow across imaging modalities, with the need to implement new processes; (2) Our experience 
during the pandemic was not the same as those experiences described by other nations due to the 
variation in severity and (3) Modalities across our health network were impacted differently due to 
changes in service demands, closures of outpatient clinics, and rescheduling elective surgeries.

CONCLUSION
Collected data provides an evidence-based insight into changing imaging volume related to COVID-19. 
This information will allow the network to predict the dynamic demands in imaging more accurately 
and promptly adapt its policies. We found that adult CT, angiography and ultrasound recovery 
following the first and second waves of the pandemic recovered faster than nuclear medicine, BMD and 
MRI. Paediatric MRI and ultrasound recovered faster than nuclear medicine and general radiography 
following the first and second waves of the pandemic. Modalities were less impacted during the second 
wave (July-September 2020) than during the first wave (April 2020), except for angiography outpatients. 
At our health network, nuclear medicine was the imaging modality most impacted by COVID-19 in 
adult and paediatric settings. There may have been other factors, however, influencing these results. 
Adult CT imaging increased during the second wave, while paediatric ultrasound was the least affected. 
Radiology departments can minimise the impact of future COVID-19/public health outbreaks on 
imaging volumes by ensuring each modality is appropriately resourced to continue providing safe and 
patient-centred care.



Pinson JA et al. Imaging volumes during COVID-19

WJR https://www.wjgnet.com 308 August 28, 2022 Volume 14 Issue 8

ARTICLE HIGHLIGHTS
Research background
Medical imaging modalities worldwide were significantly impacted by the the coronavirus disease 2019 
(COVID-19) pandemic; however, each country's experience differed. This study provides an in-depth 
analysis of the impact on adult, paediatric, inpatient, outpatient, emergency and mobile services across 
the first and second waves of the COVID-19 pandemic in a large public health network in Victoria, 
Australia.

Research motivation
This work provides evidence for managing and redeploying resources during "once in a lifetime" events 
such as a pandemic and impact duration. Using this work, modelling and forecasting anticipated 
changes to imaging demand can be performed, allowing optimal utilisation of departmental staffing to 
manage workloads.

Research objectives
To identify adult and paediatric imaging volume changes, including mobile imaging across a large 
Victorian public hospital network. We realised our objectives, and the findings highlighted significant 
differences across the modalities analysed. Future research could monitor the long-term impacts of such 
events, such as staff burnout or opportunities for additional training to address deficiencies identified.

Research methods
The use of statistical methods in data analysis highlighted the modalities, patient classes and differences 
between adult and paediatric imaging. Particularly, methods to identify any correlation between mobile 
and non-mobile imaging volumes were novel.

Research results
We identified that the greatest impact occurred in Nuclear Medicine during the first and second waves, 
with all modalities less affected during the second wave; other modalities such as computed 
tomography were less impacted, requiring greater resources to manage service demand. We observed a 
shift in regions imaged using mobile imaging. It would be essential to understand this impact regarding 
image quality, workflow and patient radiation dose.

Research conclusions
Medical imaging modality services across a large Victorian public health network were significantly 
affected during the COVID-19 pandemic; however, the impact on different modalities varied relative to 
studies performed in other countries. It is essential to have a broad perspective of the impact to each 
imaging modality in both the adult and paediatric context to help better address the need for workflow 
changes. It is essential to consider whether imaging services are inversely correlated to manage optimal 
departmental resourcing.

Research perspectives
Future research could further investigate the long-term impact of lockdowns and the pandemic on 
imaging modality volumes and their recovery. This can help inform future budgeting requirements 
regarding the need for additional equipment and staffing to manage continuous workflow demands.
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Abstract
BACKGROUND 
The aim of this study was to define clinical evidence supporting that triple rule-
out computed tomography angiography (TRO CTA) is a comprehensive and 
feasible diagnostic tool in patients with novel coronavirus disease 2019 (COVID-
19) who were admitted to the emergency department (ED) for acute chest pain. 
Optimizing diagnostic imaging strategies in COVID-19 related thromboembolic 
events, will help for rapid and noninvasive diagnoses and results will be effective 
for patients and healthcare systems in all aspects.

AIM 
To define clinical evidence supporting that TRO CTA is a comprehensive and 
feasible diagnostic tool in COVID-19 patients who were admitted to the ED for 
acute chest pain, and to assess outcomes of optimizing diagnostic imaging 
strategies, particularly TRO CTA use, in COVID-19 related thromboembolic 
events.

METHODS 
TRO CTA images were evaluated for the presence of coronary artery disease, 
pulmonary thromboembolism (PTE), or acute aortic syndromes. Statistical 
analyses were used for evaluation of significant association between the variables. 
A two tailed P-value < 0.05 was considered statistically significant.

RESULTS 
Fifty-three patients were included into the study. In 31 patients (65.9%), there was 
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not any pathology, while PTE was diagnosed in 11 patients. There was no significant relationship 
between the rates of pathology on CTA and history of hypertension. On the other hand, the 
diabetes mellitus rate was much higher in the acute coronary syndrome group, particularly in the 
PTE group (8/31 = 25.8% vs 6/16 = 37.5%, P = 0.001). The rate of dyslipidemia was significantly 
higher in the group with pathology on CTA while compared to those without pathology apart 
from imaging findings of the pneumonia group (62.5% vs 38.7%, P < 0.001). Smoking history rates 
were similar in the groups. Platelets, D-dimer, fibrinogen, C-reactive protein, and erythrocyte 
sedimentation rate values were higher in COVID-19 cases with additional pathologies.

CONCLUSION 
TRO CTA is an effective imaging method in evaluation of all thoracic vascular systems at once and 
gives accurate results in COVID-19 patients.

Key Words: COVID-19; Pulmonary thromboembolism; Coronary artery disease; Acute aortic syndromes; 
Triple rule-out computed tomography angiography

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Acute chest pain might be due to pneumonia itself or accompanying vascular events in novel 
coronavirus disease 2019 (COVID-19) cases. Triple rule-out computed tomography angiography (TRO 
CTA) is an effective and non-invasive diagnostic method in COVID-19 patients who were admitted to the 
emergency department with acute chest pain. TRO CTA is an imaging method that evaluates all thoracic 
vascular systems at once and gives accurate results in the COVID-19 patient group with acute chest pain, 
which has been proven to be susceptible to thrombotic events.
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INTRODUCTION
Acute chest pain is one of the major complaints among the admissions to the emergency department 
(ED)[1,2]. In some patients, diagnoses can be made by electrocardiographic (ECG) changes, elevated 
cardiac laboratory biomarkers, and typical symptoms. However, a normal ECG or cardiac biomarkers 
do not rule out acute cardiovascular disease and symptoms might be atypical[3]. Moreover, after the 
novel coronavirus disease 2019 (COVID-19) pandemic, it has been more complicated to make a differ-
ential diagnosis list of acute chest pain in the ED. To date, many studies have presented that COVID-19 
causes hypercoagulability[4]. Hypercoagulability is attributed to endothelial cell dysfunction, hypoxia-
induced pathways, and increased blood viscosity[5]. Therefore, to make a rapid and accurate diagnosis 
in COVID-19 patients presenting with acute chest pain is of utmost importance.

Triple rule-out computed tomography angiography (TRO CTA) covers all thoracic vascular systems 
and has advantages in the detection of coronary artery disease, pulmonary thromboembolism (PTE), or 
acute aortic syndromes[6]. TRO CTA has ability to rule out pathology in all three vascular systems, 
particularly in COVID-19 patients who have already increased risk of thrombosis and myocardial injury
[7].

The aim of this study was to define clinical evidence supporting that TRO CTA is a comprehensive 
and feasible diagnostic tool in patients with COVID-19 who were admitted to the ED for acute chest 
pain. Optimizing diagnostic imaging strategies in COVID-19 related thromboembolic events, will help 
for rapid and noninvasive diagnoses and results will be effective for patients and healthcare systems in 
all aspects.

MATERIALS AND METHODS
This study was approved by our Institutional Review Board and as it was a retrospective study, written 
informed consent was waived. No author has any conflict of interest to declare in this study. Our 
radiology archiving system was searched for patients who applied to the ED for acute chest pain and 
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underwent TRO CTA between September 2020 and January 2021. Patients older than 18 years, who had 
COVID-19 pneumonia and applied to the emergency department for acute chest pain, and underwent 
TRO CTA for further evaluation were included in this study. The exclusion criteria were as follows: 
Unreachable clinical or laboratory data and incomplete documentation of imaging data or inadequate 
imaging quality. Six of the patients were excluded from the study and the remaining 47 patients fulfilled 
the inclusion criteria. Medical records were used for the collection of demographics and clinical and 
laboratory findings. TRO CTA images were evaluated for the presence of the coronary artery disease, 
PTE, or acute aortic syndromes.

In our center, TRO CTA examination is performed according to the eligibility criteria in the article of 
Eltabbakh AR et al[8].

TRO-CTA protocol
All TRO CTA scans were acquired using a third-generation dual-source CT scanner (Somatom Force, 
Siemens Healthineers). The protocol begins with a noncontrast prospectively ECG-triggered acquisition 
between the levels of the carina and the base of the diaphragm for coronary artery calcium scoring. 
After this, CTA was acquired from the lung apices to the diaphragm after the administration of 
intravenous contrast. According to patients’ condition, prospectively ECG-triggered, retrospectively 
ECG-gated, or prospectively ECG-triggered high pitch spiral acquisition was used. An intravenous 
iodinated contrast material of 60 to 90 mL was administered at an injection rate of 4 to 6 mL/s, followed 
by a saline chaser of 50 mL. Nitroglycerin or beta-blocker administration was not used. Primarily, the 
coronary arteries were opacified during image acquisition, while homogeneous enhancement of the 
pulmonary arteries happened. For the evaluation of the maximum intensity projection of the aorta, 
coronary and pulmonary arteries, curved planar and volume-rendered reconstructions were obtained; 
findings were then confirmed on the axial CT source images.

Statistical analysis
Data were analyzed using the Statistical Package for Social Sciences (SPSS) for Windows 20 software 
(IBM SPSS Inc., Chicago, IL, United States). Normal distribution of the data was evaluated using the 
Kolmogorov-Smirnov test. Numerical variables with a normal distribution are shown as minimum-
maximum values. Categorical variables are shown as percentages. Differences in normally distributed 
variables between groups were evaluated using Student’s t-test. Categorical variables were evaluated by 
the chi-square test between groups.

A two tailed P-value < 0.05 was considered statistically significant.

RESULTS
In this study, 53 patients who were previously diagnosed with laboratory-proven (real-time PCR) 
COVID-19 pneumonia and underwent triple rule-out computed tomography angiography due to 
sudden chest pain between September 2020-January 2021, were retrospectively searched. Six of these 
patients were excluded from the study because of insufficient quality of the images or because the 
necessary laboratory and/or clinical data could not be reached. The study population consisted of 47 
patients. The creatinine values of 47 patients included in the study were within the physiological range.

Twenty-nine (61.7%) of 47 patients were men and 18 (38.3%) of them were women. Mean age was 
61.7 ± 13.6 years and median age was 59 years (min-max: 47-84 years).

In 31 patients (65.9%), there was not any pathology except for parenchymal findings of COVID-19 
pneumonia. PTE was diagnosed in 11 patients (Figure 1), significant stenosis in the coronary arteries 
diagnosed in 4 (Figures 2 and 3), and dissection in the descending aorta diagnosed in 1 (Figure 4). All 
coronary artery stenoses were observed in the left anterior descending artery and its branches. The 
patient with thoracic aortic dissection had a history of previous abdominal aortic dissection.

Forty-one (41/47, 87.2%) of the patients included in this study had a history of hypertension. All 
patients with hypertension were using antihypertensive drugs and blood pressures were under control. 
There was no significant relationship between the rates of pathology on CTA and history of 
hypertension. When patients with findings on CTA and those without findings other than COVID-19 
pneumonia on CTA were compared, HT rates were similar (normal group 14/16, 87.5% vs pathologic 
group 27/31, 87%, P = 0.09).

Fourteen patients had a history of diabetes mellitus (DM) (14/47, 29.7%). Eight of these 14 patients 
were in the group with no imaging findings other than pneumonia, 5 of them were in the PTE group, 
and 1 was in the acute coronary syndrome group. When compared with those without any imaging 
findings other than pneumonia on CTA, the DM rate was much higher in the acute coronary syndrome 
group, particularly in the PTE group (8/31 = 25.8% vs 6/16 = 37.5%, P = 0.001).

Dyslipidemia was detected in the blood test taken just before (1-3 d) the CTA examination in 22 
(22/47, 46.8%) patients. Nine of these patients also had a history of DM. Fourteen of these patients were 
previously aware of the history of hypercholesterolemia and were using statin derivatives.
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Figure 1 A 77-year-old male patient. Curved multiplanar reformatted image shows embolus in the right lung lower lobe artery (arrow).

Figure 2 A 73-year-old male patient. A: Diffuse calcific and soft plaque formations are seen in the left main, left anterior descending (LAD), and left circumflex 
arteries on axial maximum intensity projection image; B: Moderate stenosis (50% to 69%) is present (linear marker) in the proximal segment of LAD on curved 
multiplanar reformatted image.

Figure 3 A 63-year-old female patient. A: Moderate stenosis (50% to 69%; linear marker); B: Calcific plaque formations are seen in the right coronary artery on 
coronal maximum intensity projection images.

The mean total cholesterol level of these patients was 243.9 ± 71.2 mg/dL, and the low-density 
lipoprotein cholesterol level was 171.5 ± 42.6 mg/dL. All of the patients with significant findings on 
TRO CTA had a total cholesterol level above 240 mg/dL and low-density lipoprotein cholesterol level 
above 175 mg/dL. Twelve of these 22 patients were in the group without imaging findings other than 
pneumonia, 7 were in the PTE detected group, 2 were in the acute coronary syndrome group, and 1 was 
in the group with aortic dissection. The rate of dyslipidemia was significantly higher in the group with 
pathology on CTA while compared to those without pathology apart from imaging findings of the 
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Figure 4 A 78-year-old male patient. Sagittal maximum intensity projection image depicts Stanford type B dissection.

pneumonia group (10/16 = 62.5% vs 12/31 = 38.7%, P < 0.001).
Nine of the patients included in this study (9/47, 19.1%) had a smoking history. There was not any 

significant relationship between smoking history and the rate of pathology detected using TRO CTA. 
Smoking history rates were similar in the group who had pathology on CTA, compared to those 
without pathology apart from imaging findings of the pneumonia group (3/16 = 18.7%, 6/31 = 19.3%, P 
< 0.08).

Two patients (2/47, 4.2%) had a history of cancer (breast cancer and lymphoma). There was not any 
pathology except for imaging findings of pneumonia detected on CTA in these patients.

The mean PLT value of the whole population was 231.99 ± 64.15 (x 109/L), the D-dimer value was 
854.75 ± 347.65 µg/L , the fibrinogen value was 333.05 ± 66.3 mg/dL, the C-reactive protein (CRP) value 
was 37.31 ± 2.01 mg/dL, and the erythrocyte sedimentation rate (ESR) value was 55.9 ± 8.2 mm/h 
(Table 1).

DISCUSSION
Our study revealed that TRO CTA is an effective and non-invasive diagnostic method in COVID-19 
patients who were admitted to the ED with acute chest pain. Acute chest pain might be due to 
pneumonia itself or accompanying vascular events which are related to an increased risk of thrombosis, 
endothelial dysfunction, and myocardial injury in COVID-19 cases[5,7,8].

TRO CTA accelerates the precise diagnosis and utilizes the evaluation of the aorta, coronary arteries, 
and pulmonary vascular systems with a single examination for safe and rapid decisions[9]. However, it 
requires a larger amount of contrast medium and higher radiation dose, and might not be easily 
reachable in all centers[10]. But still instead of separate examinations, it is plausible to choose TRO CTA 
not only for acute thoracic vascular emergencies but for parenchymal pathologies in COVID-19 patients. 
Because the correct diagnosis of PTE, acute coronary syndrome, and aortic dissection, influences early 
treatment and thus, it is life-saving[11].

It has been previously emphasized that COVID-19 increases the risk for pulmonary thromboembolic 
events, so the thromboprophylaxis is suggested to prevent PTE[12]. Being a common cause of acute 
chest pain, coronary vascular pathologies can be encountered as a potential differential diagnosis for 
COVID-19. In addition to being an alternative diagnosis, coronary vascular pathologies can also increase 
the mortality of COVID-19 cases[13]. The results of the current study demonstrated that pathologies that 
can be easily diagnosed via the TRO CTA method, such as PTE and coronary vascular pathologies, were 
also frequently encountered in COVID-19 cases. Therefore, easy, accurate, and rapid diagnosis of 
accompanying pathologies can help guide treatment and reduce mortality/morbidity rates. Moreover, 
the effective use of TRO CTA in the ED can enable clinicians to both detect comorbidities and eliminate 
the mimickers of COVID-19 pneumonia.

Performing TRO CTA in every patient with acute chest pain might be challenging and it will not be a 
cost-effective method. According to our results, accompanying pathologies were mostly seen in COVID-
19 patients with DM and dyslipidemia. These data can help the clinicians to select the more eligible 
patients for TRO CTA examinations. In addition to clinical properties, laboratory parameters can also 
help to define suitable patients. We showed that PLT, D-dimer, fibrinogen, CRP, and ESR values were 
higher in COVID-19 cases with additional pathologies other than pneumonia. The relationship between 
D-dimer and fibrinogen levels with thromboembolic events, and the relationship between CRP/ESR 
levels with severity of inflammation and the course of disease were previously studied for COVID-19 
cases[14]. Hence, it would be a wise choice to prefer TRO CTA examinations in cases with severe 
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Table 1 Mean values and statistical significance according to subgroups

Normal group Pathological group P value

PLT (× 109/L) 202.18 ± 45.59 289.75 ± 109.68 0.003

D-Dimer (µg/L) 651.53 ± 167.71 1248.49 ± 520.11 0.001

Fibrinogen (mg/dL) 307.49 ± 61 382.59 ± 80.1 0.002

CRP (mg/dL) 28.75 ± 3.02 53.91 ± 2.2 0.001

ESR (mm/hr) 43.1 ± 7.3 81.23 ± 12.2 0.003

inflammation and who are prone to thromboembolic events.
To the best of our knowledge, there is no research to date that has examined the TRO CTA findings in 

COVID-19 cases and related them to the clinical features. By examining the TRO CTA findings, 
performed in the emergency setting of COVID-19 cases, the current study might increase the awareness 
about the diagnostic utility and effectiveness of the technique, and increase its use.

The limitations of this study are that it is a retrospective single-center study with a small sample size. 
Although our center is a third-level university hospital and has a wide variety of facilities, future studies 
in larger populations are required to support the use of TRO CTA in COVID-19 patients with acute 
chest pain. Subsequently in times to come, our findings should be confirmed in well-powered clinical 
studies in multicenter hospitals. Since our study was retrospective, ECG data of some patients could not 
be accessed.

CONCLUSION
Our study has shown that TRO CTA is an imaging method that evaluates all thoracic vascular systems 
at once and gives accurate results in the COVID-19 patient group with acute chest pain, which has been 
proven to be susceptible to thrombotic events.

ARTICLE HIGHLIGHTS
Research background
The aim of this study was to define clinical evidence supporting that triple rule-out computed 
tomography angiography (TRO CTA) is a comprehensive and feasible diagnostic tool in patients with 
novel coronavirus disease 2019 (COVID-19) who were admitted to the emergency department for acute 
chest pain. Optimizing diagnostic imaging strategies in COVID-19 related thromboembolic events, will 
help for rapid and noninvasive diagnoses and results will be effective for patients and healthcare 
systems in all aspects.

Research motivation
Acute chest pain in COVID 19 patients becomes more difficult due to increasing differential diagnosis. 
TRO CTA helps diagnosis by excluding pulmonary thromboembolism (PTE), coronary artery disease, 
and acute aortic syndrome at the same time.

Research objectives
To decrease the morbidity and mortality rates in patients.

Research methods
Our study is a retrospective study.

Research results
No pathology was detected in 31 of 57 patients included in the study. PTE was detected in 11 patients. 
The diabetes mellitus rate was much higher in the acute coronary syndrome group, particularly in the 
PTE group. The rate of dyslipidemia was significantly higher in the group with pathology on CTA while 
compared to those without pathology apart from imaging findings of the pneumonia group

Research conclusions
TRO CTA can be a useful method in the differential diagnosis of COVID-19 patients who present to the 
emergency department with chest pain.
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Research perspectives
The use of TRO CTA will reduce mortality and morbidity as it will accelerate the diagnosis and 
treatment process in the future. Studies will proceed in this direction.
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Abstract
BACKGROUND 
The 2018 ovarian-adnexal reporting and data system (O-RADS) guidelines are 
aimed at providing a system for consistent reports and risk stratification for 
ovarian lesions found on ultrasound. It provides key characteristics and findings 
for lesions, a lexicon of descriptors to communicate findings, and risk character-
ization and associated follow-up recommendation guidelines. However, the O-
RADS guidelines have not been validated in North American institutions or 
amongst less experienced readers.

AIM 
To evaluate the diagnostic accuracy and inter-reader reliability of ultrasound O-
RADS risk stratification amongst less experienced readers in a North American 
institution with and without pre-test training.

METHODS 
A single-center retrospective study was performed using 100 ovarian/adnexal 
lesions of varying O-RADS scores. Of these cases, 50 were allotted to a training 
cohort and 50 to a testing cohort via a non-randomized group selection process in 
order to approximately equal distribution of O-RADS categories both within and 
between groups. Reference standard O-RADS scores were established through 
consensus of three fellowship-trained body imaging radiologists. Three PGY-4 
residents were independently evaluated for diagnostic accuracy and inter-reader 
reliability with and without pre-test O-RADS training. Sensitivity, specificity, 
positive predictive value, negative predictive value (NPV), and area under the 
curve (AUC) were used to measure accuracy. Fleiss kappa and weighted 
quadratic (pairwise) kappa values were used to measure inter-reader reliability. 
Statistical significance was P < 0.05.

https://www.f6publishing.com
https://dx.doi.org/10.4329/wjr.v14.i9.319
mailto:prayashvk@gmail.com
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RESULTS 
Mean patient age was 40 ± 16 years with lesions ranging from 1.2 to 22.5 cm. Readers 
demonstrated excellent specificities (85%-100% pre-training and 91%-100% post-training) and 
NPVs (89%-100% pre-training and 91-100% post-training) across the O-RADS categories. Sensit-
ivities were variable (55%-100% pre-training and 64%-100% post-training) with malignant O-
RADS 4 and 5 Lesions pre-training and post-training AUC values of 0.87-0.95 and 0.94-098, 
respectively (P < 0.001). Nineteen of 22 (86%) misclassified cases in pre-training were related to 
mischaracterization of dermoid features or wall/septation morphology. Fifteen of 17 (88%) of post-
training misclassified cases were related to one of these two errors. Fleiss kappa inter-reader 
reliability was ‘good’ and pairwise inter-reader reliability was ‘very good’ with pre-training and 
post-training assessment (k = 0.76 and 0.77; and k = 0.77-0.87 and 0.85-0.89, respectively).

CONCLUSION 
Less experienced readers in North America achieved excellent specificities and AUC values with 
very good pairwise inter-reader reliability. They may be subject to misclassification of potentially 
malignant lesions, and specific training around dermoid features and smooth vs irregular inner 
wall/septation morphology may improve sensitivity.

Key Words: Ovarian-adnexal reporting and data system; Ovary; Malignancy; Accuracy; Reliability; 
Ultrasound

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study supports the applied utilization of the ovarian-adnexal reporting and data system (O-
RADS) ultrasound risk stratification tool by less experienced readers in North America. KEY RESULTS: 
The O-RADS ultrasound risk stratification requires validation in less experienced North American readers; 
Excellent specificities (85%-100%), area under the curve values (0.87-0.98) and very good pairwise 
reliability can be achieved by trainees in North America regardless of formal pre-test training; Less 
experienced readers may be subject to down-grade misclassification of potentially malignant lesions and 
specific training about typical dermoid features and smooth vs irregular margins of ovarian lesions may 
help improve sensitivity.

Citation: Katlariwala P, Wilson MP, Pi Y, Chahal BS, Croutze R, Patel D, Patel V, Low G. Reliability of 
ultrasound ovarian-adnexal reporting and data system amongst less experienced readers before and after training. 
World J Radiol 2022; 14(9): 319-328
URL: https://www.wjgnet.com/1949-8470/full/v14/i9/319.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i9.319

INTRODUCTION
Building on the original ovarian-adnexal reporting and data system (O-RADS) publication in 2018, the 
American College of Radiology (ACR) O-RADS working group has recently introduced risk strati-
fication and management recommendations to supplement the detailed reporting lexicon for this classi-
fication system[1,2]. These guidelines aim to provide consistent language, accurate characterization, and 
standardized recommendations for ovarian/adnexal lesions identified on ultrasound, ultimately 
improving the quality of communication between ultrasound examiners, referring clinicians and 
patients. A couple of recent papers have validated the use of the O-RADS system as an effective tool for 
the detection of ovarian malignancies, possessing high diagnostic accuracy and robust inter-reader 
reliability even without formalized training[3,4] For its future directions, the O-RADS working group 
specifically calls for additional studies validating this system in North American institutions and 
amongst less experienced readers[1]. Thus, the primary objective of the present study is to assess the 
inter-reader reliability of O-RADS classification amongst North American Radiology trainees using the 
O-RADS system, before and after training.

MATERIALS AND METHODS
This is a single center retrospective study performed at the University of Alberta Institutional Health 

https://www.wjgnet.com/1949-8470/full/v14/i9/319.htm
https://dx.doi.org/10.4329/wjr.v14.i9.319
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Research Ethics Board (HREB) approval was acquired prior to the study (Pro00097690). Patient consent 
for individual test cases was waived by the HREB as cases were retrospectively retrieved from the 
institutional Picture Archiving and Communication System (PACS) and de-identified prior to review by 
individual readers.

Patient selection
The University of Alberta institutional PACS was reviewed between May 2017 and July 2020 for all 
pelvic ultrasounds in adult female patients that demonstrated at least 1 ovarian/adnexal lesion with 
adequate diagnostic quality, including the presence of transvaginal 2D and Doppler sonographic image 
of the lesion(s) of interest. Studies were excluded if limited by technical factors such as bowel gas, large 
size of lesion, location of the adnexa, or inability to tolerate transvaginal ultrasound (O-RADS 0)[1].

A total of 100 diagnostic non-consecutive cases were selected by a Steering Committee of three 
authors including the senior author (Wilson MP, Patel V, Low G). In patients with more than one 
ovarian lesion, only different ipsilateral lesions were used with each individual lesion extracted as an 
independent blinded case when presented to study readers and the lesion of interest was designated 
with an arrow in each respective case. No concurrent contralateral lesions were used within the same 
patient. Cases were selected non-consecutively to acquire an approximately equal range of O-RADS 1 to 
O-RADS 5 Lesions. From these 100 cases, 50 cases were selected into separate ‘Training’ and ‘Testing’ 
groups. All cases were then de-identified leaving only the age, with 50 years of age used as a threshold 
for menopausal status. The cases were then listed as a teaching file in our institutional PACS (IMPAX 6 
AGFA Healthcare) with a randomly assigned case number. All available static and cine imaging for the 
case were included in the teaching case file, with the additional inclusion of a ‘key image’ identifying 
the lesion intended for risk stratification with an arrow.

Training and testing
Three PGY-4 Diagnostic Radiology residents from a single institution volunteered as readers for the 
present study, henceforth referred to as R1, R2 and R3. The residents did not have prior formal 
experience with the O-RADS, SRU or IOTA systems for adnexal lesions, but have been exposed to 
ultrasonography in routine clinical practice totaling up to 12 wk. The residents were provided a copy of 
the O-RADS US Risk Stratification and Management System publication for independent review[1], and 
subsequently were asked to independently analyze all 50 ‘Testing’ cases assigning the best O-RADS risk 
stratification score and lexicon descriptor. Answers were collected using an online Google Forms 
survey. Following completion of the testing file, an interval of six weeks was selected to prevent case 
recall. The senior author (Low G) then provided residents with a presentation reviewing the O-RADS 
system including lexicon descriptors, differentiating nuances for scoring, and separate examples of 
lesions in each O-RADS category (no overlap with cases used in the study design). The residents were 
then provided access to the 50 ‘Training’ cases together with an answer key, for practice purposes and to 
establish familiarity with using the O-RADS system. Following the training session, and after the 
readers had reviewed the ‘Training Cases,’ the 50 “Testing” cases were then re-randomized, and 
independently scored again by all 3 readers in similar fashion to the pre-training format.

For both pre and post-training assessment, the reference gold standard was determined by 
independent consensus reading of three fellowship-trained body imaging radiologists with experience 
in gynaecologic ultrasound with 5, 13, and > 25 years of ultrasound experience (Wilson MP, Patel V, 
Low G).

Statistical analysis 
The diagnostic accuracy of each individual reader and inter-observer variability between each reader 
both pre-training and post-training was evaluated. Continuous variables were expressed as the mean ± 
standard deviation. Statistical tests included: Fleiss kappa (overall agreement) and weighted quadratic 
kappa (pairwise agreement) was used to calculate the inter-reader agreement. The kappa (k) value 
interpretation as suggested by Cohen was used: κ < 0.20 (poor agreement), κ = 0.21–0.40 (fair 
agreement), 0.41–0.60 (moderate agreement), 0.61–0.80 (good agreement), and 0.81–1.00 (very good 
agreement)[5]. Diagnostic accuracy measurements including sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV) were calculated per O-RADS category for each 
individual reader. Receiver operating characteristic (ROC) analysis was used to evaluate the area under 
the receiver operating curve (AUC) for each reader. All statistical analyses were conducted using IBM 
SPSS (version 26) and MedCalc (version 19.6.1). A P value of < 0.05 was considered as statistically 
significant.

RESULTS
Cumulatively, the testing portion of the study was comprised of 50 cases. The average age of the 
patients in the test cohort was 40.1 ± 16.2 years and a range from 17 to 85 years. According to the 
reference standard, there were 10 cases (20%) of O-RADS 1, 10 cases (20%) of O-RADS 2, 7 cases (14%) of 



Katlariwala P et al. Inter-reader reliability of O-RADS

WJR https://www.wjgnet.com 322 September 28, 2022 Volume 14 Issue 9

Table 1 Sensitivity, specificity, positive predictive value and negative predictive value per ovarian-adnexal reporting and data system 
category for each reader on the pre-training assessment

Pre training ORADS 1, % ORADS 2, % ORADS 3, % ORADS 4, % ORADS 5, %
Sensitivity

R1 90 (55.5 to 99.8) 100 (69.5 to 100) 100 (59.0 to 100) 92 (61.5 to 99.8) 55 (23.4 to 83.3)

R2 90% (55.5 to 99.8) 100% (69.2 to 100) 71 (29.0 to 96.3) 92 (61.5 to 99.8) 82 (48.2 to 97.7)

R3 90 (55.5 to 99.8) 100 (69.2 to 100) 100 (59.0 to 100) 75 (42.8 to 94.5) 55 (23.4 to 83.3)

Specificity

R1 100 (91.2 to 100) 85 (70.2 to 94.3) 98 (87.7 to 99.4) 100 (90.8 to 100) 100 (91.0 to  100)

R2 100 (91.2 to 100) 90 (76.3 to 97.2) 98 (87.7 to 99.4) 97 (86.2 to 99.9) 100 (91.0 to 100)

R3 98 (86.8 to 99.9) 90 (76.3 to 97.2) 95 (84.2 to 99.4) 95 (82.3 to 99.4) 100 (91.0 to 100)

PPV

R1 100 63 (44.4 to 77.7) 88 (50.2 to 98.0) 100 100

R2 100 71 (49.7 to 86.4) 83 (40.5 to 97.4) 92 (61.2 to 98.7) 100

R3 90 (56.2 to 98.4) 71 (49.7 to 86.4) 78 (47.5 to 93.1) 82 (52.9 to 94.8) 100

NPV

R1 98 (86.2 to 99.6) 100 100 97 (85.3 to 99.6) 89 (80.3 to 93.7)

R2 98 (86.2 to 99.6) 100 96 (86.7 to 98.6) 97 (85.0 to 99.6) 95 (84.8 to 98.6)

R3 98 (85.9 to 99.6) 100 100 93 (81.8 to 97.0) 89 (80.3 to 93.7)

O-RADS: Ovarian-Adnexal Reporting and Data System; PPV: Positive predictive value; NPV: Negative predictive value.

O-RADS 3, 12 cases (24%) of O-RADS 4 and 11 cases (22%) of O-RADS 5. Of the complete test cohort, 24 
lesions (48%) were lateralized to the left and right with 2 lesions (4%) being located centrally in the 
pelvis and with an indeterminate origin site.

Overall, the lesion sizes ranged from 1.2 cm to 22.5 cm with an average size of 6.9 ± 4.7. Mean lesion 
size by O-RADS category was: 2.1 ± 0.5 cm for O-RADS 1, 5.1 ± 1.4 cm for O-RADS 2, 10.6 ± 5.8 cm for 
O-RADS 3, 7.8 ± 4.6 cm for O-RADS 4 and 9.4 ± 4.4 cm for O-RADS 5 (P < 0.001).

Inter-reader reliability
The overall inter-reader agreement for the 3 readers as a group on the pre-training assessment was 
considered ‘good’ (k = 0.76 [0.68 to 0.84, 95% Confidence Interval {CI}], p < 0.001). Kappa values for 
agreement on individual 0-RADS categories were ‘good’ or ‘very good’, as follows: O-RADS 1, k = 0.82 
(0.66 to 0.98), P < 0.001; O-RADS 2, k = 0.78 (0.62 to 0.94), P < 0.001; O-RADS 3, k = 0.74 (0.58 to 0.90), P < 
0.001; O-RADS 4, k = 0.73 (0.57 to 0.89), P < 0.001; O-RADS 5, k = 0.72 (0.56 to 0.88), P < 0.001.

The overall inter-reader agreement for the 3 readers as a group on the post-training assessment was 
considered ‘good’ (k = 0.77 [0.69 to 0.86, 95%CI], P < 0.001). Kappa values for agreement on individual O-
RADS categories were ‘good’ or ‘very good’, as follows: O-RADS 1, k = 0.96 (0.80 to 1), P < 0.001; O-RADS 
2, k = 0.81 (0.65 to 0.97), P < 0.001; O-RADS 3, k = 0.65 (0.49 to 0.81), P < 0.001; O-RADS 4, k = 0.74 (0.58 
to 0.90), P < 0.001; O-RADS 5, k = 0.70 (0.54 to 0.86), P < 0.001.

Pairwise inter-reader agreement, as evaluated using weighted kappa, was ‘very good’, as follows: Pre-
training: R1 and R2, k = 0.79 (0.62 to 0.96), P < 0.001; R1 and R3, k = 0.77 (0.59 to 0.95) P < 0.001; R2 and 
R3, k = 0.87 (0.73 to 1.00) P < 0.001. Post-training: R1 and R2, k = 0.86 (0.73 to 0.99), P < 0.001; R1 and R3, 
k = 0.85 (0.71 to 0.99) P < 0.001; R2 and R3, k = 0.89 (0.78 to 0.99) P < 0.001.

Diagnostic accuracy
The respective sensitivity, specificity, NPV, and PPV for each reader per O-RADS category are included 
in Table 1 for the pre-training assessment and Table 2 for the post-training assessment. All readers 
showed excellent specificities (85%-100% pre-training and 91%-100% post-training) and NPVs (89%-
100% pre-training and 91%-100% post-training) across the O-RADS categories. Sensitivities range from 
90%-100% in both pre-training and post-training for O-RADS 1 and O-RADS 2, 71%-100% pre-training 
and 86%-100% post-training for O-RADS 3, 75-92% in both pre-training and post-training for O-RADS 4, 
and 55%-82% pre-training and 64%-82% post-training for O-RADS 5. Readers misclassified 22 (14.7%) of 
150 cases on pre-training assessment and 17 (11.3%) on post-training assessment. Misclassified cases and 
their respective lexicon descriptors are included in Table 3.
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Table 2 The sensitivity, specificity, positive predictive value and negative predictive value per Ovarian-Adnexal Reporting and Data 
System category for each reader on the post-training assessment

Post training ORADS 1, % ORADS 2, % ORADS 3, % ORADS 4, % ORADS 5, %
Sensitivity

R1 100 (69.2 to 100) 100 (69.2 to 100) 100 (59 to 100) 92 (61.5 to 99.8) 73 (39 to 94)

R2 90 (55.5 to 99.8) 90 (55.5 to 99.8) 86 (42.1 to 99.6) 92 (61.5 to 99.8) 82 (48.2 to 97.7)

R3 100 (69.2 to 100) 100 (69.2 to 100) 100 (59 to 100) 75 (42.8 to 94.5) 64 (30.8 to 89.1)

Specificity

R1 100 (91.2 to 100) 95 (83.1 to 99.4) 98 (87.7 to 99.9) 97 (86.2 to 99.9) 100 (91 to 100)

R2 100 (91.2 to 100) 98 (86.8 to 99.9) 93 (80.9 to 98.5) 95 (82.3 to 99.4) 100 (91 to 100)

R3 100 (91.2 to 100) 95 (83.1 to 99.4) 91 (77.9 to 97.4) 97 (86.2 to 99.9) 100 (91 to 100)

PPV

R1 100 83 (56.4 to 95.1) 88 (50.2 to 98) 92 (61.2 to 98.7) 100

R2 100 90 (56.2 to 98.4) 67 (39.2 to 86.1) 85 (58.5 to 95.5) 100

R3 100 83 (56.4 to 95.1) 64 (40.8 to 81.7) 90 (55.9 to 98.5) 100

NPV

R1 100 100 100 97 (85 to 99.6) 93 (83.2 to 97.2)

R2 98 (86.2 to 99.6) 98 (85.9 to 99.6) 98 (86.7 to 99.6) 97 (84.6 to 99.6) 95 (84.8 to 98.6)

R3 100 100 100 93 (82.2 to 97.1) 91 (81.7 to 95.5)

O-RADS: Ovarian-adnexal reporting and data system; PPV: Positive predictive value; NPV: Negative predictive value.

The ROC analysis evaluated diagnostic accuracy of the readers are included in Figure 1A for the pre-
training assessment and Figure 1B for the post-training assessment. Given that higher O-RADS score (
i.e. O-RADS 4 and O-RADS 5) are predictors of malignancy, reader AUC values are as follows: Pre-
training: R1, AUC of 0.87 (0.75 to 0.95), P < 0.001; R2, AUC of 0.95 (0.84 to 0.99), P < 0.001; R3, AUC of 
0.89 (0.77 to 0.96), P < 0.001. Post-training: R1, AUC of 0.96 (0.86 to 0.99), P < 0.001; R2, AUC of 0.98 (0.89 
to 1.00), P < 0.001; R3, AUC of 0.94 (0.83 to 0.99), P < 0.001.

Pairwise comparison of the ROC curves showed a significant improvement post-training vs pre-
training for R1 (P = 0.04) but not for R2 (P = 0.29) and R3 (P = 0.21).

DISCUSSION
This study demonstrates ‘good’ to ‘very good’ inter-reader agreement amongst less experienced readers 
in a North American institution, with pairwise and overall kappa values between spanning 0.76 and 
0.89 (P < 0.001). The high degree of reliability is concordant with the findings of a prior study by Cao et 
al[4]. In their study performed at a tertiary care hospital and a cancer hospital in China, the pair-wise 
inter-reader agreement between a first-year radiology resident and a staff radiologist with 9 years 
experience in gynaecologic ultrasound was assessed. The authors found a kappa of 0.714 for the O-
RADS system and a kappa of 0.77 for classifying lesion categories (P < 0.001).

Our study also highlights excellent diagnostic accuracies of resident readers when compared to a 
reference standard of three body-fellowship trained radiologists with experience in gynaecologic 
ultrasound. Solely with self-review of the O-RADS guidelines, the readers achieved high specificities 
greater than 0.85 and NPV greater than 0.89. These results persisted post-training, showing significant 
improvement in 1 resident (P = 0.04) and a trend towards improved accuracy amongst the other readers. 
The otherwise non-significant differences are due in part to excellent overall diagnostic accuracy 
without pre-test training as well as inadequate power to detect small differences. The study suggests 
that individual review of the O-RADS risk stratification is sufficient in less experienced readers with 
respect to specificity and AUC values. In this regard, this study validates the use of O-RADS risk classi-
fication amongst less experienced readers in a North American institution; a cohort specifically 
requiring validation by the ACR O-RADS committee[1].

An important risk amongst less experienced readers is the potential to misclassify potentially 
malignant lesions as benign. The sensitivity results in this study were variable in both pre-training and 
post-training assessment, particularly in higher O-RADS categories. In their respective pre-training and 
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Table 3 Misclassified ovarian-adnexal reporting and data system categories by readers in pre-training and post-training assessment

ORADS 
category

Reference standard lexicon 
descriptor

Misclassification 
category Reader lexicon descriptor

Frequency of 
error in pre-
training

Frequency of 
error in post-
training

ORADS 1 Follicle defined as a simple cyst ≤ 
3 cm

ORADS 2 Follicle defined as a simple cyst ≤ 
3 cm

1 1

Follicle defined as a simple cyst ≤ 
3 cm

ORADS 2 Simple cyst > 5 cm but < 10 cm 1 0

Follicle defined as a simple cyst ≤ 
3 cm

ORADS 3 Multilocular cyst with smooth 
inner walls/septations < 10 cm, 
CS1-3

1 0

ORADS 2 simple cyst > 3 cm to 5 cm ORADS 3 Unilocular cyst with irregular 
inner wall < 3mm height, any 
size

0 1

ORADS 3 Multilocular cyst with smooth 
inner walls/septations, < 10 cm, 
CS1-3

ORADS 2 Simple cyst > 5 cm but < 10 cm 1 0

Multilocular cyst with smooth 
inner walls/septations, < 10 cm, 
CS1-3

ORADS 4 Multilocular cyst, irregular inner 
wall ± irregular septation

0 1

Unilocular cyst (simple or non-
simple) ≥ 10 cm

ORADS 4 Unilocular cyst with 1-3 papillary 
projections

1 0

ORADS 4 Multilocular cyst, irregular inner 
wall ± irregular septation

ORADS 1 Follicle defined as a simple cyst ≤ 
3 cm

1 0

Multilocular cyst, irregular inner 
wall ± irregular septation

ORADS 2 Classic benign lesion 
(hemorrhagic cyst < 10 cm)

1 0

Multilocular cyst, irregular inner 
wall ± irregular septation

ORADS 3 Typical dermoid cyst, 
endometrioma, hemorrhagic cyst 
≥ 10 cm

0 1

Multilocular cyst, irregular inner 
wall ± irregular septation

ORADS 3 Multilocular cyst with smooth 
inner walls/septations < 10 cm, 
CS1-3

3 4

ORADS 5 Solid lesion with irregular outer 
contour

ORADS 2 Classic benign lesion (dermoid 
cyst < 10 cm)

10 4

Solid lesion with irregular outer 
contour

ORADS 3 Solid lesion with smooth outer 
contour, any size, CS = 1

0 1

Solid lesion with irregular outer 
contour

ORADS 3 Typical dermoid cyst, 
endometrioma, hemorrhagic cyst 
≥ 10 cm

0 1

Solid lesion with irregular outer 
contour

ORADS 4 Unilocular cyst with solid 
component

1 1

Solid lesion with irregular outer 
contour

ORADS 4 Solid lesion with smooth outer 
contour, any size, CS = 2-3

0 2

Multilocular cyst with solid 
component, CS3-4

ORADS 4 Multilocular cyst with solid 
component, CS1-2

1 0

O-RADS: Ovarian-adnexal reporting and data system; CS: Color scor.

post-training assessments, sensitivities were 64%-82% and 75%-92% for O-RADS 4 and 55%-82% and 
64%-82% for O-RADS 5. The most frequent error on pre-training assessment was classifying a solid 
lesion as O-RADS 2 with a “typical dermoid cyst < 10 cm” lexicon descriptor. This error accounted for 
45% (10/22) of misclassified cases in the pre-training assessment, with a reduction to 27% (4/17) of 
misclassified cases following training. This pitfall may be mitigated by comparing the hyperechoic 
component of a solid ovarian lesion to the surrounding pelvic and subcutaneous fat. The lesion should 
be classified as a dermoid only if it is isoechoic to the internal reference, and/or demonstrates one of 
three typical features including: (1) hyperechoic component with shadowing; (2) hyperechoic lines and 
dots; or (3) floating echogenic spherical structures[1,2]. In reviewing the test cases, all the solid lesions 
misclassified as dermoid had echogenicity lower than the intrapelvic fat. An example of this misclassi-
fication is shown in Figure 2.
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Figure 1 Receiver operating characteristic curve. A: Receiver operating characteristic (ROC) curve of each reader on the pre-training assessment; B: ROC 
curve of each reader on the post-training assessment. AUC: Area under the curve.

A second frequent error occurred in multilocular lesions with an irregular inner wall and/or irregular 
septation (O-RADS 4). These lesions were downgraded to O-RADS 1 through O-RADS 3 Lesions with 
variable lexicon descriptors used. Most commonly, these were characterized as a multilocular lesion 
with a smooth inner wall (O-RADS 3) in both pre-training and post-training assessment, suggesting that 
specific training on this finding was not sufficient in the current study. In this scenario, it is important 
that readers comprehensively evaluate the entire lesion on the cine clips, as irregularity in the inner 
wall/septation may be a subtle finding only seen in a small area within the lesion. An example of this 
misclassification is shown in Figure 3. Unlike the dermoid misclassification, however, this downgrade 
still results in a recommendation for evaluation by an ultrasound specialist or MRI and gynecology 
referral, reducing the risk for adverse potential complication of this misclassification. Despite these 
misclassifications, the negative predictive value in O-RADS 4 and O-RADS 5 Lesions remains high in 
both pre-training and post-training assessment (89%-97% and 91%-97%).

This study is subject to several limitations Firstly, this was a retrospective non-consecutive review. As 
the menopausal status was often not provided in the clinical information, an arbitrary age cut-off of 50 
years was used to differentiate pre-menopausal (< 50 years) vs post-menopausal patients (≥ 50 years), an 
approach has also been used in previous epidemiologic studies[6-8]. Secondly, we did not use a 
pathological reference standard. Our reference standard was an expert panel of 3 three fellowship-
trained radiologists with experience in gynaecologic ultrasound. However, as O-RADS is a risk strati-
fication system that is designed to be applied universally in the clinical setting and as our study is 
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Figure 2 An example of a left ovarian solid lesion misclassified as a typical ovarian dermoid. A: Static gray-scale images; B: Static color Doppler 
ultrasound images. Static gray-scale and color Doppler ultrasound images shows a solid hypoechoic lesion with a non-uniform (irregular) margin demonstrated on the 
color Doppler image (Ovarian-Adnexal Reporting and Data System 5). The lesion demonstrates punctate echogenic areas (white asterisk) which are less echogenic 
than the surrounding pelvic fat (white arrow). Further, the echogenic areas do not fulfill one of the three descriptors required to characterize as a “typical dermoid cyst 
< 10 cm” according to ovarian-adnexal reporting and data system criteria (2). The hypoechoic lesion with posterior shadowing suggests a fibrous lesion.

Figure 3 An example of a right ovarian cystic lesion misclassified as a “multilocular cyst < 10 cm, smooth inner wall, color score 1-3” 
(Ovarian-Adnexal Reporting and Data System 3). A: Static gray-scale images; B: Static color Doppler ultrasound images. Static gray-scale and color 
Doppler ultrasound images show a multilocular cyst with a subtle non-uniform (irregular) inner wall with solid components < 3 mm in height (white asterisk) (ovarian-
adnexal reporting and data system 4) (2).

designed primarily to evaluate inter-reader agreement, an expert consensus panel is arguably a 
reasonable reference standard, and one that simulates ‘real world’ clinical practice. A similar approach 
has been taken in previous O-RADS accuracy studies[3,9]. Thirdly, our sample size of 50 training cases 
was fairly small. A large multi-center inter-observer variability study in North America would be useful 
to evaluate the generalizability of our findings. Despite these limitations, we believe that the rigorous 
study design and specific reader cohort provide valuable insight into a needed area of validation 
identified by the ACR O-RADS committee.

CONCLUSION
In summary, the study validated the use of the ACR-ORADS risk stratification system in less 
experienced readers, showing excellent specificities and AUC values when compared to a consensus 
reference standard and high pairwise inter-reader reliability. Less experienced readers may be at risk for 
misclassification of potentially malignant lesions, and specific training around common pitfalls may 
help improve sensitivity.
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ARTICLE HIGHLIGHTS
Research background
The 2018 Ovarian-Adnexal Reporting and Data System (O-RADS) guidelines are aimed at providing a 
system for consistent reports and risk stratification for ovarian lesions found on ultrasound. It provides 
key characteristics and findings for lesions, a lexicon of descriptors to communicate findings, and risk 
characterization and associated follow-up recommendation guidelines. However, the O-RADS 
guidelines have not been validated in North American institutions.

Research motivation
The O-RADS ultrasound risk stratification requires validation in less experienced North American 
readers.

Research objectives
Evaluate the diagnostic accuracy and inter-reader reliability of ultrasound O-RADS risk stratification 
amongst less experienced readers in a North American institution without and with pre-test training.

Research methods
A single-center retrospective study was performed using 100 ovarian/adnexal lesions of varying O-
RADS scores. Of these cases, 50 were allotted to a training cohort and 50 to a testing cohort via a non-
randomized group selection process in order to approximately equal distribution of O-RADS categories 
both within and between groups. Reference standard O-RADS scores were established through 
consensus of three fellowship-trained body imaging radiologists. Three PGY-4 residents were 
independently evaluated for diagnostic accuracy and inter-reader reliability without and with pre-test 
O-RADS training. Sensitivity, specificity, positive predictive value, negative predictive value, and area 
under the curve (AUC) were used to measure accuracy. Fleiss kappa and weighted quadratic (pairwise) 
kappa values were used to measure inter-reader reliability.

Research results
Excellent specificities (85%-100%), AUC values (0.87-0.98) and very good pairwise reliability can be 
achieved by trainees in North America regardless of formal pre-test training. Less experienced readers 
may be subject to down-grade misclassification of potentially malignant lesions and specific training 
about typical dermoid features and smooth vs irregular margins of ovarian lesions may help improve 
sensitivity.

Research conclusions
Less experienced readers in North America achieved excellent specificities and AUC values with very 
good pairwise inter-reader reliability though they may be subject to misclassification of potentially 
malignant lesions. Training around dermoid features and smooth vs irregular inner wall/septation 
morphology may improve sensitivity.

Research perspectives
This study supports the applied utilization of the O-RADS ultrasound risk stratification tool by less 
experienced readers in North America.
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Abstract
BACKGROUND 
No qualitative or quantitative analysis of contrast-enhanced computed tomo-
graphy (CT) images has been reported for the differentiation between 
ameloblastomas and central giant cell granulomas (CGCGs).

AIM 
To describe differentiating multidetector CT (MDCT) features in CGCGs and 
ameloblastomas and to compare differences in enhancement of these lesions 
qualitatively and using histogram analysis.

METHODS 
MDCT of CGCGs and ameloblastomas was retrospectively reviewed to evaluate 
qualitative imaging descriptors. Histogram analysis was used to compare the 
extent of enhancement of the soft tissue. Fisher’s exact tests and Mann–Whitney U 
test were used for statistical analysis (P < 0.05).
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RESULTS 
Twelve CGCGs and 33 ameloblastomas were reviewed. Ameloblastomas had a predilection for the 
posterior mandible with none of the CGCGs involving the angle. CGCGs were multilocular 
(58.3%), with a mixed lytic sclerotic appearance (75%). Soft tissue component was present in 91% 
of CGCGs, which showed hyperenhancement (compared to surrounding muscles) in 50% of cases, 
while the remaining showed isoenhancement. Matrix mineralization was present in 83.3% of cases. 
Ameloblastomas presented as a unilocular (66.7%), lytic (60.6%) masses with solid components 
present in 81.8% of cases. However, the solid component showed isoenhancement in 63%. No 
matrix mineralization was present in 69.7% of cases. Quantitatively, the enhancement of soft tissue 
in CGCG was significantly higher than in ameloblastoma on histogram analysis (P < 0.05), with a 
minimum enhancement of > 49.05 HU in the tumour providing 100% sensitivity and 85% 
specificity in identifying a CGCG.

CONCLUSION 
A multilocular, lytic sclerotic lesion with significant hyperenhancement in soft tissue, which spares 
the angle of the mandible and has matrix mineralization, should indicate prospective diagnosis of 
CGCG.

Key Words: Ameloblastoma; Granuloma; Giant cell; Multidetector CT

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Central giant cell granulomas (CGCGs) are rare tumours of the jaw. This study evaluated the 
findings of CGCGs on contrast-enhanced computed tomography in contrast with ameloblastomas, which 
are the most common tumours of the jaw in the developing world.

Citation: Ghosh A, Lakshmanan M, Manchanda S, Bhalla AS, Kumar P, Bhutia O, Mridha AR. Contrast-enhanced 
multidetector computed tomography features and histogram analysis can differentiate ameloblastomas from central 
giant cell granulomas. World J Radiol 2022; 14(9): 329-341
URL: https://www.wjgnet.com/1949-8470/full/v14/i9/329.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i9.329

INTRODUCTION
The most current World Health Organization classification of jaw tumours places giant cell granulomas 
under “giant cell lesions and simple bone cyst”. These include both central and peripheral giant cell 
granulomas[1]. Central giant cell granuloma (CGCG) usually appears as an expansile, multiloculated 
lesion with post-contrast enhancement and soft tissue extension[2-4]. Histologically it is characterized 
by focally distributed giant cells, spindle cells and possible areas of haemorrhage. A similar radiological 
and histopathological appearance may also be seen in brown tumours of hyperparathyroidism, and 
further clinical and laboratory correlation is required whenever aggressive, atypical or multiple CGCGs 
are seen[1,5]. CGCGs are slow-growing and insidious, although, increased rates of growth, presence of 
pain, tooth resorption or cortical erosions are considered signs of aggressive behaviour[2,3,6]. CGCGs 
are rare and tend to occur with a female preponderance in the second decade of life. Accelerated growth 
during pregnancy or following childbirth suggests hormone responsiveness of CGCGs. Although the 
exact pathophysiology of the tumour is yet to be elucidated: a reparative response to trauma, haemor-
rhagic products and inflammation is presumed to result in tumorigenesis. The classical lytic 
multilocular appearance of CGCGs on radiographs makes difficult their differentiation from 
ameloblastomas, odontogenic cyst, aneurysmal bone cysts, and odontogenic fibromas[3,7]. This differ-
entiation is, however, vital because CGCGs are treated less aggressively (curettage, intralesional 
interferon, steroids or calcitonin injections[8]) as compared to other lesions with a similar radiological 
appearance. Ameloblastomas are by far is the most prevalent odontogenic tumour in the developing 
world[9], constituting about 14% of all jaw lesions[10]. Although benign, ameloblastomas exhibit an 
aggressive growth pattern, with up to 70% of cases[11] undergoing malignant transformation. It 
presents most frequently in males, in their third to fifth decades of life, as a slowly progressive swelling. 
The lesion favours the posterior mandible (63.15% of all cases as per one study[12]) and on imaging is a 
close differential of CGCGs with its unilocular or multilocular, lytic, expansive appearance[13]. 
Ameloblastomas are treated more radically and aggressively (with block resection, radiotherapy and 
vemurafenib[14]) vis-à-vis CGCGs making differentiation between the two crucial clinically.

https://www.wjgnet.com/1949-8470/full/v14/i9/329.htm
https://dx.doi.org/10.4329/wjr.v14.i9.329
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Contrast-enhanced computed tomography (CT) can help characterise tumour biology better than 
noncontrast scans[15]. Although tumour location, appearance, contour and mass effect of the lesion on 
surrounding structures and teeth can be easily evaluated on noncontrast multidetector CT (MDCT)[4,7,
16,17] or on cone beam CT (CBCT), the presence of enhancing soft tissue and the extent of enhancement 
in the tumour can provide significant insight into tumour biology and can differentiate tumour types 
and pathological processes. For example, contrast-enhanced CT (CECT) helps differentiate purely cystic 
lesions of the jaw from cyst like lesions[18], a task relatively difficult on noncontrast MDCT or CBCT. 
Similarly, contrast-enhanced dynamic MDCT can help differentiate ameloblastomas[19] from other 
cystic jaw lesions, including keratocystic odontogenic tumours. Further quantification of the extent of 
tumour enhancement using histogram and texture analysis[20] can also characterise these tumours. 
However, to our knowledge, no qualitative or quantitative analysis of CECT images has been reported 
for the differentiation between ameloblastomas and CGCGs.

Given this background, we undertook this study to compare the MDCT features of CGCGs and 
ameloblastomas. More specifically we compared the utility of quantitative and qualitative evaluation of 
extent of tumour enhancement in differentiation of these two tumours.

MATERIALS AND METHODS
Subjects
The electronic records available from the Department of Pathology were searched to identify cases of 
CGCGs and ameloblastomas, between December 2016 and January 2019. All cases with MDCT images 
were included in the study, and six patients who did not have MDCT images were excluded. A total of 
12 CGCGs and 33 ameloblastomas were identified and used in this study. The study was approved by 
the Institutional Ethics Committee (Ref No: IEC-622/03.07.2020, RP-31/2020).

Imaging technique
All MDCT acquisitions were performed either on a 64-MDCT scanner (Siemens SOMATOM Sensation, 
Erlangen, Germany) or 128-MDCT scanner (Siemens SOMATOM Definition Flash) available in our 
department. The images were acquired using 120 kV with automated tube current modulation, and a 
quality reference mAs of 80. A slice thickness of 0.6 mm was used. A 16-cm field of view, 512 × 512 
matrix, was used to reconstruct data with routine 1mm sections being obtained using standard soft 
tissue and bone window kernels. CECT images were available for 38 of these 45 scans. Among these 38, 
venous phase images acquired at 60–70 s after intravenous injection were available in 35 patients (8 
CGCGs and 27 ameloblastomas) [1–1.5 mL/kg of nonionic iodinated contrast (Iohexol 350 mg 
iodine/mL)]. Only arterial phase images were available as part of a head and neck angiography 
protocol in three patients. Noncontrast MDCT was available in seven patients.

Imaging interpretation
Two radiologists with 16 and 6 years’ experience in head and neck imaging, blinded to clinical and 
pathological data reviewed all the MDCT scans in consensus. Nonconsensus was resolved by reviewing 
with a third radiologist. Zone-wise mapping of each lesion was done, as explained in Figure 1. Location 
of the lesion (mandible or maxilla); density (mixed, lytic or sclerotic as characterized on the bone 
window); multilocularity (unilocular with 1 or 2 thin septae; multilocular, honeycombing pattern); 
presence or absence of solid components; and erosion or thinning of the surrounding cortex were 
recorded. In mandibular lesions, the involvement of the angle (yes/no), and the status of the inferior 
alveolar canal was recorded (involvement/erosion) as well. The status of the overlying teeth (missing or 
root resorbed/present/adjoining roots displaced), and adjacent fat stranding and muscle thickening 
(present or absent) were noted. Venous phase images were evaluated (n = 35) to quantify the amount of 
soft tissue in each lesion (0–10%, 10%–25%, 25%–50%, 50%–75% and > 75%) and the type of 
enhancement of the solid component in the lesion were also characterised (purely cystic, hypoen-
hancing, isoenhancing, or hyperenhancing – the enhancement in these cases was compared to that of the 
surrounding muscles). Mineralisation of the tumour was recorded (absent, mineralised osteoid, thin 
bony septa, or thick septa with associated matrix). The three largest diameters of each lesion were 
recorded (along and perpendicular to the axis of mandible, and craniocaudal). These measurements 
were then used to derive the lesion’s volume using the volume formula for an ellipsoid (0.523 × AP × TR 
× CC).

Quantitative analysis of enhancement
The venous phase MDCT images were evaluated to compare the degree of enhancement between the 
tumours. Specifically, the contrast-enhanced MDCT images were opened on 3D Slicer 4.11.0 (
https://download.slicer.org/). A freehand oval region of interest (ROI) measuring at least 1 cm in 
diameter was drawn on the largest bulk of the tumour, ensuring that the ROI was placed on soft tissue 
only, avoiding bony septa (Supplementary Figure 1). This was done by AG with 6 years’ experience in 

https://download.slicer.org/
https://f6publishing.blob.core.windows.net/ac003e01-a058-43c2-b61f-ca97c0c9e141/WJR-14-329-supplementary-material.pdf
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Figure 1 Location of every lesion was classified into the following zones: 1, limited to the incisors; 2, limited to the canine and 
premolars; and 3, limited to the molars and posterior mandible. A similar classification was applied to the maxilla. Lesions extending over multiple zones 
were classified as such, and a suffix of R or L was used to denote right or left-sided location. When the lesion crossed the midline across multiple zones, + was used 
to denote the same.

head and neck imaging and ROI placement was reviewed by SM. The pyRadiomics plugin (
https://pyradiomics.readthedocs.io/en/Latest/index.html) was used to evaluate the histogram of the 
distribution of the HUs in the ROIs. Skewness, uniformity, entropy, kurtosis, and mean, median, 
maximum, minimum, 10th and 90th percentiles of the HU values in the histogram were evaluated. Purely 
cystic lesions (n = 6) were excluded from this analysis.

Statistical analysis
All data were tabulated and tested for normality when indicated. Continuous data were compared 
between the two data sets using the Mann–Whitney U test, while Fisher’s exact test was used to 
compare categorical data. P < 0.05 was considered statistically significant. Receiver operating charac-
teristic (ROC) curve analysis was used to obtain the area under the curve (AUC) for texture parameters 
found to be significantly different between the two groups. Optimal cutoffs were obtained using boot-
strapped Youden index. A leave-one-out cross-validation of the various enhancement parameters was 
done to evaluate generalisability.

RESULTS
A total of 12 CGCGs and 33 ameloblastomas were included in our study. The median age of patients 
with ameloblastoma was higher [35 years [95%confidence interval (CI) 28–48 years] as compared to 
patients with CGCG [29 years (95%CI 18–42 years)]; however, this was not significant (P = 0.26). Of the 
patients having ameloblastomas, 27.30% (n = 9) were female and 72.70% (n = 24) were male. The 
prevalence of CGCGs was nearly equal between the sexes: 41.70% (n = 5) in females versus 58.30% (n = 
7) in males. This difference was again not significant.

Location
Both the pathologies favoured the mandible, with five ameloblastomas and four CGCGs appearing in 
the maxilla. CGCGs favoured a more central location with six lesions being located in zone 1 (50.00%), 
three in zone 2 (25.00%) and two in zone 3 (16.70%) (Table 1 and Figure 1). Only a single CGCG was 
large enough to involve zones 1, 2 and 3 simultaneously. This was significantly (P < 0.0001) different 
from ameloblastomas, which had a more varied distribution. Fourteen (42.40%) ameloblastomas were 
located exclusively in zone 3. Simultaneously, nine ameloblastomas were large enough to involve all 
three zones and two were large enough to cross the midline. Fifty per cent (n = 14 out of 28) of 
ameloblastomas had involvement of the angle of the mandible. In contrast, none of the CGCGs had this 
feature (P = 0.013).

Volume and size
Lesion volume was determined using the ellipsoid formula. CGCGs were significantly smaller in 
volume (median 10.31 cm3) as compared to ameloblastomas (median 35.9 cm3) (P = 0.027) (Table 2). ROC 
curve analysis and the associated cutoff are provided in Table 3. While there was considerable overlap 

https://pyradiomics.readthedocs.io/en/Latest/index.html
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Table 1 Comparison of the various multidetector computed tomography imaging features between ameloblastoma and central giant 
cell granuloma

Pathology

Ameloblastoma CGCGMDCT features

Count % of all 
cases Count % of all 

cases

Fisher’s exact test 
(exact sig. two-sided)

1, 2, 3 9 27.3 
(14.4–43.9)

1 8.3 (0.9–32.8)

1 0 0.00% 6 50 (24.3–75.7)

1, 2 4 12.1 (4.2–26.3) 0 0.00%

2 0 0.00% 3 25 (7.6–52.9)

2,3 6 18.2 (8–33.7) 0 0.00%

Zone wise location (figure × for reference)

3 14 42.4 
(26.8–59.3)

2 16.7 (3.6–43.6)

< 0.0001a

Mixed 13 39.4 
(24.2–56.4)

9 75 (47.1–92.4)Density

Lytic 20 60.6 
(43.6–75.8)

3 25 (7.6–52.9)

0.036a

1 22 66.7 
(49.7–80.8)

3 25 (7.6–52.9)

2 8 24.2 
(12.2–40.6)

7 58.3 (31.2–82)

Multilocularity; 1-Unilocular with 1 or 2 thin septae/2-
Multilocular/3-Honeycombing

3 3 9.1 (2.6–22.3) 2 16.7 (3.6–43.6)

0.047a

Bucco-lingual expansion 1 33 100.00% 12 100.00% -

Absent 6 18.2 (8–33.7) 1 8.3 (0.9–32.8)Solid component

Present 27 81.8 (66.3–92) 11 91.7 
(67.2–99.1)

0.309

Thinning 1 3 (0.3–13.3) 1 8.3 (0.9–32.8)Cortical  erosion

Erosion 32 97 86.7–99.7) 11 91.7 
(67.2–99.1)

1.000

No 14 50 (32.2–67.8) 8 100.00%Angle involved (of lesions in mandible)

Yes 14 50 (32.2–67.8) 0 0.00%

0.013a

No 3 14.3 (4.2–33.4) 2 25 (5.6–59.2)Inferior alveolar canal displacement

Yes 18 85.7 
(66.6–95.8)

6 75 (40.8–94.4)

0.597

0 19 57.6 
(40.7–73.2)

8 72.7 
(43.5–91.7)

1 12 36.4 21.6–53.4) 1 9.1 (1–35.3)

Status of overlying teeth; Missing-0/Adjoining roots-1/Present-2

2 2 6.1 (1.3–18.1) 2 18.2 (4–46.7)

0.152

No 2 9.5 (2–27.2) 3 37.5 
(11.9–70.5)

Inferior alveolar canal erosion

Yes 19 90.5 (72.8–98) 5 62.5 
(29.5–88.1)

0.112

Absent 27 81.8 (66.3–92) 10 83.3 
(56.4–96.4)

Adjacent fat stranding

Present 6 18.2 (8–33.7) 2 16.7 (3.6–43.6)

1.000

Absent 26 78.8 (62.8–90) 11 91.7 
(67.2–99.1)

Adjacent muscle thickening

Present 7 21.2 (10–37.2) 1 8.3 (0.9–32.8)

0.419

0 6 22.2 (9.8–40.2) 0 0.00%Extent of enhancement of soft tissue component in venous phase; 
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2 17 63 (44.2–79.1) 4 50 (19.9–80.1)

3 1 3.7 (0.4–16) 4 50 (19.9–80.1)

0-cystic/1- hypoenhancing/2- isoenhancing/3- hyperenhancing

1 3 11.1 (3.2–26.8) 0 0.00%

0.013a

> 75% 9 33.3 
(17.9–52.1)

6 75 (40.8–94.4)

0- < 10% 8 29.6 
(15.1–48.2)

0 0.00%

10%-25% 3 11.1 (3.2–26.8) 0 0.00%

25%-50% 5 18.5 (7.4–35.9) 0 0.00%

Amount of solid component

50%-75% 2 7.4 (1.6–21.7) 2 25 (5.6–59.2)

0.061

1 1 3 (0.3–13.3) 3 25 (7.6–52.9)

2 23 69.7 
(52.9–83.2)

2 16.7 (3.6–43.6)

3 4 12.1 (4.2–26.3) 3 25 (7.6–52.9)

Matrix mineralisation; Mineralised osteoid-1; Absent- 2; Thick 
septae with associated matrix-3; Thin bony septa- 4

4 5 15.2 (6–30.1) 4 33.3 
(12.5–61.2)

0.004a

Diameter 33 5.1(4.5–6) 12 3.7(2.1–4.8) 0.011a

Volume 33 35.9 
(23.05–47.59)

12 10.31 
(3.67–59.37)

0.027a

aStatistically significant.
CGCG: Central giant cell granulomas; MDCT: Multidetector computed tomography.

Table 2 First-order histogram parameters comparing the extent of enhancement seen in the soft tissue component of ameloblastomas 
and central giant cell granulomas

Ameloblastoma (n = 21); median 
(95%CI) CGCG (n = 8); median(95%CI) P value 

Skewness 0.1 (-0.23–0.22) 0.07 (-0.51–0.47) 0.981

Median (HU) 74.91 (56.97–93.24) 106.21 (95.1–134.52) 0.002

Maximum (HU) 121.01 (100.11–150.05) 154.2 (133.42–183.09) 0.013

90 percentile (HU) 95.32 (75.72–113.71) 137.43 (113.91–150.17) 0.001

Entropy 1.62 (1.57–1.8) 1.5 (1.34–1.98) 0.487

10 percentile (HU) 53.32 (34.2–71.13) 82.65 (74.86–116.64) 0.002

Kurtosis 3.11 (2.71–3.54) 3.25 (2.69–4.08) 0.83

Histogram parameter (n = 29)

Mean (HU) 74.06 (58.58–91.92) 106.95 (97.48–132.39) 0.002

CGCG: Central giant cell granulomas; CI: Confidence interval; MDCT: Multidetector computed tomography.

between the two volumes, a cutoff ≤ 13.04 cm3 obtained 84.85% (68.1%–94.9%) specificity in identifying 
CGCG. Similarly, the diameter of ameloblastomas (measured along the long axis of the mandible) was 
higher than that of CGCGs with a cut off of ≤ 3.5 cm (95%CI ≤ 2.1 cm to ≤ 4.4 cm) providing 50% (95%CI 
21.1%–78.9%) sensitivity and 90.91% (95%CI 75.7%–98.1%) specificity in identifying the latter.

Lesion appearance on bone window
60.6% of ameloblastomas were purely lytic (n = 20), as compared to only 25% of CGCGs (n = 3) (P = 
0.047). A majority of all CGCGs (75%; n = 9) were predominantly mixed in appearance with both lytic 
and sclerotic components being present in the lesion. However, only 39.4% of ameloblastomas were 
mixed in appearance (n = 13). Neither of the tumours was purely sclerotic. Ameloblastomas (n = 22) 
were predominantly unilocular (66.7%) compared to 58.3% of CGCGs, which were multilocular. Matrix 
mineralisation in the form of osteoid, thin septa, or thick septa and associated dense matrix, was more 
common in CGCGs than ameloblastomas, where 70% showed no matrix mineralisation.
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Table 3 Area under the curve of the various statistically significant histogram parameters of tumours in differentiating central giant cell 
granulomas from ameloblastomas

Variable 10 percentile 90 percentile Mean Median Minimum
Area under the ROC curve 
(AUC)

0.863 0.875 0.863 0.869 0.887

5, 95%CI 0.685 to 0.962 0.699 to 0.968 0.685 to 0.962 0.692 to 0.965 0.714 to 0.974

Associated criterion (HU) > 71.13 > 106.33 > 91.92 > 93.24 > 49.05

95%CI > 66.43 to > 96.63 > 82.80 to > 113.71 > 88.68 to > 114.75 > 93.15 to > 110.22 > 48.51 to > 49.05

Sensitivity % 100 (63.1-100.0) 100 (63.1-100.0) 100 (63.1-100.0) 100 (63.1-100.0) 100 (63.1-100.0)

Specificity % 76.19 (52.8-91.8) 66.67 (43.0-85.4) 76.19 (52.8-91.8) 76.19 (52.8-91.8) 85.71 (63.7-97.0)

Leave-one out sensitivity % 100 (63.06–100) 100 (63.06–100) 100 (63.06–100) 100 (63.06–100) 100 (63.06–100)

Leave-one out specificity % 71.43 (47.82–88.72) 47.62 (25.71–70.22) 71.43 (47.82–88.72) 71.43 (47.82–88.72) 80.95 (58.09–94.55)

AUC: Area under the curve; CI: Confidence interval; ROC: Receiver operating characteristic.

Qualitative evaluation of contrast enhancement
Evaluation of the degree of enhancement of solid component on venous phase images (8 CGCGs and 27 
ameloblastomas) showed that six ameloblastomas were purely cystic with no solid component, and 17 
(62.9%) ameloblastomas showed enhancement that was similar to the surrounding muscles. In 
comparison, four (50%) CGCGs showed enhancement higher than the surrounding muscles. This was 
significantly different (P = 0.013) from ameloblastomas, with only one ameloblastoma (3.7%) showing 
enhancement higher than muscles. These above findings are summarised in Table 1 and Figure 2.

Quantitative evaluation of enhancement
Histogram analysis (8 CGCGs and 21 ameloblastomas) of the enhancement of the solid component in 
the venous phase image was carried out after excluding the purely cystic lesions (n = 6). CGCGs had 
higher minimum, median, mean and maximum enhancement as compared to ameloblastomas (P < 0.05) 
on venous imaging (Table 2). A boot-strapped ROC curve analysis provided the AUC of the individual 
parameters as well as the optimum cutoffs. Minimum enhancement of > 49.0538, had a sensitivity of 
100% and a specificity of 85.71% in identifying a CGCC over ameloblastoma. The cutoffs, their 
associated sensitivity and specificity, and accuracy metrics of a leave-one-out cross-validation are 
provided in Table 3.

DISCUSSION
We described the MDCT imaging features of CGCGs and contrasted them with ameloblastomas. 
Morphologically, both CGCGs and ameloblastomas had several overlapping features – making their 
differentiation difficult. Both ameloblastomas and CGCGs can be either unilocular or multilocular. 
Cortical expansion, cortical perforation, root displacement and root resorption are features suggestive of 
an aggressive variant of CGCG; however, these features are also present in ameloblastomas. MDCT or 
CBCT is preferred over radiography because it allows better evaluation of the bony anatomy, especially 
the integrity of the buccal and lingual cortex. MDCT with intravenous contrast allows better evaluation 
of the soft tissue component in these lesions. Location wise, we found that, although the CGCGs 
favoured the central jaw, up to 25% of the lesions were also found in the ramus[21,22]. Because of the 
small size of CGCGs, only one lesion was large enough to involve all the three zones. Ameloblastomas 
because of their larger sizes tended to involve more than one zone, with the most predominant 
preference for zone 3 (ramus of the mandible). This varied distribution is similar to that described in the 
literature[14,15]; involvement of the angle when present was highly specific for ameloblastoma. None of 
the CGCGs demonstrated the involvement of the angle. CGCGs were considerably smaller (28.82 ± 40.75 
cm3) in volume as compared to ameloblastomas (66.18 ± 84.33 cm3) (Tables 2 and 3). Ameloblastomas are 
locally aggressive tumours, while CGCGs are slow-growing insidious masses that are sometimes known 
to regress spontaneously. Thus, the smaller volume of CGCG may be in keeping with the natural history 
of CGCGs (Table 2). Cortical expansion, cortical perforation, root displacement and root resorption as 
previously stated, can occur in both tumours[19,24-26]. Even in our series, there was no difference in the 
prevalence of root resorption, tooth displacement, cortical expansion or cortical perforation between the 
two entities (Table 1). CGCGs were predominantly multilocular (58.3%) with a unilocular appearance in 
only 25% of cases. In contrast, 67% of ameloblastomas were unilocular. Seventy-five percent of CGCGs 
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Figure 2 Spectrum of multidetector computed tomography findings in central giant cell granulomas. A: 35-year-old woman presented with upper 
facial pain and nasal obstruction. Cone beam computed tomography (CBCT) shows a left-sided unilocular lytic lesion arising from the left maxilla (Panel I: Bone 
window) with compression of the maxillary sinus. Mineralised matrix was scattered in the substance of the tumour (asterisk). The lesion showed a significant soft 
tissue component, which enhanced to an extent greater than the surrounding muscles [arrow, Panel II and III: Axial and curved multiplanar reconstructed (MPR) 
coronal soft tissue images]. Hyperenhancement of the soft tissue tumour component was highly suggestive of a prospective central giant cell granuloma (CGCG) 
diagnosis; B: A 30-year-old man presented with pain and upper jaw swelling, contrast-enhanced computed tomography (CECT) showed a lytic sclerotic, multilocular 
mass arising from the maxilla with the presence of incomplete septae (asterisk) with mineralised matrix (Panel I: Axial bone window). Significant solid soft tissue 
component with enhancement greater (arrow) than the surrounding muscles was also noted (Panel II: Axial soft tissue window images). Curved MPR images (Panel 
III: Bone window) showed resorption of the roots (empty arrow) and floor of the nasal cavity; C: A 24-year-old woman presented with progressive jaw swelling over 
the last 6 mo, with intermittent pain. CECT showed a sclerotic lytic lesion with a honeycomb appearance (Panel I: Axial bone window) arising from the mandible. The 
lesion showed thick bony septae with mineralised matrix (asterisk). The associated soft tissue component showed enhancement similar to the surrounding muscles 
(orange arrow: Panel II: Axial soft tissue window). The tumour (blue arrow) can be seen encroaching onto the distal end (#) of the left inferior alveolar canal (Panel III: 
Curved MPR bone window).

showed both sclerotic and lytic components on the bone window, while 60% of ameloblastomas had a 
predominant lytic appearance (Figures 2 and 3). Additionally, the presence of osteoid either in the form 
of a mineralised matrix, thin bony septa or thick bony septa with dense mineralised matrix was a 
significant feature, and was present in 83% of CGCGs. In comparison, 70% of ameloblastomas had no 
mineralisation. Imaging features of ameloblastomas as contrasted with CGCGs are presented in Table 4 
and Figures 2 and 3. Solid soft tissue was present in > 90% of all CGCGs, while 18% of ameloblastomas 
were purely lytic. The solid component of CGCGs showed avid enhancement in 50% of cases, while in 
the rest it showed enhancement similar to surrounding muscles, and only 4% of ameloblastomas 
showed hyperenhancement. On quantitative evaluation, we found that the solid components in CGCGs 
enhanced significantly greater than the solid tissue in ameloblastomas. Nackos et al[4] in their case series 
of seven CGCGs reported that the soft tissue in all the CGCGs showed avid contrast enhancement. 
Similarly, in our series, 50% of CGCGs showed enhancement greater than surrounding muscles, while 
the rest showed similar enhancement. While a mathematical discussion of each of the parameters used 
is beyond this paper’s scope, briefly, entropy characterises the randomness of the distribution of the HU 
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Table 4 Summary of radiographic, multidetector computed tomography and magnetic resonance imaging findings in central giant cell 
granulomas and ameloblastomas

Ameloblastoma CGCG

Radiography Posterior mandible; unilocular or multilocular; scalloped 
margins; root resorption, root displacement and bone expansion- 
may erode the cortex

Central mandible; multilocular sclerotic; root resorption, root 
displacement and bony expansion and cortical erosion

CBCT or 
MDCT

Mixed solid and cystic or purely cystic with thick enhancing rim 
or enhancing nodule (in unicystic variant)

Avid enhancement of soft tissue; mineralised matrix; better bony 
details

Our findings Unilocular 66.7%; lytic 60.6%; solid component shows 
isoenhancement compared to surrounding muscles 63%; no 
matrix mineralisation in 69.7%

Multilocular 58.3%; mixed lytic sclerotic 75%; solid component shows 
hyperenhancement compared to surrounding muscles 50%; matrix 
mineralisation in 83.3%

MRI T1 weighted – isointense; T2 weighted – hyperintense- cystic 
component; Heterogenous solid component

T1 weighted isointense; T2 weighted hyperintense to heterogeneous 
solid component

CBCT: Cone beam computed tomography; CGCG: Central giant cell granulomas; MDCT: Multidetector computed tomography; MRI: Magnetic resonance 
imaging.

values in the ROI. Skewness quantifies the asymmetry in the distribution of the HU values; meanwhile, 
kurtosis measures the histogram’s peak obtained from the HU values. A more detailed description can 
be read in the review by Lubner et al[23]. Histogram analysis showed that the mean, minimum and 
maximum enhancement of CGCGs was significantly higher than that of ameloblastomas (Tables 2 and 
3). A cutoff > 49.05 HU for minimum enhancement in the tumour allowed 100% (63.1%–100.0%) 
sensitivity and 85.71% (63.7%–97.0%) specificity in differentiating CGCG from ameloblastoma.

The difference in enhancement patterns may be explained based on microvascular density (MVD) of 
these two tumours. While there are no studies directly comparing MVD of these two entities, separate 
studies have shown that ameloblastomas had an MVD of 14.9  ±  6[27] compared to 24.5 ± 5.8 in CGCGs
[28]. This difference, we hypothesise, would result in a faster and a more considerable peak 
enhancement in CGCGs than in ameloblastomas, which would then translate to differences in the 
maximum and minimum venous phase-contrast enhancement of CGCGs. Orthopantomography and 
CBCT only evaluate the morphology of tumours. Tumour vascularity, enhancement and MVD are 
important components of radiological tumour assessment and can be evaluated using contrast-
enhanced MDCTs. Since in an index case, morphological imaging feature may overlap, the marked 
differences in enhancement may allow a confident prospective distinction between CGCGs and 
ameloblastomas.

CGCGs are rare tumours of the jaw making their prospective diagnosis difficult. The classical lytic 
multilocular appearance of CGCGs on radiographs makes their differentiation difficult from 
odontogenic cysts, aneurysmal bone cysts, odontogenic fibromas and ameloblastomas[3,7] (the most 
prevalent odontogenic tumours in the developing world[9]). However, this differentiation is vital 
because CGCGs are treated less aggressively (curettage, intralesional interferon, steroids or calcitonin 
injections[8]) compared to other lesions with a similar radiological appearance. We believe this is the 
unique value of our study, demonstrating the utility of CECT. We acknowledge that imaging alone 
cannot distinguish these lesions from their other mimics, including giant cell tumours and aneurysmal 
bone cysts. Moreover, because CGCGs are rare, prospective radiological diagnosis is often difficult and 
histopathological correlation is thus needed for definitive diagnosis. Sometimes, however, a 
pathological diagnosis may not be forthcoming[29], and in such cases, the radiological–pathological 
correlation becomes essential. We believe our findings would add value in such complex cases. 
Moreover, in patients due to multiple concurrent CGCGs[30] in patients with a mutation of the 
RAS/MAPK pathway[31], or underlying systemic illnesses, not all lesions undergo biopsy. In such 
patients, imaging would be valuable in follow-up and diagnosis. We believe contrast-enhanced MDCT 
would be invaluable in work-up and management of such cases.

This study had several limitations. Of a broad potential range of lytic lesions of the jaw, we compared 
only ameloblastomas and CGCGs. In our routine practice, we have seen that ameloblastomas have 
several overlapping imaging features with CGCGs. This, compounded with the rarity of CGCGs, makes 
their prospective identification difficult. Given the rarity of CGCGs, we decided to contrast the imaging 
and enhancement characteristics of CGCGs with its most common mimic in the jaw. The retrospective 
design of the study, with an asymmetric dataset, might have prevented the demonstration of more 
variations in the imaging features of CGCGs. Because of these limitations, further prospective studies 
are required to investigate the imaging characteristics and enhancement features of CGCGs, 
ameloblastomas and their various mimics.
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Figure 3 Spectrum of multidetector computed tomography findings in ameloblastoma. A: A 30-year-old man presented with progressive left lower 
jaw swelling. Cone beam computed tomography (CBCT) showed a unilocular, lytic lesion (asterisk) with no septae involving the left angle of the mandible (Panel I and 
II: Axial and coronal bone window). The soft tissue component showed enhancement similar (blue arrow) to the surrounding muscles (Panel III: Axial soft tissue 
window); B: A 52-year-old man with lower mid jaw pain and swelling; contrast-enhanced computed tomography (CECT) showed a sclerotic, lytic multilocular lesion 
with thin incomplete septae (asterisk) and associated mineralised matrix (Panel I: Axial bone window). There was a significant soft tissue component showing 
enhancement (blue arrow) similar to the surrounding muscles (Panel II: Axial soft tissue window). Erosion of the buccal cortex was seen in three-dimensional volume-
rendered images (Panel III); C: A 53-year-old man with painful progressive lower jaw swelling of 7 mo duration. CECT showed a lytic sclerotic multilocular mandibular 
mass with multiple thick septae (asterisk), cortical expansion and breach (Panel I: Axial bone window). The solid component present in the tumour showed 
hypoenhancement (arrow) compared to the surrounding muscles (Panel II: Axial soft tissue window). Hypoenhancing soft tissue was characteristically not seen in 
central giant cell granulomas, allowing a prospective diagnosis of ameloblastoma. Erosion of the right canal of the inferior alveolar nerve (blue arrow) was clearly 
seen [Panel III: Curved multiplanar coronal reconstruction (MPR), bone window]; D: A 42-year-old man with upper maxillary swelling and significant malar pain. CECT 
showed a lytic sclerotic mass with honeycombing (orange arrow) and thick bony septae (Panel I: Axial bone window). There was significant cortical expansion with 
extension into the right maxillary sinus. The mass was predominantly lytic with minimal solid component (asterisk) seen in the mass, hypoenhancing compared to the 
surrounding muscles (Panel II: Axial soft tissue window). Erosion of the roots (blue arrow) with honeycomb appearance was visible (Panel III: Curved MPR coronal 
bone window).
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CONCLUSION
Significant hyperenhancement of the soft tissue component on CECT in a jaw tumour may allow a 
prospective diagnosis of CGCG, especially in a multilocular lytic sclerotic centrally located jaw tumour 
with matrix mineralisation.

ARTICLE HIGHLIGHTS
Research background
Contrast-enhanced multidetector computed tomography (MDCT) can provide unique information 
about ameloblastomas and central giant cell granulomas (CGCGs).

Research motivation
To evaluate contrast-enhanced multidetector computed tomography (MDCT) features of 
ameloblastomas and CGCGs.

Research objectives
To describe differentiating MDCT features in CGCGs and ameloblastomas and to compare the 
differences in the enhancement of these two lesions qualitatively and using histogram analysis.

Research methods
MDCTs of CGCGs and ameloblastomas were retrospectively reviewed to evaluate qualitative imaging 
descriptors. Histogram analysis was used to compare the extent of enhancement of the soft tissue. 
Fisher’s exact test and Mann–Whitney U test were used for statistical analysis (P < 0.05).

Research results
Twelve CGCGs and 33 ameloblastomas were reviewed. Ameloblastomas had a predilection for the 
posterior mandible with none of the CGCGs involving the angle. CGCGs were multilocular (58.3%), 
with a mixed lytic sclerotic appearance (75%). Soft tissue component was present in 91% of CGCGs, 
which showed hyperenhancement (compared to surrounding muscles) in 50% of cases, while the 
remaining showed isoenhancement. Matrix mineralisation was present in 83.3% of cases. 
Ameloblastomas presented as a unilocular (66.7%), lytic (60.6%) masses with solid components present 
in 81.8% of cases. However, the solid component showed isoenhancement in 63%. No matrix mineral-
isation was present in 69.7% of cases. Quantitatively, the enhancement of soft tissue in CGCGs was 
significantly higher than in ameloblastomas on histogram analysis (P < 0.05), with a minimum 
enhancement of > 49.05 HU in the tumour, providing 100% sensitivity and 85% specificity in identifying 
CGCG.

Research conclusions
A multilocular, lytic sclerotic lesion with significant hyperenhancing soft tissue component, which 
spares the angle of the mandible and has matrix mineralisation, should indicate a prospective diagnosis 
of CGCG.

Research perspectives
Future studies can evaluate the role of perfusion imaging for differentiating these two tumour types.
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Abstract
We suggest an augmentation of the excellent comprehensive review article titled 
“Comprehensive literature review on the radiographic findings, imaging 
modalities, and the role of radiology in the coronavirus disease 2019 (COVID-19) 
pandemic” under the following categories: (1) “Inclusion of additional 
radiological features, related to pulmonary infarcts and to COVID-19 
pneumonia”; (2) “Amplified discussion of cardiovascular COVID-19 manifest-
ations and the role of cardiac magnetic resonance imaging in monitoring and 
prognosis”; (3) “Imaging findings related to fluorodeoxyglucose positron 
emission tomography, optical, thermal and other imaging modalities/devices, 
including ‘intelligent edge’ and other remote monitoring devices”; (4) “Artificial 
intelligence in COVID-19 imaging”; (5) “Additional annotations to the 
radiological images in the manuscript to illustrate the additional signs discussed”; 
and (6) “A minor correction to a passage on pulmonary destruction”.
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Core Tip: Utility of classical radiographic findings suggestive of coronavirus disease 2019 (COVID-19) 
mediated pulmonary infarction (Hampton’s hump, Westermark sign, subpleural sparing and reversed halo 
sign) should improve the diagnostic accuracy of identification of COVID-19 pulmonary complications. 
This gain in accuracy would apply whether these findings are seen on plain chest X-ray or computed 
tomography. The former is important in financially constrained locales with limited medical technology 
infrastructure. Distinctive COVID-19-associated coagulopathy is more frequent with worsening disease 
severity in COVID-19. Cardiac magnetic resonance imaging can play an important role in monitoring and 
prognosis. “Artificial intelligence in COVID-19” and “‘Intelligent edge’ and other remote monitoring 
devices” are also discussed.

Citation: Merchant SA, Nadkarni P, Shaikh MJS. Augmentation of literature review of COVID-19 radiology. 
World J Radiol 2022; 14(9): 342-351
URL: https://www.wjgnet.com/1949-8470/full/v14/i9/342.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i9.342

TO THE EDITOR
We compliment Pal et al[1] for their excellent review. It is a comprehensive review indeed. An excellent 
effort with great details, including in depth pathophysiology, detailed illustrations, etc. Their coverage 
of imaging modalities is quite extensive too and includes a detailed look into the role of ultrasound in 
coronavirus disease 2019 (COVID-19), including point-of-care ultrasound, an invaluable addition. For 
the benefit of your readers, we wish to augment their excellent work and submit the following 
suggestions for the benefit of your readers.

INCLUSION OF ADDITIONAL RADIOLOGIC FEATURES
We are involved in an ongoing multicentric international study on COVID-19 chest imaging and 
developing artificial intelligence (AI) algorithms for diagnosis, risk stratification, monitoring, prognost-
ication, etc. Our 2020 publication has described additional important and distinctive COVID-19 chest-
imaging features[2]. These include the following, seen on both plain chest radiographs and computed 
tomography (CT).

Classic signs of pulmonary infarcts
Hampton’s hump: Triangular/wedge shaped opacities with their bases towards the periphery of the 
lung/lobe/lobule. This sign has sensitivity and specificity of 22% and 82%, respectively[3,4].

Westermark sign: Oligemia, a rarefied area due to blood vessel collapse, distal to the site of occlusion by 
a pulmonary embolus. This sign has sensitivity and specificity of 14% and 92%, respectively[3,5].

Palla’s sign: An enlarged right pulmonary artery, suggesting embolism of segmental/subsegmental 
pulmonary arteries when seen together with Westermark sign. Sensitivity is reported to be “low” and 
specificity unknown. These findings are likely due to the microvascular thrombosis propensity in 
COVID-19[6-8], as discussed below, leading to a relatively increased incidence of pulmonary 
thromboembolism in COVID-19 pneumonia patients[9].

It is time to revisit these time-tested radiological signs for pulmonary infarcts[2]. Utilizing classic 
signs of infarcts and pneumonia will increase diagnostic accuracy and help raise awareness about the 
utility of chest radiographs, even in the current era; especially in cost-constrained locales lacking 
sophisticated infrastructure. It will also help develop more accurate AI algorithms for dia-
gnosis/prognosis of COVID-19. Co-occurrences of these signs are uncommon across COVID-19 
patients: When seen in tandem, however, they may constitute a highly specific diagnostic signature. 
This speculation, of course, needs validation by larger studies.

SIGNS ASSOCIATED WITH COVID-19 PNEUMONIA
Subpleural sparing
Reported in 23% of COVID-19 cases in an Iranian study[10], subpleural sparing is commonly associated 
with nonspecific interstitial pneumonia and is described with lung contusions, pulmonary alveolar 
proteinosis, severe acute respiratory syndrome (SARS) and pneumocystis jirovecii infection[11]. The 
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specificity of this finding depends on the prior probability of COVID-19 based on molecular detection 
via polymerase chain reaction (PCR).

Reversed halo sign
The reversed halo sign is a focal ring-shaped area of ground-glass opacity within a peripheral rim of 
consolidation, suggesting an organizing/healing pneumonia[12]. It offers prognostic potential in 
COVID-19[13,14]. Data on sensitivity/specificity are not currently available. Utilizing classic signs of 
infarcts and pneumonia will increase diagnostic accuracy, and also help raise awareness about chest 
radiographs’ utility, even in the current era, especially in cost-constrained locales lacking sophisticated 
infrastructure. It will also help develop more accurate AI algorithms for diagnosis/prognosis of COVID-
19. Co-occurrences of these signs are uncommon across COVID-19 patients: When seen in tandem, 
however, they may constitute a highly specific diagnostic signature. This speculation, of course, needs 
validation by larger studies.

ADDITIONAL ANNOTATION TO IMAGES
The paper’s images[1] show the following (currently unannotated) features: Subpleural sparing, figures 
4B just under arrow marked as ground glass opacities, 7C and 7F; Hampton’s humps, figures 2E, 2F, 4B 
(marked as consolidation), 4C and 7A (larger, but fewer, in the right lung than left lung); Westermark 
sign, figure 2F; and pericardial air, figure 2C.

AMPLIFIED DISCUSSION OF CARDIOVASCULAR EFFECTS FROM COVID-19
Distribution of cardiovascular angiotensin-converting enzyme 2 receptors and pathophysiology 
impact
While correctly noting the ability of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
the causative agent of COVID-19, to invade cells by binding with high affinity to angiotensin-converting 
enzyme 2 and transmembrane protease serine 2 receptors, the authors have not discussed the 
cardiovascular system, where COVID-19’s impact has been reviewed widely[6,15-17]. The angiotensin-
converting enzyme 2 receptor is also expressed in the cardiovascular system in the endothelium of 
coronary arteries, cardiomyocytes, cardiac fibroblasts, epicardial adipocytes, vascular endothelial and 
smooth muscle cells[18-20].

Binding of SARS-CoV-2 to the endothelium predisposes to microthrombosis via endothelial inflam-
mation, complement activation, thrombin generation, platelet and leukocyte recruitment and initiation 
of innate and adaptive immune responses with complications such as deep vein thrombosis, pulmonary 
embolism, cortical venous thrombosis, stroke, cardiac inflammation and injury, arrhythmias, blood clots
[18] and acute/chronic myocardial injury[21]. An assay of the fibrin degradation product D-dimer (a 
thrombosis marker) on admission for prognostication of in-hospital mortality is now mandated in most 
clinical protocols to differentiate mild from severe COVID-19[7,22], especially when coupled with 
thrombocytopenia[8]. In infants and children reports of coronary artery aneurysms (CAA), including 
giant CAAs are gathering momentum as a part of multisystem inflammatory syndrome in post COVID-
19 children[23-26].

ROLE OF CARDIAC AND THORACIC MAGNETIC RESONANCE IMAGING
While the authors correctly note that cardiac magnetic resonance imaging (MRI) may be useful in the 
future to detect complications in patients with abnormal echocardiography, this is a current need too. 
Up to 60% of hospitalized COVID-19 patients have been reported to have evidence of myocardial injury
[21] (Figure 1A). Among post-discharge patients, approximately 10% complain of palpitations, with half 
of these having ongoing chest pain 6 mo after discharge[15]. Dilated cardiomyopathy is a known 
complication of COVID-19 cardiac injury[27] (Figures 1B and C). In post-COVID-vaccination patients, 
distinct self-limited myocarditis and pericarditis have appeared. While myocarditis developed rapidly 
in younger patients, mostly after the second vaccination, pericarditis affected older patients later, after 
either the first or second dose[28].

A recent report implicates the booster dose of the COVID-19 vaccine for acute myocarditis too[29]. In 
infants and children with COVID-19 reports of CAAs, including giant CAAs are gathering momentum
[23-26], and cardiac MRI/CT can be an invaluable in diagnosing these too. This is particularly important 
as these aneurysms (and their catastrophic consequences) are potentially regressible with ‘steroid 
therapy’. In addition these aneurysms would need to be monitored and managed, including for their 
potential to develop thrombosis[24]. Management includes cardiac support, immunomodulatory agents 
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Figure 1 Post coronavirus disease 2019 imaging. A: Myocarditis: Magnetic resonance late gadolinium enhancement imaging, 4 chamber view. 
Subepicardial scar with focal myocardial extension (arrow) in the mid anterolateral segment of the left ventricle; B and C: Dilated cardiomyopathy: Bright blood T2 
weighted cine imaging in short-axis 2 chamber view showing a dilated left ventricle. Patient had a history of coronavirus disease 2019 (COVID-19) infection a year 
ago followed by increasing dyspnea. Magnetic resonance imaging revealed severe left ventricular dysfunction and asynchronous left ventricle contractions, B: End 
diastole; C: End systole; D: Coronary artery aneurysm: Computed tomography angiography in a 4-year-old child reveals a fusiform aneurysm of the left anterior 
descending coronary artery (arrow). The patient had a history of COVID-19 8 mo ago and was following up for the same.

and anticoagulation[26]. Richardson et al[24] stated that in infants rapidly progressing CAAs are noted 
post COVID-19 infection. They also stated that as opposed to published reports these may be seen even 
in the absence of hemodynamic instability, ventricular dysfunction, myocardial ischemia or myoperi-
carditis. In view of the risk of progression of cardiac signs and symptoms, Sperotto et al[26] 
recommended long-term follow-up of these patients. Coronary arteries should therefore be thoroughly 
assessed in patients presenting with multisystem inflammatory syndrome in children symptoms[25]. 
For its non-ionizing radiation nature MRI would be the first choice in children. However, CT on account 
of its speed (and current low radiation protocols) can be utilized effectively too (Figure 1D).

In their Radiology 2021 editorial, Lima et al[30] stated that prolonged symptoms due to “long-haul” 
COVID-19 portend the potential for chronic cardiac sequelae, whose duration and severity remain 
unknown. They introduced the work of Kravchenko et al[31], which demonstrated the value of cardiac 
MRI in identifying inflammation, adverse patterns of hypertrophy, fibrosis and myocardial injury due 
to myocarditis, pericarditis, cardiomyopathy and healing.

Although thoracic CT is widely used for imaging of COVID-19 infection, thoracic MRI can also be 
used as an alternative diagnostic tool because of its advantages[32]. This is particularly important in 
patients requiring avoidance of exposure to ionizing radiation, e.g., in children and during pregnancy 
where pulmonary MRI may be preferred over pulmonary CT[33]. Pulmonary abnormalities caused by 
COVID-19 pneumonia can be detected on True FISP MRI sequences and correspond to the patterns 
known from CT. Spiro et al[34] made a useful suggestion for the current pandemic: Following MRI of 
the abdomen or heart, there should be careful evaluation of the visualized parts of the lungs for COVID-
19 findings. This would enable the identification and isolation of undetected cases of COVID-19.

Necker et al[35] reported a cinematic rendering of SARS-CoV-2 pneumonia. Cinematic rendering is a 
digital three-dimensional visualization technique that converts grayscale slices from CT or MRI into 
colored three-dimensional volumes via transfer functions illuminating the reconstruction with physical 
light simulation. They have stated that this type of rendering produces a natural, photorealistic image 
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that is intuitively understandable and can be well applied for clinical purposes. Cinematic rendering of 
CT images is a new way to show the three dimensionality of the various densities contained in 
volumetric CT/MRI data. We agree with them and feel that such cinematic rendering can make 
complicated volume rendered CT/MRI images easy to understand for other clinicians, administrators, 
policy makers as well as patients alike.

ROLE OF 18-FLUORODEOXYGLUCOSE POSITRON EMISSION TOMOGRAPHY
The authors’ suggestion of using fluorodeoxyglucose-positron emission tomography (PET) in the future 
for prognosis and monitoring is wonderful. We wish to add that the “rim sign”, a slight and continuous 
fluorodeoxyglucose uptake at the border of a peripheral lung consolidation[36], is easily recognizable 
on fluorodeoxyglucose PET/CT (though data on sensitivity/specificity are not available). When present, 
it strongly suggests pulmonary infarction and is observable even without suggestive finding of 
pulmonary infarction. The reverse halo sign would also be seen. Though highly sensitive, use of 
PET/CT for primary detection of COVID-19 is constrained by poor specificity as well as considerations 
of cost, radiation burden and prolonged exposure times for imaging staff. However, in patients who 
may require nuclear medicine studies for other clinical indications, PET imaging may yield the earliest 
detection of nascent infection in otherwise asymptomatic individuals. This may be extremely vital for 
immunocompromised patients, including those with coexistent malignancies, where the early diagnosis 
of infection and subsequent initiation of care needed will contribute vitally to improving outcomes and 
reducing morbidity and mortality[33].

Role of optical  thermal imaging and other remote patient monitoring devices
Lukose et al[37] stated that the currently popular method of collecting samples using the 
nasopharyngeal swab and subsequent detection of RNA using real-time PCR has false-positive results 
and a longer diagnostic time frame. Various optical techniques such as optical sensing, spectroscopy 
and imaging show great promise in virus detection, and the progress in the field of optical techniques 
for virus detection unambiguously show great promise in the development of rapid photonics-based 
devices for COVID-19 detection. They also provided a comprehensive review of the various photonics 
technologies employed for virus detection, especially the SARS-CoV family, such as near-infrared 
spectroscopy, fourier transform infrared spectroscopy, raman spectroscopy, fluorescence-based 
techniques, super-resolution microscopy and surface plasmon resonance-based detection.

Gomez-Gonzalez et al[38] reported a proof of concept of optical imaging spectroscopy for rapid, 
primary screening of SARS-CoV-2. A study by Shah et al[39] found that home pulse oximetry 
monitoring identified the need for hospitalization in initially non-severe COVID-19 patients when a 
cutoff SpO2 of 92% was used and that home SpO2 monitoring also reduced unnecessary emergency 
department revisits. McKay et al[40] stated that due to its portability, affordability and potential to serve 
as a screening tool for a conventionally lab-based invasive test, the mobile phone capillaroscope could 
serve as an important point-of-care tool and that the simplicity and portability of their technique may 
enable the development of an effective non-invasive tool for white blood cell screening in point-of-care 
and global health settings. This would be extremely useful in the COVID-19 pandemic scenario as white 
blood cell monitoring forms an essential part of COVID-19 management and follow-up[41,42].

Infrared thermography has been considered a gold standard method for screening febrile individuals 
during pandemics since the SARS outbreak in 2003. Khaksari et al[43] showed that in addition to an 
elevated body temperature a patient with COVID-19 will exhibit changes in other parameters such as 
oxygenation of tissues and cardiovascular and respiratory system functions. They also promulgated a 
compelling need to develop a new technique that would have the ability to screen all these signals and 
utilize the same for early detection of viral infections. In their opinion, keeping the advent of wireless 
technologies in mind, the development of such sensors that have point-of-care home-accessible 
capabilities will go a long way in better managing the increasing numbers of patients with COVID-19 
who are opting for home quarantine and that this will eventually reduce the burden on the healthcare 
system.

The COVID-19 pandemic is changing the landscape of healthcare delivery worldwide. There is a 
discernible shift toward remote patient monitoring. It is pertinent to note that a large number of remote 
patient monitoring platforms are already utilizing optical technologies[44]. This area of research has 
great potential for growth, and the biomedical optics community has great prospects in the 
development, testing and commodification of new wearable remote patient monitoring technologies to 
add to the available healthcare armamentarium and contribute to the rapidly changing healthcare and 
research environment, not just for the COVID-19 era but far beyond[44].

Various other ingenious methods/modalities have been used for early detection/screening for 
COVID-19. These include smartwatches[45], smart phones and other intelligent edge devices. Mishra et 
al[45] developed a method utilizing data from smartwatches to detect the onset of COVID-19 infection 
in real-time that detected 67% of infection cases at or before symptom onset. They stated that their study 
provided a roadmap to a rapid and universal diagnostic method for the large-scale detection of 
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respiratory viral infections in advance of symptoms, highlighting a useful approach for managing 
epidemics using digital tracking and health monitoring. Seshadri et al[46] stated that when used in 
conjunction with predictive platforms, wearable device users could receive alerts when changes in their 
metrics match those related to COVID-19 and that such anonymous data localized to regions such as 
neighborhoods or zip codes could provide public health officials and researchers a valuable tool to track 
and mitigate the spread of the virus. Their manuscript describes clinically relevant physiological metrics 
that can be measured from commercial devices today and highlights their role in tracking the health, 
stability, and recovery of COVID-19 + individuals and front-line workers.

Schuller et al[47] in their paper tilted ‘COVID-19 and Computer Audition: An Overview on What 
Speech & Sound Analysis Could Contribute in the SARS-CoV-2 Corona Crisis’ provided an overview on 
the potential for computer audition, i.e., the usage of speech and sound analysis by AI, to help in the 
COVID-19 pandemic scenario and concluded that computer audition appears ready for implementation 
of (pre-)diagnosis and monitoring tools and more generally provides rich and significant, yet so far 
untapped, potential in the fight against COVID-19 spread.

AI in COVID-19 imaging. Telemedicine has advanced by leaps and bounds. AI algorithms enable 
faster diagnosis (including remote diagnosis), with a fair degree of accuracy[48]. While the application 
of AI to medical imaging of cancers and other diseases is being developed over the past decades, the 
recent COVID-19 pandemic hastened the: (1) Need; (2) Development; (3) Training; and (4) Testing of AI 
algorithms, within a relatively shorter time-span of less than 2 years[49]. This was extremely beneficial 
for radiologists and other physicians involved in performing rapid diagnosis, keeping in mind this was 
a time when there was immense overloading of the healthcare system[50]. The benefits including for 
management were obvious. However limitations such as: (1) Limited datasets; (2) Inaccurate execution 
of training and testing procedures; and (3) Use of incorrect performance criteria needed to be dealt with. 
The above limitations can be overcome by the utilization of federated learning[48,51,52].

The technique of federated learning was originally pioneered by Google[53] as an application of their 
well-known MapReduce algorithm[54] and allows for iteratively training a machine learning model 
across geographically separated hardware, including mobile devices. The machine learning algorithm is 
distributed, while data remains local. It can be employed for both statistical and deep learning. Despite 
its drawbacks, specifically wide-area network bandwidth limits computation speed, federated learning 
appears to be a great way forward, especially for multicenter collaborations, getting around the ‘tricky’ 
data privacy issue and enabling algorithms/outcomes with much more accuracy than otherwise 
possible[51].

If AI is to make an even greater impact, Merchant et al[48] suggested getting down to the basics and 
incorporating time tested key medical ‘teaching’ and/or key ‘clinical’ parameters, including prognostic 
indicators, for more effective AI algorithms and their better clinical utility. They also stated that 
“Artificial Intelligence needs real Intelligence to guide it!”. Combining the wisdom gained over the 
years with the immense versatility of AI algorithms will maximize the accuracy and utility of AI applic-
ations in medical diagnosis and treatment modalities. We have gained wisdom regarding COVID-19 
imaging over the past few years and should utilize the same for creation of better algorithms for 
screening/detection/prognostication and management.

El Naqa et al[55], as part of a Medical Imaging Data and Resource Center initiative, noted that the 
pandemic has led to the coupling of interdisciplinary experts that include: (1) Clinicians; (2) Medical 
physicists; (3) Imaging scientists; (4) Computer scientists; and (5) Informatics experts, all of whom are 
working towards solving the challenges of the COVID-19 pandemic, specifically AI methods applied to 
medical imaging. They stated that the lessons learned during the transitioning to AI in the medical 
imaging of COVID-19 can inform and enhance future AI applications, making the entire transition more 
than every discipline combined to respond to emergencies like the COVID-19 pandemic. AI has been 
used in multiple imaging fields for COVID-19 imaging.

The model by Manokaran et al[56] could achieve an accuracy of 94.00% in detecting COVID-19 and an 
overall accuracy of 92.19%, which was based on DenseNet-201. The model can achieve an area under 
receiver operating characteristic curve of 0.99 for COVID-19, 0.97 for normal and 0.97 for pneumonia. 
Their automated diagnostic model yielded an accuracy of 94.00% in the initial screening of COVID-19 
patients and an overall accuracy of 92.19% using chest X-ray images.

Kusakunniran et al[57] proposed a solution to automatically classify COVID-19 cases in chest X-ray 
images using the ResNet-101 architecture, which was adopted as the main network with over 44 million 
parameters. A heatmap was constructed under the region of interest of the lung segment to visualize 
and emphasize signals of COVID-19. Their method achieved a sensitivity, specificity and accuracy of 
97%, 98% and 98%, respectively. Rao et al[58] stated that separable SVRNet and separable SVDNet 
models greatly reduced the number of parameters while improving the accuracy and increasing the 
operating speed.

Yi et al[50] utilized a large CT database (1112 patients) provided by the China Consortium of Chest 
CT Image Investigation and investigated multiple solutions in detecting COVID-19 and distinguishing it 
from other common pneumonia and normal controls. They compared the performance of different 
models for complete and segmented CT slices, in particular studying the effects of CT-superimposition 
depths into volumes, on the performance of their models and showed that an optimal model could 
identify COVID-19 slices with 99.76% accuracy (99.96% recall, 99.35% precision and 99.65% F1-score).
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Chaddad et al[59] investigated the potential of deep transfer learning to predict COVID-19 infection 
using chest CT and X-ray images. They opined that combining chest CT and X-ray images with DarkNet 
architecture achieved the highest accuracy of 99.09% and area under receiver operating characteristic 
curve of 99.89% in classifying COVID-19 from non-COVID-19 and that their results confirmed the 
ability of deep convolutional neural networks with transfer learning to predict COVID-19 in both chest 
CT and X-ray images. They concluded that this approach could help radiologists improve the accuracy 
of their diagnosis and improve overall efficiency of COVID-19 management.

Cho et al[60] performed quantitative CT analysis on chest CT images using supervised machine 
learning to measure regional ground glass opacities and inspiratory and expiratory image matching to 
measure regional air trapping in survivors of COVID-19. They summarized that quantitative analysis of 
expiratory chest CT images demonstrated that small airway disease with the presence of air trapping is 
a long-lasting sequelae of SARS-CoV-2 infection.

Fuhrman et al[61] developed a cascaded transfer learning approach to extract quantitative features 
from thoracic CT sections using a fine-tuned VGG19 network where a CT-scan-level representation of 
thoracic characteristics and a support vector machine was trained to distinguish between patients who 
required steroid administration and those who did not. They demonstrated significant differences 
between patients who received steroids and those who did not and concluded that their ‘cascade deep 
learning method’ has great potential in clinical decision-making and for monitoring patient treatment.

THE FUTURE
Quantum computers and quantum microscopes, new quantum repeaters enabling a scalable super 
secure quantum internet (distance will no longer be a hindrance, not just internet of things but 
‘intelligent edge’ devices commonplace[62]) will give a quantum boost to COVID-19 and other health 
care algorithms/strategies, including in other related fields, improving healthcare in ways beyond the 
realm of dreams[51]. Cloud computing could be complemented by edge computing, taking advantage 
of the burgeoning intelligent edge devices (smartphones are commonplace in the remotest of locations). 
Besides latency, edge computing is preferred over cloud computing in remote locations, where there is 
limited or no connectivity to a centralized location (a requirement of cloud computing), which requires 
local storage, similar to a mini data center at their location[63]. Medical imaging including COVID-
19/other pandemic imaging and AI will never be the same again, in the era of quantum computing and 
quantum AI imaging and health care will reach stratospheric levels and beyond[47].

Correction of “pulmonary destruction”. The author’s state: “The migration of fluid into the alveolar 
sacs is governed by the imbalance in Starling forces. The diffuse alveolar damage caused by the viral 
particles results in an increased capillary wall permeability (high k value), thereby increasing the force at 
which fluid migrates from the capillaries to the alveolar space.” emphasis added. Surely the authors 
mean “rate” instead of “force”. Permeability is the inverse of resistance. By analogy with Ohm’s Law for 
electricity (current = voltage/resistance) or its equivalent for blood pressure (cardiac output = blood 
pressure/peripheral resistance), capillary outflow will increase under fixed/constant pressure if 
permeability increases.

We hope that this augmentation of the excellent review by Pal et al[1] will enhance your readers’ 
ability to evaluate COVID-19 patients on imaging. COVID-19 is here to stay. Each effort at adding to the 
information available in the literature will go a long way in improving patient care overall.
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Abstract
BACKGROUND 
Although contrast-enhanced magnetic resonance imaging (MRI) using gadoxetic 
acid has been shown to have higher accuracy, sensitivity, and specificity for the 
detection and characterization of hepatic metastases compared with other mo-
dalities, the long examination time would limit the broad indication. Several 
abbreviated enhanced MRI (Ab-MRI) protocols without dynamic phases have 
been proposed to achieve equivalent diagnostic performance for the detection of 
colorectal liver metastases. However, an optimal protocol has not been esta-
blished, and no studies have assessed the diagnostic performance of Ab-MRI 
combined with contrast-enhanced computed tomography (CE-CT), which is the 
preoperative imaging of colorectal cancer staging in clinical settings, to determine 
the best therapeutic strategy.

AIM 
To compare the diagnostic performance of two kinds of Ab-MRI protocol with the 
standard MRI protocol and a combination of the Ab-MRI protocol and CE-CT for 
the detection of colorectal liver metastases.

METHODS 
Study participants comprised 87 patients (51 males, 36 females; mean age, 67.2 ± 
10.8 years) who had undergone gadoxetic acid-enhanced MRI and CE-CT during 

https://www.f6publishing.com
https://dx.doi.org/10.4329/wjr.v14.i10.352
mailto:ozakik-rad@umin.org


Ozaki K et al. Abbreviated gadoxetic acid-enhanced magnetic resonance protocols

WJR https://www.wjgnet.com 353 October 28, 2022 Volume 14 Issue 10

the initial work-up for colorectal cancer from 2010 to 2021. Each exam was independently 
reviewed by two readers in three reading sessions: (1) Only single-shot fast spin echo (FSE) T2-
weighted or fat-suppressed-FSE-T2-weighted, diffusion-weighted, and hepatobiliary-phase images 
(Ab-MRI protocol 1 or 2); (2) all acquired MRI sequences (standard protocol); and (3) a com-
bination of an Ab-MRI protocol (1 or 2) and CE-CT. Diagnostic performance was then statistically 
analyzed.

RESULTS 
A total of 380 Lesions were analyzed, including 195 metastases (51.4%). Results from the two Ab-
MRI protocols were similar. The sensitivity, specificity, and positive and negative predictive 
values from Ab-MRI were non-inferior to those from standard MRI (P > 0.05), while those from the 
combination of Ab-MRI protocol and CE-CT tended to be higher than those from Ab-MRI alone, 
although the difference was not significant (P > 0.05), and were quite similar to those from 
standard MRI (P > 0.05).

CONCLUSION 
The diagnostic performances of two Ab-MRI protocols were non-inferior to that of the standard 
protocol. Combining Ab-MRI with CE-CT provided better diagnostic performance than Ab-MRI 
alone.

Key Words: Colorectal liver metastases; Gadoxetic acid; Magnetic resonance imaging; Hepatobiliary phase; 
Contrast-enhanced computed tomography; Diagnostic performance

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: For the detection of colorectal liver metastases, the diagnostic performance of two kinds of 
abbreviated enhanced magnetic resonance imaging (Ab-MRI) protocols was non-inferior to that of the 
standard protocol. The combination of Ab-MRI and contrast-enhanced computed tomography provided 
better diagnostic performance than that of Ab-MRI alone.

Citation: Ozaki K, Ishida S, Higuchi S, Sakai T, Kitano A, Takata K, Kinoshita K, Matta Y, Ohtani T, Kimura H, 
Gabata T. Diagnostic performance of abbreviated gadoxetic acid-enhanced magnetic resonance protocols with 
contrast-enhanced computed tomography for detection of colorectal liver metastases. World J Radiol 2022; 14(10): 
352-366
URL: https://www.wjgnet.com/1949-8470/full/v14/i10/352.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i10.352

INTRODUCTION
Metastatic disease is the most frequent malignant condition in the liver, and colorectal cancer (CRC), 
which is the third most common cancer[1], is the most frequent primary cancer causing hepatic 
metastases. Synchronous and metachronous liver metastases are found in 20%-25% and 35%-55%, 
respectively, of patients with advanced CRC[2,3]. Accurate detection of metastases is therefore essential 
for optimizing patient management and guiding therapeutic strategies.

Although several imaging modalities have been adopted to assess hepatic metastases, contrast-
enhanced magnetic resonance imaging (MRI) using gadoxetic acid has been shown to offer higher 
accuracy, sensitivity, and specificity for the detection and characterization of hepatic metastases 
compared with other modalities such as ultrasound, contrast-enhanced computed tomography (CE-CT), 
and 18F-fluoro-2-deoxy-D-glucose positron emission tomography/CT[4-7]. Nevertheless, the long 
examination time and relatively high cost of the standard MRI protocol with gadoxetic acid limit its use 
for the routine surveillance of liver metastases in patients with CRC, whereas CE-CT is routinely used 
for primary staging and metastatic surveillance.

Most previous reports on the detection of liver metastases, including dynamic contrast studies, have 
assessed acquired sequences[4-7]; however, high sensitivity for the detection of liver metastases is 
mainly provided by diffusion-weighted imaging (DWI) and hepatobiliary phase (HBP) imaging with 
gadoxetic acid obtained 20 min after injection[8-10], and no definitive evidence has shown that T1-
weighted images with or without fat suppression or dynamic contrast study are essential for accurate 
detection.
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https://dx.doi.org/10.4329/wjr.v14.i10.352


Ozaki K et al. Abbreviated gadoxetic acid-enhanced magnetic resonance protocols

WJR https://www.wjgnet.com 354 October 28, 2022 Volume 14 Issue 10

Recently, several selected MRI protocols without dynamic phases [e.g., abbreviated enhanced MRI 
(Ab-MRI)] have been proposed to achieve equivalent diagnostic performance for the detection of 
colorectal liver metastases to standard MRI protocols[11-13]. However, the number of reports is still 
small, and the sequences included in the protocols have been slightly different. As a result, no optimal 
protocol has been established. Furthermore, while MRI with gadoxetic acid is regularly performed after 
CE-CT for preoperative CRC staging in clinical settings, no studies appear to have assessed the 
diagnostic performance of Ab-MRI in combination with CE-CT to determine the best therapeutic 
strategy.

The purpose of the present study was therefore to compare the diagnostic performance of two Ab-
MRI protocols with those of the standard MRI protocol and a combination of an Ab-MRI protocol and 
CE-CT in the detection of colorectal liver metastases.

MATERIALS AND METHODS
This single-center retrospective study was approved by our institutional review board. Given the 
retrospective design of the study, the need to obtain written informed consent was waived.

Study population
We identified all patients with CRC pathologically confirmed from surgically resected specimens who 
had undergone gadoxetic acid-enhanced MRI and CE-CT for cancer staging during the initial work-up 
between October 2010 and April 2021. In our institution, hepatic MRI using gadoxetic acid and CE-CT 
are routinely performed during the initial work-up of patients with CRC. The inclusion criteria for the 
study population were as follows: (1) Pathologically proven primary CRC; (2) performance of CE-CT 
within 2 wk of an MRI; and (3) previous abdominal CT or MRI performed ≥ 12 mo earlier. Among 386 
patients seen in our facility during the study period, 105 patients with CRC confirmed at pathological 
analysis satisfied the inclusion criteria; 118 patients with CRC had no colorectal liver metastases, and 
163 with colorectal liver metastases underwent chemotherapy without surgical resection. Patients with 
the following conditions were then excluded: motion artifacts or missing part of the MRI acquisition (n 
= 5); history of other malignancy (n = 4); missing part of a CT examination due to iodine allergy (n = 4); 
chronic live disease or cirrhosis (n = 3); and cancer other than adenocarcinoma, such as neuroendocrine 
tumor (n = 2). A final total of 87 patients was included in this study (Figure 1). The demographic and 
clinical-biological data of these patients were obtained from the medical records.

MRI examinations
Gadoxetic acid-enhanced MRI was performed using a 3-T system (Discovery 750 DV 25.1; GE 
Healthcare, Waukesha, WI, United States) with an 8-channel body phased-array coil. All patients 
included in the study had undergone scans using a standard liver MRI protocol including the following 
sequences: in- and opposed-phase T1-weighted imaging, and 3-dimensional T1-weighted fat-
suppressed spoiled gradient-recalled echo sequences [liver acquisition with volume acceleration 
(LAVA); GE Medical Systems] as pre-contrast sequences. After gadoxetic acid (Primovist; Bayer 
Schering Pharma, Osaka, Japan) was administered at a rate of 1 mL/s followed by a 20-mL saline flush 
using a power injector and a bolus tracking technique, late arterial-, portal venous-, and transitional-
phase images were acquired using LAVA. Single-shot fast spin echo (SSFSE) T2-weighted imaging, fat-
suppressed fast spin echo (FSE) T2-weighted imaging, DWI (b = 0 s/mm2, b = 800 s/mm2), and HBP 
imaging were acquired at least 20 min after contrast administration using the same sequences as applied 
pre-contrast (Figure 2). Details of the MRI protocols are provided in Table 1.

CT examinations
All CT examinations were conducted using a CT system (SOMATOM Force; Siemens Healthcare, 
Forchheim, Germany). Following non-enhanced CT, contrast material-enhanced study was performed 
at 60-70 s (portal phase) and 180 s (equilibrium phase) after completing intravenous injection of non-
ionic contrast material (Iopamiron 370; Bayer Health Care, Osaka, Japan) (500 mg of iodine per kilogram 
body weight) for 30 s. Images were acquired in the craniocaudal direction, including the whole 
abdomen and pelvis. The following imaging parameters were used: tube current, 250 mAs; tube 
voltages, 100 kVp; collimation, 0.6´192 mm; pitch factor, 0.8; rotation time, 0.5 s; matrix, 512´512; field of 
view, 300-500 mm; and reconstruction interval (slice thickness), 3 mm.

Image analysis
All MRI and CT examinations were pooled after anonymization by a radiologist (K.O.) with 20 years of 
experience in the field of abdominal imaging who did not participate in the readings. Two different Ab-
MRI protocols were arranged, including only SSFSE T2-weighted or fat-suppressed FSE-T2-weighted, 
DWI and HBP images (Ab-MRI protocol 1 or 2) (Figure 2). Four radiologists (T.S., K.K., K.T., A.K., with 
30, 22, 10, and 8 years of experience in oncology imaging, respectively) randomized into two groups 
retrospectively and independently reviewed the following three reading sessions: (1) Ab-MRI protocol 1 
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Table 1 Magnetic resonance imaging acquisition parameters

Sequence Orientation Respiratory 
compensation

Repetition/echo 
time (ms)

Flip angle 
(degrees)

Section 
thickness 
(mm)

Intersection 
gap (mm)

Field-
of-view 
(mm2)

Matrix Acquisition 
time (s)

T1-weighted in 
and opposed 
phases (SPGR)

Axial Breath-hold 6.9/4.5 12 4 1 350´280 320´224 20

Dynamic study 
(LAVA)1

Axial Breath-hold 6.5/3.1 15 4 1 350´280 320´192 20

Single-shot FSE 
T2-weighted 
imaging

Axial Breath-hold 520/82 90 5 1 350´350 384´256 20

Diffusion-
weighted 
imaging

Axial Respiration 
trigger

8000-12000/68 90 5 1 350´350 128´128 210

Fat-suppressed 
FSE T2-weighted 
imaging

Axial Respiration 
trigger

520/82 160 5 1 350´350 320´320 230

Hepatobiliary 
phase

Axial Breath-hold 6.5/3.1 30 4 1 350´280 320´224 20

1Dynamic study consists of pre-contrast, late arterial, portal venous, and transitional phases.
SPGR: Spoiled gradient-recalled echo; LAVA: Liver acquisition with volume acceleration; FSE: Fast spin echo.

Figure 1 Flowchart of the study population. MR: Magnetic resonance; CT: Computed tomography.

or 2; (2) the standard MRI protocol including all acquired sequences; and (3) a combination of Ab-MRI 
protocol 1 or 2 and CE-CT. The reader who performed the Ab-MRI in the first reading session used the 
same abbreviated protocol in the third reading session. All interpretation of images from MRI and CT 
was blinded to clinical-biological and follow-up data. The reader at the second or third reading was 
blinded to results from the prior session, which had been held at least 2 mo earlier.
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Figure 2 Schematic diagrams of the standard magnetic resonance imaging protocol (upper diagram) and both kinds of simulated 
abbreviated magnetic resonance imaging protocol (lower diagram). SSFSE T2: Single-shot fast spin echo T2-weighted imaging; Fat-sat T2: Fat-
suppressed T2-weighted imaging; DWI: Diffusion-weighted imaging; MR: Magnetic resonance.

Reviewers were asked to report all focal liver lesions detected. Lesion locations were defined 
according to the Couinaud classification. Maximal diameter on the axial plane was measured in 
millimeters. Readers characterized the detected lesions using a 5-point scale (1, definitely not liver 
metastasis; 2, probably not liver metastasis; 3, indeterminate; 4, probably liver metastasis; and 5, 
definitely liver metastasis). Lesions were considered liver metastases for scores of 4 or 5, whereas lesions 
were considered to not represent liver metastases for scores ≤ 3.

Standard of reference
All metastases were pathologically confirmed from surgically resected specimens. The MRI of each 
metastasis was pathologically checked in the cut sections of the resected specimens by a radiologist 
(K.O.) and a pathologist (S.H., 7 years of experience) who did not participate in the readings.

Benign lesions such as simple hepatic cysts and hemangiomas were diagnosed on the basis of typical 
imaging findings and by the fact that the lesions demonstrated no change in size on previous contrast-
enhanced CT or MRI performed over a period of ≥ 12 mo (range, 12-38 mo). Typical imaging findings of 
hepatic cysts and hemangiomas are as follows: hepatic cysts are diagnosed on the basis of marked 
hyperintensity on T2-weighted imaging and the absence of contrast enhancement. Hemangiomas are 
diagnosed on the basis of moderate to marked hyperintensity on T2-weighted imaging and expanding 
globular peripheral enhancement approximately paralleling that of the blood pool. Tiny hepatic cysts 
(diameter < 2 mm) detected only on SSFSE T2-weighted imaging were not subjected to analysis. Other 
benign lesions (such as focal nodular hyperplasia) were also recorded if found. Examples of colorectal 
liver metastases, hemangiomas, and hepatic cysts are shown in Figures 3-6.

Statistical analysis
Continuous variables are reported as mean and standard or median deviation and extreme values, 
depending on the distribution. Sensitivity, specificity, positive predictive value (PPV), negative 
predictive values (NPV), accuracy of each session, and 95%CIs were calculated. A false positive was a 
lesion considered by radiologists to be malignant but not confirmed as a metastasis according to the 
reference standard. A false negative was a lesion considered to be benign by radiologists but identified 
as a metastasis according to the reference standard. McNemar’s test or Fisher’s exact test was used to 
compare sensitivity, specificity, PPV, NPV, and accuracy between each reading session. Areas under the 
receiver operating characteristic curve (AUROCs) were computed and compared using the DeLong test. 
Inter-reader variability for the characterization of detected lesions was assessed using Cohen’s kappa 
statistics. Kappa values of 0.01-0.20, 0.21-0.40, 0.41-0.60, 0.61-0.80, and 0.81-1.0 were considered to 
indicate “poor”, “fair”, “moderate”, “good”, and “excellent” agreement, respectively. A bilateral value 



Ozaki K et al. Abbreviated gadoxetic acid-enhanced magnetic resonance protocols

WJR https://www.wjgnet.com 357 October 28, 2022 Volume 14 Issue 10

Figure 3 A 54-year-old woman with two colorectal liver metastases in segment 8, with diameters of 9 mm (arrows) and 4 mm 
(arrowheads). A: The lager metastasis (arrow) is clearly depicted as an area of hyperintensity, and the smaller metastasis (arrowhead) shows indistinct 
hyperintensity on single-shot fast spin echo (SSFSE) imaging; B: Lager (arrow) and smaller (arrowhead) metastases are clearly depicted as an area of hyperintensity 
on fat-suppressed fast spin echo (FSE) T2-weighted imaging; C: The lager metastasis (arrow) is clearly depicted as an area of hyperintensity, and the smaller 
metastasis (arrowhead) is not depicted on diffusion-weighted imaging (DWI); D: Lager (arrow) and smaller (arrowhead) metastases are clearly depicted as an area of 
hypointensity on hepatobiliary-phase imaging. Abbreviated magnetic resonance imaging (Ab-MRI) protocol 1 included SSFSE T2-weighted imaging (A), DWI (C), and 
hepatobiliary-phase imaging (D), whereas abbreviated MRI protocol 2 included fat-suppressed FSE T2-weighted imaging (B), DWI (C), and hepatobiliary phase 
imaging (D). The lager metastasis (arrows) were scored as 5 by all four readers. The smaller metastasis (arrowheads) was incorrectly scored as 3 or 4 by one of the 
two readers in Ab-MRI protocols 1 and 2, respectively, and was missed by one reader in Ab-MRI protocol 1.

of P < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS 
software version 21.0 (SPSS, IBM; Armonk, NY, United States).

RESULTS
Patient and tumor characteristics
The 87 patients had 195 metastases (51.4%) and 175 benign lesions (49.6%) (15 hemangiomas/160 cysts; 
no other benign lesions were observed). The mean sizes of metastases and benign lesions were 28.2 ± 
13.6 mm and 4.8 ± 2.8 mm, and median numbers per patient were 2.2 (range, 1-8) and 3.1 (range, 0-12), 
respectively. Patient and tumor characteristics are shown in Table 2.

Lesion detection
A total of 352 (95.1%) and 349 (94.3%) of the 370 Lesions were detected by Readers 1 and 2, respectively, 
using Ab-MRI protocol 1, including 182 (93.3%) and 178 (91.3%) of the 195 metastases and 170 (97.1%) 
and 171 (97.7%) of the 175 benign lesions, respectively. A total of 350 (94.6%) and 355 (95.9%) of the 370 
Lesions were detected by Readers 3 and 4, respectively, using Ab-MRI protocol 2, including 185 (94.9%) 
and 184 (94.4%) of the 195 metastases and 168 (96.0%) and 171 (97.7%) of the 175 benign lesions, 
respectively.

All performance indices (sensitivity, specificity, PPV, NPV, accuracy, and AUROC) for the two Ab-
MRI protocols were similar. Sensitivity, specificity, PPV, and NPV of the two Ab-MRI protocols were 
non-inferior to that of standard MRI for all readers (P > 0.05), whereas significant differences in accuracy 
and AUROC were observed (P < 0.05).

All performance indices for the combination of Ab-MRI and CE-CT were higher than that of Ab-MRI 
alone for all four readers, although only accuracy or AUROC differed significantly (P < 0.05). All 
performance indices for the combination of Ab-MRI and CE-CT were similar to that of standard MRI for 
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Table 2 Patient and tumor characteristics

Characteristics

Number of cases 87

Gender (male/female) 51 (58.6%)/36 (41.4%)

Age (yr)1 overall 67.2 ± 10.8

Male 67.5 ± 9.6

Female 66.8 ± 12.4

Location of colorectal cancer colon/rectum 31/56

Total number of lesions; metastases/benign 370

Metastases 195 (51.4%)

Benign lesions 175 (49.6%) (15 hemangiomas/160 cysts)

Number of lesions per patient with liver metastases 2.2 (1-8)

Size of metastatic lesion (mm)1 28.2 ± 13.6

Number of benign lesions per patient 3.1 (0-12)

Size of benign lesions (mm)1 4.8 ± 2.8

1Data are expressed as means ± SD. Other data represent numbers of lesions and range.

Figure 4 An 86-year-old woman with a colorectal liver metastasis in segment 3, measuring 2.8 mm in diameter (arrows). A: The metastasis 
(arrow) appears indistinct on single-shot fast spin echo T2-weighted imaging; B: The metastasis (arrow) appears indistinct on fat-suppressed fast spin echo T2-
weighted imaging; C: The metastasis (arrow) is clearly depicted as an area of hyperintensity on diffusion-weighted imaging; D: The metastasis (arrow) is clearly 
depicted as an area of hypointensity on hepatobiliary-phase imaging. The lesion was scored 4 or 5 by one reader in each abbreviated enhanced magnetic resonance 
imaging (Ab-MRI) protocol, and was missed by the other reader in Ab-MRI protocol 1 and 2.

all four readers (P > 0.05). The details and results of a comparison of all performance indices between 
the three reading sessions by each reader are shown in Tables 3 and 4.
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Table 3 Comparison of diagnostic performance of three reading sessions including abbreviated magnetic resonance imaging protocol 1

Reader 1 Reader 2

Ab-MRI Standard 
MRI

Ab-MRI + 
CE-CT

P value (Ab-MRI 
vs standard)

P value (Ab-MRI 
vs Ab-MRI + CE-
CT)

P value (standard 
vs Ab-MRI + CE-CT) Ab-MRI Standard 

MRI
Ab-MRI + 
CE-CT

P value (Ab-MRI 
vs standard)

P value (Ab-MRI 
vs Ab-MRI + CE-
CT)

P value (standard 
vs Ab-MRI + CE-CT)

Sensitivity 93.3 (88.9-
96.4)

94.4 (92.3-
95.1)

93.8 (91.8-
94.6)

0.5 > 0.99 > 0.99 91.3 (88.9-
92.5)

93.8 (91.7-
94.8)

93.3 (91.1-
94.3)

0.063 0.125 > 0.99

Specificity 97.1 (93.5-
99.1)

98.9 (96.6-
99.7)

98.9 (96.6-
99.7)

0.125 0.25 > 0.99 97.7 (95.0-
99.1)

98.3 (95.8-
99.4)

98.3 (95.8-
99.4)

> 0.99 > 0.99 > 0.99

PPV 97.3 (93.9-
99.1)

98.9 (96.8-
99.7)

98.9 (96.8-
99.7)

0.25 0.25 > 0.99 97.8 (95.2-
99.1)

98.4 (96.1-
99.4)

98.4 (96.0-
99.4)

0.25 0.25 > 0.99

NPV 92.9 (88.2-
96.2)

94 (91.9-94.8) 93.5 (91.4-
94.3)

0.5 > 0.99 > 0.99 91 (85.9-
94.6)

93.5 (91.2-
94.5)

93 (90.6-
94.0)

0.063 0.125 > 0.99

Accuracy 95.1 (92.4-
97.1)

96.5 (94.4-
97.3)

96.2 (94.1-
97.0)

0.063 0.125 > 0.99 94.3 (91.8-
95.6)

95.9 (93.6-
97.0)

95.7 (93.3-
96.7)

0.031 0.063 > 0.99

AUROC 0.952 
(0.931-
0.974)

0.966 (0.948-
0.984)

0.964 
(0.945-
0.982)

0.025 0.045 0.317 0.945 
(0.922-
0.968)

0.961 (0.941-
0.980)

0.958 
(0.938-
0.978)

0.014 0.025 0.317

Abbreviated magnetic resonance imaging protocol 2 consisting of fat-suppressed fast spin echo T2-weighted, diffusion-weighted, and hepatobiliary phase images. Numbers in square brackets represent 95%CIs. PPV: Positive predictive 
value; NPV: Negative predictive value; AUROC: Area under the receiver operating characteristic curve; Ab-MRI: Abbreviated magnetic resonance imaging; CE-CT: Contrast-enhanced computed tomography.

More specifically, with regard to false-negative lesions in the Ab-MRI protocols, 11 metastases of the 
13 false-negative lesions for reader 1, 12 of 17 for reader 2, 8 of 13 for reader 3, and 6 of 11 for reader 4 
were not detected on any of the three reading sessions by each reader, respectively (all were < 1 cm). 
Among these false-negative lesions, seven metastases were detected by at least one reader using the 
combination of Ab-MRI and CE-CT or the standard MRI protocol. On the other hand, five small 
metastases were not detected on any reading sessions by any reader (all were < 1 cm) (Figures 3 and 4). 
Three of these small metastases were located on the peripheral edge of the liver. The mean diameter of 
metastases detected using Ab-MRI protocols was 12 ± 10 mm, compared to 2.3 ± 1.7 mm for undetected 
metastases. With regard to the false-positive lesions, three hemangiomas were misdiagnosed as liver 
metastases on both Ab-MRI protocols by all four readers and correctly diagnosed on standard MRI and 
the combination of Ab-MRI and CE-CT (Figure 5).

Inter-reader agreement for tumor classification
In Ab-MRI protocol 1, the kappa value for the two readers was 0.891 (95%CI: 0.846-0.938) for the 
combination of Ab-MRI and CE-CT, which was slightly higher than that for Ab-MRI (0.849; 95%CI: 
0.795-0.903) and standard MRI (0.887; 95%CI: 0.839-0.9334). In Ab-MRI protocol 2, the kappa value for 
the two readers was 0.935 (95%CI: 0.899-0.971) for the combination of Ab-MRI and CE-CT, which was 
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Table 4 Comparison of diagnostic performance of three reading sessions including abbreviated magnetic resonance imaging protocol 2

Reader 3 Reader 4

Ab-MRI Standard 
MRI

Ab-MRI + 
CE-CT

P value (Ab-MRI 
vs standard)

P value (Ab-MRI 
vs Ab-MRI + CE-
CT)

P value (standard 
vs Ab-MRI + CE-CT) Ab-MRI Standard 

MRI
Ab-MRI + 
CE-CT

P value (Ab-MRI 
vs standard)

P value (Ab-MRI 
vs Ab-MRI + CE-
CT)

P value (standard 
vs Ab-MRI + CE-CT)

Sensitivity 93.3 (90.7-
95.0)

94.9 (92.7-
95.9)

95.9 (93.8-
96.9)

0.25 0.063 0.5 94.4 (90.1- 
97.2)

95.9 (93.8-
96.9)

96.9 (95.1-
97.6)

0.25 0.063 0.5

Specificity 96 (93.1-
97.8)

98.3 (95.9-
99.4)

98.3 (96.0-
99.4)

0.125 0.125 > 0.99 97.7 (94.3-
99.4)

98.3 (96.0-
99.4)

98.9 (96.8-
99.7)

> 0.99 0.5 > 0.99

PPV 96.3 (93.6-
98.0)

98.4 (96.2-
99.4)

98.4 (96.3-
99.4)

0.125 0.125 > 0.99 97.9 (94.6-
99.4)

98.4 (96.3-
99.4)

99 (97.1-
99.7)

> 0.99 0.5 > 0.99

NPV 92.8 (90.0-
94.6)

94.5 (92.2-
95.6)

95.6 (93.3-
96.6)

0.5 0.125 0.5 94 (89.4-
96.9)

95.6 (93.3-
96.6)

96.7 (94.7-
97.5)

0.25 0.063 0.5

Accuracy 94.6 (91.9-
96.3)

96.5 (94.2-
97.5)

97 (94.9-
98.0)

0.016 0.004 0.5 95.9 (93.4-
97.7)

97 (94.9-98.0) 97.8 (95.9-
98.6)

0.125 0.063 0.5

AUROC 0.947 
(0.924-
0.969)

0.943 (0.919-
0.967)

0.948 
(0.925-
0.971)

0.603 0.862 0.156 0.960 
(0.941-
0.980)

0.971 (0.954-
0.988)

0.979 
(0.964-
0.993)

0.045 0.007 0.083

Abbreviated magnetic resonance imaging protocol 2 consisting of fat-suppressed fast spin echo T2-weighted, diffusion-weighted, and hepatobiliary phase images. Numbers in square brackets represent 95%CIs. PPV: Positive predictive 
value; NPV: Negative predictive value; AUROC: Area under the receiver operating characteristic curve; Ab-MRI: Abbreviated magnetic resonance imaging; CE-CT: Contrast-enhanced computed tomography.

similar to that for standard MRI (0.942; 95%CI: 0.885-0.963) and slightly higher than that for Ab-MRI 
(0.827; 95%CI: 0.770-0.885). All kappa values indicated excellent inter-reader agreement with regard to 
the presence of liver metastases.

DISCUSSION
The results of this study revealed that the overall diagnostic performances of both Ab-MRI protocols 1 
and 2 were non-inferior to that of the standard MRI protocol, and that of the combination of Ab-MRI 
and CE-CT were higher than that of Ab-MRI alone and similar to that of the standard MRI protocol. 
These findings indicate that Ab-MRI protocols could provide a viable alternative to conventional MRI 
protocols for evaluating colorectal liver metastases, and that parallel assessment with CE-CT appears 
more useful.

Our results are similar to those from other recently published articles[11,12]. In retrospective studies 
of patients with CRC and using a similar design, Ghorra et al[11] and Canellas et al[12] assessed similar 
Ab-MRI protocols and reported high sensitivity for lesion detection (88.5% and 93.5%, respectively) and 
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Figure 5 A 59-year-old man with a colorectal small liver metastasis (arrows) and a small simple hepatic cyst (arrowheads) that were 4.1 
mm and 5.5 mm, respectively. A: The metastasis (arrow) appears indistinct, whereas the cyst (arrowhead) is clearly depicted as an area of hyperintensity on 
single-shot fast spin echo T2-weighted imaging; B: The metastasis (arrow) is depicted as mild hyperintensity, and the cyst (arrowhead) is clearly depicted as an area 
of hyperintensity on fat-suppressed fast spin echo T2-weighted imaging; C: The metastasis (arrow) is clearly depicted as an area of hyperintensity, and the cyst 
(arrowhead) is not depicted on diffusion-weighted imaging; D: The metastasis (arrow) and the cyst (arrowhead) are clearly depicted as an area of hypointensity on 
hepatobiliary-phase imaging. The metastasis (arrows) was scored 5 by all four readers. The cyst (arrowheads was scored 1 or 2 by all four readers.

high PPV for lesion characterization (91.9% and 98.3%, respectively). The high diagnostic performance 
of Ab-MRI protocols could be preserved with DWI and HBP images[8-10]. Because of the background 
suppression of normal parenchyma and intrahepatic vessels, DWI shows high sensitivity for detecting 
liver metastases, especially small lesions < 2 cm in diameter, compared with T2-weighted imaging, and 
discriminates between metastases and benign lesions more effectively because of its excellent contrast-
to-noise ratio (CNR) and signal-to-noise ratio (SNR)[14,15]. Gadoxetic acid-enhanced MRI also shows 
high sensitivity (92%), particularly for small lesions (≤ 1 cm), even compared with enhanced MRI using 
superparamagnetic iron oxide (63%)[16]. The higher detection sensitivity of gadoxetic acid-enhanced 
MRI can be explained by the HBP images, which provide higher SNR, CNR, and spatial resolution, 
improving the conspicuity and detectability of liver metastases[17,18]. The combination of DWI and 
HBP images yield excellent performance for lesion detection compared with each sequence alone[9,10]. 
However, these two sequences are insufficient for the accurate detection and diagnosis of liver 
metastases.

DWI characterization of focal liver lesions offers several potential pitfalls and limitations. First, the 
DWI signal intensity for metastases shows significant overlap between those of benign and other 
malignant lesions[19], and cannot accurately distinguish between each focal liver lesion. In addition, 
DWI in the upper abdomen is limited by susceptibility and ghosting artifacts in relation to the presence 
of gas in the nearby bowel and physiologic movements, respectively, which can hide lesions located on 
the upper edge or in the left lobe, respectively[15,20,21]. The excellent detectability of HBP images can 
compensate for these limitations but because many types of lesions show the same hypointensity, HBP 
images without dynamic contrast also show a potential drawback in regard to the difficulty of charac-
terizing focal hepatic lesions.

Lesion characterization requires additional sequences, mainly for differentiating between metastases 
and benign lesions such as cysts or hemangiomas. We therefore adopted T2-weighted images in the 
present study, as with previous reports[11-13]. On T2-weighted imaging, liver metastases tend to show 
mild hyperintensity compared with cysts and hemangiomas, both of which show marked hyperin-
tensity[22]. SSFSE T2-weighted imaging is more useful than FSE T2-weighted imaging for characterizing 
cysts and hemangiomas[23], whereas liver metastases (particularly small lesions) remain indistinct. On 
the other hand, FSE T2-weighted imaging with fat suppression might be more helpful for differentiating 
metastases from hemangiomas[24]. As both SSFSE and FSE T2-weighted imaging have specific 
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Figure 6 A 70-year-old man with colorectal liver metastasis (not shown) and a hepatic hemangioma in segment 7, which is 4 mm in 
diameter (arrowheads). A: The hemangioma (arrowhead) is clearly depicted as an area of hyperintensity on single-shot fast spin echo T2-weighted imaging; B: 
The hemangioma (arrowhead) is clearly depicted as an area of hyperintensity on fat-suppressed fast spin echo T2-weighted imaging; C: The hemangioma 
(arrowhead) is clearly depicted as an area of hyperintensity on diffusion-weighted imaging; D: The hemangioma (arrowhead) is clearly depicted as an area of 
hypointensity on hepatobiliary-phase imaging; E: The characteristic early enhancement accompanying arterio-portal shunt of hemangioma (arrowhead) is depicted on 
arterial phase magnetic resonance (MR) image; F: The characteristic prolonged enhancement of hemangioma (arrowhead) is depicted on equilibrium phase 
computed tomography (CT) image. The lesion was incorrectly scored 4 by two readers in abbreviated enhanced magnetic resonance imaging (Ab-MRI) protocol 1, 
and was scored 4 or 5 by two readers in Ab-MRI protocol 2. The lesion was scored 1 by all four readers in standard MR protocol and the combination of each Ab-MRI 
and contrast-enhanced CT.

advantages and disadvantages, we used two kinds of Ab-MRI protocol including T2-weighted imaging. 
Consequently, our results showed little difference between both kinds of Ab-MRI protocols with SSFSE 
or FSE T2-weighted images.

The difficulties in discriminating between metastases and hemangiomas, particularly for small 
lesions, may be a potential drawback of even gadoxetic acid-enhanced MRI, including dynamic contrast 
study, which is the standard protocol, because of the lack of an equilibrium phase in the real sense of the 
term[25,26]. The shortcomings of gadoxetic acid-enhanced MRI can be overcome by CE-CT, as 
supported by Sofue’s report[27] that the PPV with the combination of CE-CT and gadoxetic acid-
enhanced MRI was superior to that of gadoxetic acid-enhanced MRI alone[4,17,28]. To the best of our 
knowledge, this study provides the first assessment of the diagnostic performance of combination CE-
CT and Ab-MRI for liver metastases. CT examinations are required to determine the therapeutic 
strategy for CRC. The use of CT examinations in Ab-MRI reading sessions is thus quite reasonable. Our 
results revealed that the combination of CE-CT and Ab-MRI achieved superior detection and character-
ization performance compared with Ab-MRI alone, and were quite similar to standard MRI alone[4,17,
28].

Ab-MRI protocols should enable a reduction in imaging acquisition time, as noted by Canellas et al
[12], who reported that Ab-MRI protocols may be performed in less than 15 min, while standard liver 
MRI takes up to 30 min. The implementation of Ab-MRI protocols can be expected because they have 
shown no significant influence on gadoxetic acid administration on T2-weighted imaging and diffusion 
sequences in regard to acquisition and image interpretation[29,30], suggesting that patients could 
undergo contrast administration without a bolus injection before entering the MRI suite. This would not 
only reduce the imaging acquisition time, but also provide several other advantages. First, a smaller 
intravenous route could be used because of the absence of a bolus injection, and this could reduce 
complications such as the leakage of contrast materials. Second, avoiding the use of a power injector 
could allow tangled procedures to be limited. Third, saline solution would not be needed after adminis-
tration of gadoxetic acid, which would cut costs. Fourth, oxygen administration, which is used in 
selected patients to obtain appropriate arterial-phase images, would be unnecessary, resulting in 



Ozaki K et al. Abbreviated gadoxetic acid-enhanced magnetic resonance protocols

WJR https://www.wjgnet.com 363 October 28, 2022 Volume 14 Issue 10

additional cost-cutting. Fifth, fewer imaging sequences would be needed, which would save time.
This study has several limitations that need to be considered. First, the study used a retrospective 

design and included a relatively small number of patients from a single center. Second, selection bias 
was possible because the patients selected for our series all had a high probability of metastases being 
detected, owing to our aim to achieve histologic diagnostic confirmation. Third, despite their availability 
as additional data, we did not assess apparent diffusion coefficient maps or values. Fourth, given the 
retrospective nature of this study, we could not measure the true acquisition time or cost of the Ab-MRI 
protocols. Fifth, unexpected malignant lesions other than colorectal liver metastases, such as hepato-
cellular carcinoma, could not be accurately diagnosed. Sixth, no other metastatic sites were assessed, 
because this study focused only on liver tumors. Finally, we did not assess the influence of the MRI 
protocol on surgical management or patient survival. Overall, further analyses are warranted before 
deciding whether to adapt Ab-MRI protocols for the initial surveillance of liver metastases in patients 
with CRC.

CONCLUSION
The diagnostic performances of two kinds of Ab-MRI protocol, including SSFSE or FSE T2-weighted 
images, were non-inferior to that of the standard protocol. The combination of Ab-MRI and CE-CT 
provided better diagnostic performance than Ab-MRI alone, nearly equivalent to that of the standard 
protocol.

ARTICLE HIGHLIGHTS
Research background
Although contrast-enhanced magnetic resonance imaging (MRI) using gadoxetic acid has been shown to 
have higher accuracy, sensitivity, and specificity for the detection and characterization of hepatic 
metastases compared with other modalities, the long examination time would limit the broad 
indication. Several abbreviated MRI protocols without dynamic phases (Ab-MRI) have been proposed 
to achieve equivalent diagnostic performance for the detection of colorectal liver metastases. However, 
an optimal protocol has not been established, and no studies have assessed the diagnostic performance 
of Ab-MRI combined with contrast-enhanced computed tomography (CE-CT), which is the preoperative 
imaging of colorectal cancer staging in clinical settings, to determine the best therapeutic strategy.

Research motivation
The long examination time and relatively high cost of the standard MRI protocol with gadoxetic acid 
limit its use for the routine surveillance of liver metastases in patients with colorectal cancer. In order to 
further expand use of the MRI examination with gadoxetic acid with maintaining the diagnostic 
performance of liver metastases in patients with colorectal cancer, the diagnostic performance of Ab-
MRI combined with or without CE-CT, which is the preoperative imaging of colorectal cancer should be 
estimated.

Research objectives
To compare the diagnostic performance of two kinds of Ab-MRI protocol with the standard MRI 
protocol and a combination of the Ab-MRI protocol and CE-CT for the detection of colorectal liver 
metastases.

Research methods
Study participants comprised 87 patients (51 males, 36 females; mean age, 67.2 ± 10.8 years) who had 
undergone gadoxetic acid-enhanced MRI and CE-CT during the initial work-up for colorectal cancer 
from 2010 to 2021. Each exam was independently reviewed by two readers in three reading sessions: (1) 
Only single-shot fast spin echo (FSE) T2-weighted or fat-suppressed-FSE-T2-weighted, diffusion-
weighted, and hepatobiliary-phase images (Ab-MRI protocol 1 or 2); (2) all acquired MRI sequences 
(standard protocol); and (3) a combination of an Ab-MRI protocol (1 or 2) and CE-CT. Diagnostic 
performance was then statistically analyzed.

Research results
A total of 380 Lesions were analyzed, including 195 metastases (51.4%). Results from the two Ab-MRI 
protocols were similar. The sensitivity, specificity, and positive and negative predictive values from Ab-
MRI were non-inferior to those from standard MRI (P > 0.05), while those from the combination of Ab-
MRI protocol and CE-CT tended to be higher than those from Ab-MRI alone, although the difference 
was not significant (P > 0.05), and were quite similar to those from standard MRI (P > 0.05).
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Research conclusions
The diagnostic performances of two kinds of Ab-MRI protocol, including SSFSE or FSE T2-weighted 
images, were non-inferior to that of the standard protocol. The combination of Ab-MRI and CE-CT 
provided better diagnostic performance than Ab-MRI alone, nearly equivalent to that of the standard 
protocol.

Research perspectives
The combination of Ab-MRI and CE-CT can provide a sufficient diagnostic performance for the 
detection of colorectal liver metastases, and enable a reduction in imaging acquisition time.
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Abstract
BACKGROUND 
Germinal matrix intraventricular hemorrhage (IVH) may contribute to significant 
morbidity and mortality in premature infants. Timely identification and grading 
of IVH affect decision-making and clinical outcomes. There is possibility of 
misinterpretation of the ultrasound appearances, and the interobserver variability 
has not been investigated between radiology resident and board-certified radio-
logist.

AIM 
To assess interobserver reliability between senior radiology residents performing 
bedside cranial ultrasound during on-call hours and pediatric radiologists.

METHODS 
From June 2018 to June 2020, neonatal cranial ultrasound examinations were 
performed in neonatal intensive care unit. Ultrasound findings were recorded by 
the residents performing the ultrasound and the pediatric attending radiologists.

RESULTS 
In total, 200 neonates were included in the study, with a mean gestational age of 
30.9 wk. Interobserver agreement for higher grade (Grade III & IV) IVH was 
excellent. There was substantial agreement for lower grade (Grade I & II) IVH.
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mailto:kiran.hilal@aku.edu


Barakzai MD et al. Interobserver reliability of cranial ultrasound for IVH

WJR https://www.wjgnet.com 368 November 28, 2022 Volume 14 Issue 11

CONCLUSION 
There is strong agreement between radiology residents and pediatric radiologists, which is higher 
for high grade IVHs.

Key Words: Ultrasound head; Neonatal cranial ultrasound; Cranial ultrasound; Intraventricular hemorrhage; 
Neonatal intraventricular hemorrhage

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: While possibility of interobserver variability exists in all imaging modalities, it is the highest in 
ultrasound. Interobserver variability in ultrasound may result from technical errors such as inadequate 
gain/depth settings, incomplete anatomic interrogation, or error in misinterpretation. During ultrasound 
examination, both the image acquisition and interpretive skills improve with increasing experience. 
Differences in identification and grading of intraventricular hemorrhage may affect the clinical outcome, 
and the subsequent management options.

Citation: Barakzai MD, Khalid A, Sheer ZZ, Khan F, Nadeem N, Khan N, Hilal K. Interobserver reliability 
between pediatric radiologists and residents in ultrasound evaluation of intraventricular hemorrhage in premature 
infants. World J Radiol 2022; 14(11): 367-374
URL: https://www.wjgnet.com/1949-8470/full/v14/i11/367.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i11.367

INTRODUCTION
Intraventricular hemorrhage (IVH) is a major neurological complication of prematurity. In neonates 
weighing less than 1500 g, the incidence of IVH reaches up to 27% whereas, in extremely preterm 
infants weighing 500-750 g, the prevalence is about 45%[1]. A substantial subgroup of premature infants 
with moderate to severe IVH develops neurologic sequelae including an elevated risk of post-
hemorrhagic hydrocephalus, cerebral palsy, and mental retardation, while infants with mild IVH are at 
risk of developmental disabilities[2-4]. IVH and its neurologic and psychiatric sequelae are a major 
public health concern worldwide[5].

The multifaceted etiology of IVH is primarily attributed to the intrinsic fragility of the germinal 
matrix vasculature and the disturbance in the cerebral blood flow. The germinal matrix exhibits rapid 
angiogenesis in contrast to other brain regions causing its high vascular density. Hemorrhages occurring 
in the germinal matrix often rupture through the ependyma into the lateral ventricle and are then 
referred to as IVH[6].

The development of IVH is attributable to a number of risk factors including vaginal delivery, low 
Apgar score, severe respiratory distress syndrome, pneumothorax, hypoxia, hypercapnia, seizures, 
patent ductus arteriosus, thrombocytopenia, infection, and others[7-9]. Dysregulation of cerebral blood 
flow by these risk factors induces IVH.

While the possibility of interobserver variability exists in all imaging modalities, it is the highest in 
ultrasound. Interobserver variability in ultrasound may result from technical errors such as inadequate 
gain/depth settings, incomplete anatomic interrogation, or misinterpretation errors[10]. During 
ultrasound examination, both the image acquisition and interpretive skills improve with increasing 
experience.

Few studies have examined the reliability of cranial ultrasound interpretation, despite the ostensibly 
important role of accurate interpretation. Variations in the identification and grading of IVH may affect 
the morbidity, clinical outcomes, and subsequent treatment options. This study aims to assess interob-
server reliability between senior residents performing bedside cranial ultrasounds during on-call hours 
and board-certified pediatric radiologists.

MATERIALS AND METHODS
This cross-sectional study was carried out in the Department of Radiology at Aga Khan University 
Hospital, Karachi, Pakistan. The Institutional Ethical Review Committee approved the study with a 
waiver for informed consent. The study period was two years, from June 2016 to June 2018. All 
premature infants (less than 37 wk of gestational age) or infants with very low birth weight (birth 
weight equal to or less than 1500 g) and infants in the Neonatal Intensive Care Unit who underwent a 

https://www.wjgnet.com/1949-8470/full/v14/i11/367.htm
https://dx.doi.org/10.4329/wjr.v14.i11.367
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cranial ultrasound were included in the study. Patients who were born at term, and had prior brain 
computed tomography (CT) or brain magnetic resonance imaging (MRI) , or patients with known 
cerebral malformations were excluded. To prevent potential selection bias, patients with prior neuro-
imaging were excluded.

Prematurity was defined as infants born alive before 37 wk of gestation with further subcategor-
ization as: (1) Extremely preterm (less than 28 wk); (2) very preterm (28 - 32 wk); and (3) moderate to 
late preterm (32 - 37 wk).

The gestational age of all infants was determined from a chart review of the mother. The weight of all 
infants included in the study was measured with a digital weighing scale.

Cranial ultrasound in all cases was performed through the anterior fontanelle in both coronal and 
sagittal planes using the Mindray M7 Diagnostic Ultrasound System with a 5- to 10-MHz transducer. 
All ultrasound examinations were performed by a senior resident (Year III and year IV) and reviewed 
by an attending board-certified radiologist with at least five years’ experience in pediatric imaging. The 
findings of both the resident and the pediatric radiologist with regards to the presence and absence of 
intraventricular hemorrhage and its grading were recorded on a structured proforma by a year III 
resident, blinded to additional clinical information. In addition to IVH, all scans were recorded for the 
presence or absence of hydrocephalus, periventricular leukomalacia, and brain malformations. If 
hydrocephalus was noted to be present, it was graded as mild, moderate, or severe based on the 
measurement of transverse atrial width.

The Volpe grading system was used for sonographic grading of IVH/germinal matrix hemorrhage
[11]. (1) Grade I: Bleeding confined to the periventricular area (germinal matrix). An example of grade I 
IVH is shown in Figure 1, in which abnormal echogenicity is apparent in caudothalamic groove on 
parasagittal view; (2) Grade II: Intraventricular bleeding (10%-50% of the ventricular area on sagittal 
view). An example of grade II IVH is shown in Figure 2, in which abnormal echogenicity is seen 
extending into left lateral ventricle on coronal view; (3) Grade III: Intraventricular bleeding (> 50% of the 
ventricular area or distends ventricle. An example of grade III IVH is shown in Figure 3, in which 
hemorrhage in right lateral ventricle is seen on coronal view, with mild associated ventricular dilatation; 
and (4) Grade IV: Germinal matrix hemorrhage grade I, II or III with extension into brain parenchyma. 
An example of grade IV IVH is seen in Figure 4, in which the hemorrhage in bilateral lateral ventricles is 
seen extending into periventricular region bilaterally on coronal view.

Interobserver agreement was calculated using Kappa statistics (Table 1). Data was entered and 
analyzed using Statistical Package for Social Sciences version 20 software.

RESULTS
The study included 200 neonates with a gestational age of 30.9 wk (range 20-36, SD ± 3.8). There were 
120 (60%) male neonates and 80 (40%) female neonates. A total of 78 (39%) babies were delivered 
vaginally while 122 (61%) were delivered via lower segment cesarean section. The mean weight was 1.2 
kg (range 0.5-1.5, SD ± 0.3). Based on the clinical indication on the radiology slip, 83 (41%) of the 
neonates had sepsis, 60 (30%) had respiratory distress, and 5 (2.5%) had a pneumothorax. The mean 
duration of hospital stay was 9 days (range 1-46).

The radiology resident reported 136 (68%) cases as normal and 64 (32%) as abnormal. The pediatric 
radiologist reported 148 (74%) cases as normal and 52 (26%) as abnormal. Twenty-four patients had IVH 
on the right side, 13 patients had IVH on the left side, and 27 had bilateral IVH according to resident 
interpretations. Fourteen patients had IVH on the right side, 11 patients had IVH on the left side, and 27 
patients had bilateral IVH according to the pediatric radiologist. The presence of IVH and its grading by 
the resident and attending along with the Kappa values are shown in Table 1. We did not measure the 
interobserver agreement on additional findings encountered in the study.

DISCUSSION
On making the diagnosis of rheumatic fever by auscultation, Alvan Feinstein wrote in his book Clinical 
Judgment “The main problems of observer variability were neither in the eyes nor the ears of the 
observers. We all saw and heard essentially the same things, but each observer used different 
ingredients in his criteria for description and interpretation of the observations”[12]. The same can be 
said about medical imaging in which interobserver variability remains a critical issue[13].

Bedside cranial ultrasound is the neuroimaging standard of care for the detection of IVH[14]. Cranial 
sonography is cost-effective, does not require sedation, and is portable, allowing for the evaluation of 
critical patients at the bedside. In a study by Maalouf et al[15], ultrasound has a predictive probability of 
0.85 (0.76-0.94) for the presence of IVH on MRI.

The interobserver agreement for findings on neonatal head ultrasound varies from poor to excellent 
among radiologists[16]. Although there is a possibility of intra-observer agreement, this is quite low. 
While numerous studies have explored interobserver variability in neonatal cranial ultrasonography, 
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Table 1 Interobserver agreement with Kappa values in cranial ultrasound interpretation between radiology residents and attending 
pediatric radiologists

Findings Senior resident, % Attending radiologist, % Kappa value

Normal ultrasound 68 74 0.94

Abnormal ultrasound 32 26 0.94

Grade I IVH 72 62 0.82

Grade II IVH 12 12 0.86

Grade III IVH 6 7 0.90

Grade IV IVH 10 19 0.92

Right-sided IVH 38 27

Left-sided IVH 20 21

Bilateral IVH 42 52

0.92

IVH: Intraventricular hemorrhage.

Figure 1 Grade I germinal matrix hemorrhage. Parasagittal and cornal views of the right lateral ventricle, in which abnormal echogenicity in caudothalamic 
groove was consistent with grade I intraventricular hemorrhage/germinal matrix hemorrhage as indicated by arrows.

Figure 2 Grade II intraventricular hemorrhage. Coronal view ultrasound image reveals abnormal echogenicity in the left caudothalamic groove extending into 
left lateral ventricle. There was no associated ventricular dilatation (white arrow).

ours is the first to study the differences in interpretation between senior residents and board-certified 
pediatric radiologists.

In our study, there was excellent agreement between the senior resident and the attending for 
intracranial hemorrhage. There was substantial agreement on grade I and grade II intraventricular 
hemorrhage, whilst agreement on grade III and grade IV intraventricular hemorrhage was almost 
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Figure 3 Grade III intraventricular hemorrhage. Coronal view ultrasound image reveals right-sided intraventricular hemorrhage with associated ventricular 
dilatation (white arrow).

Figure 4 Grade IV bilateral intraventricular hemorrhage. Coronal view ultrasound image reveals bilateral intraventricular hemorrhage filling the dilated 
bilateral lateral ventricles, and extending into adjacent parenchyma (white arrows).

perfect.
Among radiologists, experienced neonatologists, and less experienced neonatologists involved in a 

study by Hagmann et al[17], the interobserver agreement in the interpretation of cranial ultrasound 
ranged from poor to good. Hintz et al[18] found excellent interobserver agreement on severe 
intraventricular hemorrhage, but poor agreement on periventricular leukomalacia between experienced 
board-certified radiologists with special expertise in cranial ultrasound. Among radiologists, pediatric 
neurologists, and neonatologists experienced in neonatal ultrasounds, Pinto et al[19] obtained excellent 
interobserver agreement for major findings such as parenchymal hemorrhage, but rather poor 
agreement for less severe pathologies such as germinal matrix hemorrhage. A study by Corbett et al[16] 
found excellent agreement on high-grade hemorrhage but poor agreement on interpretation of 
ventricular size.

Even though we did not find any prior studies on interobserver variability between senior residents 
and radiologists, our results are comparable to previous studies in that there is excellent agreement on 
major abnormalities such as grade III and IVH.

The board-certified radiologist's experience is most likely to be responsible for the study's relatively 
low interobserver agreements for grade I and II IVH. Because of greater image gain/depth, improved 
probe handling, and knowledge of pertinent anatomy, experience with doing cranial ultrasonography 
can result in better imaging quality.

This experience also manifests itself in improved ultrasound interpretation performed by others. Due 
to inexperience, the resident in our study initially missed the additional findings of hydrocephalus, 
choroid plexus abnormalities, and periventricular echogenicity as indicated in Table 2. We plan to 
conduct a follow-up study to investigate abnormalities other than IVH on neonatal cranial ultrasound 
which can have significant impact on disease prognosis.

This study has some limitations. The residents and pediatric radiologists were compared for interob-
server agreement only on one variable, i.e., IVH, but no cross-sectional neuroimaging such as CT or MRI 
was performed for confirmation. The interobserver agreement was not calculated for additional findings 
such as parenchymal hemorrhage, hydrocephalus, and venous infarctions, which also have implications 
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Table 2 Additional ultrasound examination findings initially missed by the resident

Additional findings on neonatal cranial ultrasound (%)

Ventricular abnormalities 12 (6)

Mild hydrocephalus 11 (5.5)

Severe hydrocephalus 1 (0.5)

Choroid plexus abnormalities 4 (2)

Increased periventricular echogenicity 4 (2)

for neonatal neurodevelopment.

CONCLUSION
Interobserver agreement regarding detection of intraventricular hemorrhage is high for low-grade 
hemorrhage and almost perfect for high-grade hemorrhage between residents and board-certified 
pediatric radiologists.

ARTICLE HIGHLIGHTS
Research background
Neonatal cranial ultrasound examinations were evaluated in neonatal intensive care unit (NICU) 
patients. Ultrasound findings were recorded for the resident performing the ultrasound and the 
pediatric attending radiologist.

Research motivation
Despite the ostensibly important role of accurate cranial ultrasound interpretation, few studies have 
investigated the reliability of interpretation of cranial ultrasound. Differences in the identification and 
grading of intraventricular hemorrhage (IVH) may affect the clinical outcome and the subsequent 
management options. This is the reason the study was undertaken.

Research objectives
To assess interobserver reliability between senior radiology residents performing bedside cranial 
ultrasounds during on-call hours and board-certified pediatric radiologists.

Research methods
A total of 200 neonatal cranial ultrasound examinations were evaluated in NICU patients. Ultrasound 
findings were recorded for both the resident performing the ultrasound and the pediatric attending 
radiologist. Interobserver agreement was calculated.

Research results
The mean gestational age was 30.9 wk. Interobserver agreement for higher grade (Grade III & IV) IVH 
was excellent. There was substantial agreement for lower grade (Grade I & II) IVH.

Research conclusions
Interobserver agreement for detection of IVH is high for low-grade hemorrhage and almost perfect for 
high-grade hemorrhage between radiology residents and board certified pediatricians.

Research perspectives
Our study results are limited by the cross sectional nature of the study. Additionally, we did not 
compare agreement on the interpretation of periventricular leukomalacia, incidental findings, and 
degree of ventriculomegaly if it was present which can have significant impact on disease prognosis. 
This may be explored in a future study.
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Abstract
BACKGROUND 
Bleeding in the gastrointestinal tract is common and transarterial embolization 
enables the clinician to control gastrointestinal bleeding. Contrast extravasation is 
a prerequisite for successful embolization. Provocative angiography is helpful in 
the detection of elusive bleeding.

AIM 
We performed a retrospective analysis of angiographic treatment in patients with 
lower gastrointestinal hemorrhage and initially negative angiographies, as well as 
the role of norepinephrine (NE) in unmasking bleeding.

METHODS 
We analyzed 41 patients with lower gastrointestinal bleeding after angiography 
who had undergone treatment over a period of 10 years. All patients had a 
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positive shock index and needed intensive care.

RESULTS 
In three of four patients, angiography disclosed the site of bleeding when NE was used during the 
procedure for hemodynamic stabilization.

CONCLUSION 
We suggest that angiography performed after the administration of NE in unstable patients with 
gastrointestinal bleeding and an initially negative angiography has the potential to unmask 
bleeding sites for successful embolization. However, this statement must be confirmed in 
prospective studies.

Key Words: Lower gastrointestinal bleeding; Endoscopy; Provocative angiography; Norepinephrine; 
Radiology; Gastrointestinal bleeding

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Bleeding in the gastrointestinal tract is common in hospital emergency settings. Gastrointestinal 
endoscopy is currently the undisputed method of choice for achieving hemostasis. Provocative 
angiography has been reported to help in the detection of elusive bleeding. We performed a retrospective 
analysis of angiographic management of bleeding in the lower gastrointestinal tract (LGIB). In a small 
number of patients, hemodynamic stabilization with norepinephrine (NE) disclosed LGIB which had 
escaped detection until this time. Angiography after administration of NE unmasked bleeding in three of 
four patients. We saw no complications in two of three patients after embolization. It may be assumed that 
this method can detect bleeding successfully and help to achieve hemostasis by angiography.

Citation: Werner DJ, Wenzel N, Abusalim N, Kiesslich R, Baar T, Tresch A, Rey JW. Unmasking lower 
gastrointestinal bleeding under administration of norepinephrine. World J Radiol 2022; 14(12): 375-383
URL: https://www.wjgnet.com/1949-8470/full/v14/i12/375.htm
DOI: https://dx.doi.org/10.4329/wjr.v14.i12.375

INTRODUCTION
Bleeding in the gastrointestinal tract may occur at various sites and is frequently encountered in the 
preclinical and in-hospital emergency setting. Gastrointestinal endoscopy is currently the undisputed 
method of choice for achieving hemostasis at the bleeding site in the gastrointestinal tract[1]. Bleeding 
occurs in the upper gastrointestinal tract four to five times more frequently than it does in the lower 
gastrointestinal tract (LGIB)[2]. The estimated incidence of LGIB is 25 per 100000 adults per year[3]. LGIB 
is strongly dependent on aging; a 200-fold increase was observed between the third and the ninth 
decade of life[4]. Diverticular bleeding is the most common cause of LGIB. Endoscopy reveals the 
bleeding site in a mere 20%-30% of cases. Some patients require surgical or angiographic treatment. 
Although endoscopic hemostasis is effective and the treatment of choice for LGIB, the optimal technique 
remains to be determined[5,6]. A bleeding site may not be evident in some patients despite endoscopic 
evaluation. In fact, the bleeding may cease and thus make it difficult to identify the site.

Provocative angiography with vasodilators, anticoagulants or thrombolytics has been reported to 
help in the detection of elusive bleeding[7-11]. Bloomfeld et al[8,12] identified bleeding in 37.5% of their 
patients using intra-arterial urokinase, tolazoline, and heparin during angiography procedures. In a 
retrospective analysis of 34 patients, provocative mesenteric angiography using systemic anticoagu-
lation with heparin and selective transcatheter injection of a vasodilator disclosed the bleeding site in 
31% of cases. Ten patients received embolization[9]. In a recently published case series of pharmacologic 
provocation combined with endoscopy, the source of bleeding was discovered in 15 of 27 patients with 
a regimen of antiplatelet/anticoagulant medication[13]. In 2020, Kokoroskos et al[14] described a 
regimen for stepwise provocation of bleeding with anticoagulants, vasodilators and thrombolytic 
agents. Twenty-three patients were included in the study; provocation was successful in seven patients, 
and four of the seven patients were successfully treated by interventional radiological procedures. No 
complications occurred. The role of vasopressors, such as norepinephrine (NE) in hemorrhagic shock 
has been reported elsewhere and is well-documented[15-17].

We performed a retrospective analysis of angiographic management of LGIB. In a small number of 
patients, hemodynamic stabilization with NE disclosed LGIB which had escaped detection until this 
time. We suspect that, after administering NE, occult bleeding and the concomitant short-term increase 
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in systolic blood pressure become visible on angiography. We retrospectively identified four patients 
with LGIB who needed NE in the intensive care setting and whose initial angiography had been 
negative. To the best of our knowledge, provocative challenges with intravenous NE in unstable 
patients with LGIB have not been reported so far.

Future prospective studies should address the usefulness of inducing blood pressure peaks in 
patients on NE treatment during angiography in order to disclose occult gastrointestinal bleeding. It 
may be assumed that this method, when used in eligible patients, may disclose bleeding successfully 
and help to achieve hemostasis by angiography. However, this assumption should be confirmed in 
prospective randomized multicenter studies.

MATERIALS AND METHODS
All patients who had undergone catheter angiography for gastrointestinal bleeding at our maximum-
care hospital between 1 January, 2007 and 31 March, 2018 were included in the study[6]. Predictors of 
complicated angiographic treatment and the role of specific laboratory parameters and scores in 
predicting the likelihood of a successful intervention were identified. The study protocol conformed to 
the 1975 Declaration of Helsinki and was approved by the ethics committee of the Regional Medical 
Society of Hessen (Landesärztekammer Hessen), approval number FF 95/2017, on 31 August 2017. 
Written informed consent was obtained from each patient. In three of 41 patients, intravenous adminis-
tration of NE was followed by contrast media extravasation, although the patients had experienced no 
extravasation during the initial procedure. In one patient, intravenous administration of NE did not 
disclose the bleeding. The maximal individual dose of NE was 10 µg. A specific time interval was not 
applied. For the accompanying anesthetists, the application of NE depended on their observations 
during monitoring and achieving a mean pressure higher than 60 mmHg. The maximum dose per 
patient during an angiography was 40 µg.

From our previous retrospective analysis, we identified a new subgroup of patients with the 
following common features: LGIB, intensive care, the need for NE, intra-arterial blood pressure 
measurement, and an intravenous NE bolus of 10-40 μg during angiography (Table 1).

RESULTS
In a retrospective analysis, we studied 41 consecutive patients with LGIB between 2007 and 2018. 
Twenty-six of 41 patients had diverticular bleeding. The primary endoscopy failed to achieve 
hemostasis in any patient (Figure 1). Sixteen of 41 patients underwent pre-interventional computed 
tomography (CT). The mean systolic blood pressure on the day of angiography was 104 mmHg, and the 
mean shock index was 0.91 (heart rate per minute/systolic blood pressure). Twenty-five of 41 patients 
were monitored by an anesthetist. Of these patients, 16 were intubated. Angiography demonstrated the 
bleeding in 18 of 41 patients, and 20 patients underwent embolization (2 prophylactic embolizations). 
The angiography was technically successful in 16/18 cases, and clinically successful in 10/18 cases[6].

Patients who needed catecholamines were documented separately. Three patients presented with 
severe hematochezia and signs of hemorrhagic shock, and a further patient with chronic sigmoid 
diverticulitis. Only one patient was female. The mean age was 75.8 years. All patients had a positive 
shock index, and all had at least one notable comorbid condition. The mean Glasgow-Blatchford 
bleeding score was 10 or higher in all cases (mean score 12). The mean interval from the time of hospital-
ization and the endoscopic investigation was 14.1 h. All patients received an emergency colonoscopy. 
Three of four colonoscopies revealed the stigmata of hemorrhage with no evidence of manageable 
bleeding. Only one case of diverticular bleeding was classified as active bleeding that could not be 
managed by endoscopy, and was directly treated by radiological procedures. Two of four patients 
underwent pre-interventional CT. In patient 1 we performed a triphasic CT scan and found no contrast 
medium extravasation on the CT, but did observe signs of previous hemorrhage in the colon. Patient 4 
also underwent a triphasic CT scan and revealed contrast medium extravasation in the lower 
gastrointestinal tract as evidence of active bleeding.

The mean period of time until angiography was 3.5 d. The primary angiography failed to reveal 
active contrast media extravasation in any patient. In three of four cases (75%), the bleeding was seen 
after the application of noradrenaline for cardiovascular stabilization (Figures 2 and 3). In all cases, 
microcoils (Tornado® Embolization Coil, Cook Medical) were used for embolization. Superselective 
embolization failed in one patient; multiple feeding vessels were embolized using a front-door and 
back-door technique, which resulted in confirmed hemostasis. It should be noted that extended dearteri-
alization caused mesenteric ischemia and necessitated a right-sided hemicolectomy the following day. 
The mean duration of the hospital stay for patients in the NE population was 18 d.
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Table 1 Clinical, endoscopic and angiographic characteristics of patients

Case 1 Case 2 Case 3 Case 4

Age (yr) 66 79 94 64

Sex Male Male Female Male

Reasons for admission GI bleeding Amputation GI bleeding Inflammatory disease

Shock index > 1 Yes Yes Yes Yes

Heart rate (bpm) 112 106 84 120

Blood pressure (mmHg) 75/50 90/50 80/40 90/60

Comorbidities PE, AA, Hypertension DM, Hypertension, PAOD 
IV

CHD, DM, Hypertension Hypertension

Glasgow-Blatchford score 12 13 10 13

Packed red cells 17 1 0 2

Time to endoscopy (h) 6.5 6 36 8

Source of bleeding Diverticular No bleeding Diverticular Diverticular 

Location Cecum Not located Sigmoid colon Cecum

Number of endoscopic interventions 2 0 2 1

Types of intervention 1. Clipping2. Injection None 1. Injection2. Clipping 1. Clipping

Number of endoscopies(Before/After 
angiography)

7 (6/1) 4 (2/2) 4 (2/2) 3 (3/0)

Time to angiography (d) 6 4 2 2

CTA Yes No No Yes

Artery with extravasation A colica dextra None AMI Ileocolic artery

Side of embolization End arteries None Sigmoid artery Marginal arteries

Material for embolization Microcoils - Microcoils Microcoils

Type of embolization (mm) Ø 3/2 - Ø 10/5 Ø 3/2

Baseline blood pressure (mmHg) 70/40 90/50 80/50 90/60 

Dose of norepinephrine 20 µg 20 µg 40 µg 30 µg

Blood pressure (mmHg) at the time the 
bleeding was identified 

155/8 - 170/90 160/90

Bleeding on provocation Yes No Yes Yes

Early complications No No No Ischemia

Endoscopy after coiling Yes No No No

Late complications No No No No

Duration of hospital stay (d) 18 16 8 30

AA: Aortic aneurysm; AF: Atrial fibrillation; AMI: Inferior mesenteric artery; CHD: Coronary heart disease; CTA: Computed tomography angiography; 
DM: Diabetes mellitus; Microcoils: Tornado® Embolization Coil, Cook Medical; MM: Malignant melanoma; PAOD: Peripheral arterial occlusive disease; 
PE: Pulmonary embolism.

DISCUSSION
The fact that NE is able to unmask LGIB in unstable patients has not been reported so far in the 
published literature. The pharmacological basis is alpha1-induced global vasoconstriction with an 
increase in peripheral vascular resistance and a resulting increase in systolic and mean arterial blood 
pressure, provoking a morphologically visible contrast media extravasation.

Our case series must be viewed in the context of other scientific investigations on bleeding site 
provocation in patients with GIB, using established endoscopic or angiographic procedures[6]. 
Permissive hypotension under sedation is a common phenomenon in patients with GIB and 
hemorrhagic shock. These conditions are usually treated effectively by intravenous volume substitution 
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Figure 1 Urgent colonoscopy in case 3. A: Revealed diverticular bleeding in the sigmoid colon; B: The endoscopic procedure was performed with three 
hemoclips; no further signs of bleeding; C: Injection therapy was used; D: Diverticular bleeding of the right colon was detected in case 4.

Figure 2 Final colonoscopy in case 1, which revealed a spurt of bleeding at the right colon during norepinephrine treatment of 
hemorrhagic shock. A: The bleeding site was clip-marked before the patient was transferred for angiographic treatment; B: Superselective view of the right colic 
artery after norepinephrine application and coiling (the cumulative dose of norepinephrine was 20 µg).

and intravenous NE. In our analysis, this treatment disclosed the source of bleeding in patient 1.
The bleeding site is rarely detected by endoscopy, especially in patients with LGIB[18]. Previously, 

bleeding provocation procedures were usually performed in conjunction with an intervention in the 
coagulation system[8,9,11,13]. Although safe and uncomplicated provocation has been reported in all 
publications, we believe that the use of an anticoagulant as provocation in patients with GIB is a critical 
measure and is associated with a potential risk of bleeding complications.

All patients were in a state of hemorrhagic shock and had to be treated in an intensive care unit. 
Blood pressure was measured invasively. The shock index was elevated in 3/4 patients. A previously 
undetectable extravasation appeared in three of four cases after the administration of a cumulative dose 
of NE. Two of three patients had no complications after embolization. Nevertheless, the use of NE 
requires thorough knowledge of its pharmacological properties, especially in unstable patients. NE has 
a number of potential side effects, such as dizziness, headache, angina, ischemia, necrosis, and 
vasospasm[17]. Vasospasms occurred in one of our cases (Figure 3).
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Figure 3 Angiographic procedure in case 4. A: The ileocolic artery after application of 10 µg of norepinephrine is shown; no sign of extravasation; B: 
Selective view of the superior mesenteric artery, showing bleeding next to the hemoclip after repeated administration of a cumulative dose of 20 µg of 
norepinephrine; C: Arterial vasospasm was observed during an ongoing extravasation in the cecum; D: Following extensive embolization, no further bleeding was 
seen after a cumulative dose of 30 µg of norepinephrine.

In view of the high re-bleeding rates reported under NE, its use as a means of provocation calls for 
further investigation[19]. Other measures, such as the administration of at least three erythrocyte 
concentrates, may also improve the detection of bleeding[20]. However, transfusions with concentrates 
are known to cause side effects, and contrast extravasation after transfusion takes longer than it does 
after the administration of NE. Liang et al[21] used an intra-arterial epinephrine bolus with a small dose 
of vasopressin to induce vasospasm in the intra-arterial treatment of acute LGIB. The technical success 
rate in 21 procedures (16 patients) was 100%.

Bowel ischemia is a complication of embolization. In retrospective analyses, 10% of patients who 
underwent treatment for LGIB required surgical intervention 24 h after the procedure. Long-term 
survival rates were 70.6% (1 year), 56.6% (3 years) and 50.8% (5 years)[22]. This complication has also 
been reported in other studies[23-25]. We believe that the case of intestinal ischemia and subsequent 
hemicolectomy in the present study was not caused by provocation but by unsuccessful superselective 
embolization. However, this notion cannot be proved conclusively. Bowel ischemia may also have been 
induced by the administration of NE, which was a clinical necessity.

In view of this ischemic complication, patients with LGIB who have received interventional 
radiological treatment with provocation must be monitored closely in terms of laboratory parameters as 
well as follow-up endoscopies, although some authors do not advocate routine colonoscopy after 
angiography[23]. The need for a standard follow-up colonoscopy and its ideal timing must be invest-
igated further.

We are aware of the crucial importance of patients being monitored by qualified intensive care 
specialists, including the administration of fluids, as well as the need to monitor other organ functions 
such as the kidneys, bowel and extremities by specialists and experienced physicians. In the future it 
may be meaningful to perform an angiography at the time when NE is administered, in order to identify 
an accidentally provoked contrast media extravasation. In the present investigation, NE was 
administered for the purpose of cardiovascular stabilization and the extravasation of contrast medium 
was a positive additional effect.

Limitations: This was a retrospective investigation and was accompanied by the known difficulties 
incumbent upon a study of this nature. If further investigations show that the suggested approach 
might be successful, the outcomes will have to be validated prospectively under controlled conditions. 
Furthermore, the data were not obtained for the purpose of the study and data collection may have been 
subject to structural inaccuracies. NE is a highly potent substance and should only be used by 
experienced clinicians. In one of our cases, the complication of bowel ischemia may have been an effect 
of NE. Further prospective studies are needed to address this problem. The limitations of the previously 
published study[6] also apply. Many crucial points such as the fluctuating nature of GIB, the time point 
of endoscopy, the number of endoscopies to be performed, the role of CT diagnosis, and the optimal 
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time point of angiography have not yet been clearly specified, and must be clarified in future investig-
ations[6].

CONCLUSION
In summary, bleeding was discovered by the administration of NE in three of four patients with LGIB. 
NE was needed in all cases as a means of cardiovascular support.

Future prospective studies should address the usefulness of inducing blood pressure peaks in 
patients on NE treatment during angiography in order to disclose occult gastrointestinal bleeding. It 
may be assumed that this method, when used in eligible patients, may disclose bleeding successfully 
and help to achieve hemostasis by angiography. However, this assumption should be confirmed in 
prospective randomized multicenter studies.

ARTICLE HIGHLIGHTS
Research background
Gastrointestinal endoscopy is the undisputed method of choice for achieving hemostasis in the 
gastrointestinal tract. Provocative angiography has been reported to help in the detection of elusive 
bleeding.
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We discovered contrast extravasation following the application of norepinephrine (NE) in angiographic 
procedures. Our purpose was to investigate the detection of masked bleeding during NE therapy.
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NE and intensive care therapy.
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We performed a retrospective analysis of 41 patients with lower gastrointestinal tract bleeding treated 
by radiological procedures. Four patients received NE during angiography.
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A previously undetected bleed was found in three patients. The bleeding was embolized without 
complications in two of four patients. In one patient we observed no bleeding after the administration of 
NE. One patient experienced bowel ischemia and had to be treated surgically.

Research conclusions
Bleeding was discovered in three of four cases. No complications were observed in two of three cases of 
embolization. Our results suggest that the use of NE may have the potential to improve the 
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