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Abstract
The role of radiologic imaging in the investigation of irritable bowel syndrome
(IBS) remains a subject of debate and there is some evidence, from recent studies
of utilization of imaging in IBS, which focused on associated costs and radiation
exposure, that imaging is being used relatively widely in these patients. This
review aims to assess current best evidence to accurately define the role of
radiologic imaging in IBS patients. Primary and secondary literature searches
were performed. Evidence suggests that the lack of “red flag” or alarm features in
IBS patients should reassure the clinician that the diagnosis of IBS is correct and
United States and United Kingdom guidelines recommend no radiologic imaging
for IBS patients if alarm features are not present. In patients presenting with IBS
symptoms and alarm features, radiologic testing may be used to exclude an
alternative diagnosis and the imaging modality should be chosen based on the
most likely alternative diagnosis.
Key words: Abdominal imaging; Rome criteria; Irritable bowel syndrome
©The Author(s) 2018. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Radiologic imaging in irritable bowel syndrome (IBS) remains contentious
and the evidence guiding its use is limited. Recent studies indicate that imaging is being
widely used in these patients. This review assesses current best evidence for the role of
imaging in IBS. Primary and secondary literature searches were performed. The
cornerstone of diagnosis remains the Rome criteria. Lack of “red flag” features in IBS
patients should strengthen diagnosis of IBS and obviate the need for radiologic imaging.
If red flag features are present, appropriate imaging may be used to exclude a suspected
alternative diagnosis.
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INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic functional gastrointestinal disorder (FGID)
that is broadly characterized by recurrent abdominal pain and alterations in stool
consistency or form[1]. Multinational expert groups in FGIDs have devised the Rome
criteria, most recently Rome IV criteria, as a symptom-based diagnostic standard to
diagnose IBS. Despite this, as IBS is associated with loss of work days and
productivity and negatively impacts quality of life, it often remains a diagnosis of
exclusion after invasive investigations are performed to rule out other specific
pathology. Interestingly, a comparison of an exclusion approach to diagnosis of IBS,
using investigations such as sigmoidoscopy, and a positive diagnostic approach using
the Rome criteria, showed little differences in terms of patients’ health-related quality
of life in one Danish study of over 300 patients[2]. The positive diagnostic approach
based on Rome criteria, was however, cheaper when compared to the exclusion
approach. This study supports current guideline recommendations and suggests an
unnecessary reliance on alternative diagnostic investigations.

Epidemiology
The worldwide prevalence of IBS is estimated to be 7%-10% with wide geographic
variability [ 3 ] . In the United States the prevalence of IBS is estimated to be
approximately 10% to 15%[4] and one large European prospective, population-based
cohort study estimated prevalence of 15.4%[5]. IBS is less common in people older than
50 compared with those younger than 50 (OR 0.75)[6] and is more common in women
compared with men (OR 1.67) [7] . IBS may be associated with a number of other
disorders including fibromyalgia, depression, chronic fatigue syndrome, non-cardiac
chest pain and anxiety[4]. There is conflicting evidence regarding IBS prevalence and
socioeconomic status[6,8,9] and this relationship remains unproven.

Pathophysiology
That the diagnosis and management of IBS relies on clinical symptoms highlights that
the pathophysiology remains incompletely understood. Initial research in the early
20 th century utilizing direct visualization of the gastric mucosa in patients with
gastrocutaneous fistulae provided the first scientific evidence that the gut is
physiologically responsive to stressful emotional and environmental stimuli. Later
studies showed that patients with IBS-type symptoms had an enhanced
gastrointestinal motor response to various stimuli such as fatty meals, peptide
hormones and psychological stressors and increased motility was sometimes
associated with pain[10]. Recent advances in knowledge have, however, facilitated an
increased understanding of the underlying disease processes, but it remains likely
that there are multiple etiological factors involved. Those currently implicated in IBS
symptom presentation include altered gastrointestinal motility, visceral
hypersensitivity, post-infectious gastroenteritis, intestinal inflammation, altered gut
microbiota, food sensitivity and interactions of the brain-gut axis[11]. IBS linked to
brain-gut interactions is suggested by the association of IBS with anxiety, depression
and other psychiatric conditions[1]. Furthermore, it is recognized that psychological
stress exacerbates and exaggerates the symptoms of IBS and associated psychological
and psychiatric co-morbidity negatively influence the patient experience of the
condition[12]. Persistent post infectious gastroenteritis IBS-type symptoms are common
in up to 20% of cases[1], and this is linked to an intestinal inflammatory etiology
indicating an alternate pathogenesis to brain-gut interactions[13]. Further etiological
factors for IBS development include alterations in gut microbiota and associated
predisposing influences on both the microbiome and IBS symptoms including host
genetics, stress, diet, antibiotic use and early life experiences[14]. Gut microbiota and
their metabolites have notable influences on recognised IBS associations including the
brain-gut axis, visceral hypersensitivity, gastrointestinal motility, intestinal barrier
function and immune regulation [14] . Though causation is not established, the
expanding science of the human gut microbiome and microbe-host interactions
suggest gut microbial alterations play a key role in IBS pathophysiology[14]. These
various pathophysiological factors may co-exist in the same patient, adding to the
heterogeneity and complexity of understanding IBS and may, in part, explain the
varying response to current symptom based treatments[15].
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Diagnosis
The Rome criteria are criteria that were devised by expert consensus for the diagnosis
of FGIDs; these criteria define multiple different FGID including IBS. The most recent
iteration of these criteria is the Rome IV, released in 2016. The diagnostic criteria for
IBS by the Rome IV criteria are as follows[16]: Recurrent abdominal pain, on average, at
least one day per week in the last 3 mo associated with two or more of the following:
Pain related to defecation; Associated with a change in frequency of stool; Associated
with a change in form (appearance) of stool. The criteria should be fulfilled for the last
3 mo with symptom onset at least 6 mo before diagnosis.
By the Rome IV criteria, the IBS subtype is classified based on the predominant
symptom of constipation or diarrhea as follows[16]: IBS with predominant constipation
(IBS-C); IBS with predominant diarrhea (IBS-D); IBS with mixed bowel habits (IBS-M);
IBS unclassified (IBS-U).
This classification is based upon the percentage of different stool types as defined
by the Bristol stool scale. IBS-C is diagnosed if > 25% are stool type 1 and 2 and < 25%
are stool type 6 and 7; IBS-D is diagnosed if < 25% are stool type 1 and 2 and > 25%
are stool type 6 and 7; and IBS-M is diagnosed if > 25% are stool type 1 and 2 and >
25% are stool type 6 and 7. IBS-U is diagnosed if the patient meets diagnostic criteria
for IBS but stool type cannot be accurately categorized into one of the other subtypes.
Assessment for alarm features should be performed in all patients that meet the
diagnostic criteria for IBS [17] . The aim of identifying alarm features is to allow
consideration of further investigations in patients with signs/symptoms of other
possible underlying conditions such as colorectal/ovarian cancer and inflammatory
bowel disease. Alarm features include the following[16,18,19]: New onset, or overt, rectal
bleeding or melena; Nocturnal pain or diarrhea; Iron-deficiency anemia; Unexplained
weight loss; Family history of colon cancer, ovarian cancer, celiac disease, IBD; Fever;
Age of onset > 50 years; Severe or progressively worsening symptoms;
Abdominal/pelvic/rectal mass or lymphadenopathy; Recent change in bowel habits.
Although the prevalence of alarm features is high in IBS patients[18] the sensitivity of
alarm features in predicting organic disease in patients with typical symptoms of IBS
is low. This may be due to the fact that besides celiac disease, which a large systematic
review demonstrated is four times as prevalent in patients with IBS compared with
the general population[20], the prevalence of underlying organic disease is the same in
patients with IBS as in the general population[3]. However, certain alarm features such
as weight loss and anemia do offer high specificity for organic disease and the
American College of Gastroenterology (ACG) state that the absence of alarm features
should reassure the clinician that the diagnosis of IBS is correct[3].

IBS burden of disease
IBS is a disease that is associated with significantly reduced health-related quality of
life and impaired work productivity [3] . IBS patients utilize 50% more healthcare
resources than matched controls without IBS and overall direct and indirect annual
healthcare costs in these patients are estimated at $20 billion[3]. This increased cost can
be attributed not only to increased medication use but also increased diagnostic
testing and lost wages. In 1995, Talley et al [21] estimated the excess yearly direct
healthcare cost of IBS in the United States to be $8 billion and extrapolating from that
study, excess cost of approximately $800 million was estimated for radiology services
in these patients. This highlights the importance of accurately defining the role of
radiologic imaging in the investigation of patients presenting with IBS-type
symptoms in order to rationalize the use of this expensive and, in certain jurisdictions,
limited resource.
As well as increased costs, another concern regarding the over-utilization of
radiologic diagnostic testing is the radiation exposure imparted as a result of plain
radiography, nuclear medicine and CT imaging. Although there is evidence of
significant costs associated with radiologic imaging in these patients there is a paucity
of studies assessing radiation exposure in this patient group. Englund et al [22]
demonstrated that over a 10-year period in Sweden, 149 IBS patients had a radiation
exposure similar to that of a subgroup of patients with ulcerative colitis. A direct
comparison of radiation exposure in IBS patients with that of the general population
was not performed in this study so it is difficult to draw conclusions from these
results. This result does, however, again demonstrate that radiologic imaging is still
being used frequently in the investigation of patients with IBS.

ROLE OF RADIOLOGIC IMAGING IN IBS
The exact role of abdominal radiologic imaging in IBS remains poorly defined and
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some studies suggest that imaging is being used relatively widely in this patient
population[21,22]. There is a marked paucity of modern scientific studies regarding the
appropriate use of imaging in this patient group[23].
In terms of international guidelines, the ACG state the following in their position
statement on IBS [3] based on an evidence-based systematic review [24] : “Routine
diagnostic testing with complete blood count, serum chemistries, thyroid function
studies, stool for ova and parasites, and abdominal imaging is not recommended in
patients with typical IBS symptoms and no alarm features because of a low likelihood
of uncovering organic disease”.
The ACG do recommend serological testing for celiac disease and colonoscopy in
patients with alarm features and those over the age of 50 to assess for colorectal
cancer. When colonoscopy is performed in patients with IBS-D, the ACG recommend
random biopsies are taken to assess for microscopic colitis.
The United Kingdom National Institute for Health and Care Excellence (NICE)
guidelines address the use of radiologic testing explicitly in their recommendations as
follows[17]: “The following tests are not necessary to confirm diagnosis in people who
meet the IBS diagnostic criteria: Ultrasound; Rigid/flexible sigmoidoscopy;
Colonoscopy; barium enema; Thyroid function test; Faecal ova and parasite test;
Faecal occult blood; Hydrogen breath test”.
In an evidence-based review of the role of abdominal radiologic imaging in IBS by
O’Connor et al[23] in 2012, the authors assessed that the best available evidence that
included seven systematic reviews/guidelines and five primary research articles
focusing on the use of barium enema and/or ultrasound. The authors concluded that
radiologic imaging is not required in patients fulfilling the clinical diagnostic criteria
for IBS if alarm symptoms are not present. The authors also concluded that further
investigation should be considered in patients with alarm features and the
appropriate modality should be chosen on a case-by-case basis and guided by the
most likely alternative diagnosis and the American College of Radiology (ACR)
Appropriateness Criteria. The lack of robust evidence and prospective studies
regarding the role of abdominal radiologic imaging is noted in this review.
Since this review, several studies have used MRI to investigate IBS patients. These
studies aimed to demonstrate differences in bowel response to food ingestion in IBS
patients relative to healthy volunteers[25,26] and differences between the various IBS
subtypes[27]. These studies suggest various sites of pathology to explain IBS symptoms
but it is difficult to draw any firm conclusions from these studies due to small
numbers and heterogeneous, and sometimes conflicting, results. No definitive role
has been established for the routine use of MRI in the investigation of IBS and no
studies have been performed to assess the performance of MRI relative to symptombased diagnostic criteria.
In the setting of IBS patients that also demonstrate alarm features, further
investigations should be guided by the most likely alternative diagnosis; this will
often involve endoscopic assessment of the bowel but radiologic testing has a role in
some circumstances. For example if a patient presents with signs/symptoms
suggestive of colorectal cancer NICE guidelines recommend direct visualization with
colonoscopy/sigmoidoscopy or CT colonography in patients unfit for colonoscopy. In
the setting of a suspected ovarian neoplasm a pelvic ultrasound is the first
investigation recommended by the ACR. In a patient with signs/symptoms
suggestive of inflammatory bowel disease radiologic imaging studies (e.g., CT or MR
enterography) may be used to supplement findings on laboratory and endoscopic
studies in order to establish a diagnosis[28].

CONCLUSION
There remains a paucity of robust evidence regarding the appropriate use of
abdominal radiologic imaging in the setting of IBS and no modern prospective studies
exist. Symptom-based diagnostic criteria have a high sensitivity and specificity for
diagnosing IBS. Alarm symptoms are common in IBS patients but demonstrate low
sensitivity for alternative organic pathology if diagnostic criteria for IBS are satisfied.
Weight loss and anemia have a high specificity for underlying organic disease and in
patients meeting diagnostic criteria without alarm features, clinicians should be
reassured that the diagnosis of IBS is correct.
Based on the current best evidence, the diagnosis of IBS should be based on clinical
findings using expert consensus diagnostic criteria (Rome IV criteria) supplemented
by laboratory testing with no role for abdominal radiologic imaging in most patients.
In patients presenting with IBS symptoms and alarm features, radiologic testing may
be used to investigate for an underlying organic disease and the imaging modality
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should be chosen based on the most likely alternative diagnosis (see Table 1 for
practice guideline recommendations).
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Table 1 Practice guideline recommendations
Patients fulfilling the Rome IV diagnostic criteria for IBS and who do not display “red flag” symptoms such as blood in stool, weight loss, recurrent
fevers, anemia, and chronic severe diarrhea and who have no family history of colorectal cancer, inflammatory bowel disease, or celiac sprue do not
require radiologic imaging
Radiologic imaging is required in patients with “red flag” symptoms who fulfill the Rome IV diagnostic criteria for IBS
Consideration of the probable alternative diagnosis and adherence to the relevant American College of Radiology Appropriateness Criteria should direct
the optimal radiologic imaging of the patient with IBS

IBS: Irritable bowel syndrome.
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Abstract
AIM
To assess potential benefits of an additional unenhanced acquisition in computed
tomography angiography (CTA) in patients with suspected acute aortic
syndrome (AAS).
METHODS
A total of 103 aortic CTA (non-electrocardiography-gated, 128 slices) performed
due to suspected AAS were retrospectively evaluated for acute aortic dissection
(AAD), intramural hematoma (IMH), or penetrating aortic ulcer (PAU). Spiral
CTA protocol consisted of an unenhanced acquisition and an arterial phase. If
AAS was detected, a venous phase (delay, 90 s) was added. Images were
evaluated for the presence and extent of AAD, IMH, PAU, and related
complications. The diagnostic benefit of the unenhanced acquisition was
evaluated concerning detection of IMH.
RESULTS
Fifty-six (30% women; mean age, 67 years; median, 68 years) of the screened
individuals had AAD or IMH. A triphasic CT scan was conducted in 76.8% (n =
43). 56% of the detected AAD were classified as Stanford type A, 44% as Stanford

https://www.wjgnet.com

150

November 28, 2018 Volume 10

Issue 11

Panagiotopoulos N et al. Significance of an additional unenhanced CT scan in suspected AAS

Conflict-of-interest statement:
None of the authors states a
conflict of interest concerning firms
and products reported in this
study.

Data sharing statement: No
additional data are available.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

type B. 53.8% of the detected IMH were classified as Stanford type A, 46.2% as
Stanford type B. There was no significant difference in the involvement of the
ascending aorta between AAD and IMH (P = 1.0) or in the average age between
AAD and IMH (P = 0.548), between Stanford type A and Stanford type B in
general (P = 0.650) and between Stanford type A and Stanford type B within the
entities of AAD and IMH (AAD: P = 0.785; IMH: P = 0.146). Only the unenhanced
acquisitions showed a significant density difference between the adjacent lumen
and the IMH (P = 0.035). Subadventitial hematoma involving the pulmonary
trunk was present in 5 patients (16%) with Stanford A AAD. The difference
between the median radiation exposure of a triphasic (2737 mGy*cm) compared
to a biphasic CT scan (2135 mGy*cm) was not significant (P = 0.135).
CONCLUSION
IMH is a common and difficult to detect entity of AAS. An additional
unenhanced acquisition within an aortic CTA protocol facilitates the detection of
IMH.
Key words: Aortic dissection; Acute aortic syndrome; Intramural hematoma; Pulmonary
trunk subadventitial hematoma; Computed tomography angiography
©The Author(s) 2018. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: A computed tomography protocol in patients with suspected acute aortic
syndrome should routinely include an unenhanced acquisition due to the added value in
the detection of intramural hematoma.
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INTRODUCTION
Acute aortic syndrome (AAS) is a life threatening condition that subsumes acute
aortic dissection (AAD), intramural hematoma (IMH), and penetrating aortic ulcer
(PAU) [1] . In-hospital mortality can be as high as 68% within the first 2 d after
admission [2] . Recent advances in medical imaging and treatment have further
emphasized the importance of rapid and accurate assessment of suspected AAS. In
this emergency setting, computed tomography angiography (CTA) is today’s
benchmark modality[3]. Although detection of an IMH might profoundly influence
therapeutic decision-making compared to classic AAD, it is often missed in CT scans
of patients with AAS. Thus changes to the routinely performed biphasic CTA protocol
with an arterial and a venous acquisition seem necessary. The aim of this study was
therefore to assess the potential benefit of a CTA protocol that includes an additional
unenhanced acquisition added to contrast-enhanced scans in the diagnostic pathway
of patients with AAS. The focus was on the impact on the detectability of IMH in
particular. Moreover, we aimed at working out the morphological characteristics of
the different entities of AAS (i.e., AAD, IMH, and PAU) as well as the prevalence of
related complications (e.g., aortic root subadventitial hematoma and branch vessel
involvement).

MATERIALS AND METHODS
Study population
This retrospective cohort study was performed after approval by the institutional
review board. CTA examinations of patients with clinically suspected AAS, who had
been referred by the emergency department for aortic CTA, were screened. In the
surveyed period of 33 mo, 103 aortic CTA scans had been conducted for the indication
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of AAS in our radiological department.

Scan protocol
Scans were acquired at a 128-slice CT scanner (Somatom Definition AS+, Siemens
Healthcare, Erlangen, Germany). No electrocardiography (ECG)-gating was used.
Iodinated contrast agent (IMERON 300, Bracco Imaging, Milan, Italy) was applied by
a contrast media injector (ohio tandem, Ulrich medical, Ulm, Germany) injecting 100
mL at a flow of 5 mL/s over an antecubital vein via a 18G cannula. We used a
potentially triphasic CT protocol consisting of first an unenhanced spiral acquisition
of the entire aorta. Secondly, an arterial CTA of the entire aorta was performed. Bolus
timing was done using “care bolus” technique with the region of interest (ROI) within
the ascending aorta with a threshold of 120 Hounsfield units (HU). If AAS was
detected in the arterial phase, a venous phase scan was performed with a delay of 90 s
after injection start. The scanning volume of all acquisitions reached from the aortic
arch down to the groin.

Image analysis
CT images were digitally reviewed in a Picture archiving and communication system
(PACS; IMPAX EE, Agfa HealthCare GmbH, Bonn). To visually delineate and locate
AAD, IMH, PAU, and related complications predefined morphological criteria were
applied. AAD was identified by findings like an intimal flap and a double lumen in
the contrast-enhanced scans[4,5]. If present, the extent of dissection was determined and
the Stanford classification system [6] was used according to involvement of the
ascending aorta. Moreover, the true lumen of an AAD was distinguished from the
false lumen by characteristic features as outer wall calcifications, differences in the
caliber of the lumina, the beak sign or the cobweb sign. An essential part of the
assessment of the false lumen was to identify a possible partial or total thrombosis by
measuring the radiodensity of both lumina in predefined slices in the following
regions of the aorta: (1) ascending aorta at the level of the main pulmonary artery; (2)
aortic arch; (3) descending aorta at the level of the main pulmonary artery; (4)
abdominal aorta at the level of the superior mesenteric artery origin; and (5)
abdominal aorta above the bifurcation.
In AAD, radiodensity of both lumina in all acquired phases was measured by
placing and adjusting a ROI into the true and false lumen respectively. The
radiodensity was recorded as the mean value for each region and phase in HU. In a
second step, the discrepancy in density between the true and false lumen was
calculated for each region and phase, separately.
Likewise, morphological criteria were applied to identify an IMH. These lesions
feature a crescentic, high-attenuating (60-70 HU) region of thickening of the aortic
wall on non-contrast CT. The lesions apparently exhibit no enhancement in relation to
the aortic lumen on contrast-enhanced scans. An intimal flap is not present.
Analogously to AAD, the Stanford classification system was used to classify IMH. Its
radiodensity was measured and the discrepancy in density between the wall
hematoma and the aortic lumen was calculated and processed for each region and
phase separately. The extent or amount of complications related to AAD or IMH like
dissections and occlusions of branch vessels, ischemia of abdominal organs,
aneurysmal dilatation, aortic rupture, and aortic root subadventitial hematoma were
studied in this work as well. The ten evaluated branch vessels were: (1)
brachiocephalic trunk; (2) left common carotid artery; (3) left subclavian artery; (4)
celiac trunk; (5) superior mesenteric artery; (6) inferior mesenteric artery; (7) renal
arteries, left and right; and (8) common iliac arteries, left and right.
For every scan the radiation exposure was measured by the CT dose-length
product (DLP; in mGy*cm) which was found in the corresponding DICOM-Header.
Gender and age of the study patients was stored and processed.

Statistical analysis
All data were first collected on standardized and anonymized data collection sheets
and later transferred into an Excel-file (Microsoft Corporation, Redmond, United
States) and SPSS (IBM, Armonk, United States) for statistical analysis. Prior to the
comparison of continuous variables in different groups, chi-square test was used to
confirm or rule out normal distribution. Since all of the tested groups revealed nonGaussian distribution, the non-parametric Mann-Whitney U test was used to evaluate
differences. P < 0.05 was considered to indicate statistical significance.

RESULTS
Study cohort
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One-hundred-three patients had been diagnosed with aortic dissection or IMH. After
the exclusion of those individuals who had chronic aortic dissection (n = 9) or a
history of aortic surgery (n = 38) the resulting study cohort consisted of 56 individuals
with first diagnosis of AAS (19 women; mean age 66.6 years, range 35-88 years, Figure
1 and Table 1). Among all patients diagnosed with AAS, 76.8% of patients were
diagnosed with AAD compared to 23.2% with IMH. PAU was not found in our
cohort. There was no significant percentage-difference of Stanford classification
between AAD and IMH (P = 1). Age between AAD and IMH patients (P = 0.548) as
well as between Stanford A and B (P = 0.650) patients did not differ significantly
(Table 1).

Radiation dose
Radiation exposure as well as the share the unenhanced acquisition adds to the
examination is depicted in Table 2. There was a higher mean radiation exposure of
triphasic (2737.2 mGy*cm) compared to biphasic CT scans (2134.6 mGy*cm).

Characterization of dissection and IMH
Extent and boundaries: Two data sets were excluded as the distal boundary of the
AAD/IMH was not within the scan volume. In 31.5%, AAD and IMH were limited to
the thoracic aorta. In contrast to IMH, which never involved the iliac arteries, AAD
extended into the iliac arteries in 36.6% (Figure 2). Anatomic features such as kinking
of the aorta, aortic bifurcation or aneurysm detained a distal progression of AAD and
IMH in 41.5% and 53.8%, respectively (P = 0.528, Figure 3).
True and false lumen: In Stanford A AAD, in 95.8% the false lumen was located in
the dextrolateral quadrant of the ascending aorta. Stanford A IMH was most
frequently found in the sinistrolateral quadrant (57.1%). In the aortic arch, the false
lumen and IMH mainly involved the anterior, caudal and posterior quadrant, less
frequently they involved the ostia of the supraaortic branches. In Stanford A AAD, the
false lumen of the descending thoracic and suprarenal abdominal aorta was
predominantly present in the sinistrolateral and dorsal quadrant. In Stanford B AAD,
there was only a slight predominance for the dorsal and dextrolateral quadrant. At
the level of the renal arteries the false lumen was more often found on the right than
the left side (right: Stanford A: 73.9%; Stanford B: 52.6%; left: A: 30.4%; B: 42.1%). In
the infrarenal portion of the aorta, there was no significant difference in the position
of the false lumen between Stanford A and B (dextroposterior). In the descending
thoracic and abdominal aorta, IMH showed no predominance of location.
Involvement of branch vessels: Six data sets were excluded as an assessment of all
ten predefined branch vessels was not possible. Branch vessel involvement was only
38.5% in IMH compared to 75.7% in AAD (P = 0.012). In 46% at least two branch
vessels and in 20% at least four branch vessels were involved. In 34% there was no
branch vessel and in one case (2%) seven branch vessels affected. In AAD there were a
total of 225 branch vessels involved (A: 137; B: 88). 131 vessels originated from the
true lumen [A: 69 (50.4%); B: 62 (70.5%)], 34 vessels from the false lumen [A: 27
(19.7%); B: 7 (8.0%)], and 60 vessels were supplied by both lumina [A: 41 (29.9%); B: 19
(21.6%)]. Branches that were supplied by the false lumen were patent in 23 cases [A:
19 (70.4%); B: 4 (57.1%)], partly thrombosed in 7 cases [A: 6 (22.2%); B: 1 (14.3%)] and
occluded in 4 cases [A: 2 (7.4%); B: 2 (28.6%)]. Branches that were supplied by both the
true and the false lumen were patent in 45 cases [A: 30 (73.2%); B: 15 (78.9%)], partly
thrombosed in 6 cases [A: 5 (12.2%); B: 1 (5.3%)] and occluded in 9 cases [A: 6 (14.6%);
B: 3 (15.8%)]. The brachiocephalic trunk was the vessel most often involved (57.2%). In
Stanford A dissections involvement of the coeliac trunk and the superior mesenteric
artery was more commonly seen than in Stanford B dissections (A: 38.5%, B: 26.7%; A:
41.7%, B: 13.3%; respectively). By tendency, renal artery involvement was more often
present at the left side (A: 63.7%, B: 35.7%) compared to the right side (A: 36.4%, B:
28.6%), (P = 0.424).

Density measurements
In the arterial phase the radiodensity of the patent false lumen of the thoracic aorta
was comparable to that of the true lumen, while in the abdominal aorta the
radiodensity in the patent false lumen was lower (on average more than 100 HU
difference) than in the true lumen (Figure 4 and Figure 5). In the unenhanced and
venous acquisitions 241 the radiodensity of the patent false lumen was comparable to
that of the true lumen. A false lumen thrombosis resulted in higher radiodensity in
the false lumen for the unenhanced acquisitions and lower densities in the arterial and
venous phases. IMH had a lower radiodensity compared to the vessel lumen within
the arterial and venous phases. In the unenhanced acquisition the radiodensity of the
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Table 1 Stanford classification, age and gender distribution

n (%)
mean age (yr)

AAD

IMH

43 (76.8)

13 (23.2)

66 ± 12
Stanford A

69 ± 10

Stanford B

A vs B

Stanford A

Stanford B

55.8%

44.2%

53.8%

46.2%

mean age (yr)

66 ± 11

67 ± 13

P = 0.785

65 ± 10

75 ± 13

Female

41.7%

10.5%

P = 0.039

28.6%

50%

A vs B

P = 0.146

There is no significant difference in the age distribution between Stanford A and B within the entities of acute
aortic dissection (AAD) and intramural hematoma. Though, in AAD there is a significant difference in the
gender distribution between Stanford A and B dissections. Females showed a significantly higher percentage
of type A than type B AAD. AAD: Acute aortic dissection; IMH: Intramural hematoma.

IMH was higher than the adjacent lumen in any of the regions of the aorta in which it
occurred (Figure 6). Differences in radiodensity between true lumen and IMH as well
as true lumen and thrombosed false lumen, respectively, were only significant in the
unenhanced acquisition (P = 0.035).

Complications and secondary findings
Table 3 summarizes complications and secondary findings. Subadventitial hematoma
involving the pulmonary trunk was present exclusively in patients with Stanford A
lesions. It was found in 5 patients, i.e. in 16.1% of Stanford A lesions. In these patients
pericardial effusion was present in 80%. In two cases there was pulmonary
hemorrhage present. The subadventitial hematoma was hypodense in contrast
enhanced scans compared to the lumen of the vessel (average HU differences arterial:
436 HU, venous 109 HU) while in non-contrast scans it was hyperdense (average HU
difference -13 HU).
Pericardial effusion was significantly more frequent in Stanford A lesions (P =
0.011). There was no significant difference in the occurrence of pleural
effusion/hemothorax between Stanford A and B (P = 0.357). Abdominal aortic
aneurysm was more frequent in Stanford B dissections (66.7%). Bleeding or rupture
occurred in four Stanford B cases. Although less frequent in IMH, branch vessel
involvement was the most frequent complication with 66% in total. Ischemia of
abdominal organs was found in 18.2% with kidneys being the most often affected
(12.5%).

DISCUSSION
When contemplating the assumption that a multiphasic CTA protocol adding a nonenhanced acquisition significantly improves the detectability of AAD and IMH there
is the dimension of fast and accurate visualization and that of radiation protection
that has to be evaluated. In this respect, this study shows that the radiodensity of the
true lumen and the false lumen of AAD do not differ significantly in contrastenhanced scans. On the contrary, unenhanced acquisitions featured a highattenuating region of thickening of the aortic wall with a significant density difference
between the IMH and the adjacent lumen in the range of 5 HU up to 21 HU for all
examined regions of the aorta. A differentiation between IMH and a thrombosed false
lumen was possible due to the significantly higher contrast between IMH and
adjacent lumen compared to thrombotic material and adjacent lumen (P = 0.035).
While the mere figures might seem rather small, the reason for the resulting critical
improvement in the visualisation of the potentially life-threatening entity IMH can be
found in the way windowing is possible if no contrast agent is used. By lowering the
window level and narrowing the window width, the interpreting physician is able to
zero in on those aspects that are of diagnostic value. While the arterial phase is
essential for the delineation of pathognomonic findings like an intimal flap and a
double lumen[7] and the venous acquisitions facilitate the assessment of the patency of
the false lumen as well as a possible ischemia of the abdominal organs, adding an
unenhanced acquisition of the thoracic aorta should be used whenever an AAS is
suspected. In this study we were able to identify 13 IMH and 5 aortic root
subadventitial hematomas and to distinguish both these entities from a false lumen
thrombosis. This would not have been possible without the data of the unenhanced
scan. The diagnosis of an IMH might profoundly influence the therapeutic decision-
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Figure 1

Figure 1 Selection process of the study cohort. After the exclusion of chronic dissections and patients with a
history of aortic surgery, 56 cases made up the study cohort of individuals with a newly diagnosed acute aortic
syndrome. AAS: Acute aortic syndrome.

making compared to classic aortic dissection. First of all, IMH has a higher rate of
rupture as compared to AAD[8]. Research groups around the world have argued about
the right treatment of IMH. According to Tsai et al[9], similar to Stanford type A and B
aortic dissection, surgery is advocated in patients with Stanford type A IMH and
initial medical therapy in patients with type B IMH. On the contrary, a study
conducted by Song et al[10] showed acceptable outcomes of a policy of urgent surgery
for unstable Stanford type A IMH patients and initial medical treatment for stable
patients with surgery for complications. In 2014 the European Society of Cardiology
issued a guideline[11]. In accordance with this guideline, “emergency surgery of IMH is
indicated in complicated cases with pericardial effusion (in this study present in type
A: 71.4%, B: 0%), periaortic hematoma (in this study present in: type A: 42.9%, B:
0.0%), or large aneurysms [in this study present in (AAA): type A: 0.0%, B: 50.0%].
Surgery within 24 h after diagnosis is required in most of Stanford type A IMH. In
elderly patients or those with significant comorbidities, initial medical treatment may
be a reasonable option. Medical treatment is the initial approach to Stanford type B
IMH. Endovascular therapy or surgery has the same indications as type B aortic
dissection. While there might still be debate about the treatment that is clinically
indicated if an IMH is detected, the importance of a rapid and accurate detection and
assessment of potentially life-threatening complications is out of doubt. Nonetheless
the ALARA principle (“as low as reasonably achievable”) dictates a limitation of the
patients’ radiation exposure. Our data indicate that adding an unenhanced acquisition
to a biphasic CT scan does, as expected, increase the radiation exposure, but to a
moderate degree of only 22% to the total radiation dose. Therefore the risk of
overlooking an IMH or aortic root subadventitial hematomata seems to be grossly
disproportionate to the benefit of a reduction in radiation exposure. In our opinion the
added radiation dose of a triphasic protocol is reasonable and can easily be justified.
The data of this study substantiate the common perception that an IMH is a more
circumscript thoracic pathology that rarely affects the abdominal aorta. This finding
allowed us to further adjust our CTA protocol and operating procedures in a way that
reduces the patients’ radiation exposure while maintaining most of the benefits the
unenhanced acquisition offers. In cases in which there is no clinical suspicion of an
abdominal involvement we now limit the unenhanced scan to the thoracic aorta,
lowering the radiation exposure.
The 56 cases diagnosed with AAS would translate into an incidence of about
8.9/100000 a year if the population of Lübeck[12] is regarded as the hinterland of our
department of radiology and nuclear medicine. This figure is considerably higher
than the 2.9/100000/year incidence found in literature[2].
Studies based on the International Registry of Acute Aortic Dissections have found
about 6.3% of AAS to be IMH[13]. In our cohort the prevalence was as high as 23.2%.
This discrepancy partly originates from the study design and the selection process of
the study cohort which excluded about 46% of patients with AAS because of a chronic
aortic dissection or a history of aortic surgery. As many IMH evolve into an AAD
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Table 2 Radiation exposure as measured by the computed tomography dose-length product
DLP [mGy*cm]
Mean

Min

Max

Triphasic CT scan (unenhanced, arterial and venous)

2737.2

1583.0

4476.9

Biphasic CT scan (arterial and venous)

2134.6

766.2

3494.7

Unenhanced acquisition (percentage of a triphasic CT scan)

602.6 (22.0%)

Adding an unenhanced acquisition to a biphasic computed tomography (CT) scan does, as expected, increase
radiation exposure, however to a moderate degree. On average the unenhanced acquisition contributes only
about 22% to the total radiation dose of a triphasic CT scan. DLP: Dose-length product.

there might be a selection bias due to the small study cohort as well. However, one
might also suggest that IMH has often been overseen if the utilized CTA protocol
misses a focus on detection of even small IMH. Therefore, adding an unenhanced scan
to the CTA is suggested.

Limitations
Although the screened cohort of 868 individuals was sizable, the resulting study
cohort on which our data is based (n = 56) is not. The small size of this retrospective
cohort study limits the generalizability of the results. A further limitation of this work
can be found in the definition of branch vessel involvement. A branch vessel
involvement was defined as an intimal flap or a hematoma that extended into the
branch or alternatively the sole perfusion by false lumen. This definition leaves out
any type of dynamic obstruction. Nonetheless, we believe that this study offers some
motivational thoughts and descriptions of clinical relevance.
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Table 3 Complications and secondary findings n (%)
AAD

IMH

Total
Stanford A
Subadventitial hematoma of pulmonary trunk

Stanford B

Stanford A

Stanford B

5 (9.1)

2 (8.3)

0

3 (42.9)

0

Pericardial effusion

20 (35.7)

11 (45.8)

4 (21.1)

5 (71.4)

0

Pleural effusion

14 (25.0)

4 (16.7)

6 (31.6)

2 (28.6)

2 (33.3)

Abdominal aortic aneurysm (AAA)

17 (32.1)

2 (8.7)

12 (66.7)

0

3 (50.0)

4 (7.1)

0

3 (15.8)

0

1 (16.7)

Branch vessel involvement

33 (66.0)

17 (81.0)

12 (70.6)

3 (50.0)

1 (16.7)

Ischemia

10 (18.2)

5 (20.8)

4 (22.2)

1 (14.3)

0

Kidney

7 (12.5)

4 (16.7)

3 (15.8)

0

0

Liver

2 (3.6)

1 (4.2)

1 (5.3)

0

0

Spleen

3 (5.5)

0

2 (11.1)

1 (14.3)

0

Intestine

1 (1.8)

0

1 (5.3)

0

0

Bleeding/rupture

Branch vessel involvement was the most frequent complication. Subadventitial hematoma involving the pulmonary trunk was present exclusively in
patients with Stanford A lesions. Pericardial effusion was significantly more frequent in Stanford A lesions. AAD: Acute aortic dissection; IMH: Intramural
hematoma.

Figure 2

Figure 2 Extent of dissection and intramural hematoma. Nearly one third of acute aortic syndrome was limited to the thoracic aorta. There was no case in which
the intramural hematoma extended into the iliac arteries. AAD: Acute aortic dissection; IMH: Intramural hematoma.
Figure 3
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Figure 3 Boundaries of acute aortic dissection and intramural hematoma. Anatomic features detain a distal progression of acute aortic dissection and intramural
hematoma. AAD: Acute aortic dissection; IMH: Intramural hematoma.
Figure 4

Figure 4 Density measurements, absolute values. Absolute values of the density measurements in true and false lumen/intramural hematoma in arterial, venous
and unenhanced phase of (A) thoracic and (B) abdominal aorta. IMH: Intramural hematoma.

WJR

https://www.wjgnet.com

158

November 28, 2018 Volume 10

Issue 11

Panagiotopoulos N et al. Significance of an additional unenhanced CT scan in suspected AAS
Figure 5

Figure 5 Density measurements, differences. Density differences between true and false lumen/intramural hematoma (IMH) in arterial, venous and unenhanced
phase of (A) thoracic and (B) abdominal aorta. Differences in radiodensity between true lumen and IMH as well as true lumen and thrombosed false lumen,
respectively, were only significant in the unenhanced acquisition (P = 0.035). IMH: Intramural hematoma.
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Figure 6

Figure 6 Acute intramural hematoma. Triphasic computed tomography angiography with an acute intramural hematoma (IMH) type Stanford A in the ascending
and descending aorta. The unenhanced scan (U) shows a hyperdense wall thickening compared to the lumen (arrows). In the arterial (A) and venous (V) phase of the
enhanced scans, the IMH con not be differentiated from a thrombotic layer.

ARTICLE HIGHLIGHTS
Research background
The life-threatening condition of an intramural hematoma (IMH) is often missed on routinely
performed contrast enhanced computed tomography (CT) angiographies (CTA) in patients with
suspected acute aortic syndrome (AAS).

Research motivation
To optimize the CT protocol for AAS.

Research objectives
To assess the potential benefit of a CTA protocol that includes an additional unenhanced
acquisition added to contrast-enhanced scans in the diagnostic pathway of patients with AAS.

Research methods
Aortic CTA of patients with suspected AAS were retrospectively evaluated for acute aortic
dissection, IMH, or penetrating aortic ulcer. The spiral CTA protocol consisted of an unenhanced
acquisition and an arterial phase. If AAS was detected, a venous phase (delay, 90 s) was added.
Images were evaluated for the presence and extent of aortic pathologies, and related
complications.

Research results
23% of patients with AAS had an IMH. There was no significant difference in the involvement of
the ascending aorta or the average age between dissection and IMH. Only the unenhanced
acquisitions showed a significant density difference between the adjacent lumen and the IMH.
Subadventitial hematoma involving the pulmonary trunk was present in five patients.

Research conclusions
IMH is a common and difficult to detect entity of AAS. An additional unenhanced acquisition
within an aortic CTA protocol facilitates the detection of IMH.

Research perspectives
The results underline the importance of a triphasic CTA as standard diagnostic procedure in
patients with suspected AAS.
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Abstract
AIM
To investigate the reliability of the established and new scoring methods for
Hoffa’s fat pad synovitis using magnetic resonance imaging (MRI).
METHODS
A total of 139 knees of 115 patients who underwent MRI of the knee with and
without gadolinium contrast were enrolled in this study. Proton density (PD)weighted, PD-weighted fat-suppressed (PD-FS), and postcontrast T1-weighted
fat-suppressed (T1CE) images were used for evaluation. Using contrast and noncontrast images, our grading method for synovitis was performed to measure
synovial thickness and signal intensity changes of the fat pad [Synovial
membrane (SM) score], which was compared with the established methods,
including MRI Osteoarthritis Knee Score (MOAKS), parapatellar synovitis score,
Whole-Organ Magnetic Resonance Imaging Score (WORMS), and suprapatellar
effusion diameter. Intraclass correlation coefficients (ICC) for intra and
interobserver reproducibility and Spearman correlation coefficients (r) were
calculated for the parapatellar synovitis score and each scoring method.
RESULTS
All of the scores presented substantial to almost perfect intrareliability. Among
three readers, effusion diameter had substantial to almost perfect interreliability
(ICC = 0.68-0.81) and WORMS had substantial interreliability (ICC = 0.61-0.70).
For two out of three readers, there was substantial interreliability for the
thickness score in T1CE (ICC = 0.55-0.69), SM scores in T1CE (ICC = 0.56-0.78)
and PD-FS (ICC = 0.51-0.79), and parapatellar synovitis score in T1CE (ICC =
0.53-0.72). The parapatellar synovitis score was significantly correlated with the
thickness score in T1CE (r = 0.70) and the SM score in T1CE (r = 0.81) and PD-FS
(r = 0.65).
CONCLUSION
The newly proposed quantitative thickness score on T1CE and the semiquantitative SM score on T1CE and PD-FS can be useful for Hoffa’s fat pad
synovitis.
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Core tip: We proposed a new grading method for Hoffa’s fat pad synovitis and
compared it with the other established methods. Our method showed substantial to
almost perfect reproducibility and significant correlations with the established methods
for both non-contrast and contrast images. Our newly proposed scoring system method
can be useful for Hoffa’s fat pad synovitis.

Hagiwara S, Yang A, Takao S, Kaneko Y, Nozaki T, Yoshioka H. New scoring system
in assessment of Hoffa’s fat pad synovitis: A comparative study with established
scoring systems. World J Radiol 2018; 10(11): 162-171
URL: https://www.wjgnet.com/1949-8470/full/v10/i11/162.htm
DOI: https://dx.doi.org/10.4329/wjr.v10.i11.162

INTRODUCTION
Osteoarthritis (OA) of the knee is one of the most common chronic disorders that
result in pain, deformity, and loss of function. OA has long been considered a wear
and tear disease that leads to loss of cartilage because of mechanical stress. Recent
experimental data have shown that OA is a complex disease with inflammatory
mediators, which are released by cartilage, bone, and synovial fat pad[1-3].
The Hoffa’s fat pad is located in the knee between the patellar tendon, femoral
condyle, and tibial plateau. It is adjacent to the synovial layers and the cartilage
surface of the femur[4]. Similar to subcutaneous tissue, the Hoffa’s fat pad contains a
framework of fibrous cords interspersed among adipose tissue[5] and is thought to
distribute the synovial fluid and absorb forces through the knee joint [6] . Several
studies have revealed that the fat pad produces growth factors and proinflammatory
cytokines, which may contribute to the pathologic development of OA[7-9].
Several semiquantitative methods using magnetic resonance imaging (MRI) for the
assessment of knee OA have been developed and used in various observational
studies and clinical trials; by dividing the knee into subregions for assessment, these
methods enable visualization of structures, such as the synovium, joint effusion, and
cartilage[10,11]. Although each method have been reported to be clinically useful, the
reliability was not perfect[12-14], and the scoring for Hoffa’s fat pad synovitis based on
non-enhanced sequences has not been sufficient, compared with that for the other
subregions of the knee [ 1 0 , 1 1 ] . Although enhanced sequences allow for better
characterization of synovial inflammation and for differentiation between the
synovium and effusion, few scoring methods have been reported to be specific to
Hoffa’s fat pad synovitis[15,16]. Also, a routine knee MRI is usually obtained without
contrast administration.
The aim of this study was to evaluate reliability of the established and new scoring
methods, including non-enhanced MRI, for Hoffa’s fat pad synovitis.

MATERIALS AND METHODS
Study design and subjects
The subjects enrolled in this study were all patients who underwent knee MRI with
and without Gadolinium (Gd) contrast at our institute from January 2012 to July 2015.
During this period, MRI of the knee with and without Gd contrast was performed on
205 knees (102 on the right, 103 on the left) of 168 patients. The exclusion criteria of
this study were as follows: (1) under 18 years old; (2) postoperation with an implant
around the knee; (3) inflammatory arthritis, such as rheumatoid arthritis and
infection; (4) acute trauma with hemarthrosis; (5) intraarticular tumor; (6) difficult
evaluation due to severe deformity from OA or amputation; and (7) difficult
evaluation due to severe artifact. After exclusion of 66 knees of 53 patients, a total of
139 knees (69 on the right, 70 on the left) of 115 patients available for analyses. The
subjects had an average age of 54 years.
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The research protocol of this retrospective study was in compliance with the
Helsinki Declaration, was approved by the institutional review board, and was
registered with the University of California Irvine Medical Center.

MRI protocol
Each MRI examination in this study was performed according to a standardized
institutional protocol using the 1.5T (Avanto, Siemens Healthcare, Erlangen,
Germany) or the 3T MRI system (Achieva or dStream Achieva, Philips Healthcare,
Best, Netherland and TtioTim, Siemens Healthcare); 42 knees underwent MRI with
1.5T and 97 knees with 3T. A non-enhanced proton density (PD)-weighted fast spinecho sequence was performed in the sagittal plane, followed by non-enhanced PDweighted fat-suppressed (PD-FS) fast spin-echo sequence in the sagittal and axial
planes. After injection of 10 mL of Gd contrast (Multihance, Bracco) into a peripheral
vein, T1-weighted fat-suppressed fast spin-echo sequence (T1CE) was performed in
the sagittal and axial planes. The imaging parameters of all sequences are
summarized in Table 1.

MRI assessment
The MRI evaluation of synovitis and joint effusion was performed independently by a
board-certified orthopedic surgeon (A), who had 10 years of experience, and two
radiology residents (B, C), who had 2 years of experience each. All readers were
blinded to the clinical information but not to the MR sequences, because the imaging
characteristics were readily apparent to the observer. To evaluate intraobserver
reliability, a second trial was performed by Hagiwara S four weeks later.

Synovial evaluation
Thickness score: For the new quantitative scoring system, the thickness of the
inflamed synovium was determined as the area of enhancement along the posterior
Hoffa’s fat pad on sagittal T1CE, as low-signal regions on non-enhanced sagittal PD,
and as high-signal regions on non-enhanced sagittal PD-FS. Three sagittal slices,
including the medial and lateral aspects of the Hoffa’s fat pad and the central
patellofemoral groove, were chosen. In each slice, three points (i.e., proximal, middle,
and distal) along the posterior surface of Hoffa’s fat pad were selected. The average
thickness of the synovium from the nine points in each sequence (Figure 1) was
graded on a three-point scale: grade 1 ≤ 0.8 mm; grade 2 = 0.8 mm to 1.6 mm; and
grade 3 ≥ 1.6 mm.
Synovial membrane score (SM score): The contrast effects and signal intensity
changes along the posterior surface of the Hoffa’s fat pad on a single sagittal slice
through the central patellofemoral groove were used to semiquantitatively grade the
synovitis. The score was based on the contrast effects and signal intensity changes[17]
on sagittal T1CE; low-signal areas on sagittal PD; and high-signal areas on sagittal
PD-FS. The score was graded on a four-point scale as grade 0 for lack of enhancement
or signal change; grade 1 for the presence of a linear contrast effect or signal change
on the posterior fat pad synovium; grade 2 for the presence of a nodular contrast
effect or signal change on the posterior fat pad and/or mild exudation of the fat pad
on T1CE; and grade 3 for gross a nodular contrast effect or signal change on the
posterior fat pad and/or severe exudation of the fat pad on T1CE, as seen on the
sagittal plane at the center of the patella (Figure 2).
MRI Osteoarthritis Knee Score (MOAKS) for fat pad: Hoffa’s synovitis was scored
with the MOAKS system[11] by grading the size of the diffuse hyperintense signal in
the Hoffa’s fat pad on T1CE and PD-FS on a four-point scale, as follows: 0 = normal; 1
= mild, 2 = moderate, 3 = severe.
Parapatellar synovitis score: Synovial inflammation in the entire knee was scored, as
previously reported[18]. These parapatellar sites included three in the suprapatellar
recesses (i.e., lateral, medial, and just above the trochlear groove), as well as the
medial and lateral femoral gutters. Thickening of the inflamed synovium was
determined in each site and was scored on a four-point scale, according to the
thickness, as grade 0 for lack of enhancement of the synovial tissue; grade 1 for < 2mm thickening of the synovial tissue; grade 2 for 2-4-mm thickening of the synovial
tissue; and grade 3 for > 4-mm thickening or nodular pattern of the synovial tissue
(Figure 3).

Effusion evaluation
Effusion diameter: Joint effusion was assessed based on the greatest diameter of the
fluid accumulation, perpendicular to the long axis of the leg on non-enhanced PD-FS,
as follows; grade 0, < 5 mm; grade 1, between 5 mm and 10 mm; grade 2, between 10
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Table 1 Magnetic resonance imaging parameters for the sequences
Sequence
Imaging parameter

Tesla
Sag PD

Repetition time (ms)

Sag PD-FS

Sag T1CE

Ax PD-FS

Ax T1CE

1.5T

2000

3000

438

3400

714

3T

2054-3940

3000-4150

530-782

3000-5300

530-782

Echo time (ms)

1.5T

46

46

12

43

13

3T

22-30

30-43

12-20

13-45

12-20

Matrix resolution (mm)

1.5T

0.7 × 0.7

0.7 × 0.7

0.7 × 0.7

0.6 × 0.6

0.6 × 0.6

3T

0.3 × 3.3

0.3 × 0.3

0.3 × 0.3

0.3 × 0.3

0.3 × 0.3

Field of view (mm)

1.5T

150

150

150

150

150

3T

150

150

150

150

150

Slice thickness (mm)

1.5T

3.5

3.5

3.5

5

5

3T

2.5

2.5

2.5

3

3

Sag PD: Sagittal proton density-weighted sequence; Sag PD-FS: Sagittal proton density-weighted fatsuppressed sequence; Sag T1CE: Sagittal contrast-enhanced T1-weighted fat-suppressed sequence; Ax PD-FS:
Axial proton density-weighted fat-suppressed sequence; Ax T1CE: Axial contrast-enhanced T1-weighted fatsuppressed sequence; T1CE: T1-weighted fat-suppressed fast spin-echo sequence; PD: Proton densityweighted fast spin-echo sequence; PD-FS: Proton density-weighted fat-suppressed fast spin-echo sequence.

mm and 20 mm; and grade 3, > 20 mm[19].
Whole-Organ Magnetic Resonance Imaging Score (WORMS) for synovial effusion:
Synovial effusion was evaluated to describe the synovitis according to the WORMS
system[10]. Joint effusion was graded collectively from 0 to 3 in terms of the percentage
of the estimated maximal distention of the synovial cavity, as follows: grade 0,
normal; grade 1, < 33%; grade 2, 33% to 66%; and grade 3, > 66%.

Statistical analysis
Statistical analysis was performed by the biostatistics service of our institute using
MedCalc software (Ver.16, MedCalc Software, Ostend, Belgium). The inter and
intraobserver reliabilities of each score were assessed using intraclass correlation
coefficient (ICC) analysis. An ICC of 0.2-0.4 was considered as fair, 0.4-0.6 as
moderate, 0.6-0.8 as substantial, and 0.8-1 as almost perfect [20] . Spearman’s rank
correlation (r) was computed to analyze the correlation between each scoring system
and the MOAKS score, which was the most popular MRI semiquantitative scoring
system for OA[14]. Because an adequate correlation between the parapatellar synovitis
score and arthroscopic and microscopic scoring has been reported[21,22], the correlations
of the parapatellar synovitis score with each scoring system were computed on 1.5T
and 3T, respectively. Correlation was considered negligible for a r value < 0.2, low for
a r value of 0.2-0.4, moderate for a r value of 0.4-0.7, strong for a r value of 0.7-0.9, and
very strong for a r value > 0.9[23].

RESULTS
Reproducibility of the scoring systems
The ICCs for inter and intraobserver reliabilities of each score are shown in Table 2.
All of the scores had substantial to almost perfect intrareliability. Among the three
readers, interreliability was substantial to almost perfect for effusion diameter (ICC =
0.68-0.81) and substantial for WORMS (ICC = 0.61-0.70). For two out of three readers,
there was substantial interreliability for the thickness score in T1CE (ICC = 0.55-0.69),
SM scores in T1CE (ICC = 0.56-0.78) and PD-FS (ICC = 0.51-0.79), and parapatellar
synovitis score in T1CE (ICC = 0.53-0.72).

Correlation with the standard
The Spearman’s rank correlation results for the MOAKS are shown in Table 3. On the
average, the MOAKS had moderate to strong correlations with each scoring system (r
= 0.44-0.71). The correlations of each scoring system with the parapatellar synovitis
score are shown in Table 4. The parapatellar synovitis score had nearly strong
correlations with the thickness score in T1CE (r = 0.70), SM score in T1CE (r = 0.81),
and SM score in PD-FS (r = 0.65). There were no significant differences between the
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Figure 1

Figure 1 Thickness score. A: The thickness of Hoffa’s synovitis is measured at three points at the proximal,
middle, and distal synovium along the posterior aspect of the Hoffa’s fat pad (yellow arrow); B: Sagittal slices are
selected at the medial, lateral, and central patellofemoral groove.

1.5T and 3T sequences.
Figure 4 demonstrates a case with similar scores for Hoffa’s synovitis among the
PD-FS, PD, and T1CE, whereas Figure 5 demonstrates a case with different PD-FS,
PD, and T1CE scores.

DISCUSSION
This study compared the established scoring methods, including the MOAKS score
for fat pad, parapatellar synovitis score, WORMS scoring for synovial effusion, and
effusion diameter, and the new scoring methods, including the thickness score and
SM score for Hoffa’s fat pad synovitis. The thickness score and the SM score
demonstrated almost equal reproducibility with that of the other scoring systems and
were superior to the MOAKS. The associations of the thickness score and the SM score
with the MOAKS score were equal with that of the other scoring systems.
Furthermore, the parapatellar synovitis score had strong associations with the
thickness score in T1CE and the SM scores in T1CE and PD-FS.
Although the MOAKS score is based on the size and degree of hyperintensity on
T2/ intermediate-weighted imaging or on the PD-FS within the Hoffa’s fat pad[11], it
does not clearly define the size and the slice delineation. This may have contributed to
the relatively low interreliability for the MOAKS sore in this study. On the other
hand, in the WORMS study, interobserver reliability was substantial despite the
subjective analysis of the synovial cavity[10]. By evaluating both synovial tissue and
fluid, even without clearly distinguishing between the two entities[10], the WORMS
system can reliably evaluate the severity of the synovitis. In this study, there was
substantial to almost perfect inter and intrareliability for the effusion diameter
scoring, likely because measurement of the anterior to posterior dimensions of the
joint fluid was straightforward and experience on orthopedic surgery or radiology
was not always necessary.
The reliability of the thickness score in T1CE was better than in PD and PD-FS. An
advantage of contrast-enhanced MRI is the ability to distinguish synovial
inflammation from synovial fluid and fat tissues [20,24] . Guermazi et al [25] reported
excellent reproducibility using a contrast-enhanced whole-knee synovitis scoring
system. In non-contrast sequences, the border of the intensity change of synovitis is
difficult to accurately recognize; this can be one of the reasons for the relatively low
inter and intrareliability for the non-contrast analyses of the thickness score. The
additional problems of the thickness score in T1CE were fragmentation and contrast
exudation of the fat pad, which might have significantly increased the variability in
measurement and, in severe cases, overestimated synovitis. The SM score is based on
a well-known scoring method for synovitis of the wrist[17,26]. In this method, the highintensity change seems easy to recognize in both T1CE and PD-FS.
Because the MOAKS enables visualization of the signal intensity change within the
Hoffa’s fat pad in asymptomatic patients[27], it was thought to be a sensitive but nonspecific finding for synovitis[24]. This was a possible reason for the relatively low
correlations between the MOAKS and the other scoring methods. Although the
parapatellar synovitis score evaluates a region of interest that is different from the
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Figure 2

Figure 2 Grading of the Synovial membrane score. A: Grade1 is defined as linear thickening of the posterior
Hoffa’s fat pad’s synovium; B: Grade 2 is defined as mild exudation and signal change in the posterior Hoffa’s fat pad;
C: Grade 3 is defined as gross nodular thickening of the posterior Hoffa’s fat pad’s synovium.

Hoffa’s fat pad, it can be the standard of this study, considering its correlation with
the arthroscopic and microscopic scoring of the knee and its previously reported
correlation with the WORMS score of the fat pad[21,22]. The thickness score in T1CE and
the SM scores in T1CE and PD-FS had strong associations with the parapatellar
synovitis score. This suggested that evaluation of synovitis using the SM score on PDFS had a similar reliability with that of a contrast-enhanced study. Although most
contrast studies for synovitis were based on synovial thickness [ 1 5 , 2 2 ] , this
semiquantitative method can simply evaluate both the intensity change on the
posterior fat pad and exudation to the fat pad. Due to concerns of increased cost and
risk from contrast injection[11], the SM score in PD-FS may provide a viable alternative
to contrast-enhanced examinations for the evaluation of Hoffa’s fat pad synovitis.
Several limitations of this study should be acknowledged. First, we did not
compare the scores with arthroscopic and microscopic examinations as the standard,
because the current study was retrospective and most subjects were not in
preoperative status. Second, the parapatellar synovitis score was not a specific scoring
method for Hoffa’s fat pad. Despite this, ample correlation of the parapatellar
synovitis score with the arthroscopic and microscopic scoring had been
demonstrated[19,20]. Third, there was variability in experience among the readers who
interpreted the knee MRIs. Although two junior radiology residents were included,
there was no significant difference in the scoring results among the readers. This
suggested that our methods would be available for many physicians who may not be
familiar with knee MRI interpretation. Finally, the use of both 1.5T and 3T MRI
systems in this study may have produced variability in the tissue contrast on the PD
or PD-FS images and in the degree of contrast enhancement on T1CE images, thereby,
affecting the scoring for Hoffa’s synovitis.
In conclusion, the newly proposed quantitative thickness score on T1CE and the
semiquantitative SM scores on T1CE and PD-FS can be useful for Hoffa’s fat pad
synovitis. Semiquantiative scoring on PD-FS sequences may be a reliable surrogate to
contrast-enhanced assessment of Hoffa’s fat pad synovitis.
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Table 2 Inter and intraobserver reliability
Intra-observer

Inter-observer

A1-A2

A1-B

A1-C

B-C

T1CE

0.74 (0.65-0.81)

0.69 (0.60-0.77)

0.67 (0.56-0.75)

0.55 (0.42-0.65)

PD

0.68 (0.58-0.76)

0.45 (0.31-0.57)

0.49 (0.35-0.61)

0.54 (0.41-0.65)

PD-FS

0.71 (0.61-0.78)

0.59 (0.48-0.69)

0.49 (0.35-0.60)

0.63 (0.52-0.72)

T1CE

0.88 (0.83-0.91)

0.67 (0.56-0.75)

0.78 (0.70-0.83)

0.56 (0.43-0.66)

PD

0.88 (0.83-0.91)

0.49 (0.35-0.60)

0.72 (0.63-0.79)

0.50 (0.36-0.61)

PD-FS

0.89 (0.85-0.92)

0.51 (0.38-0.63)

0.79 (0.71-0.84)

0.62 (0.50-0.71)

MOAKS

T1CE

0.76 (0.68-0.82)

0.64 (0.53-0.73)

0.54 (0.41-0.65)

0.49 (0.35-0.60)

Synovitis-score

T1CE

0.93 (0.91-0.95)

0.65 (0.54-0.74)

0.72 (0.62-0.79)

0.53 (0.40-0.64)

WORMS (effusion synovitis)

PD-FS

0.77 (0.70-0.83)

0.70 (0.61-0.78)

0.61 (0.50-0.71)

0.68 (0.58-0.76)

Effusion-diameter

PD-FS

0.89 (0.85-0.92)

0.77 (0.69-0.83)

0.81 (0.75-0.86)

0.68 (0.58-0.76)

Thickness

SM score

Data are presented as ICC (95%CI). T1CE: T1-weighted fat-suppressed fast spin-echo sequence; PD: Proton density-weighted fast spin-echo sequence; PDFS: Proton density-weighted fat-suppressed fast spin-echo sequence.

Table 3 Correlation with the MOAKS score
1.5T

3T

Total

T1CE

0.45

0.49

0.47

PD

0.32

0.49

0.44

PD-FS

0.42

0.41

0.41

T1CE

0.55

0.68

0.64

PD

0.61

0.64

0.63

PD-FS

0.64

0.74

0.71

Synovitis-score

T1CE

0.68

0.51

0.56

WORMS (effusion synovitis)

PD-FS

0.48

0.55

0.53

Effusion-diameter

PD-FS

0.58

0.48

0.51

Thickness

SM score

All P values are less than 0.01. T1CE: T1-weighted fat-suppressed fast spin-echo sequence; PD: Proton density-weighted fast spin-echo sequence; PD-FS:
Proton density-weighted fat-suppressed fast spin-echo sequence.

Table 4 Correlation with the parapatellar synovitis score

Thickness

SM score

MOAKS

1.5T

3T

Total

T1CE

0.63

0.73

0.70

PD

0.52

0.45

0.47

PD-FS

0.44

0.51

0.49

T1CE

0.85

0.79

0.81

PD

0.42

0.76

0.66

PD-FS

0.79

0.59

0.65

T1CE

0.66

0.56

0.59

PD-FS

0.65

0.52

0.56

WORMS (effusion synovitis)

PD-FS

0.64

0.81

0.76

Effusion-diameter

PD-FS

0.52

0.62

0.59

All P values are less than 0.01. T1CE: T1-weighted fat-suppressed fast spin-echo sequence; PD: Proton density-weighted fast spin-echo sequence; PD-FS:
Proton density-weighted fat-suppressed fast spin-echo sequence.
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Figure 3

Figure 3 Parapatellar synovitis score. A: Two slices are chosen for the parapatellar synovitis score, and each corresponds with the first and last axial slice,
respectively, in which the patella was still visible; B, C: The five sites of interest include three points in the suprapatellar recess, one point in the lateral gutter, and one
point in the medial femoral gutter. Thickening of the inflamed synovium is determined in each site and is graded on a four-point scale, according to the thickness.
Figure 4

Figure 4 A 69-year-old woman with osteoarthritis and a parapatellar score of 9. A: The thickness score is grade 3, the Synovial membrane (SM) score is grade
3, and the MOAKS score is grade 3 on T1-weighted fat-suppressed fast spin-echo sequence; B: The thickness score is grade 2, the SM score is grade 3, and the
MOAKS score is grade 3 on proton density-weighted fast spin-echo sequence; C: The thickness score is grade 3, the SM score is grade 3, and the MOAKS score is
grade 3 on proton density-weighted fat-suppressed fast spin-echo sequence.
Figure 5

Figure 5 A 71-year-old woman with osteoarthritis and a parapatellar score of 8. A: The thickness score is grade 2, the Synovial membrane (SM) score is grade
3, and the MOAKS score is grade 3 on T1-weighted fat-suppressed fast spin-echo sequence; B: The thickness score is grade 1, the SM score is grade 1, and the
MOAKS score is grade 3 on proton density-weighted fast spin-echo sequence; C: The thickness score is grade 2, the SM score is grade 3, and the MOAKS score is
grade 3 on proton density-weighted fat-suppressed fast spin-echo sequence.

ARTICLE HIGHLIGHTS
Research background
Osteoarthritis (OA) of the knee is one of the most common chronic disorders resulting in pain,
deformity, and loss of function. Several semiquantitative methods using magnetic resonance
imaging (MRI) for assessment of knee OA have been developed and used in various
observational studies and clinical trials.
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Research motivation
Although all assessment methods had been reported to be clinical useful, their reliability was not
perfect, and the scoring for Hoffa’s fat pad synovitis based on non-enhanced sequence has not
been sufficient, compared with that for the other subregions of the knee.

Research objectives
The aim of this study was to evaluate the reliability of the established and new scoring methods,
including non-enhanced MRI, for Hoffa’s fat pad synovitis.

Research methods
This study enrolled 139 knees of 115 patients who underwent MRI of the knee with and without
Gadolinium contrast. Proton density (PD)-weighted, proton density-weighted fat-suppressed
(PD-FS), and postcontrast T1-weighted fat-suppressed (T1CE) images were used for evaluation.
Our grading method for synovitis was performed using non-contrast and contrast images to
measure synovial thickness and signal intensity changes of the fat pad (SM score). Intraclass
correlation coefficients (ICC) for intra and interobserver reproducibility and the Spearman
correlation coefficients (r) with the parapatellar synovitis score were calculated for each scoring
method.

Research results
The thickness score in T1CE and the SM scores in T1CE and PD-FS showed substantial to almost
perfect reproducibility. The parapatellar synovitis score statistically significant correlation with
the thickness score in T1CE (r = 0.68) and thee SM scores in T1CE (r = 0.71) and PD-FS (r = 0.66).

Research conclusions
The newly proposed quantitative thickness score on T1CE and the semiquantitative SM scores
on T1CE and PD-FS can be useful for Hoffa’s fat pad synovitis.

Research perspectives
Our findings indicated that the established scoring systems for Hoffa’s fat pad synovitis could be
further improved. Future research may propose more reliable methods for Hoffa’s fat pad
synovitis.
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Abstract
AIM
To compare high-resolution computed tomography (HRCT) findings between
humoral primary immunodeficiencies (hPIDs) subtypes; to correlate these
findings to pulmonary function tests (PFTs).
METHODS
We retrospectively identified 52 consecutive adult patients with hPIDs who
underwent 64-row HRCT and PFTs at the time of diagnosis. On a per-patient
basis, an experienced radiologist recorded airway abnormalities (bronchiectasis,
airway wall thickening, mucus plugging, tree-in-bud, and air-trapping) and
parenchymal-interstitial abnormalities (consolidations, ground-glass opacities,
linear and/or irregular opacities, nodules, and bullae/cysts) found on HRCT.
The chi-square test was performed to compare the prevalence of each
abnormality among patients with different subtypes of hPIDs. Overall logistic
regression analysis was performed to assess whether HRCT findings predicted
obstructive and/or restrictive PFTs results (absent-to-mild vs moderate-tosevere).
RESULTS
Thirty-eight of the 52 patients with hPIDs showed common variable
immunodeficiency disorders (CVID), while the remaining 14 had CVID-like
conditions (i.e., 11 had isolated IgG subclass deficiencies and 3 had selective IgA
deficiencies). The prevalence of most HRCT abnormalities was not significantly
different between CVID and CVID-like patients (P > 0.05), except for linear
and/or irregular opacities (prevalence of 31.6% in the CVID group and 0 in the
CVID-like group; P = 0.0427). Airway wall thickening was the most frequent
HRCT abnormality found in both CVID and CVID-like patients (71% of cases in
both groups). The presence of tree-in-bud abnormalities was an independent
predictor of moderate-to-severe obstructive defects at PFTs (Odds Ratio, OR, of
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18.75, P < 0.05), while the presence of linear and/or irregular opacities was an
independent predictor of restrictive defects at PFTs (OR = 13.00; P < 0.05).
CONCLUSION
CVID and CVID-like patients showed similar HRCT findings. Tree-in-bud and
linear and/or irregular opacities predicted higher risks of, respectively,
obstructive and restrictive defects at PFTs.
Key words: Bronchiectasis; Multidetector computed tomography; Common variable
immunodeficiency; Immunologic deficiency syndromes; Respiratory function tests
©The Author(s) 2018. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Humoral primary immunodeficiencies (hPIDs) are a group of conditions
characterized by impaired antibody production and presenting with recurrent respiratory
infections, autoimmune diseases, and malignancy. Chest high-resolution computed
tomography (HRCT) is the imaging technique of choice for detecting, characterizing,
and quantifying lung complications in these patients. The aims of this study were to
compare HRCT findings in 52 patients with hPIDs subtypes (common variable
immunodeficiency disorders - CVID vs CVID-like), and evaluate whether these findings
may predict pulmonary function tests results. CVID vs CVID-like patients showed
comparable HRCT findings. The presence of tree-in-bud and linear and/or irregular
opacities were independent predictors of, respectively, significant obstructive and
restrictive defects.

Cereser L, De Carli M, d’Angelo P, Zanelli E, Zuiani C, Girometti R. High-resolution
computed tomography findings in humoral primary immunodeficiencies and
correlation with pulmonary function tests. World J Radiol 2018; 10(11): 172-183
URL: https://www.wjgnet.com/1949-8470/full/v10/i11/172.htm
DOI: https://dx.doi.org/10.4329/wjr.v10.i11.172

INTRODUCTION
Humoral primary immunodeficiencies (hPIDs), also known as primary
predominantly antibody deficiencies, constitute the most common subgroup of
primary immunodeficiency disorders (about 50% of diagnoses)[1]. hPIDs encompass a
spectrum of conditions characterized by impaired antibody production, manifesting
with recurrent respiratory tract infections, increased susceptibility to autoimmune
diseases, and malignancy[1,2]. Common variable immunodeficiency disorders (CVID)
are the most clinically significant group of hPIDs (with a prevalence of about 1:250001:50000 subjects). These disorders show distinct clinical and laboratory phenotypes
associated with low levels of IgG and IgA and/or IgM[3,4]. CVID onset is during adult
life in 70% of the cases, generally occurring between 20 and 40 years of age[5,6]. Other
hPIDs are often referred as “CVID-like” conditions: these conditions are in most cases
asymptomatic and include selective IgA deficiency (the most frequent hPID, with a
prevalence of 1/600 in white people) and isolated IgG subclass deficiency[2,7,8].
Overall, thoracic complications develop in 60% of patients with hPIDs, representing
the leading cause of morbidity and mortality. Chest high-resolution computed
tomography (HRCT) is the imaging technique of choice for detecting, characterizing,
and quantifying lung complications, as well as for evaluating the response to
therapy[1,9,10]. It is generally accepted that the initial evaluation of newly diagnosed
patients should include HRCT and pulmonary function tests (PFTs). Early
identification of respiratory complications provides a baseline assessment of lung
involvement, allows prompt treatment to reduce the number of pulmonary infections,
and impacts on quality of life and mortality, the latter being influenced by both
structural and functional pulmonary impairment[5,11,12].
Several studies have reported HRCT findings in hPIDs; these findings include noninfective airway disorders (i.e., bronchiectasis, airway wall thickening, and air
trapping), pulmonary infections, diffuse lung parenchymal diseases [e.g.,
Granulomatous and Lymphocytic Interstitial Lung Disease (GLILD), and organising
pneumonia], and thoracic neoplasms (e.g., lymphoma)[10,13-16]. However, most papers
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refer only to CVID patients, and report that HRCT abnormalities are present in more
than 90% of those patients[9,17]. While some Authors reported that the severity of
HRCT abnormalities was not significantly different between CVID and CVID-like
paediatric patients[18,19], to the best of our knowledge no studies have addressed this
issue in adult patients. Demonstrating a difference between CVID and CVID-like
patients may influence the time intervals between HRCT examinations during followup in these 2 subgroups of hPIDs. In addition to this, previous studies assessing a
correlation between HRCT findings and PFTs results demonstrated contradictory
results[9,17,18,20].
The purpose of this study was twofold: (1) to compare HRCT pulmonary findings
in adult patients among different subgroups of hPIDs (i.e., CVID and CVID-like); and
(2) to assess whether HRCT findings predict PFTs results.

MATERIALS AND METHODS
Study population and PFTs
Our referring Ethical Committee approved this study. The need for informed consent
was waived due to the retrospective design of the study. By performing a
computerized search, we identified 56 adult patients who received a definite
diagnosis of hPIDs, in accordance with the European Society for Immunodeficiencies
criteria[21], in our tertiary referral centre and between 2012 and 2016. Diagnosis was
performed after a history of previously undefined respiratory disease ranging from 1
to 5 years in duration. All patients underwent HRCT and PFTs within one month
from diagnosis as a part of the diagnostic workflow performed at our institute.
Accordingly, hereinafter we are going to refer to the HRCT performed at the time of
diagnosis as baseline HRCT. Four patients were excluded from the study due to
infectious respiratory disease at the time of HRCT (clinically unstable disease) or
unavailability of the PFTs results. Therefore, the final population included 52 patients
and had the following distribution of disease subtypes: 38 CVID, 11 isolated IgG
subclass deficiency, and 3 selective IgA deficiency cases.
Lung function was evaluated according to the criteria of the European Respiratory
Society/American Thoracic Society task force[22]. The following parameters were
measured with a spirometer (Vmax 29c; Sensor Medics, Yorba Linda, CA, United
States): Forced expiratory volume in one second (FEV1), forced vital capacity (FVC),
vital capacity (VC), peak expiratory flow (PEF), and total lung capacity (TLC).
Obstructive ventilatory defects were diagnosed when the reduced FEV1/VC ratio was
below the 5th percentile of the predicted value; restrictive ventilatory disorders were
diagnosed when a reduction in TLC below the 5th percentile of the predicted value
was detected in the presence of a normal FEV1/VC ratio. The severity of ventilatory
defects was assessed using a six-point scale (absent, mild, moderate, moderately
severe, severe, and very severe) [23] . For the purposes of analysis, patients with
obstructive or restrictive defects were classified in two groups: (1) patients with
absent-to-mild defects (i.e., ≥ 70% of predicted values); and (2) patients with
moderate-to-severe defects (i.e., < 70% of predicted values).

HRCT examinations
HRCT examinations were performed with a 64-row MDCT scanner (Discovery HD
750, GE Healthcare, Milwaukee, WI, United States), with the patient in the supine
position. The whole thorax was scanned volumetrically at suspended full inspiration
using the following acquisition parameters: tube potential, 120 kV; tube current
modulation range, 150-400 mA (based on a Noise Index set at 18.4); rotation time, 0.8
s; detector configuration, 64 mm × 0.625 mm; reconstructed section thickness and
reconstructed interval, 1.25 mm; field of view according to patient size. In 32/52
patients an additional end-expiratory volumetric scan with the same parameters was
also acquired.
Images were reconstructed using a high-spatial-frequency algorithm, and
displayed with lung parenchyma (level, -500 HU; width, 1500 HU) and mediastinum
windowing (level, 50 HU; width, 350 HU).

Image analysis
A radiologist with 8 years of experience in pulmonary imaging, blinded to patient
history and lung function, reviewed the HRCT examinations on a picture archiving
and communication system workstation (Suitestensa Ebit srl, Esaote Group Company,
Genoa, Italy). Post-processing techniques, including Multiplanar Reconstruction
(MPR), Maximum Intensity Projection (MIP) and Minimum Intensity Projection
(MinIP), were available to complement the analysis of thin source images.
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For each patient, the reader recorded two classes of abnormalities: airway
abnormalities (i.e., airway wall thickening, tree-in-bud, bronchiectasis, mucus
plugging, and air trapping), and parenchymal-interstitial abnormalities (i.e., linear
and/or irregular opacities, nodules, consolidations, ground-glass opacities, and
bullae/cysts). Radiological features were evaluated according to the Fleischner
Society glossary[24]. In particular, “linear and/or irregular opacities” describe any
linear opacity of irregular thickness that does not respect the lung architecture[9] and
has been reported as being a key feature of lung disease in CVID patients.
Any individual abnormality was scored using a double three-point scale (with a
total score ranging from 2 to 6), for coding two aspects simultaneously: (1) extension,
with 1 = involvement of a single pulmonary lobe, 2 = two-to-three lobes involved, 3 =
more than three lobes involved; and (2) conspicuity in the most involved lobe, with 1
= mild, 2 = moderate, and 3 = severe. As to include in the analysis only findings that
are reasonably related to hPIDs, the minimum required total score for an abnormality
was 3.

Statistical analysis
We calculated the per-patient prevalence of each of the aforementioned HRCT
abnormalities in the overall population and in different subgroups of hPIDs patients,
i.e., the CVID group vs CVID-like group (the latter including both isolated IgG
subclass deficiencies and selective IgA deficiencies). Main clinical features (age,
duration of symptoms before definite diagnosis, and ventilatory defects) and
prevalence of HRCT abnormalities were compared between the two groups using,
respectively, the u-Mann-Whitney and χ2 tests. A logistic regression analysis (stepwise
approach) was performed to assess whether the HRCT findings could predict a
significant obstructive or restrictive defect at PFTs on the overall study population. As
variables we used each of the aforementioned airway abnormalities and
parenchymal-interstitial abnormalities. Obstructive and restrictive defects were
defined as relevant only if they were of moderate-to-severe nature, and not if they
were absent-to-mild. Air trapping was excluded from the model since HRCT
additional expiratory scan was not available for all patients. Analysis was performed
with a commercially available software (MedCalc version 12.5.0.0, MariaKerke,
Belgium). The α level was set to 0.05.

RESULTS
Study population and PFTs results
Of the 52 hPIDs patients 37 were females and 15 were males, with a mean age of 53.9
± 12.7 years. Thirty-eight of the 52 patients (73%) were included in the CVID group,
and 14/52 patients (27%) were in the CVID-like group. No significant differences
between the two groups were found in terms of age (mean 54.9 ± 12.9 years in the
CVID group vs 51 ± 11.9 years in the CVID-like group) and average duration of
symptoms before definite diagnosis of hPIDs (2 years, range 1-3, in the CVID group vs
4 years, range 1-5, in the CVID-like group, P > 0.05). None of the patients underwent
HRCT before hPIDs diagnosis. Standard CTs were available for 15 of the 52 patients
(one examination each) and had been performed 2-4 years before the HRCT at the
time of hPIDs diagnosis.
The results of the PFTs show that almost half of the patients (25/52, 48.1%) had
ventilatory defects (Table 1). Three patients in the CVID group had concomitant
moderate-to-severe obstructive defects and restrictive defects. None of the patients in
the CVID-like group showed restrictive defects. No statistically significant differences
were found between the two subgroups of hPIDs in terms of prevalence of obstructive
(CVID: 44.7% vs CVID-like: 42.9%, P = 0.8474) and restrictive defects (CVID: 13.1% vs
CVID-like: 0%, P = 0.2052).

Distribution of HRCT abnormalities in the study groups
We recorded a high prevalence of HRCT findings, with one or more abnormalities
detected in 47/52 hPIDs patients (90.4%). The prevalence of specific airway
abnormalities was not significantly different between the CVID and CVID-like groups
(P > 0.05, Table 2). Airway wall thickening was the most commonly found
abnormality and showed a comparable prevalence in both groups (71.0% in the CVID
group and 71.4% in the CVID-like group, Figure 1).
Regarding HRCT parenchymal-interstitial abnormalities, linear and/or irregular
opacities were present in 31.6% of the patients in the CVID group and in none of those
in the CVID-like group, with borderline significance (P = 0.0427, Table 2). Nodules
were the most frequent finding in both groups, with a prevalence of 50.0% (Figure 2).

WJR

https://www.wjgnet.com

175

November 28, 2018 Volume 10

Issue 11

Cereser L et al. HRCT findings in humoral primary immunodeficiencies

Table 1 Pulmonary function tests results n (%)
Obstructive defect

Restrictive defect

Absent

Mild

Significant1

Any

Absent

Mild

Significant1

Any

CVID (n = 38)

21 (55.3)

10 (26.3)

7 (18.4)

17 (44.7)

33 (86.9)

1 (2.6)

4 (10.5)

5 (13.1)

CVID-like (n = 14)

8 (57.1)

2 (14.3)

4 (28.6)

6 (42.9)

14 (100)

0 (0)

0 (0)

0 (0)

All patients (n = 52)

29 (55.8)

12 (23.1)

11 (21.2)

23 (44.2)

47 (90.4)

1 (1.9)

4 (7.7)

5 (9.6)

Data are presented as number of patients with percentages in parentheses.
1Moderate-to-severe defect. CVID: Common variable immunodeficiency disorder; CVID-like: Including isolated IgG subclass deficiency and selective IgA
deficiency.

Correlation between HRCT abnormalities and PFTs
The distributions of HRCT-detected airway and parenchymal-interstitial
abnormalities according to severity of ventilatory defects assessed at PFTs are
reported in Tables 3 and 4.
Regarding HRCT-detected airway abnormalities, both mucus plugging (P = 0.0112,
Figure 3) and tree-in-bud (P = 0.0014, Figure 4) were found to be significantly
associated with a relevant obstructive defect assessed at PFTs. However, on
multivariate analysis, tree-in-bud was the only independent predictor (P = 0.0027) of
relevant obstructive defect, with an odds ratio (OR) of 18.75 (95%CI: 2.76-127.52).
Additionally, regarding HRCT-detected parenchymal-interstitial abnormalities, the
presence of linear and/or irregular opacities (Figure 5) was the only predictor of
relevant restrictive defect both at univariate (P = 0.0029) and multivariate analysis (P
= 0.0344; OR, 13.00; 95%CI: 1.21-139.97).

DISCUSSION
Pulmonary abnormalities in hPIDs adult patients were common in our series: Only
9.6% of our patients had negative HRCTs at the time of diagnosis, a finding in
agreement with the literature (range 4%-17%)[9,17,25]. The prevalence of most of airways
and parenchymal-interstitial findings was not significantly different between the
CVID and the CVID-like groups. Similarly, PFTs results were comparable between the
two subtypes of hPIDs, showing a larger prevalence of obstructive defects (45% in the
CVID group and 43% in the CVID-like group) over restrictive defects (13% in the
CVID group and 0 in the CVID-like group). These findings are in agreement with the
previously reported prevalences in CVID patients (9%-53% for obstructive defects and
5%-34% for restrictive defects)[9,17,26,27]. Conversely, to the best of our knowledge, this is
the first study reporting prevalences in adult CVID-like patients. Overall, our findings
support the hypothesis that neither imaging nor PFTs can reliably differentiate
between the two groups of CVID and CVID-like patients. One might argue that the
relevance of this result is impaired by the relatively small population included in the
present study. However, our series reflects the rarity of both conditions, and is one of
the largest published reports on HRCT as far as we know.
Of note, linear and/or irregular opacities were more frequently found in CVID
patients (32%) than in CVID-like patients (0), although statistical significance was
borderline (P = 0.0427). Gregersen et al [9] highlighted the importance of this
abnormality in CVID adult patients, both because of its frequency (about 52% of
cases) and its close association with impaired gas diffusion. In line with the relevant
literature[11,28], we found that only one HRCT abnormality, linear and/or irregular
opacities, was a predictor of significant restrictive defects. This result emphasizes the
importance of prompt identification of this abnormality at baseline evaluation.
Overall, our results support the assumption that CVID-like patients are clinically and
immunologically comparable to CVID patients[18,29], although the latter show more
frequently radiological abnormalities associated to interstitial disease (i.e., linear
and/or irregular opacities).
It is likely that the prevalence of different HRCT findings might reflect the effects of
the specific disease on the lungs in CVID and CVID-like patients. The most frequent
findings in our cohort were bronchiectasis (69.2%) and airway wall thickening (71.2%,
Figure 2), and are in line with those previously reported in adult patients (range 40%70% for bronchiectasis and 68%-75% for airway wall thickening)[9,10,17,25,26]. Such a high
prevalence can be explained by the cumulative effect of respiratory tract
infections[17,30,31]. Other common findings in our study were nodules (found in 50% of

WJR

https://www.wjgnet.com

176

November 28, 2018 Volume 10

Issue 11

Cereser L et al. HRCT findings in humoral primary immunodeficiencies
Figure 1

Figure 1 Airway wall thickening. A 65-year-old male patient with common variable immunodeficiency disorder.
High-resolution computed tomography shows diffuse airway wall thickening in the right middle and lower lobes
(straight arrows); centrilobular and tree-in-bud nodules in the right lung are also detected (curved arrow).

patients vs 29%-55% reported in literature)[9,17,25] and mucus plugging (in 44.2% of
patients). We did not differentiate among various types of nodules, since their
characteristics reflect a wide spectrum of conditions (including infectious diseases,
previous infections or lymphoproliferative and/or granulomatous conditions) that
cannot be histologically confirmed in most patients[14,25]. We believe that the high
prevalence of nodules should be considered as an epiphenomenon of other coexisting
pulmonary abnormalities rather than a definite hallmark of CVID or CVID-like hPIDs.
However, the finding of mucus plugging mirrors more specifically the inflammation
of large airways[9], with a reported prevalence in hPIDs ranging between 25% and
35%[9,17]. Last, air trapping was frequent (50%) in the subgroup of patients for whom
an expiratory scan was available. Although incomplete, the prevalence we describe is
in the range of those previously reported in CVID patients (45%-63%)[9,17,25].
Concerning the less frequent HRCT findings, we detected tree-in-bud abnormalities
in 19% of the patients, similarly to what reported by Tanaka et al[25] (20%) in a study
assessing a CVID population. This sign reflects a spectrum of both endobronchiolar
and peribronchiolar disorders [24] . The main causes of tree-in-bud findings in the
general population are reported to be acute or chronic infections mainly from
nontuberculous mycobacteria and bacteria (e.g., Staphylococcus aureus and Pseudomonas
aeruginosa)[32,33]. Previous studies demonstrated the presence of potentially pathogenic
bacteria (and viruses) in the lungs of patients with clinically stable hPIDs[34]. In our
series, most of the tree-in-bud cases were of infectious origin, albeit asymptomatic, at
the time of HRCT. The majority of these patients (80%) showed coexisting
bronchiectasis, a major predisposing factor for infections[32]. Follicular bronchiolitis
(FB) is another cause of tree-in-bud sign detected at HRCT [35,36] . FB is a reactive
pulmonary lymphoid disorder reported in CVID patients, is presumably related to
recurrent pneumonia, and is characterized by the development of lymphoid follicles
and germinal centres with peribronchial/peribronchiolar distribution [37] . In our
population, 2 of the 10 cases with tree-in-bud abnormalities were CVID patients who
developed GLILD, a condition in which FB is a typical finding [38,39] . In addition,
consolidation was found in 27% of our study population (vs 17%-64% reported in the
literature) and ground-glass opacities in 25% of the patients (vs 12%-34% in the
literature) [9,10,17,25] . Although the nature of most of these abnormalities remained
undetermined, it is likely that they represent the effects of subclinical or previous
infections, thus not requiring specific radiological work-up in the absence of clinical
suspicion of lymphoma or cancer.
In patients with CVID, HRCT was proven to detect silent progression earlier than
PFTs, because of its capability to assess even subtle structural abnormalities[34,40]. Not
surprisingly, alterations detected by PFTs are less frequent than those detected by
HRCT[40], an observation confirmed in our study that also includes CVID-like patients
(prevalence was 48.1% by PFTs vs 90.4% by HRCT). This observation raises some
questions on how to follow up the patient after baseline evaluation. Current
recommendations suggest PFTs intervals of 6-12 mo, and HRCT intervals ranging
from 1 to 5 years[11,17]. By multivariate analysis, we found that detection of tree-in-bud
abnormalities predicts obstructive defects (OR 18.75), and detection of linear and/or
irregular opacities predicts restrictive defects (OR 13.00). By contrast, none of the
other, more frequent findings were independent predictors of obstructive or
restrictive defects. This observation supports previous data on CVID showing a
moderate correlation between PFTs and HRCT results, as well as the idea that these
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Table 2 Prevalence of high-resolution computed tomography-detected abnormalities in the two humoral primary immunodeficiencies
subtypes (CVID and CVID-like), and comparison between the two groups n (%)
Abnormality

All patients n = 52

CVID n = 38

CVID-like n = 14

P-value (CVID vs CVID-like)

Bronchiectasis

36 (69.2)

Airway wall thickening

37 (71.2)

27 (71)

9 (64.3)

0.8964

27 (71)

10 (71.4)

0.7501

Tree-in-bud
Mucus plugging

10 (19.2)

6 (15.8)

4 (28.6)

0.8464

23 (44.2)

16 (42.1)

7 (50)

0.8888

16 (50)

12 (52.2)

4 (44.4)

0.8557

Airway abnormalities

Air trapping1
Parenchymal-interstitial abnormalities
Consolidation

14 (26.9)

11 (28.9)

3 (21.4)

0.8495

Ground-glass opacity

13 (25)

12 (31.6)

1 (7.1)

0.1487

Nodules

26 (50)

19 (50)

7 (50)

1

Linear and/or irregular opacities
Bullae/cysts

(0)a

0.0427
0.3695

12 (23.1)

12 (31.6)

0

5 (9.6)

5 (13.2)

0 (0)

aP

<0.05.
are calculated on the 32 patients (23 CVID + 9 CVID-like) for whom additional expiratory scan was acquired. Chi-square test: CVID vs CVID-like
patients; CVID: Common variable immunodeficiency disorders; CVID-like: Including isolated IgG subclass deficiency and selective IgA deficiency.
1Values

two examinations assess different aspects of the disease[40]. Of note, MaarschalkEllerbroek et al [17] found a poor correlation between detection of tree-in-bud
abnormalities and PFTs. However, these authors evaluated tree-in-bud abnormalities
in a combined score with mucus plugging, which impairs a direct comparison with
our findings. Our results suggest that morphological assessment with HCRT might be
postponed as much as possible to maximize cost-effectiveness and reduce radiation
exposure. A possible exception to this might be the case of patients showing tree-inbud or linear and/or irregular opacities: scheduling HRCTs at shorter intervals for
these patients might provide a reliable morphological counterpart of pulmonary
function. Our hypothesis is extrapolated from the observation of baseline
examinations in our population; therefore, further studies with a more specific
purpose and a prospective design should be performed to confirm this statement.
We acknowledge that our study has some limitations. First, an HRCT
supplementary expiratory scan was not available in 38% of the patients because of the
retrospective nature of the study. Hence, we were not able to include air trapping as a
variable in the logistic regression analysis to predict PFTs results. Previous studies
found a significant correlation between air trapping and airway obstruction both in
children and in adult patients with CVID[9,20]. While we acknowledge that we should
have included air trapping to study both CVID and CVID-like groups, we believe that
most of the relevant HRCT findings support our conclusions. Second, we did not
consider the extent and/or distribution of individual HRCT findings in the prediction
analysis of PFTs results. The use of dedicated HRCT scoring systems, which were
originally developed for CVID patients and/or for paediatric populations only, could
help studying this issue also in adult patients with CVID and CVID-like
conditions[9,17,18,20]. Third, we were not able to assess the radiologic evolution of the
disease over time because of the lack of previous HRCTs, which could have been used
for a comparison with the baseline HRCT. However, our study actually reflects the
clinical reality, in which a delay between the onset of respiratory infections-related
symptoms and the definite diagnosis of hPIDs is common (median of 8 years in adults
aged over 30 years old, according to The United Kingdom Primary Immunodeficiency
Registry)[41]. In this scenario, the first HRCT is frequently performed only at the time
of diagnosis.
In conclusion, we found no significant difference in the prevalence of most of
HRCT findings or PFTs abnormalities between CVID and CVID-like conditions. Our
results support the hypothesis that these two conditions are comparable hPIDs
subtypes and candidate to similar management. The detection of tree-in-bud
abnormalities was found to be an independent predictor of obstructive defects
assessed at PFTs, while the detection of linear and/or irregular opacities was an
independent predictor of restrictive defects assessed at PFTs. Our observations
suggest that patients showing these findings might benefit from more frequent
HRCTs during follow-up as to evaluate the morphological abnormalities associated
with their function impairment.
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Table 3 Distribution of high-resolution computed tomography-detected airway abnormalities according to the severity of obstructive
defect at pulmonary function tests in the overall study population, and results of logistic regression analysis for prediction of moderateto-severe obstructive defects at PFTs n (%)
Absent

Mild

Moderate

Severe

Univariate analysis

Multivariate analysis

n = 29

n = 12

n=9

n=2

P-value

P-value (odds ratio)

19 (66.5)

9 (75)

7 (77.8)

1 (50)

NS

NS

Abnormality
Bronchiectasis
Airway wall thickening

20 (69)

9 (75)

6 (66.7)

2 (100)

NS

NS

Tree-in-bud

2 (6.9)

2 (16.7)

5 (55.6)

1 (50)

0.0014

0.0027 (18.75)

Mucus plugging

8 (27.6)

8 (66.7)

5 (55.6)

2 (100)

0.0112

NS

NS: Non-significant.

Table 4 Distribution of high-resolution computed tomography-detected parenchymal-interstitial abnormalities according to the severity
of the restrictive defects at pulmonary function tests in the overall study population, and results of logistic regression analysis for
prediction of moderate-to-severe restrictive defects at PFTs n (%)
Absent

Mild

Moderate

Severe

Univariate analysis

Multivariate analysis

n = 47

n=1

n=4

n=0

P-value

P-value (odds ratio)

Consolidation

11 (23.4)

1 (100)

2 (50)

0 (0)

NS

NS

Ground-glass opacity

10 (21.3)

1 (100)

2 (50)

0 (0)

NS

NS

Nodules

23 (48.9)

1 (100)

2 (50)

0 (0)

NS

NS

8 (17)

1 (100)

3 (75)

0 (0)

0.0029

0.0344

5 (10.6)

0 (0)

0 (0)

0 (0)

NS

NS

Abnormality

Linear and/or irregular opacities
Bullae/cysts

NS: Non-significant.

Figure 2

Figure 2 Nodules. A 64-year-old female patient with common variable immunodeficiency disorder. High-resolution computed tomography shows multiple, small
nodules with peribronchial and perifissural location in the upper and lower lobes of both lungs (arrows). A diagnosis of granulomatous and lymphocytic interstitial lung
disease was subsequently made.
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Figure 3

Figure 3 Mucus plugging. A 65-year-old male patient with common variable immunodeficiency disorder. Para-coronal 2-mm minimum intensity projection highresolution computed tomography image shows mild bronchiectasis with extensive mucus plugging in the left lower lobe (arrow).
Figure 4

Figure 4 Tree-in-bud. A 40-year-old female patient with isolated IgG2 subclass deficiency. High-resolution computed tomography shows centrilobular and tree-inbud nodules in the right upper lobe (straight arrows); small mucus plugging in the left lower lobe is also detected (curved arrow).
Figure 5

Figure 5 Linear and/or irregular opacities. A 66-year-old female patient with common variable immunodeficiency disorder. A: High-resolution computed
tomography shows patchy areas of ground-glass opacity, along with reticulation and linear and/or irregular opacities (arrows) in both lower lobes; B: Coronal
reformatted image shows the peripheral and basal-predominant distribution of the findings (arrows).

ARTICLE HIGHLIGHTS
Research background
Common variable immunodeficiency disorders (CVID) are the most clinically significant group
of humoral primary immunodeficiency diseases (hPIDs), manifesting with recurrent respiratory
tract infections and increased susceptibility to autoimmune diseases and malignancy. Other
hPIDs are often termed “CVID-like” conditions, and include selective IgA deficiency and
isolated IgG subclass deficiency. The initial evaluation of patients newly diagnosed with hPIDs
should include high-resolution computed tomography (HRCT) and pulmonary function tests
(PFTs).
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Research motivation
To the best of our knowledge no previous studies assessed whether HRCT findings differ in
terms of prevalence among the two subtypes of hPIDs in adult patients. Demonstrating a
difference between CVID and CVID-like patients may influence the time intervals between
HRCT examinations during follow-up in these 2 subgroups of hPIDs. Moreover, previous
studies assessing a possible correlation between HRCT findings and PFTs results demonstrated
contradictory results.

Research objectives
The purpose of this study was twofold: (1) to compare HRCT pulmonary findings in adult
patients with different subgroups of hPIDs (i.e., CVID vs CVID-like); and (2) to assess whether
HRCT findings predict PFTs results.

Research methods
We included 52 adult patients (38 CVID and 14 CVID-like) who received a definite diagnosis of
hPIDs and underwent HRCT and PFTs within one month from the time of diagnosis. One
pulmonary radiologist, blinded to patient history and lung function: (1) reviewed the HRCT
examinations; (2) recorded two classes of abnormalities, namely airway abnormalities and/or
parenchymal-interstitial abnormalities; and (3) scored all abnormalities according to their
extension and conspicuity. We calculated the per-patient prevalence of each HRCT abnormality
in the overall population and in both subgroups of hPIDs patients, (CVID and CVID-like
groups). We performed a logistic regression analysis to assess whether HRCT findings were
predictive of a relevant obstructive or restrictive defect at PFTs on the overall study population.

Research results
Of the 52 hPIDs patients, 37 were females and 15 were males, with a mean age of 53.9 ± 12.7
years. We found a high prevalence of HRCT findings (90.4% patients had one or more
abnormalities). The prevalence of each of the airway abnormalities considered was not
significantly different between the CVID and CVID-like group. Regarding HRCT-detected
parenchymal-interstitial abnormalities, the only relevant result was the finding of linear and/or
irregular opacities, showing a prevalence of 31.6% in the CVID group and 0 in the CVID-like
group, with borderline significance. The presence of tree-in-bud abnormalities was an
independent predictor of obstructive defects at PFTs (Odds Ratio, OR, of 18.75, P < 0.05), while
the presence of linear and/or irregular opacities was an independent predictor of restrictive
defects at PFTs (OR = 13.00; P < 0.05).

Research conclusions
No previous research compared the prevalence of HRCT findings in different subtypes of hPIDs
adult patients. After dividing hPIDs patients in CVID vs CVID-like groups, we observed no
significant difference in the prevalence of most of airways and parenchymal-interstitial findings
between the two groups. This observation supports the hypothesis that these two groups
represent comparable hPIDs subtypes, and are candidate to similar management. Tree-in-bud
and linear and/or irregular opacities were found to be independent predictors of, respectively,
obstructive and restrictive defects on PFTs.

Research perspectives
Our results suggest that morphological assessment with HRCT might be delayed as much as
possible to maximize cost-effectiveness and reduce radiation exposure. A possible exception to
this might be the case of patients showing tree-in-bud or linear and/or irregular opacities:
Scheduling HRCTs at shorter intervals for these patients might provide a reliable morphological
counterpart of pulmonary function. Further prospective studies with a proper design are needed
to confirm this hypothesis in the follow-up period.
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