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Abstract

Fluorine-18 fluorodeoxyglucose (F-18 FDG) positron emission tomography/com-
puted tomography (PET/CT) has emerged as a cornerstone in cancer evaluation
imaging, with a well-established history spanning several years. This imaging
modality, encompassing the examination of the body from the base of the skull to
the upper thighs, comprehensively covers the chest and abdominopelvic regions
in a singular scan, allowing for a holistic assessment of nearly the entire body,
including areas of marginal interest. The inherent advantage of this expansive
scan range lies in its potential to unveil unexpected incidental abnormal hyper-
metabolic areas. The identification of incidental focal FDG uptake within colo-
rectal regions during PET/CT scans is not an uncommon occurrence, albeit
fraught with challenges associated with non-specific FDG uptake. The presence of
benign colorectal lesions or physiological uptake poses a particular obstacle, as
these may manifest with FDG uptake levels that mimic malignancy. Conse-
quently, physicians are confronted with a diagnostic dilemma when encountering
abnormal FDG uptake in unexpected colorectal areas. Existing studies have
presented divergent results concerning these uptakes. Standardized uptake value
and its derivatives have served as pivotal metrics in quantifying FDG uptake in
PET images. In this article, we aim to succinctly explore the distinctive character-
istics of FDG, delve into imaging findings, and elucidate the clinical significance
of incidental focal colorectal uptake. This discussion aims to contribute valuable
insights into the nuanced interpretation of such findings, fostering a compre-
hensive understanding.

Key Words: Focal; Incidental; Colorectal; Fluorodeoxyglucose; Positron emission tomo-
graphy; Hypermetabolism
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Core Tip: The discovery of incidental focal colorectal fluorine-18 fluorodeoxyglucose uptake on positron emission
tomography/computed tomography is not uncommon in clinical settings. This phenomenon presents a unique opportunity to
delve into its nuanced implications and clinical relevance. In the forthcoming discourse, we aim to explore the intricate
details of these unexpected findings, shedding light on the diagnostic challenges they pose and their potential impact on
patient outcomes.
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INTRODUCTION

Since the introduction of fluorine-18 fluorodeoxyglucose (F-18 FDG) for clinical imaging, it has emerged as a pivotal
oncologic imaging radiopharmaceutical in the domain of nuclear medicine. F-18 FDG serves as a prominent radioactive
tracer for utilization in positron emission tomography (PET) or PET/computed tomography (PET/CT). While PET alone
provides functional images with limited anatomical detail, the integration of simultaneous anatomical imaging within the
same machine in hybrid PET/CT enables precise localization of FDG metabolism. Given that biochemical alterations
precede physical manifestations, the molecular-level insights offered by PET/CT play a crucial role in the early detection
of disease states[1,2].

The initial impediment to widespread F-18 FDG use was the necessity for a cyclotron and a radiochemical laboratory
for production. However, advancements over time have led to the deployment of this equipment in various regions, sig-
nificantly enhancing its availability. Currently, F-18 FDG scans are globally employed for purposes ranging from dia-
gnosis to treatment planning, evaluation, and follow-up. The practicality of F-18 FDG for everyday clinical use in
hospitals is underscored by its approximate half-life of 110 min.

In contrast to other imaging modalities like CT or magnetic resonance imaging, the F-18 FDG PET/CT scan
encompasses a broad range, spanning from the skull base to the upper thigh (torso), or in some instances, the entire body.
This extensive scan range may encompass areas of lesser interest, potentially leading to the observation of increased FDG
metabolism (hypermetabolism) at unexpected sites. This article delves into the distinctive characteristics of FDG,
presenting imaging findings and exploring the clinical significance of incidental focal colorectal hypermetabolism.

CHARACTERISTICS OF F-18 FDG

The initial synthesis of FDG, credited to Pacak ef al[3] in 1968, marked a significant milestone in medical imaging. F-18
FDG, developed by Ido et al in 1978, revolutionized PET imaging and found widespread application in oncology,
neurology, and cardiology[3-6]. Structurally based on glucose, FDG substitutes the hydroxyl group on the 2-carbon of a
glucose molecule with the fluorine-18 radionuclide[7,8]. Cellular uptake of this glucose analogue occurs primarily
through glucose transporters 1 and 3, mirroring the uptake of natural glucose molecules into cells[7-9]. However, due to
structural differences, FDG cannot complete the glucose metabolic pathway and becomes trapped within cells[10].
Despite this, the common initial metabolic behavior between FDG and glucose allows FDG to effectively evaluate and
represent glucose metabolism in cells.

Living cells need glucose as energy source. The phenomenon known as the Warburg effect elucidates the heightened
glucose uptake by cancer cells compared to normal cells for energy production[11]. Cancer cells prefer glycolysis over
oxidative phosphorylation for energy production, despite its lower efficiency, as the rapid process aligns with the energy
demands of cancer cells[12-15]. The increased glycolytic rate facilitates FDG uptake in cancer cells, enabling visualization
through PET[16]. However, it is crucial to note that FDG is not exclusive to cancer cells. Organs with naturally high
glucose metabolism, such as the brain or liver, exhibit increased FDG uptake. Moreover, benign conditions with elevated
glycolysis also accumulate FDG in cells[17-21]. In essence, FDG demonstrates no discriminatory ability between malig-
nant and benign cells.

The assessment of accumulated FDG involves both visual interpretation and quantitative measurement. The semi-
quantitative index known as the standardized uptake value (SUV) serves as a representative dimensionless ratio indi-
cating relative concentration in a region of interest[22]. SUV is calculated as follows: SUV = [tissue radioactivity concen-
tration (decay-corrected) (mCi/mL)]/[injected tracer dose (mCi)/body weight (g)].

The widespread application of SUV is evident in its utility for distinguishing malignant from benign lesions. This is
particularly crucial in oncological diagnostics, where determining a cutoff specific to a particular cancer facilitates
reference value comparisons. Moreover, SUV plays a pivotal role in the assessment of treatment efficacy, enabling the
comparison of pre- and post-therapy imaging data. Various metrics can express SUV, including the maximum SUV
(SUVmax) representing the highest value in a single pixel, the mean SUV (SUVmean) derived from the average value in a
freely drawn region, and the peak SUV (SUVpeak) determined as the average SUV in a small fixed-sized region centered
on a high uptake portion. While SUVmax maintains consistency across different measurements, it is susceptible to noise
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[23,24]. SUVmean, on the other hand, is sensitive to variations induced by the delineated area[25,26]. SUVpeak,
encompassing a relatively large volume, exhibits resilience against noise interference but may pose challenges in the
analysis of small or tiny lesions[27-29]. Additionally, alternative SUV-related parameters such as SUV corrected for lean
body mass, metabolic tumor volume, and total lesion glycolysis find application in diverse clinical scenarios. Regrettably,
no singular parameter emerges as flawless in addressing all aspects of SUV assessment.

F-18 FDG AVIDITY TO CANCER CELLS

The degree of FDG uptake is subject to variation, influenced by factors such as cellularity, cell activity, tumor size, and the
local microenvironment[30-33]. It is important to recognize that not all cancer cells experience glucose deprivation, and
FDG accumulation may not always be pronounced within them. In colorectal cancer, SUVmax values exhibited vari-
ability based on lesion length, clinical stage, pathological tissue type, and tumor differentiation[34]. For non/low-FDG-
avid cancer cells, alternative radiopharmaceuticals like radiolabeled amino acids, choline, and analogues are viable
options in PET imaging for cancer detection and management[35-38].

Given the shared plasma membrane protein transport for both glucose and FDG, blood glucose concentration plays a
role in FDG transport. Early studies in the 1990s highlighted that elevated blood sugar levels adversely affected image
quality, as FDG competed with blood glucose for cellular membrane transport[39-42]. Current guidelines from the
European Association of Nuclear Medicine and the Society of Nuclear Medicine and Molecular Imaging recommend
conducting F-18 FDG PET/CT when blood glucose is controlled, ideally below 11 mmol/L (approximately 200 mg/dL)
[16,43]. While recent literature suggests limited impact of blood glucose levels on imaging outcomes[44-48], adherence to
published guidelines remains widespread.

The heightened glycolytic activity of cancer cells contributes to increased FDG uptake, resulting in prominently intense
PET imaging[49-51]. SUV is a widely used metric in clinical settings, although its utility is not without limitations. An
SUV of 2.5 or higher generally indicates potential malignancy, with an SUVmax of 3.5 to 4 suggested for colon lesions
[52]. However, it is crucial to note that both malignant and non-malignant cells can exhibit elevated SUV due to the non-
specific uptake mechanism of FDG[53-57]. It is well known that active infectious/inflammatory lesions or benign polyps
may present high FDG uptake mimicking malignant lesions[58-62]. Additionally, physiological gastrointestinal FDG
uptake is also common and intense colonic FDG uptake with metformin is well known[63-67]. Thus, interpreting high
FDG uptake alone does not provide a definitive distinction between malignant and non-malignant lesions. FDG remains
impartial in its diagnostic specificity.

F-18 FDG UPTAKE PATTERN, FOCAL VS DIFFUSE

When the criteria for heightened FDG uptake are satisfied, resulting in a conspicuous elevation in FDG metabolism
within the image, the manifestation of uptake can assume a focal and/or diffuse nature. While not universally applicable,
diffuse uptake in certain organs is more likely to be benign or physiological in origin than malignant[54,56,68-71]. In
contrast, focal uptake holds greater clinical significance, necessitating careful consideration to avoid overlooking the
potential presence of a malignant lesion[72-75]. The uptake pattern is of importance.

Figure 1 illustrates two cases of heightened FDG uptake in the gastrointestinal tract. In panel A, we observe diffuse
intestinal FDG uptake in a 58-year-old male patient recently diagnosed with B-cell lymphoblastic lymphoma. Meanwhile,
panel B presents hypermetabolism localized to the hepatic flexure area and descending colon of a 51-year-old woman
with a previous history of gastric cancer. Despite the high metabolic activity, colonoscopic examinations in both cases
revealed no pathological findings such as tumors or inflammation. This absence of detectable abnormalities underscores
the physiological nature of the observed bowel uptake, suggesting the complexities and subtleties of interpreting such
imaging findings. Figure 2 illustrates the distinct patterns of FDG uptake within the intestinal tract of an 87-year-old male
patient diagnosed with non-small cell lung cancer. The image depicts both focal and diffuse FDG uptakes, which are
crucial indicators in oncological imaging. Diffuse FDG uptake along the intestinal tract is commonly observed and often
attributed to physiological processes. However, it is still imperative to discern between physiological and pathological
uptake to guide clinical decision-making effectively. Of particular interest is the focal hypermetabolism detected in the
proximal transverse colon. Such localized hypermetabolic activity raises concerns regarding the presence of a potential
pathological lesion. In this case, subsequent colonoscopy was performed to elucidate the nature of the observed focal
hypermetabolism. Despite the heightened suspicion, no significant abnormal lesions were identified during the
procedure. These instances underscore the importance of discerning between physiological and pathological causes of
increased FDG uptake in the gastrointestinal tract, particularly in the context of oncological surveillance.

COLORECTAL INCIDENTAL FOCAL F-18 FDG UPTAKE

F-18 FDG PET/CT, an integral component in the assessment of malignant diseases, often reveals suspicious focal
colorectal FDG uptake. It is imperative to recognize that the technique has limitations, particularly in detecting non-FDG-
avid or small malignant lesions. The likelihood of malignancy or advanced disease correlates with higher FDG uptake,
underscoring the significance of diligent examination and interpretation of observed uptake.
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Figure 1 Diffuse physiological bowel fluorine-18 fluorodeoxyglucose uptake. Images depicting fluorine-18 fluorodeoxyglucose uptake in the bowel. A:
Diffuse intestinal uptake observed in a 58-year-old male patient diagnosed with B-cell lymphoblastic lymphoma; B: Regions of hypermetabolism are highlighted in the
hepatic flexure area and descending colon of a 51-year-old woman with a history of gastric cancer. Colonoscopy examination yielded no evidence of abnormalities
such as tumors or inflammation, confirming the physiological nature of the observed bowel uptake.

Figure 2 Focal and diffuse intestinal fluorine-18 fluorodeoxyglucose uptake. A 87-year-old man diagnosed with non-small cell lung cancer (squamous
cell carcinoma) is depicted. A: Focal (arrow) and diffuse intestinal uptakes are evident. While diffuse uptake may represent physiological activity, a focal
hypermetabolic area raises suspicion for a potential pathological lesion; B: Focal uptake is specifically noted in the proximal transverse colon. Subsequent

colonoscopy was performed, revealing no significant abnormal lesions.

Incidental colorectal FDG uptake occurs in approximately 5% of cases[76-78], with focal uptake presenting a higher
likelihood of malignancy compared to diffuse patterns[71]. Diffuse and segmental uptake may stem from inflammation,
physiological processes, or FDG excretion[79,80], generally associated with a lower risk of malignancy. Focal uptake
prevalence reaches up to 16%[81], with malignant and premalignant lesions constituting around 70% of focal uptake with
SUVmax exceeding approximately 5[72,81-85]. Colonoscopy is often recommended for further investigation in such cases
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Figure 3 Focal intestinal fluorine-18 fluorodeoxyglucose uptake. A: Maximum intensity projection depicting focal hypermetabolism superior to the urinary
bladder (arrow) in an 88-year-old man diagnosed with non-small cell lung cancer; B: Axial view revealing focal hypermetabolism localized in the rectum; C: Non-
contrast-enhanced computed tomography obtained from positron emission tomography/computed tomography, highlighting a space-occupying lesion within the
rectum. Notably, a discernible posterior radioopaque area suggests the presence of residual contrast material from a prior contrast-enhanced examination.
Subsequent colonoscopy and pathological analysis definitively identified the lesion as adenocarcinoma originating from the rectum.

[72,80,81,84-87], although ongoing debates surround the optimal PET parameters for distinguishing premalignant/
malignant lesions from benign ones, with varying studies utilizing SUVmax[72,81,83,88,89].

Premalignant lesions are not yet malignant; however, they have more chance to develop into malignant lesions.
Adenomas (tubular adenomas, villous adenomas, tubulovillous adenomas) are the most frequent premalignant lesions
and others include chronic inflammatory bowel diseases, hereditary syndromes (familial adenomatous polyposis, Peutz-
Jeghers syndrome, and juvenile polyposis). Colorectal adenomatous polyps are known to develop in up to 40% of people
over the age of 60[90]. While debates persist regarding the role of SUV in differentiating malignant/premalignant from
benign lesions[76,91-95], the significance of more than 50% malignancy in focal FDG colorectal uptake is noteworthy. In
terms of cancer development by the location (distal or proximal), different genetic mechanisms are suggested[96-98],
however, no significant difference was observed in SUVmax depending on location[34]. Notably, the observation of
mixed single/multiple focal and diffuse uptake in the colorectal region underscores the complexity of interpretation. In
such cases, diffuse uptake does not conclusively exclude the need for further evaluation, including colonoscopy and
histopathological confirmation.

Figure 3 illustrates focal hypermetabolism incidentally detected in the rectum of an 88-year-old man previously
diagnosed with non-small cell lung cancer in his left lung. Subsequent colonoscopy and pathological analysis confirmed
the presence of adenocarcinoma originating from the rectum, establishing a secondary malignancy. This case highlights
the importance of vigilant surveillance in cancer patients, as the detection of secondary malignancies or metastases can
significantly impact treatment strategies, overall survival rates, and quality of life for patients.

CONCLUSION

The detection of unexpected focal colorectal F-18 FDG uptake is a frequent occurrence, with significant implications for
clinical practice. Given the distinctive characteristics of FDG, notably its increased uptake in premalignant and malignant
lesions, particularly when indicated by high SUV values, such findings warrant careful consideration. Studies have
shown that a substantial proportion, approximately 70%, of focal colorectal FDG uptake corresponds to malignancies or
premalignant lesions, especially when the SUVmax exceeds a threshold of approximately 5. While acknowledging the
inherent limitations of F-18 FDG PET/CT, which may introduce uncertainty and hesitancy in interpretation, it is crucial to
emphasize the diagnostic utility of observed FDG uptake patterns. Clinicians should be guided by these findings to
pursue further proactive evaluation, thereby enhancing diagnostic precision and facilitating timely interventions. By
leveraging the observed rates of malignancy and the degree of FDG uptake, clinicians can make informed decisions that
optimize patient care and outcomes.
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Abstract

Total knee replacement, a common surgery among the elderly primarily nece-
ssitated by osteoarthritis, replaces the damaged knee joint with an artificial one.
Given the aging population and the increasing prevalence of such surgeries, the
article highlights the critical need for effective postoperative care strategies. This
editorial provides an overview of rehabilitation care for pain in elderly knee
replacement patients, emphasizing the importance of a multimodal approach to
postoperative recovery. Furthermore, the article advocates for a patient-centered,
comprehensive rehabilitation regimen that enhances recovery and quality of life
in elderly patients undergoing knee replacement surgery.

Key Words: Elderly; Postoperative pain management; Rehabilitation care; Multimodal pain
strategy; Total knee arthroplasty; Enhanced recovery after surgery
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Core Tip: The multimodal rehabilitation approach for elderly patients undergoing knee
replacement surgery integrates various facets of postoperative care, including tailored
physical therapy, advanced pain management techniques, and lifestyle adjustments.
Emphasizing the need for personalized treatment plans, the article sheds light on the
importance of exercises for reducing inflammation and enhancing mobility, alongside
innovative pain management strategies like nerve block devices and non-narcotic
medications. It underscores the necessity of continuous monitoring and adaptation of the
rehabilitation plan, highlighting its impact on accelerating recovery and improving the
quality of life for elderly knee replacement patients.
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INTRODUCTION

Rehabilitation care for pain in elderly knee replacement patients is a critical aspect of postoperative care that aims to
improve the quality of life and expedite recovery. Total knee replacement, often necessitated by conditions like
osteoarthritis, involves replacing the damaged knee joint with an artificial one[1]. This surgery is increasingly common
among the elderly, with over 600000 procedures performed annually, and these artificial joints typically last for at least 15
years|[2].

Postoperative rehabilitation is crucial for successful recovery. In the initial weeks after surgery, outpatient physical
therapy is recommended[3]. Exercises are designed to reduce inflammation, increase mobility, and strengthen supporting
leg muscles, facilitating improved knee bending[4]. Typical exercises include quadriceps sets, straight leg lifts, ankle
pumps, and seated knee bends[4]. Patients are generally encouraged to walk as much as comfortably possible, often
starting with the aid of a walker or cane and progressing to independent walking around 3 wk post-surgery[5].

Pain management is another essential component of postoperative care. Knee surgery can be pretty painful, and
managing this pain effectively is vital for a successful recovery[6]. While narcotics are often used, they are not considered
the most effective for pain relief[7]. A more multimodal approach to pain management is often employed, including
using nerve block devices that reduce the need for medication in the first week after surgery[7].

The recovery timeline for elderly patients undergoing knee replacement is typically around 12 wk[8]. This period
includes significant improvement in swelling reduction and movement ability within the first four to 6 wk[8]. The
following weeks focus on increasing the range of motion and building muscles around the new joint[8]. Adherence to
physical therapist and doctor recommendations is crucial for effective recovery without overexerting the patient, which
could otherwise delay healing.

Interestingly, the field of Enhanced Recovery After Surgery (ERAS) has witnessed significant advances in recent years,
focusing on minimizing surgical stress, optimizing physiological function, and facilitating a faster recovery for patients
[9]. One of the notable developments is the integration of digital health technologies, such as telehealth and mobile health
applications, which enable real-time monitoring of patient progress and symptoms, thus allowing for personalized
adjustments to care plans[10]. Additionally, there's a growing emphasis on multimodal pain management strategies that
incorporate regional anesthesia and non-opioid medications, reducing the reliance on opioids and their associated risks
[11]. Research into the gut microbiome's role in recovery and the impact of prehabilitation-physical and nutritional
preparation before surgery — promises to further refine ERAS protocols[12]. These advancements, combined with a
multidisciplinary approach that includes patients in decision-making, signify a shift towards a more holistic, patient-
centered care model in surgical recovery (Figure 1). Liu et al[13] present a retrospective study evaluating the effectiveness
of programmed pain nursing combined with collaborative nursing in elderly patients undergoing knee replacement
surgery[13]. It includes an analysis of 116 patients divided into two groups: A control group receiving standard nursing
care and an observation group receiving both programmed and collaborative nursing. The study finds that the
observation group demonstrated better functional outcomes, including higher activities of daily living (ADL) scores and
better knee joint function scores at 2 and 3 months post-discharge, compared to the control group. The study concludes
that programmed pain nursing and collaborative nursing can significantly improve patient outcomes regarding pain
reduction and enhanced rehabilitation post-knee replacement surgery.

The study's retrospective design is a crucial element to consider. In retrospective studies, researchers analyze existing
data to find correlations and patterns. However, this design inherently limits the ability to establish causality firmly. The
lack of randomization and control groups means that other variables could influence the outcomes, making it challenging
to attribute improvements to specific nursing interventions directly. A randomized controlled trial (RCT), where patients
are randomly assigned to different treatment groups, would provide more robust evidence. RCTs are considered the gold
standard in clinical research because they minimize bias and allow for a more straightforward interpretation of the effect-
iveness of an intervention.

The study's sample size, comprising 116 patients, is adequate for initial explorations but might not capture the
diversity and complexity of the broader population undergoing knee replacement surgery. Elderly patients can have
varying health statuses, comorbidities, and personal circumstances, all of which can influence their recovery. A more
extensive and more diverse sample would provide a more representative picture of the population and strengthen the
reliability of the findings.

Another consideration is the study's reliance on subjective measures, such as ADL and Visual Analog Scale scores.
While valuable for capturing patients' self-reported experiences, these measures are influenced by individual perceptions
and biases. Objective measures, alongside these subjective assessments, could provide a more comprehensive under-
standing of the effectiveness of nursing interventions.

The follow-up duration of three months post-discharge is relatively short. Knee replacement is a major surgery, and its
long-term effects can be significant. A more extended follow-up period would allow researchers to observe the sustained
impacts of the nursing interventions on patients' recovery, functionality, and overall quality of life. This could be partic-
ularly relevant for understanding chronic pain management and long-term mobility.
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Figure 1 Simplified enhanced recovery after surgery protocol diagram[16].

Furthermore, nutrition plays a critical role in patient recovery, especially after major surgeries like knee replacement
[14]. A well-structured nutritional plan can aid in faster wound healing, reduce the risk of infections, and support the
overall recovery process[15]. Discussing nutritional strategies within the context of perioperative care could provide
insights into optimizing patient outcomes.

Finally, the generalizability of the study's findings is a crucial concern. Since the survey is conducted within a specific
patient population and healthcare setting, its results may not be applicable to other settings or populations. Factors like
healthcare infrastructure, patient demographics, and cultural differences can influence the outcomes of such

interventions. Thus, caution should be exercised in extrapolating these findings to other groups without further research
[16].

CONCLUSION

The study offers valuable insights into postoperative care for elderly knee replacement patients, highlighting the potential
benefits of integrating programmed pain nursing with collaborative nursing. While the findings suggest positive
outcomes, the study's limitations, such as its retrospective design and limited follow-up duration, necessitate further
research. Nonetheless, it contributes meaningfully to the field of geriatric orthopedic nursing, proposing a novel
approach to pain management and rehabilitation in this vulnerable patient group.
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Abstract

In the context of mediastinal emphysema/pneumomediastinum, the main aetio-
logies are associated with oesophageal perforation, lung pathology or post head
and neck surgery related. The main way to differentiate the pathologies would be
through Computed Tomographic Imaging of the Thorax and abdomen with oral
and intravenous contrast in the context of triple phase imaging. The causes of pne-
umomediastinum should be differentiated between traumatic and non-traumatic.
Oesophageal perforation (Boerhaave syndrome) is associated with Mackler’s triad
in upto 50% of patients (severe retrosternal chest pain, pneumomediastinum,
mediastinitis). Whereas in cases of lung pathology this can be associated with
pneumothorax and pleural effusion.

Key Words: Pneumomediastinum; Duodenal ulcer; Computed tomography; Visceral
perforation; Diagnostic imaging; Emergency care
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Core Tip: It is critically important that the cause of pneumomediastinum is investigated
in a timely fashion to ensure that the ensuing comorbidity and mortality is reduced. This
editorial highlights the need for early dedicated imaging to ascertain the underlying
cause.
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INTRODUCTION

With much interest the article by Dai et al[1] was read with a greater understanding of mediastinal emphysema in the
context of perforated gastric ulcer. In the context of mediastinal emphysema/pneumomediastinum, the main aetiologies
are associated with oesophageal perforation, lung pathology or post head and neck surgery related. The main way to
differentiate the pathologies would be through Computed Tomographic Imaging of the Thorax and abdomen with oral
and intravenous contrast in the context of triple phase imaging[2]. The causes of pneumomediastinum should be differen-
tiated between traumatic and non-traumatic. Oesophageal perforation (Boerhaave syndrome) is associated with
Mackler’s triad in upto 50% of patients (severe retrosternal chest pain, pneumomediastinum, mediastinitis)[3]. Whereas
in cases of lung pathology this can be associated with pneumothorax and pleural effusion[4].

In this case the context is that of non-traumatic cause, the main aetiology associated with perforation is due to in-
creased intra-oesophageal pressure associated with a closed oesophageal sphincter[5]. The two main concerning features
on clinical examination was that of rebound tenderness with abdominal rigidity and that of a low oxygen saturation on
pulse oximetry. In the case following a definitive diagnosis of gastric perforation, the patient underwent open repair of
the perforation which led to resolution of symptoms.

Pneumomediastinum has also been documented in cases post head and neck surgery usually in association with
intermittent positive pressure ventilation. In these cases, patients would likely have marked subcutaneous emphysema as
air tracks across the tissue planes and across the compartments. One of the theories that have been postulated to cause
this is laryngeal or tracheal tear during placement of endotracheal tubes and subsequently application high positive end
expiratory pressure[6,7].

Oesophagogastroduodenoscopy although would potentially allow direct visualisation of the site of perforation, this
diagnostic modality is best avoided to limit any further damage from iatrogenic injuries[8]. This would be typically
avoided until the perforation has sealed.

From an emergency department perspective- the diagnosis of pneumomediastinum and its likely source are the
pertinent factors. Oesophageal perforation if delayed to diagnosis is associated with increased morbidities and increased
mortality. Thereby it is pertinent that appropriate investigations are carried out in an expedited manner. The areas of
natural weakness in the gastrointestinal tract need to be evaluated for sites of possible perforation. The commonest site
for oesophageal perforation is the left postero-lateral aspect of below the diaphragm, however the young it is noted to
that the perforation occurs into the right pleural cavity[9]. As reported in previous cases the incidence of both pneumo-
mediastinum and pneumothorax is rare is context of visceral perforation. One of the main theories to explain this
mechanism is that intra-peritoneal air diffuses through the peritoneal membrane reaching the pleural cavity other
theories include passage of air through the diaphragmatic fenestrations and the final mechanism is the passage of
retroperitoneal air that passes into mediastinal cavity[10,11].

In terms of diagnosis of perforated gastric ulcer, the main imaging modality would a standard porto-venous computed
tomography (CT) imaging of the abdomen and pelvis. The standard protocol would include the part of the lung bases,
thereby would still be able to detect the presence of bilateral pleural effusion, pneumomediastinum and pneumothorax. If
this would be detected then a follow up CT imaging of the thorax and abdomen with oral contrast would be able to
differentiate the cause of the pneumomediastinum. In terms of surgical management perforated peptic ulcer would be
operated by the general oncall surgical team with the commonest procedure being either laparoscopic with laparotomy (if
gross contamination is present) with omental patch repair[12]. However. If the diagnosis is Boerhaave’s syndrome then
the input of the upper gastrointestinal surgeons would be needed. This can be logistical challenge especially when not all
surgical sub-specialities are at the same facility.

CONCLUSION

As highlighted in this editorial, the attending clinician needs a high index of suspicion when considering the various
causes of pneumomediastinum in the context of a surgical abdomen.
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Abstract

Lymphedema is a prevalent complication affecting patients with breast cancer,
greatly impacting their quality of life. This editorial describes diagnostic methods
and therapeutic interventions for managing lymphedema in patients with breast
cancer. Diagnosis relies on clinical evaluation and objective measures, including
arm circumference and volumetric assessments, along with lymphoscintigraphy
and ultrasonic measurements. Treatment primarily involves complex decon-
gestive physical therapy, comprising manual lymphatic drainage, compression
therapy, exercise, and meticulous skin care. These interventions aim to reduce
swelling, alleviate discomfort, and prevent further complications. Additionally,
lifestyle modifications such as avoiding extreme temperatures and maintaining
proper hygiene are essential. Flavonoids can be used for drug therapy. Despite its
prevalence, lymphedema often receives inadequate attention in clinical practice,
emphasizing the importance of raising awareness and enhancing medical services
for affected individuals. Clinicians play a pivotal role in educating patients about
preventive measures and ensuring timely intervention. Overall, a comprehensive
approach encompassing early diagnosis, multidisciplinary management, and
patient education is essential to mitigate the burden of lymphedema in patients
with breast cancer and improve their overall well-being.

Key Words: Lymphedema; Breast cancer; Complex decongestive physical therapy;
Diagnosis; Treatment
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Core Tip: This editorial describes the diagnosis and management of lymphedema in patients with breast cancer.
Lymphedema, a common complication of breast cancer treatment, greatly impacts patients' quality of life and psychological
well-being. Diagnosis relies on clinical evaluation and objective measures, including arm circumference and volumetric
assessments, as well as lymphoscintigraphy and ultrasonic measurements. Treatment involves complex decongestive
physical therapy comprising manual lymphatic drainage, compression therapy, exercise, and skin care. Early diagnosis and
proper treatment are essential for effective management of lymphedema in patients with breast cancer.

Citation: Choi JE, Chang MC. Management of lymphedema is really a matter in patients with breast cancer. World J Clin Cases 2024;
12(15): 2482-2486

URL: https://www.wjgnet.com/2307-8960/full/v12/i15/2482.htm

DOI: https://dx.doi.org/10.12998/wjcc.v12.115.2482

INTRODUCTION

Lymphedema is an abnormal accumulation of protein-rich fluid in interstitial spaces due to a compromised lymphatic
system[1]. In patients with breast cancer, lymphedema commonly occurs in the arm on the operated side because of
regional lymph node involvement of the tumor, surgical removal of the lymph nodes for tumor treatment, and radiation
therapy[2]. The incidence of this condition following breast cancer treatment has been reported at 5%-60%; such
differences in incidence may be attributed to differences in diagnostic criteria, measurement methods, and follow-up
periods[3]. The condition is considered as incurable and is a major factor decreasing the quality of life of patients with
breast cancer[4]. In addition to cosmetic problems, physical discomfort, and functional impairment, lymphedema causes
various psychological problems, such as depression, anxiety, and social avoidance[4]. Moreover, patients often experience
inflammation from lymphangitis or cellulitis[5,6]. Stagnant proteins in tissues affected by lymphedema serve as a good
medium for bacterial growth, increasing the likelihood of an infection[6]. Therefore, prevention, early diagnosis, and
proper treatment of lymphedema are crucial.

In this editorial, we comment on a paper by Mubarak et al[7] published in a recent issue of World Journal of Clinical Cases
. The authors described that the presence of tumor deposits in patients with breast cancer indicates a poor prognosis and
recommended that clinicians should carefully investigate the presence of tumor deposits. We describe the diagnosis and
management of lymphedema, another important issue in patients with breast cancer.

DIAGNOSIS

Although there is no gold standard test for diagnosing lymphedema, common complaints from patients include feeling
heavy, tightness, and/or pain. The objective method most commonly used in clinical practice is measurement of both the
left and right arm circumferences at the same position, where a difference of > 2 cm between arms is used to diagnose
moderate lymphedema[2,8]. A difference of <2 cm is considered to indicate mild lymphedema[2]. Volumetric methods
can also be used, including the water replacement method, which defines lymphedema as a difference of = 200 mL in
volume between the two arms[9]. These assessments should be performed preoperatively and within 1 mo postoper-
atively; once lymphedema has been identified, weekly assessment should be considered[10]. Upon the completion of
treatment, follow-up should be performed every 2-3 mo for 1-2 years[10]. Although medical history assessment and
clinical examinations may be sufficient for diagnosis, lymphoscintigraphy can be performed to examine the functional
status of the lymphatic system and predict treatment outcomes and prognosis[11]. Moreover, ultrasonic measurement of
the thickness of the skin and subcutaneous fat layers as well as changes in echogenicity may also help in diagnosis and
severity determination[12].

TREATMENT

Complex decongestive physical therapy, which is primarily used to treat lymphedema, consists of four components:
Manual lymphatic drainage, compression therapy, exercise therapy, and skin care[13,14]. This therapy typically involves
2-6 wk of intensive therapy followed by several months of management[13,14]. The effects of properly administered
complex decongestive physical therapy and appropriate management of lymphedema can last from several months to as
long as 2 years or more[13,14]. In addition, prophylactic administration of this therapy after breast cancer surgery has
been reported to reduce the incidence of lymphedemal[15].

Herein, we discuss individual therapies comprising complex decongestive physical therapy. Manual lymphatic
drainage is a highly specialized massage technique designed to increase the movement of lymphatic fluid (Figure 1)[16].
Slow and rhythmical massage is used to drain congested lymphatic fluid from the non-functioning lymphotome to areas
that remain functional; the lymphatic fluid is then removed through the remaining lymph nodes. This massage technique
is performed in a proximal-to-distal direction[17] with very superficial and light pressure of approximately 30-45 mmHg
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Figure 1 Manual lymphatic drainage. The entire palm is used to gently massage towards the direction of the heart. Massage is subsequently performed from
the (1) axilla to (2) the upper arm and then to (3) the forearm.

[18].

Compression therapy involves application of external force, which increases the tissue pressure and facilitates
lymphatic and venous circulation to promote lymphatic duct functions[19]. Moreover, it can facilitate the distribution of
protein components in fibrotic arm tissues. As compression therapy, a compression bandage (Figure 2A) or compression
stocking (Figure 2B) can be applied and should be worn during exercise and activities of daily living[20]. When applying
the compression bandage method, a short-stretch, non-elastic bandage is used to increase the working pressure[21]. The
patient is also instructed to wear a compression stocking to reduce swelling and maintain an appropriate arm shape and
protect the skin, while applying compensatory pressure on the skin that has been stretched and lacks elasticity after the
swelling has been reduced[22]. In addition, wearing a compression stocking can enhance the flow of lymphatic fluid,
which reduces protein buildup and improves venous circulation[22].

Exercises include upper extremity range of motion exercises, stretching, and resistive exercises for muscle streng-
thening aimed at preventing and reducing lymphedema[23,24]. Moreover, aerobic exercise can increase sympathetic
nervous system activity to enhance the flow of lymphatic fluid[23,24]. These exercises should be performed while
wearing a compression bandage or compression stocking to prevent increased lymphatic fluid from pooling on the skin
surface[25].

Finally, thorough skin care should be administered to patients with lymphedemal[26]. Measures should be taken to
prevent and maintain proper hygiene to minimize bacterial infection and lymphedema.

Patients should avoid saunas and tub baths, as they can increase the risk of lymphedema, and should avoid exposure
to extreme cold or heat[27]. As dieting can help reduce lymphedema volume, a reduced dietary calorie intake and low-fat
diet are recommended to some patients[28].

As drug therapy, flavonoids can be used[29] to enhance lymphangiomotion and reduce capillary permeability. If there
are findings of secondary infection, appropriate antibiotics should be administered immediately[30]. Diuretics are not
effective in the long term, as they can exacerbate edema by increasing protein accumulation in the interstitial space.

Surgical treatment is another option for patients with lymphedema that is not controlled by conservative treatment.
Microsurgical lymphovenous anastomoses, debulking, and liposuction can be performed to remove excess fluid or tissue
and relieve symptoms[31]. However, surgical procedures can lead to complications such as delayed wound healing,
infection, and recurrence, and, therefore, should be carefully selected.

CONCLUSION

Lymphedema commonly occurs in patients with breast cancer, which can affect not only the quality of life but also
physical function and has a negative psychological impact. Therefore, lymphedema should be actively controlled through
early diagnosis and proper treatment. Despite the high need for treatment, effective treatments for lymphedema are
lacking for patients with breast cancer. Clinicians should acquire sufficient knowledge on the diagnostic and treatment
methods and actively provide appropriate medical services to these patients.
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Figure 2 Compression therapy. A: Application of a compression bandage; B: Compression stocking.
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Abstract

Fracture of the lateral process of the talus (FLPT) is uncommon in clinical practice
and can be easily missed or misdiagnosed. In recent years, as researchers from all
over the world have further deepened their research on FLPT, there has been a
breakthrough in the classification, and the methods and principles of clinical
management have changed accordingly; however, there is still no standardized
guideline for the diagnosis and management of FLPT, and there have been few
relevant literature review articles related to this kind of fracture in the past at least
5 years. In this article, we review the clinical classification, classification-based
therapeutic recommendations, and prognosis of FLPT, with the aim of providing
a reference for the clinical diagnosis and management of this infrequent fracture.

Key Words: Fracture of the lateral process of the talus; Fracture of the talus; Hindfoot
injuries; Intraarticular fracture; Subtalar joint

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: To our knowledge, there are no standardized guidelines for the diagnosis and
management of fracture of the lateral process of the talus (FLPT). Furthermore, no
relevant review articles have been published in the past 5 years. Recently, there is some
new progress in classification and management recommendations of FLPT; conse-
quently, in this article, we mainly reviewed the clinical classification, classification-
based therapeutic recommendations and prognosis of FLPT, aiming at providing a much
needed reference for clinical diagnosis and management of FLPT.
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INTRODUCTION

Fracture of the lateral process of the talus (FLPT) accounts for less than 0.1% of all fractures and less than 10% of foot
fractures[1]. It constitutes 10%-25% of all talar fractures[2] and ranks second only to talar neck fractures. The mechanisms
underlying FLPT injury remain inconclusive. However, current literature suggests that forced dorsiflexion, inversion,
eversion, and potential external rotation of the foot are all contributing factors[3-5]. Notably, during snowboarding, the
motion and stress status of the foot becomes more complicated, increasing the risk of FLPT by approximately 17-fold[2,6-
8], with FLPT accounting for 15% of all snowboarding-related ankle injuries and 34% of all snowboarding-related ankle
fractures[2], also known as “snowboarders ankle” or “snowboarders fracture”, respectively. Although FLPT is the second
most common type of talar fracture, clinical cases are rare, especially for isolated FLPT[9-11]. The first description of FLPT
was published by Marotolli in 1943[12]; however, until now, the relevant research literature remains limited, mostly
comprising case reports and lacking clinical research with a large sample size; therefore, there is still no consensus on the
standardized management of FLPT. Herein, we conducted a literature review on the clinical classification, management,
and prognosis of FLPT to provide a credible reference for the clinical diagnosis and management of FLPT.

ANATOMY

The talus is the most superior bone of the foot and sits on top of and is supported by the calcaneus[13]. It articulates with
the calcaneus and three separate subtalar articular surfaces, making it the second largest tarsal bone. Serving as an
osseous link between the leg and foot, approximately two-thirds of the talar surface is covered by articular cartilage, with
few muscle or tendon origins or insertions, and it plays an important role in ankle motion[14]. The talus can be divided
into three main parts as follows (Figure 1 and Video): The talar head, neck, and body, resembling a snail in the lateral
view. The body of the talus has two projections-the posterior and lateral talar processes. The lateral process of the talus
extends from the lateral surface of the talar body and is a wedge-shaped protuberance formed by the posterior part of the
posterior subtalar articular surface toward the lateral side. It has two main articular cartilage surfaces, forming an articu-
lation with the distal fibula at its lateral superior part and constitutes the outermost part of the posterior subtalar articu-
lation at the underside. The lateral talocalcanean ligament originates at the tip of the lateral talar process. Therefore, FLPT
is usually accompanied by damage to the articular cartilage or ligaments related to the subtalar and talofibular joints.
Consequently, if missed, delayed, or improperly treated, FLPT may result in malunion or nonunion, which may
subsequently lead to posttraumatic arthritis and instability of the subtalar joint. Therefore, one must pay close attention to
any suspected FLPT, as well as ensure timely and accurate diagnosis and formulate appropriate treatment plans.

MECHANISM OF INJURY

The definitive mechanism of injury in the FLPT is currently inconclusive, and according to existing research results,
dorsiflexion, inversion, eversion, external rotation, and axial impaction are all causative factors[3-5]. Hawkins[15] and
Fjeldborg[16] suggested that FLPT is caused by forced dorsiflexion combined with foot inversion; this mechanism of
injury has been confirmed in several subsequent studies[17]. Some epidemiological studies on snowboarding injuries
have suggested that the occurrence of foot and ankle injuries in this sport is associated with the complexity of specialized
movements and the use of old soft-shell boots by athletes[18-20]. Although the mechanism of FLPT has not been clearly
stated in these epidemiological studies, the athletes diagnosed with FLPT engaged in jumping and performing various
difficult maneuvers in the air, leading to forced dorsiflexion and inversion upon landing, possibly contributing to the
development of FLPT[21]. Cadaveric biomechanical experiments by Tinner and Sommer[1] showed that dorsiflexion of
the foot, combined with eversion or external rotation, can also lead to FLPT. Jin et al[22] reported two cases of FLPT
combined with rupture of the medial malleolar deltoid ligament, indirectly proving that eversion or external rotation
violence encountered by the foot may also be a causative factor for FLPT. Other clinical studies and vitro biomechanical
experiments have shown that FLPT is associated with dorsiflexion, axial impaction, eversion, and external rotation of the
foot[5,22]. The authors believe that the causative factors of FLPT are diverse and that different types and intensities of
injury violence may lead to significant differences in the fracture site, fragment size, degree of comminution, and
displacement. For instance, according to the McCrory-Bladin classification, the mechanism of injury for type 2 and type 3
fractures is concomitant axial impaction violence associated with dorsiflexion and inversion of the foot during landing
from a height, whereas type 1 fractures are due to dorsiflexion and inversion violence only. However, attention should be
paid to establishing a timely and accurate diagnosis to avoid delays in management due to missed diagnoses, rather than
on the correspondence between the mechanism of injury and fracture characteristics.
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Figure 1 Basic anatomy of the talus. A: Superior view; B: Front view; C: Inferior view; D: Lateral view. 1: Lateral process of the talus; 2: Lateral tubercle of
posterior process of the talus; 3: Medial tubercle ot posterior process of the talus; 4: Articular surface with distal end of tibia; 5: Head of talus; 6: Neck of talus; 7:
Articular surface with fibula (talofibular joint); 8: Tarsal sinus; 9: Posterior part of subtalar joint; 10: Sulcus tali.

CLASSIFICATION AND CLASSIFICATION-BASED THERAPEUTIC RECOMMENDATION

Hawkins classification

In 1965, Hawkins[15] summarized three main fracture patterns by analyzing the radiographic features of 13 FLPT cases
(Figure 2).

Hawkins type 1: A simple fracture of the lateral talar process, with the fracture line extending downward from the
talofibular joint surface to the posterior talofibular joint surface; this type of fracture is easily diagnosed on radiographs.

Hawkins type 2: Comminuted fracture of the entire lateral talar process with fracture lines involving both the talofibular
and posterior subtalar joint surfaces.

Hawkins type 3: Chip fracture of the anterior-inferior portion of the posterior half of the lateral talar process, which can
be visualized only on lateral radiographs. The fracture is located in the region of the tarsal sinus and involves only a small
portion of the posterior subtalar joint, without any damage to the talofibular articular surface.

Hawkins[15] recommended that, regardless of the classification, closed reduction should be attempted first by placing
the foot in a neutral or everted position and then palpating and manipulating the lateral talus process into an acceptable
position under radiography. For Hawkins type 2 and type 3 fractures, as well as type 1 fractures with satisfactory closed
reduction, conservative treatment is recommended by immobilizing the foot in a short-leg plaster cast in a neutral
position without weight-bearing for 4 wk, and weight-bearing with the maintenance of the plaster cast is allowed in the
next 2 wk. For Hawkins type 1 fractures in which displacement of the fractured fragment remains unsatisfactory after
attempted closed reduction, both Hawkins[15] and Dimon[23] recommended surgical treatment with open reduction and
internal fixation (ORIF). Subsequently, fragment resection or subtalar joint fusion could be considered if complications
such as nonunion, malunion, and overgrowth were confirmed after ORIF. From our perspective, Hawkins' management
recommendations, which are limited by the relatively backward medical level and conditions at the time, have limited
reference value for the current clinical management of FLPT.

McCrory-Bladin classification

In 1996, in order to better reflect the relationship between fracture characteristics and mechanism of injury and
subsequently to guide further managements, McCrory and Bladin[21] proposed a new classification of FLPT, also known
as McCrory-Bladin classification (Figure 3).

McCrory-Bladin type 1: Chip fracture of the anterior-inferior portion of the lateral talar process, without any damage to
the talofibular articular surface. This type corresponds to Hawkins type 3 fracture, which is also considered as the
avulsion fracture of the anterior talofibular ligament.

McCrory-Bladin type 2: Simple fracture of the lateral talar process causing some damages to both the talofibular and
subtalar articular surfaces. This type corresponds to Hawkins type 1 fracture; however, McCrory and Bladin[21] made
some modifications by dividing it into two subtypes based on the displacement of the large fragment, defining an
undisplaced fracture as type 2A and a displaced fracture as type 2B.
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Figure 2 Hawkins classification of the fracture of the lateral process of the talus. A: Hawkins type 1, simple fracture with involvement of both the
talofibular and posterior subtalar articular surfaces; B: Hawkins type 2, comminuted fracture; C: Hawkins type 3, the so-called chip fracture, no articular surface
injured.

Figure 3 McCrory-Bladin classification of the fracture of the lateral process of the talus. A: McCrory-Bladin type 1, chip fracture; B: McCrory-Bladin
type 2A, undisplaced simple intraarticular fracture; C: McCrory-Bladin type 2B, displaced simple intraarticular fracture; D: McCrory-Bladin type 3, comminuted fracture
with involvement of both the talofibular and posterior subtalar articular surfaces.

McCrory-Bladin type 3: Comminuted fracture of the entire lateral process with the involvement of both the talofibular
and posterior subtalar articular surfaces. This corresponds to Hawkins type 2 fracture.

McCrory and Bladin[21] summarized some of the case reports and provided the following treatment recommend-
ations. For flake fractures (Chip fracture, McCrory-Bladin type 1) and simple fractures with no or minimal displacement
(<2 mm, McCrory-Bladin type 2), satisfactory results can be achieved with a 6-wk short leg plaster cast immobilization,
and partial weight bearing were also recommended during this period. For simple fractures with severe displacement (>
2 mm, McCrory-Bladin type 2), an ORIF should be used to reconstruct the integrality of articular surfaces. For
comminuted FLPT (McCrory-Bladin type 3), surgical treatment becomes unavoidable, and the fracture should be anatom-
ically reduced and solidly fixed if possible; if anatomical reduction cannot be achieved or the fracture is too comminuted
to be fixed, resection of all comminuted fragments is recommended to prevent the development of posttraumatic subtalar
osteoarthritis. McCrory and Bladin's recommendations for treatment, although summarized in only a few case reports
available at the time, are still applicable nowadays. The McCrory-Bladin classification is the most widely used classi-
fication method for FLPT in clinical practice.

Boack’s classification

In 2004, Boack and Manegold[24] described a different classification that can be applied to fractures of both the lateral
and posterior talar processes. The classification consists of four fracture types, each of which is divided into subtypes
based on the severity of bone injury, degree of articular cartilage damage, and stability of the ligaments (Figure 4).

Boack's type 1: Chip fracture or avulsion fracture (< 0.5 cm). (1) 1a: An extra-articular fracture of the lateral talar process;
(2) 1b: An isolated fracture of the medial tubercle of the posterior talar process; and (3) 1c: An intraarticular fracture of the
lateral talar process;
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Figure 4 Boack's classification of the fracture of talar process. A: Boack's type 1a, extra-articular fracture of lateral process; B: Boack's type 1b, isolated
fracture of the medial tubercle of the posterior talar process; C: Boack's type 1c, intra-articular fracture of the lateral process; D: Boack's type 2a, fracture of the lateral
process of talus involving only the subtalar joint but not the talofibular joint; E: Boack's type 2b, fracture of the lateral tuberosity of the posterior talar process; F:
Boack's type 3a, a simple fracture of the lateral talar process with involvement of both the talofibular and posterior subtalar articular surfaces; G: Boack's type 3b,
comminuted fracture of the lateral talar process; H: Boack's type 3c, comminuted fracture of the posterior talar process with involvement of both lateral and medial
tuberosity; I: Boack's type 4, comminuted fracture of the lateral talar process combined with luxation of the subtalar joint; J: Boack's type 4, comminuted fracture of the
posterior talar process with luxation of the subtalar joint.

Boack's type 2: Medium-sized fragment (0.5-1.0 cm) with varying degrees of displacement. (1) 2a: FLPT involving only
the subtalar joint but not the talofibular joint; and (2) 2b: An isolated fracture of the lateral tuberosity of the posterior talar
process.

Boack's type 3: A large fracture fragment (> 1.0 cm) with varying degrees of damage to both the ankle and subtalar joints.
(1) 3a: A simple fracture of the lateral talar process, extending from the talofibular joint to the posterior surface of subtalar
articulation; (2) 3b: Comminuted fracture of the entire lateral talar process; and (3) 3c: Comminuted fracture of the entire
posterior talar process.

Boack's type 4: A severe fracture of either the lateral or posterior talar process combined with instability or luxation of the
subtalar joint.

Boack and Manegold[24] recommended that conservative treatment is only indicated for Boack's type 1a FLPT with
external immobilization in a short leg cast for 6 wk, during which time weight-bearing walking is allowed, whereas all
FLPT involving damage to articular surfaces or with displacements should be treated surgically to reduce the risk of
degenerative lesions in the subtalar joints. Type 1c FLPT can be treated arthroscopically with resection of the bony
fragments, because even a small intraarticular fragment can damage the articular surface severely, leading to serious
adverse outcomes. Although secondary subtalar osteoarthritis or instability after total resection of the lateral talar process
has been reported[10], there have been no reports of these lesions occurring secondary to resection of free fragments of
the lateral talar process. Arthroscopic evaluation of the extent of articular cartilage damage and fracture comminution is
recommended for all Boack's type 2 FLPT, and the decision to perform arthroscopic resection of fragments or arthroscopic
internal fixation is based on the results of the arthroscopic evaluation. Boack's type 3a FLPT is recommended to be
managed by open or arthroscopic reduction because of the large size of the fracture fragments and their good integrity
and subsequently fixed with one or two headless cannulated compression screws, which can avoid articular cartilage
damage caused by the head of conventional screws and provide optimal results. The management of Boack's type 3b
FLPT depends on the degree of comminution and the size of the fragments, and it is recommended to remove all the
fracture fragments if the attempted ORIF fails. In Boack's type 4 FLPT with subtalar joint dislocation, approximately 50%
of patients have severe concomitant articular cartilage damage. To manage these cases, Boack and Manegold[24]
recommended that subtalar joint repositioning should be completed as soon as possible, along with the arthroscopic
evaluation of cartilage damage and arthroscopic resection of fragments to minimize the possibility of sequelae.

Tinner-Sommer's classification

In 2018, Tinner and Sommer[1] as part of their study on FLPT, found that McCrory-Bladin type 1 FLPT cases are
extremely rare, accounting for less than 5% of all FLPT cases. Moreover, McCrory-Bladin type 2 FLPT were considered to
represent an ideal state because most of the large fragment fractures of the lateral talar process are usually not isolated;
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instead, they are often combined with at least one medium-sized fragment from the posterior subtalar articular facet,
which was not severely comminuted, and therefore cannot be classified as McCrory-Bladin type 3 FLPT either.
Consequently, they modified the McCrory-Bladin classification, with Tinner-Sommer types 1 and 2 FLPT remaining
consistent with McCrory-Bladin types 1 and 2, whereas Tinner-Sommer type 3 was divided into three subtypes (Figure 5).

Type 3a: Simple fracture of the lateral talar process, with a medium-sized fragment originating from the posterior
subtalar articular surface.

Type 3b: Comminution of the cranial metaphyseal bone of the lateral talar process based on the characteristics of type 3a
fractures.

Type 3c: Nonreconstructable comminuted FLPT, corresponding to McCrory-Bladin type 3 fracture.

Although the Tinner-Sommer classification did not consider the displacement of fragments, it suggested that to better
combine classification with management recommendations, the displacement of FLPT fragments should be evaluated
before providing therapy. As a complement to the classification, they proposed their own criteria for evaluating the
displacement of the fragments in FLPT as follows[1]: FLPT with an articular step of < 1 mm and a separation
displacement of < 2 mm is defined as nondisplaced (or minimally displaced) fractures, whereas those with an articular
surface step of =1 mm or a gap of 22 mm are defined as displaced FLPT.

According to the Tinner-Sommer classification[1], all FLPTs with no displacement or minimal displacement should be
treated conservatively with cast or splint immobilization for at least 6 wk, during which partial weight bearing (< 10 kg)
is allowed. For most Tinner-Sommer type 1 fractures, conservative management is recommended regardless of fracture
displacement, whereas a small percentage of type 1 fractures combined with other injuries requiring surgical treatment,
such as peroneal tendon slippage, can be managed surgically in conjunction with the surgical treatment of combined
injuries, with either internal screw fixation or fragment resection, depending on the size of the fragments. Most of types 2
and 3 FLPT exhibit significant displacement and must be treated surgically. For type 2 and most type 3a FLPT, adequate
bony connections can be formed between the major fragment and talar body after reduction, and fixation can be
performed with one or two screws. In contrast, due to the presence of metaphyseal comminution in type 3b FLPT and a
small percentage of type 3a fractures, the fragment did not have sufficient bone to hold screws; therefore, supportive
fixation with a T-shaped osteoplate is recommended in such cases. Type 3c fractures are extremely comminuted, with no
possibility of internal fixation, and resection of all fragments is recommended. In addition, compared with conservative
treatment, surgical treatment offers the advantage of earlier postoperative articular function training. Therefore, the
functional impairment of both the joint and muscle is significantly less than that of cast immobilization, which is
especially important for young athletes who need to return to the arena as early as possible.

Wijers's classification

Wijers et al[25] noticed that a few FLPTs are combined with injuries to the sustentaculum tali, which could be considered
a prestage of a full-blown subtalar or peritalar dislocation. Accordingly, by analyzing coronal computed tomography
(CT) scans, Wijers et al[25] modified Boack's classification based on the severity, intraarticular or extraarticular location of
the fracture, and possible joint dislocations ranging from types 1A to 4B (Figure 6). Type 1A: Small fragment, extraar-
ticular; Type 1B: Small fragment, intraarticular; Type 2: Intermediate fragment, intraarticular; Type 3: Comminuted or
severe fracture, intraarticular; Type 4A: FLPT combined with a sustentaculum tali fracture of the calcaneus without joint
dislocation; Type 4B: FLPT combined with subtalar or peritalar dislocation.

From Wijers” viewpoint[25], type 1A FLPT as well as nondisplaced type 1B and type 2 FLPTs can be treated conser-
vatively, whereas surgical treatment is recommended for all other fracture types. In addition, he emphasized that type 4B
FLPTs require closed reduction of the talus in the emergency department due to concomitant total subtalar or peritalar
luxation.

Zhang's classification

In 2023, the research team led by Wang et al[26] conducted a retrospective study of 43 FLPT cases and established a new
classification system for FLPT based on CT features (Figure 7). This classification method broadly categorized FLPT into
two major groups based on whether FLPT was combined with fractures of the ipsilateral talus; each major group was
further divided into subtypes based on the fracture characteristics observed on CT scans.

Zhang's type 1: An isolated FLPT, further divided into three subtypes. (1) 1a: Chip fracture of the lateral talar process
without involvement of the talofibular joint; (2) 1b: Simple fracture of the lateral talar process with the involvement of
both the talofibular and subtalar joints; and (3) 1c: Comminuted fracture of the lateral talar process involving the articular
surfaces.

Zhang's type 2: FLPT combined with fractures of other parts of the ipsilateral talus, with or without the involvement of
the articular surfaces, was further divided into five subtypes. (1) 2a: FLPT combined with a fracture of the talar head; (2)
2b: FLPT combined with a fracture of the talar neck; (3) 2c: FLPT combined with a fracture of some other parts of the talar
body (except for the lateral talar process, which has already been fractured); (4) 2d: FLPT combined with a fracture of the
posterior talar process; and (5) 2e: FLPT combined with two or more fractures in other parts of the ipsilateral talus (except
for the lateral talar process, which has already been fractured).

By analyzing the existing literatures and combining their own clinical experience, Wang et al[26] proposed a new classi-
fication for FLPT in 2023 and provided the corresponding treatment recommendations as follows: ORIF is best used for
type 1a FLPT; type 1b FLPT should be better treated with fragments resection; type 1c FLPT should be treated conser-
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Figure 5 Tinner-Sommer's classification of the fracture of the lateral process of the talus. A: Tinner-Sommer type 1, chip fracture; B: Tinner-
Sommer type 1, a posterolateral view; C: Tinner-Sommer type 2a, undisplaced simple intraarticular fracture; D: Tinner-Sommer type 2a, a posterolateral view; E:
Tinner-Sommer type 2b, displaced simple intraarticular fracture; F: Tinner-Sommer type 2b, a posterolateral view; G: Tinner-Sommer type 3a, simple fracture of the
lateral talar process combined with 1 medium-sized fragment originating from the posterior subtalar articular surface; H: Tinner-Sommer type 3a, a posterolateral

view; I: Tinner-Sommer type 3b, comminuted fracture of the lateral talar process on the basis of type 3a; J: Tinner-Sommer type 3b, a posterolateral view; K: Tinner-
Sommer type 3c, severely comminuted fracture without chance of full reconstruction; L: Tinner-Sommer type 3c, a posterolateral view.

A . B . C .
Figure 6 Wijers's classification of the fracture of the lateral process of the talus. A: Wijers type 1A fracture of the lateral process of the talus (FLPT),
extra-articular fracture with a small fragment; B: Wijers type 1B FLPT, intra-articular fracture with a small fragment; C: Wijers type 2 FLPT, intra-articular fracture with

an intermediate fragment; D: Wijers type 3 FLPT, comminuted intra-articular fracture; E: Wijers type 4A, FLPT combined with a sustentaculum tali fracture of the
calcaneus but without joint dislocation; F: Wijers type 4B, FLPT combined with subtalar or peritalar dislocation.

vatively with a plaster cast, and if fracture turned to be nonunion later, the fragments of a smaller size are resected
surgically while the larger fracture fragments can be internally fixed with screws; finally, all type 2 FLPTs are
recommended to be treated surgically with ORIF.
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Figure 7 Zhang's classification of the fracture of the lateral process of the talus. A: Zhang's type 1a fracture of the lateral process of the talus (FLPT),
chip fracture without involvement of the talofibular joint; B: Zhang's type 1b FLPT, simple fracture with involvement of both the talofibular and subtalar joints; C:
Zhang's type 1c FLPT, comminuted fracture; D: Zhang's type 2a, FLPT combined with a fracture of talar head; E: Zhang's type 2b, FLPT combined with a fracture of

talar neck; F: Zhang's type 2c, FLPT combined with a fracture of talar body; G: Zhang's type 2d, FLPT combined with a fracture of the posterior talar process; H:
Zhang's type 2e, two or more fractures of other part of the ipsilateral talus besides FLPT.

PROGNOSIS REVIEW

The prognosis of FLPT is related to many factors, including age, injury mechanism, fracture classification, management
techniques, severity of articular cartilage damage, and presence of concomitant injuries. However, based on our literature
review[25-29], we believe that the overall prognosis of FLPT is optimistic (Table 1).

In Hawkins's research[15], seven patients achieved satisfactory results without pain or limitation of motion after
immobilization with a plaster cast for 8 wk, whereas six patients experienced temporary disability lasting for approx-
imately half a year after the fracture, of which five patients experienced persistent pain on standing or walking and one
patient suffered malunion. Additionally, among the five patients with persistent pain, three patients suffered nonunion
and two suffered overgrowth that led to pain or limited dorsiflexion of the foot. Consequently, second surgeries, either
fragment resection or subtalar fusion depending on the size of the fragments and secondary changes of the subtalar joint,
were performed for all the six patients in whom conservative management failed.

von Winning ef al[30] reported the midterm results of eight displaced McCrory-Bladin type 2 FLPT cases by conducting
an average of 7-year follow-up after ORIF with cannulated screws. In the study, all fractures healed completely. In
addition, one patient developed traumatic arthritis of the ankle (Bargon's grade I), and one patient with an associated
calcaneus fracture developed subtalar arthritis (Bargon's grade III) and received subsequent subtalar joint arthrodesis.
The study revealed good clinical results, with a mean American Orthopedic Foot and Ankle Society (AOFAS) score of
81.4, mean Foot Function Index (FFI) of 19.4, mean physical component summary score of 48.9, and mean mental
component summary score of 51.9. However, unlike most other studies, von Winning et al[30] compared the prognosis
between patients treated surgically within 14 d of the fracture and those who underwent surgical treatment after 14 d of
the fracture. The results showed no statistically significant difference between the two groups, suggesting that delayed
surgical management does not always lead to poor prognosis.

Horterer et al[6] conducted a study involving 22 patients with FLPT, including 16 patients with Hawkins type 1
fractures, 5 with Hawkins type 2 fractures, and 1 case with Hawkins type 3 fracture. He performed ORIF for Hawkins
type 1 fractures and fragment resection for types 2 and 3 fractures. The results showed that 9% of patients suffered minor
surgical side infections, and 55% developed symptomatic subtalar osteoarthritis. Moreover, the patient-rated outcomes
revealed only moderate-to-good score more than 3 years after surgery.

Ross et al[10] followed all patients with FLPT at a level I trauma center over a 10-year period, with a mean follow-up of
6.5 years. This is the most recent and comprehensive study on the prognosis of FLPT. This study finally collected data
from 53 patients, among whom 21 (39.6%) underwent initial conservative treatment, whereas 32 (60.4%) received initial
surgical treatment. They noted that the failure of conservative treatment was closely related to the displacement rather
than the size of the fracture fragments, and that FLPT with displacement had a higher rate of failure when treated conser-
vatively, whereas FLPT without displacement usually did not require additional surgical treatments. Nevertheless, the
prognosis of patients who underwent subsequent surgery due to the failure of conservative treatment was comparable to
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Table 1 Summary table of prognoses of the included studies

Ref. S.a mple Classification Treatments Prognoses Remarks regarding
size prognoses
Hawkins 13 Hawkins type 1: 6; All patients were treated 7 patients returned to normal motion without pain  In Hawkins' day, the
[15], 1965 Hawkins type 2: 5; conservatively as the or limp. The remaining 6 had residual pain and/or  prognosis for conser-
Hawkins type 3: 2 initial treatment limited motion and underwent subsequent vatively treated patients
fragments resection or joint fusion surgery, and was not that bad
ultimately 3 still had residual localized pain and
mild limitation of movement
von 8 All classified as ORIF with cannulated All fractures healed completely; Mean AOFAS Delayed surgical
Winning McCrory-Bladin type ~ screws score was 81.4, mean FFI was 19.4, mean physical =~ managements did not
et al[30], 2 component summary score was 48.9, and mean significantly lead to a
2020[30] mental component summary score was 51.9 poor prognosis
Horterer 22 Hawkins type 1: 16; ORIF: type 1; Fragments 2 patients suffered minor surgical side infections. The occurrence of
et al[6], Hawkins type 2: 5; resection: type 2 and 12 patients developed symptomatic subtalar secondary subtalar
2019 Hawkins type 3: 1 type 3 osteoarthritis, with no significant difference arthritis after ORIF and
between types 1 and 2 fractures. Only 50% of the fragments resection was
patients returned to the previous level of sports the same
Wijerset 36 Wijers type 1A: 1; Conservative: 8; ORIF: 18 people were effectively followed up. The Patients who received
al[25], Wijers type 1B: 6; 26; Subtalar joint fusion: =~ median AOFAS hindfoot score was 75 (range: 12-  timely and accurate
2020 Wijers type 2: 10; 2 100) points. The median FFI score was 2 (range: 0-9) managements were more
Wijers type 3: 11; points. 3 (17%) patients had an excellent result, 8 likely to obtain a
Wijers type 4A: 6; (44%) patients had a good result, 5 (28%) patients  satisfactory prognosis
Wijers type 4B: 2 had a fair result, and only 2 (11%) patients had a
poor outcome
Rossetal 53 McCrory-Bladin type ~ Conservative treatment  For those whose initial treatments were conser- Long-term prognoses
[10], 2021 1: 7, McCrory-Bladin ~ was performed for 21 vative, PROMIS PF score was 53, FAAM-ADL was  were closely related to
type 2: 23; McCrory-  patients as the initial 88, FAAM-S was 75. There was no difference in the  fracture displacement, but
Bladin type 3: 23 treatment to, of whom 14 above indicators between patients who had or had  less so to fragment size,
underwent second not undergone second surgery. For those whose subtalar joint compression
surgery of fragments initial treatments were ORIF, PROMIS PF score was injury, and treatment
resection or subtalar 56, FAAM-ADL was 90; FAAM-S was 77 method. However, the
joint fusion; ORIF was rate of subsequent talar
performed for 32 arthrodesis was higher in
patients as the initial initial conservative
treatment. treatment group
Wanget 43 Zhang's type la: 2; Conservative: 3; ORIF: AOFAS score: Zhang's type 1a: 91.5; Zhang's type ~ Prognoses of FLPT were
al[26], Zhang's type 1b: 1; 39; Fragments resection: ~ 1b: 86.0; Zhang's type 1c: 90.5; Zhang's type 2a: related to simultaneous
2023 Zhang's type 1c: 2; 1 89.0; Zhang's type 2b: 76.7; Zhang's type 2c: 76.6; injuries of other parts of
Zhang's type 2a: 1; Zhang's type 2d: 91.3; Zhang's type 2e: 83.5. ipsilateral talus
Zhang's type 2b: 6; Complications including nonunion and arthritis
Zhang's type 2c: 18; were observed in only 7 (16.3%) cases
Zhang's type 2d: 3;
Zhang's type 2e: 10
Fengetal 42 All fractures were Arthroscopic internal Among the patients treated arthroscopically, only 2 Arthroscopic-assisted
[28], 2023 classified as McCrory- fixation was performed  (8.3%) developed subtalar arthritis, with the surgery can help improve
Bladin type 3 for 24 cases by using a primary symptoms being local pain and discomfort the prognoses of FLPT
Double-pully technique  after exercising that was relieved by taking rest.
combined with After 12 months of surgery, the mean PROMIS PF
Kirschner wire. Open score was 71.6, mean AOFAS score was 94.0, mean
reduction and Kirschner FAAM-ADL was 92.5, and mean FAAM-S was 94.4.
wire fixation were Among those who underwent open reduction and
performed for 18 Kirschner wire fixation, 6 (33.3%) patients
patients developed subtalar arthritis. Consequently, 3 of
them underwent a second surgery of subtalar joint
fusion. After 12 months of surgery, the mean
PROMIS PF score was 62.9, mean AOFAS score
was 77.9, mean FAAM-ADL score was 72.1, and
mean FAAM-S score was 78.6
Fengetal 33 All fractures were 21 patients were treated ~ For patients treated arthroscopically, no obvious For McCrory-Bladin type
[29], 2023 classified as McCrory- with double-tunnel complication was found. At the final follow-up, the 2 FLPT, the use of
Bladin type 2 subtalar arthroscopy mean AOFAS score was 95.8, mean FFI score was ~ compression screw
combined with hollow 12.3, mean FAAM-ADL score was 92.7, and mean internal fixation could
compression screw FAAM-S score was 95.6. Among those who achieve reliable results.
internal fixation. The underwent ORIF with hollow compression screw, 2 However, compared to
other 12 patients were (16.7%) patients developed local skin numbness open surgery, arthroscopy
treated with ORIF with  associated with nerve injury. At the last follow-up, procedure obtained mini
hollow compression the mean AOFAS score was 94.8, mean FFI score trauma and better
screw was 14.4, mean FAAM-ADL score was 89.8, and functions
mean FAAM-S score was 93.6
Muietal 1 Not mentioned ORIF with 2 headless An overgrowth of the tip of the lateral talar process Delayed FLPT cases can

[31],2020 delayed

compression screw,
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case followed by an iliac second surgery of the enlarged part excision, the term prognosis
autologous bone graft patient returned to his previous level of motion
procedure and anterior ~ without pain
talofibular ligament
reconstruction with 2
suture anchors

Killenet 2 Not mentioned ORIF with a headless At 12 months after surgery, the mean AOFAS score Delayed FLPT cases can
al[32], delayed compression screw and  was 90. Both patients regained recovery of full, also lead to good long-
2018 cases anterior talofibular activity without any residual pain or symptoms of ~ term prognosis

ligament reconstruction  instability
with a suture anchor

ORIF: Open reduction and internal fixation; AOFAS: American Orthopedic Foot and Ankle Society; FFI: Foot Function Index; FLPT: Fracture of the lateral
process of the talus; PROMIS PF: Patient-reported outcomes measurement information system physical function; FAAM-ADL: Foot and ankle ability
measure-activities of daily living; FAAM-S: Foot and ankle ability measure-sports.

that of patients who had satisfactory results after conservative treatment. On the contrary, they concluded that whether
FLPT was combined with compression injury of the subtalar joint did not affect the long-term prognosis, and there was
no statistically significant difference in the prognosis between patients who were successfully treated with conservative
treatment and those who received surgical therapies (whether initial or not); however, the rate of subsequent talar
arthrodesis was higher in the conservatively treated group.

In a study of 36 FLPT cases, Wijers et al[25] found that excellent and good prognoses accounted for 61%, whereas poor
prognosis accounted for only 11% of the cases, regardless of management methods. In addition, concomitant injuries and
delayed clinical visits contribute to poor prognosis, indicating that the majority of patients who received timely and
accurate management are more likely to obtain a satisfactory prognosis.

An optimistic result was also presented by Wang et al[26]. He followed 43 FLPT cases for an average of 35.9 months
and used the AOFAS score to evaluate the clinical prognosis. The results showed that AOFAS score was 91.5 £ 1.5 in type
1a, 86.0 £ 0 in type 1b, 90.5 £ 9.5 in type 1c, 89.0 £ 0 in type 2a, 76.7 £ 15.6 in type 2b, 76.6 + 24.4 in type 2c, 91.3 £ 6.6 in
type 2d, and 83.5 £ 11.0 in type 2e of fractures of Zhang's classification. Additionally, complications such as nonunion and
arthritis were observed in only seven cases (16.3%).

We also reviewed the prognoses of patients with FLPT treated with different surgical techniques. Feng et al[28]
performed arthroscopic internal fixation for 24 patients with McCrory-Bladin type 3 FLPT using a Double-pully technique
combined with a Kirschner wire. The results showed that only two patients (8.3%) developed subtalar arthritis, with local
pain and discomfort after exercising as primary symptoms relieved by taking rest. In another retrospective cohort study,
Feng et al[29] compared the clinical outcomes between ORIF and arthroscopic-assisted fracture reduction and internal
fixation in 33 patients with McCrory-Bladin type 2 FLPT, including 21 and 12 patients in the arthroscopy and ORIF
groups, respectively. After a mean follow-up of 19.5 months, the author reported no significant difference in the AOFAS
scores between the arthroscopy and ORIF groups at the final follow-up (95.8 £ 3.3 and 94.8 + 3.7, respectively). However,
the FFI was significantly lower in the arthroscopy group than in the ORIF group at the last follow-up (12.3 £ 5.3 and 14.4
* 6.0, respectively). Additionally, no nerve or tendon complications were observed in the arthroscopy group, whereas two
patients developed postoperative numbness in the dorsal region of the foot in the ORIF group. Finally, the author
summarized that patients with McCrory-Bladin type 2 FLPT can obtain a good prognosis after internal fixation with
compression screws; however, arthroscopic-assisted internal fixation is less invasive and more likely to lead to a better
prognosis than ORIF.

Nevertheless, a good prognosis is also observed in delayed cases. Mui et al[31] presented a case of a 40-year-old male
snowboard instructor with FLPT due to snowboarding. Unfortunately, the patient was initially misdiagnosed with an
ankle sprain, and it was not until 6 months later that he was definitively diagnosed with FLPT. Subsequently, he
underwent ORIF and an iliac autologous bone graft procedure, which resulted in a complete union of the fracture 3
months after surgery. In addition, the patient resumed his previous level of activity 5 months after surgery. However, at
18 months postoperatively, the patient complained of pain while snowboarding. A subsequent CT scan revealed
complete fracture union and an enlarged lateral process forming an accessory anterolateral talar facet, which was
confirmed as the cause of the pain. Finally, an additional surgery was performed to resect the enlarged part of the lateral
process. A year after the second surgery, the patient was free from pain in the local region and had resumed normal
sports activities. Similarly, Killen et al[32] reported cases of two patients who underwent reoperation due to nonunion
after conservative treatment. Initially, they performed an open reduction of the fracture and used one or two headless
cannulated screws for fixation. Subsequently, intraoperative examination showed a positive anterior drawer test;
therefore, a suture anchor was placed in the distal fibula to repair the lateral ligament, and the extensor retinaculum and
periosteum were used to reinforce the repair. The follow-up results at 12 months after surgery showed complete union
and full range of motion in both patients, with no persistent discomfort and an average AOFAS score of 90.

CONCLUSION

In summary, FLPT is rare in clinical practice. Considering that the main symptoms are similar to lateral malleolar soft
tissue injuries without specificity, it can be easily missed or misdiagnosed as an ankle sprain, resulting in delayed
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diagnosis and treatment, which may eventually lead to subtalar osteoarthritis and instability. Therefore, FLPT must
always be considered when diagnosing a dorsiflexed inverted ankle injury, especially resulting from snowboarding.

Imaging examinations for FLPT are essential for establishing accurate diagnosis and classification. Ultrasonography,
the use of which to diagnose FLPT has only been shown in one case report[33], is noninvasive, nonradiative, convenient,
and targeted. However, with gradually increasing studies on the ultrasonographic features of fractures in the past few
years, ultrasonography is expected to become a preliminary screening method for FLPT in the future. Although radio-
graphy is currently the preferred examination, small fragments may overlap with other tissues or structures and be
difficult to detect on plain radiographs, resulting in a missed diagnosis. Therefore, CT is necessary for patients with a
suspicious medical history and symptoms but the fractures cannot be diagnosed certainly on plain radiographs, or for
those who have localized accessory ossicles or osteophytes that are difficult to be distinguished from fractures[9,34,35].

The management principle for FLPT is currently controversial, and the selection of conservative treatment, fragment
resection, and ORIF for a certain type of fracture is inconclusive, and lacks support from the results of clinical
randomized controlled trials, as well as reliable consensus and guidelines. However, ongoing research worldwide has led
to a more comprehensive understanding of the pathological and anatomical characteristics of FLPT. New classification
systems have emerged constantly and guided the clinical treatment of FLPT more scientifically. However, more data from
clinical studies are needed to summarize the pathological characteristics of FLPT to formulate more detailed and reliable
treatment principles.

The prognosis of FLPT is related to several factors and cannot be simply generalized. However, based on the current
literature, we believe that the overall prognosis of FLPT is good, even in delayed cases. To evaluate the prognosis of FLPT
more scientifically, multicenter prospective randomized controlled clinical studies with large sample sizes are urgently
required.
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Abstract

BACKGROUND

Bone metastasis has various negative impacts. Activities of daily living (ADL) and
quality of life (QOL) can be significantly decreased, survival may be impacted,
and medical expenses may increase. It is estimated that at least 5% cancer patients
might be suffering from bone metastases. In 2016, we published the Compre-
hensive Guidelines for the Diagnosis and Treatment of Bone Metastasis. Since
then, the therapeutic outcomes for patients have gradually improved. As life
expectancy is a major determinant of surgical intervention, the strategy should be
modified if the prolongation of survival is to be achieved.

AIM
To monitor how bone metastasis treatment has changed before and after launch of
our guidelines for bone metastasis.

METHODS

For advanced cancer patients with bone metastasis who visited the Department of
Clinical Oncology at Akita University hospital between 2012 and 2023, parameters
including the site and number of bone metastases, laboratory data, and survival
time, were extracted from electronic medical records and the Katagiri score was
calculated. The association with survival was determined for each factor.
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RESULTS

Data from 136 patients were obtained. The 1-year survival rate for the poor prognosis group with a higher Katagiri
score was 20.0% in this study, which was 6% and an apparent improvement from 2014 when the scoring system
was developed. Other factors significantly affecting survival included five or more bone metastases than less (P =
0.0080), and treatment with chemotherapy (P < 0.001), bone modifying agents (P = 0.0175) and immune checkpoint
inhibitors (P = 0.0128). In recent years, advances in various treatment methods have extended the survival period
for patients with advanced cancer. It is necessary not only to simply extend survival time, but also to maintain ADL
and improve QOL.

CONCLUSION
Various therapeutic interventions including surgical approach for bone metastasis, which is a disorder of
locomotor organs, are increasingly required. Guidelines and scoring system for prognosis need to be revised

promptly.

Key Words: Bone metastasis; New Katagiri scoring system; Prognosis; Immune check point inhibitors; Survival

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We investigated bone metastasis patients from 2012 to 2023 at Department of Clinical Oncology, Akita University
Hospital to learn about recent trends in treatment methods and outcomes for patients with bone metastases. The prognosis of
patients with bone metastases has improved recently. Now, there is a room for surgical interventions to the patients with
bone metastases, which have been avoided due to their limited prognosis. These are expected to improve activities of daily
living and quality of life and will benefit patients. Accordingly, guidelines and scoring system for prognosis need to be
revised.

Citation: Matsuda K, Shimazu K, Shinozaki H, Fukuda K, Yoshida T, Taguchi D, Nomura K, Shibata H. Recent trends in bone
metastasis treatments: A historical comparison using the new Katagiri score system. World J Clin Cases 2024; 12(15): 2499-2505
URL: https://www.wjgnet.com/2307-8960/full/v12/i15/2499.htm

DOI: https://dx.doi.org/10.12998/wjcc.v12.i15.2499

INTRODUCTION

Bone metastasis has various negative impacts. Activities of daily living (ADL) and quality of life (QOL) may be
significantly decreased, survival may be impacted, and medical expenses may increase. Based on the SEER database,
113317 of 2470634 cancer patients in the United States from 2010 to 2016 experienced bone metastases[1].

Treatment of bone metastasis includes orthopedic surgery, radiotherapy, drug treatment including bone modifying
agents (BMAs) and palliative care[2]. BMAs can suppress skeletal related events (SREs) composed of pathologic fracture,
spinal cord compression, radiation or surgery to bone, and hypercalcemia of malignancy[2]. In recent years, the
adjunctive treatments such as radiofrequency ablation are considered. Additionally, carrier-mediated drug delivery, bone
substitutes to repair bone defects, and multifunctional scaffolds with bone tissue regeneration and antitumor properties
are investigated[3]. In recent years, immune check point inhibitors (ICIs) have been used to treat various cancers[4]. There
is a remarkable efficacy of ICIs in the treatment of tumors.

A large number of clinical trials reveal that ICIs have promising therapeutic effects, including overall survival (OS),
objective effective rate and progression-free survival[4]. Despite the potential to improve cancer outcomes with use of
ICIs, bone metastases remain may have different responses to ICIs than other disease sites[5]. The effects of ICI on bone
metastasis should be understood, including elucidation of the bone microenvironment. Palliative care is given not only to
relieve pain, but to provide holistic support, so that the QOL of patients can be improved|[2].

Various scoring systems that determine the choice of intervention have also been developed[2]. The new Katagiri
scoring system (NKSS), which was developed in 2014, is very good tool to predict the life expectancy of bone metastatic
patients[6]. The NKSS consists of six items, including: (1) The characteristics of primary cancers; (2) The existence of
visceral, brain, and peritoneal dissemination; (3) Laboratory data; (4) Eastern Cooperative Oncology Group performance
status (PS); (5) History of chemotherapy; and (6) The existence of multiple bone metastasis. Scores range from 0 to 10[6].
In the NKSS, the survival rate was 27% at 6 months, and 6% at 1 year with an overall prognostic score of > 7[6]. Based on
the Japanese comprehensive guidelines for diagnosis and treatment of bone metastasis, published in 2016, surgery is not
recommended when prognosis is predicted within 6 months. The prognosis is gradually improving, for example, the 5-
year survival rate improved by 2% each year from 2015 to 2019 in the United States[7]. It is also necessary to consider the
impact on the scoring system from changes in treatment regimens, such as approval of the ICIs. Therefore, we examined
the factors impacting cancer patients with bone metastases from 2012 to 2023.
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MATERIALS AND METHODS

Patients
We retrospectively examined the clinical status of patients with bone metastases who underwent treatment at the
Department of Clinical Oncology at Akita University hospital from December 2010 to March 2023.

Methods

Patient data included gender, age, site and number of bone metastases, site of primary tumor, metastasis other than bone,
symptoms, opportunity for diagnosis, treatment history including radiotherapy, anticancer drugs, opioids, BMA and ICIs
was extracted from their electronic medical records. Laboratory data at their visit included serum levels of C-reactive
protein, lactate dehydrogenase, total bilirubin, calcium, and the number of platelets. Information regarding PS and ADL
were also extracted from the medical records. Furthermore, the patient’s life and death were examined as well as their
survival time from the day visiting our department, and a score was calculated by the NKSS.

Statistical analyses were performed using BellCureve for Excel Ver 4.04 (Social Survey Research Information Co., Ltd.,
Japan).

All procedures were conducted according to the Declaration of Helsinki.

RESULTS

Patient characteristics

For 12 years and 4 months, 136 patients were enrolled in this study (Table 1). This number includes 13% of the patients
presenting to the Department of Clinical Oncology. Of these, 86 were male (63.2%). Ages ranged from 24 to 84 years, with
a median age of 64 years. The primary sites of bone metastases are listed in Table 1. Cancer of unknown primary (CUP) [n
= 31 (22.8%)] was the most common, followed by gastric cancer [n = 24 (17.6%)], colorectal cancer, [n = 21 (15.4%)]
sarcoma [n =10 (7.4%)], and pancreatic cancer [n =9 (6.6%)]. The MST for all cancer patients with bone metastases was 8.6
months [95% confidence interval (95%CI): 6-10 months]. MSTs by primary sites were as follows: CUP (8.6 months, 95%CI:
1-16 months), gastric cancer (6.0 months, 95%CI: 5-7 months), colorectal cancer (8.5 months, 95%CI: 6-11 months),
sarcoma (9.2 months, 95%CI: 0-24 months), and pancreatic cancer (9.3 months, 95%CI: 3-16 months). The relatively short
survival period may reflect the nature of the Department of Clinical Oncology, which treats very advanced cancers.

Characteristics of bone metastases

The frequency of bone metastases was as follows: single (n = 33, 24.3%), 2 or more and 4 or less (n = 44, 32.4%), and 5 or
more (n =58, 42.6%). The frequency of bone metastasis by site is shown in Supplementary Table 1. Metastases to the spine
were the most frequent (1 = 97, 71%) and the frequencies were as follows: cervical spine (1 = 28, 21%), thoracic spine (n =
71, 52%), and lumbar spine (1 = 64, 47%). Metastases to the pelvic bones, including the sacrum, ilium, and pubis were the
next most frequent (n = 72, 53%). Metastases to other bones including ribs, scapula, and long bones, such as the femur,
were third (n = 67, 49%).

Opportunity for diagnosing bone metastases

Metastases were found in 96 cases by diagnostic imaging (70.5%) (Supplementary Table 2). Of the 136 patients, 16.9% had
pain, and 5.1% had neurological symptoms, whereas 2.9% had bone symptoms, such as a fracture and 2.9% had elevated
serum alkaline phosphatase levels (Supplementary Table 2). Of 136 cases, 70% were asymptomatic.

Classification by NKSS classification

Calculation by NKSS calculations were conducted on the visiting day. Of the 136 patients, only 3 patients (2.2%) scored 0-
3 (lower score), 62 patients (45.6%) scored 4-6 (middle score), and 71 patients (52.2%) scored 7-10 (higher score)
(Figure 1A). The survival of the middle-score group (MSG) and the higher-score group (HSG) was examined. The 1-year
survival rate was 56% for the MSG (Figure 1A and Table 2). This was similar to that of the original paper, which reported
49.3%. The 1-year survival rate was 20.0% in the HSG (Figure 1A and Table 2). This was greater than three times in the
original paper, which was 6.0% (Figure 1A and Table 2). In this study, the MST of the MSG (461 d) was significantly
longer compared with that of the HSG (124 d, P < 0.001).

Other factors affecting patient survival

Survival with and without symptoms of bone metastasis were compared. The MST was 192 d with symptoms and 254 d
without (Supplementary Figure 1). There was no significant difference (P = 0.4794). Bone metastases symptoms may not
affect the survival of patients.

Next, we examined the effect of the number of bone metastases on survival. The MSTs for patients with < 4 oligo-
metastases were 288 d (Figure 1B). However, the MST of patients with at least 5 bone metastases was 180 d (Figure 1B).
There was a significant survival difference between > 5 multiple metastases and < 4 oligo-metastases (P = 0.0080)
(Figure 1B). This indicates that > 5 bone metastases may negatively impact survival.
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Table 1 Characteristics of the participants

Primary site n Median survival time (95%Cl, month)
Ccup 31 8.6 (1-16)
Gastric cancer 24 6.0 (5-7)
Colorectal cancer 21 8.5 (6-11)
Sarcoma 10 9.2 (0-24)
Pancreatic cancer 9 9.3 (3-16)
NET 7 4.0 (2-7)
Esophageal cancer 6 2.9 (1-4)
Skin cancer 4 34.7 (4-66)
Thymic cancer 3 14.0 (14-14)
Hematologic malignancy 3 Not reached
Urological cancer 8 8.1 (0-17)
Others 6 6.4 (3-10)
Overall 136 8.1 (6-10)

CUP: Cancer of unknown primary; NET: Neuroendocrine tumor; CI: Confidence interval.

Table 2 Historical comparison of survival outcomes between the periods ranging from 2005 to 2008 and 2020 to 2023

NKSS n 1-yr-survival rate in this study (2010-2023) (95%Cl) 1-yr-survival rate in the original study (2005-2008) (95%Cl)
0-3 3 - 91.4 (85.9-96.9)

4-6 62 56 (43-70) 49.3 (44.0-54.6)

710 71 20 (10-31) 6.0 (3.5-8.5)

NKSS: New Katagiri scoring system; CI: Confidence interval.
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Figure 1 Overall survival of patients with bone metastasis. A: Overall survival by the new Katagiri score. The survival by the new Katagiri score: Middle
(4-6), and higher (7-10) is indicated; B: Overall survival of patients with bone metastasis by the number of metastases. Meta: Number of metastases, n: Number of
patients, MST: Median survival time; Cl: Confidence interval.

Survival impact of bone metastases treatments

Of the 136 patients with bone metastases, 72.1% received radiotherapy. The MST was 263 d with radiotherapy and 168 d
without (Figure 2A). There was no significant difference between the two groups (P = 0.145) (Figure 2A). The main
purpose of radiotherapy is to relief pain, not necessarily to prolong survival. Of the 137 patients, 92.6% received
chemotherapy. The MST was 263 d with chemotherapy and 82 d without (P < 0.001) (Figure 2B). Chemotherapy for
advanced cancer, if the patient was acceptable, may represent longer survival. Of the 136 patients, 73.5% received BMA.
The MST was 276 d with BMA and 99 d without (P = 0.0175) (Figure 2C). The purpose of using BMAs is to prevent the
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Figure 2 Overall survival of patients with bone metastasis by the type of treatment. A: Radiation; B: Chemotherapy; C: Bone modifying agent; D:
Immune check point inhibitors. n: Number of patients; Rad: Radiation; Cx: Chemotherapy; BMA: Bone modifying agent; ICI: Immune check point inhibitors.

onset of SREs[2], and as a result, it is expected that the QOL and ADL of the patients with bone metastases will be
maintained. Improvements in the QOL and ADL of patients may indirectly contribute to prolonging survival. Of the 136
patients, 14.0% received ICIs. The MST was 1146 d with ICIs and 222 d without (P = 0.0128) (Figure 2D). ICIs may have
some survival benefits on the patients with bone metastases.

DISCUSSION

The 1-year survival rate for the MSG was almost the same as the original data, but it was not the same in the HSG, which
was 6.0% and 20.0% in the original study and this study, respectively[6]. It is important to identify patients with bone
metastasis and predict their survival rate. This information can guide the subsequent treatment and management. The
predictive systems should be updated promptly. This study indicates the necessity of updating. Scoring system such as
NKSS is used the most commonly, but in the future, machine learning might be preferred because of its innovation and
accuracy[8]. It was suggested that chemotherapy, BMA and ICIs may contribute to prolonging survival. In this study, ICI
was used in 8 cases (42.1%) of gastric cancer with bone metastases and 6 cases (31.6%) of lung cancer. Generally, patients
with bone metastasis have a poor prognosis, so it is difficult to suggest the effectiveness of ICI. Combination therapy of
nivolumab and ipilimumab for non-small cell lung cancer (NSCLC) has been shown to be more effective than platinum
combination chemotherapy, regardless of the presence or absence of bone metastases[9]. The hazard ratio was higher for
patients with bone metastases than those without bone metastases in spite the 95% confidential interval was slightly
greater than 1.0[9]. On the other hand, the patients with NSCLC and bone metastases who received ICIs had a higher
hazard of death[10]. In the pivotal trial of ICIs for gastric cancer, there is no description of bone metastasis[11]. The ICIs
prolong survival in malignant tumors with bone metastasis in CheckMate 025, a randomized phase 3 trial of nivolumab
vs everolimus in previously treated advanced renal cell carcinoma, in which a subgroup analysis revealed that median OS
in patients with bone metastases was 18.5 months with nivolumab vs 13.8 months with everolimus[12]. Thus, ICIs might
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prolong the survival time of patients with bone metastasis, although it was not significant[12]. The effect on bone
metastasis with ICIs is still debatable. The generalizability of our study might be limited as this study is retrospective
from a single institute.

Currently, orthopedic interventions are largely inappropriate if the expected survival time is 6 months or less[2]. In this
study, the 6-month survival rate of the HSG was 75.3% (Figure 1A). Much more patients in the HSG may have a chance of
benefiting from orthopedic treatment. Recently, patient surveillance studies indicated that many patients desire survival
with preserved ADL rather than simply prolonging survival[13]. It is very important to keep patients” ADL with bone
metastases by various interventions. This study is a retrospective survey at one facility and there were some limitations. It
is necessary to expand the scale of such kinds of surveillance to verify the results in the future.

CONCLUSION

In recent years, advances in various treatment methods have extended the survival period for patients with advanced
cancer. It is necessary not only to simply extend survival time, but also to maintain ADL and improve QOL. For this
purpose, various therapeutic interventions including surgical approach for bone metastasis, which is a disorder of
locomotor organs, are increasingly required. Scoring system for the individual patient prognosis should be updated
promptly because this system is the starting point for the treatment of bone metastasis.
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Abstract

BACKGROUND

The prevalence of non-alcoholic fatty liver (NAFLD) has increased recently. Sub-
jects with NAFLD are known to have higher chance for renal function impair-
ment. Many past studies used traditional multiple linear regression (MLR) to
identify risk factors for decreased estimated glomerular filtration rate (eGFR).
However, medical research is increasingly relying on emerging machine learning
(Mach-L) methods. The present study enrolled healthy women to identify factors
affecting eGFR in subjects with and without NAFLD (NAFLD+, NAFLD-) and to
rank their importance.

AIM

To uses three different Mach-L methods to identify key impact factors for eGFR in
healthy women with and without NAFLD.
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METHODS

A total of 65535 healthy female study participants were enrolled from the Taiwan M] cohort, accounting for 32
independent variables including demographic, biochemistry and lifestyle parameters (independent variables),
while eGFR was used as the dependent variable. Aside from MLR, three Mach-L methods were applied, including
stochastic gradient boosting, eXtreme gradient boosting and elastic net. Errors of estimation were used to define
method accuracy, where smaller degree of error indicated better model performance.

RESULTS

Income, albumin, eGFR, High density lipoprotein-Cholesterol, phosphorus, forced expiratory volume in one
second (FEV1), and sleep time were all lower in the NAFLD+ group, while other factors were all significantly
higher except for smoking area. Mach-L had lower estimation errors, thus outperforming MLR. In Model 1, age,
uric acid (UA), FEV1, plasma calcium level (Ca), plasma albumin level (Alb) and T-bilirubin were the most
important factors in the NAFLD+ group, as opposed to age, UA, FEV1, Alb, lactic dehydrogenase (LDH) and Ca
for the NAFLD- group. Given the importance percentage was much higher than the 2*¢ important factor, we built
Model 2 by removing age.

CONCLUSION

The eGFR were lower in the NAFLD+ group compared to the NAFLD- group, with age being was the most
important impact factor in both groups of healthy Chinese women, followed by LDH, UA, FEV1 and Alb.
However, for the NAFLD- group, TSH and SBP were the 5" and 6" most important factors, as opposed to Ca and
BF in the NAFLD+ group.

Key Words: Non-alcoholic fatty liver; Estimated glomerular filtration rate; Machine learning; Chinese women

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We examined influential factors affecting the estimated glomerular filtration rate in healthy women with and
without non-alcoholic fatty liver disease (NAFLD) by multiple linear regression and machine learning methods, with
machine learning methods providing better performance and showing that age was the most important determining factor in
both groups, followed by lactic dehydrogenase, uric acid, forced expiratory volume in one second, and albumin. However,
for the NAFLD- group, the 5" and 6" most important impact factors were thyroid-stimulating hormone and systolic blood
pressure, as compared to plasma calcium and body fat for the NAFLD+ group.

Citation: Chen IC, Chou LJ, Huang SC, Chu TW, Lee SS. Machine learning-based comparison of factors influencing estimated
glomerular filtration rate in Chinese women with or without non-alcoholic fatty liver. World J Clin Cases 2024; 12(15): 2506-2521
URL: https://www.wjgnet.com/2307-8960/full/v12/i15/2506.htm

DOI: https://dx.doi.org/10.12998/wjcc.v12.i115.2506

INTRODUCTION

The increased Westernization of lifestyles in Taiwan has driven the prevalence of obesity and obesity-related diseases
such as diabetes and metabolic syndrome[1]. Total caloric intake exceeding total energy expenditure results in the
accumulation of fat in the liver, leading to nonalcoholic fatty liver disease (NAFLD)[2]. The prevalence of NAFLD has
increased recently, ranging from 8%-45% in various countries[3]. Around one-fourth of NAFLD cases eventually
progresses to nonalcoholic steatohepatitis, with another 20%-35% further progressing to fibrosis and even hepatocellular
carcinoma[4]. Thus, NAFLD is a critical issue for both the community and health providers.

NAFLD has also been shown to be associated with chronic renal disease (CKD)[5], with insulin resistance, obesity,
dyslipidemia, and hypertension found to contribute to impaired renal function[5-8]. However, most of these studies
relied on traditional statistical analysis methods, with machine learning approaches use in only one study to identify four
NAFLD-related genes[9].

Medical research is increasingly applying machine learning (Mach-L) methods to improve prediction accuracy by
repeated analysis of large data sets. Some of these studies focused in this area began to use Mach-L[10]. The present study
uses three different Mach-L methods to identify key impact factors for estimated glomerular filtration rate (eGFR) in
healthy women with and without NAFLD.
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MATERIALS AND METHODS
Participant and study design

Data for this study were sourced from the Taiwan M] Cohort, an ongoing prospective cohort of health examinations
conducted by the MJ Health Screening Centers (M]) a group of three private clinics in Taiwan that provide regular health
examinations to their members[11]. These examinations cover more than 100 important biological indicators, including
anthropometric measurements, blood tests, imaging tests, etc. Each participant completed a self-administered
questionnaire covering personal and family medical history, current health status, lifestyle, physical exercise, sleep habits,
and dietary habits[12]. The MJ Health Database only includes participants who have provided informed consent. All or
part of the data used in this research were authorized by and received from the MJ Health Research Foundation (Author-
ization Code: MJHRF2023008A). Any interpretations or conclusions described in this paper are those of the authors alone,
and do not represent the views of the MJ Health Research Foundation. The study protocol was approved by the Institu-
tional Review Board of the Kaohsiung Armed Forces General Hospital (IRB No.: KAFGHIRB 112-007). As a secondary
study which does not collect samples from study participants, a short review was applied and no further informed
consent was needed.

A total of 102 847 healthy women were initially enrolled. After excluding subjects with different causes, 65535 women
remained for analysis, as shown in Figure 1. The inclusion criteria were as follows: (1) Age between 18 to 65 years old; (2)
No known significant disease such as coronary heart disease, stroke, or chronic renal disease; (3) Not taking medications
for hypertension, hyperlipidemia, or hyperglycemia; and (4) No regular alcohol consumption; In Model 1, the
participants were divided into groups with or without NAFLD (NAFLD+, NAFLD-, respectively). Preliminary Mach-L
analysis found that age was the most important factor in both groups (mean = 71.69%), followed by uric acid
(respectively 37.17% and 41.99% in the NAFLD+ and NAFLD- groups). We made the second models (Model 2) by
removing age from the data set.

The following methods were published in our previous study[13]. On the day of the study, senior nursing staff
recorded the subject’s medical history, including information on any current medications, and a physical examination
was performed. The waist circumference was measured horizontally at the level of the natural waist. The body mass
index (BMI) was calculated as the participant’s body weight (kg) divided by the square of the participant’s height (m).
Systolic blood pressure (SBP) and diastolic blood pressure were measured using standard mercury sphygmomanometers
on the right arm of each subject while seated.

After fasting for 10 h, blood samples were collected for biochemical analyses. Plasma was separated from the blood
within 1 h of collection and stored at 30 °C until analysis for fasting plasma glucose (FPG) and lipid profiling. FPG was
measured using the glucose oxidase method (YSI 203 glucose analyzer; Yellow Springs Instruments, Yellow Springs, OH,
United States). The triglyceride (TG) levels were measured using the dry multilayer analytical slide method with a Fuji
Dri-Chem 3000 analyzer (Fuji Film, Tokyo, Japan). The serum high-density lipoprotein cholesterol (HDL-C) and low-
density lipoprotein cholesterol (LDL-C) concentrations were analyzed using an enzymatic cholesterol assay, following
dextran sulfate precipitation. The BMD was measured by dual-energy X-ray absorptiometry (Lunar, General Electric,
United States). Fatty liver was diagnosed based on the following ultrasound parameters: Parenchymal brightness, liver-
to-kidney contrast, deep beam attenuation, bright vessel walls, and gallbladder wall definition. Qualitative grades are
conveniently labeled mild (3), moderate (2), severe (1) or normal (0). In the present study, grades 1 to 3 were all defined as
fatty liver (FA).

Table 1 shows the 32 variables which were used in the present study. These included participants” body fat (BF),
complete blood cell count, biochemistries, thyroid stimulating hormone, C-reactive protein (CRP), education level,
marital status, and income level. Drinking area was defined as the product of total drinking duration, frequency of
drinking and alcohol percentage. Similarly, smoking area was the product of the duration, frequency of smoking and
number of cigarettes. The sport area was the product of duration, frequency, and type of exercise. All the aforementioned
parameters were the independent variables and eGFR was the dependent variable.

Traditional statistical method

The data were tested for normal distribution by using the Kolmogorov-Smirnov test and for the homogeneity of
variances using Levene’s test. Continuous variables were expressed as mean + SD. One way analysis of variance was
applied to compare differences between groups (> 2 groups). The Bonferroni test was for post-hoc evaluation. Pearson’s
correlation was used to examine the relationships between age and other continuous variables.

Machine learning method
Predictive models for NAFLD with factor ranking were constructed using three different Mach-L methods and part of the
following information was published by our group previously[13].

Stochastic gradient boosting (SGB) is a tree-based gradient boosting learning algorithm that combines both bagging
and boosting techniques to minimize the loss function to solve the overfitting problem of traditional decision trees[14]. In
SGB, many stochastic weak learners of trees are sequentially generated through multiple iterations, where each tree
concentrates on correcting or explaining errors in the tree generated in the previous iteration. That is, the residual of the
previous iteration tree is used as the input for the newly generated tree. This iterative process is repeated until the
convergence condition or a stopping criterion is reached for the maximum number of iterations. Finally, the cumulative
results of many trees are used to determine the final robust model.

The second method used in this study is eXtreme gradient boosting (XGBoost), which is based on an optimized
extension of SGB[15]. It sequentially trains multiple weak models and assembles them using the gradient boosting output
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Table 1 Participant descriptive statistics and risk factors, percentage and mean (+ SD)

Characteristics None Fatty liver P value
N number 34,335 31,200

Age (yr) 36.75+12.33 4752 +12.8 <0.001
Income 2.04£1.47 1.61+1.57 <0.001
Body fat (%) 26.66 + 5.55 35.96 + 6.83 <0.001
Systolic blood pressure (mmHg) 111.83 + 16.07 124.52 +19.68 <0.001
Diastolic blood pressure (mmHg) 66.81 +10.21 73.8 £11.69 <0.001
Leukocyte (x 10%/pL) 593+£1.73 6.45+1.73 <0.001
Hemoglobin (x 10°/pL) 13.09+1.14 13.36 £1.18 <0.001
Platelets (x 10°/pL) 248.96 £ 57.74 264.39 £ 63.31 <0.001
Fasting plasma glucose (mg/dL) 92.75 +10.64 103.7 £ 25.6 <0.001
Total bilirubin (mg/dL) 0.77 £0.32 0.73 £0.33 <0.001
Albumin (mg/dL) 45+0.26 445+0.24 <0.001
Globulin (mg/dL) 3.08 £0.36 3.15+0.36 <0.001
Alkaline Phosphatase (IU/L) 101.86 + 49.29 110.72 £ 59.94 <0.001
Serum glutamic oxaloacetic transaminase (mg/dL) 19.88 £11.71 24.61 £17.56 <0.001
Serum glutamic pyruvic transaminase (IU/L) 17.68 +18.62 28.72 £27.22 <0.001
Serum y-glutamy] transpeptidase (IU/L) 14.22 +£13.94 25.3 +30.09 <0.001
Lactate dehydrogenase (IU/L) 241.42 + 84.03 246.65 + 92.63 <0.001
Estimated glomerular filtration rate (mL/min/1.73 m?) 89.6 +76.89 8433 +72.4 <0.001
Uric acid (mg/dL) 4.88+1.09 5.67 £1.34 <0.001
Triglyceride (mg/dL) 78.81 £42.95 139.02 +101.03 <0.001
High density lipoprotein cholesterol (mg/dL) 61.73 £14.8 54.17 £13.47 <0.001
Low density lipoprotein cholesterol (mg/dL) 107.97 + 30.48 125.76 + 34.09 <0.001
Calcium (mg/dL) 9.2+0.39 9.29 £ 041 <0.001
Phosphorus (mg/dL) 3.72+0.44 3.7+046 <0.001
Thyroid stimulating hormone (IU/mL) 1.75+3.25 1.94+3.64 <0.001
C-reactive protein (mg/dL) 0.19 + 0.45 0.3 £0.51 <0.001
Forced expiratory volume in one second (L) 22+046 1.96 +0.53 <0.001
Drink area 0.97 £6.5 1.38 £8.72 <0.001
Smoke area 1.5+£7.15 1.57+7.89 <0.001
Betel nut area 00 0.02+1.2 <0.001
Sport area 3.32£5.99 3.96 £6.19 <0.001
Sleep time 2.91+0.59 2.87+£0.72 0.25

Marriage, n (%)
Unmarried 13 (458) 8 (438) <0.001

Married 19 (939) 2 (1545)

method, thus improving prediction performance. XGBoost uses Taylor’s binomial expansion to approximate the objective
function and arbitrary differentiable loss functions to accelerate the model construction convergence process[16]. XGBoost
also applies regularized boosting techniques to penalize model complexity and correct overfitting, thereby increasing
model's accuracy[15].

Finally, elastic net (EN) can be regarded as a hybrid version of L1 regularization and L2 regularization. The elastic
network uses both L1 and L2 regularization, thus integrating the penalty terms of L1 and L2. The advantage of the EN
model is that it combines the Ridge penalty item to achieve effective regularization and the Lasso penalty item to select
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[ MJ cohort (7 = 102847) J

> Exclude 13442 subjects < 18 and > 65 years old

> Exclude 5214 subjects with any kind of cancer

Y
[ Entire study cohort for analysis (84191) ]

Exclude 7233 subjects with history of major
" medical diseases

Exclusion 11423 subjects taking medications for
blood pressure, blood glucose and hyperlipidemia

Y

[ Total study cohort for modeling (65535) J

Figure 1 Flowchart of sample selection from the MJ Health Screening Centers Study Cohort.

variables, allowing it to learn models with only a small number of arguments that are non-zero sparse, just like Lasso, but
it still maintains some of Ridge's regular properties. EN provides several advantages as follows: It encourages group
effects in the case of highly correlated variables, rather than setting some of them to 0 Like Lasso; EN is useful when
multiple features are mutually correlated; and Lasso tends to choose one of them at random, while EN tends to choose
two[17].

Figure 2 presents the proposed prediction and important variable identification scheme that combines the three Mach-
L methods. First, patient data were collected to prepare the dataset. The dataset was then randomly divided into an 80%
training dataset for model building and a 20% testing dataset for model testing. In the training process, the hyperpara-
meters of each Mach-L method must be tuned to ensure model effectiveness. In this study, a 10-fold cross-validation
technique was used for hyperparameter tuning.

To this end, the training dataset was further randomly divided into a training dataset to build the model with different
sets of hyperparameters, and a validation dataset for model validation. All possible combinations of hyperparameters
were investigated by grid search. The model with the lowest root mean square error on the validation dataset was viewed
as the best model of each Mach-L method. The best models for SGB, XGBoost and EN were generated, and the corres-
ponding variable importance ranking information obtained.

During the testing phase, the performance of the best machine learning models was evaluated using the testing dataset.
Since the target variable in this study is a numerical variable, model performance was compared using different metrics,
including mean absolute percentage error (MAPE), symmetric mean absolute percentage error (SMAPE), relative absolute
error (RAE), root relative squared error (RRSE), and root mean squared error (RMSE). The values for these metrics are
listed in Figure 3.

To maximize comparison reliability and stability, the training and testing processes were repeated 10 times. The per-
formance metrics of the three machine learning models were then averaged to compare with the performance of the
benchmark multiple linear regression (MLR) model. The same training and testing datasets were used for three the
machine learning methods and the MLR model. A model with an average metric lower than that of the MLR model was
considered a more convincing model.

The Mach-L methods used in this study may produce percentage of importance of variables due to their unique model-
ing characteristics. In the final stage of our proposed scheme, we summarize and discuss our significant findings based on
the results of Mach-L methods.

All methods were performed using R software version 4.0.5 and RStudio version 1.1.453 with the required packages
installed (http:/ /www.R-project.org, accessed on; https:/ /www.rstudio.com/products/rstudio/).

RESULTS

The present study enrolled a total of 65535 participants. Table 1 compares all the variables in the NAFLD+ and NAFLD-
groups. In the NAFLD+ group, the following variables were all significantly higher: Age, BF, blood pressure, leukocyte,
hemoglobin, platelets, FPG, globulin, alkaline phosphatase, serum glutamic oxaloacetic transaminase, serum glutamic
pyruvic transaminase, serum y-glutamyl transpeptidase, lactic dehydrogenase (LDH), uric acid (UA), Total bilirubin (T-
bili), TG, LDL-C, Calcium (Ca), Thyroid stimulating hormone (TSH), CRP, drinking area, betel nut area, and sport area. In
the NAFLD+ group, the following variables were significantly lower: Income, albumin (Alb), eGFR, HDL-C, Phosphorus,
forced expiratory volume in one second (FEV1), and sleep time. The y? test results showed married participants were
more likely to have NAFLD.
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Figure 2 Flowchart of the proposed machine learning methods. XGBoost: eXtreme gradient boosting.

Table 2 compares the performance of LR and other Mach-L methods. Both in Model 1 (with age) and Model 2 (without
age), most of the SMAPE, RAE, RRSE and RMSE values were lower in the three Mach-L methods, indicating that the
Mach-L methods outperformed MLR. Tables 3-6 show the he importance percentages of the three Mach-L methods, with
the averages of these three methods presented in the right column, showing that the most important factors predicting
eGFR were age, UA FEV1, Ca, Alb and T-bili in the NAFLD+ group and age, UA, FEV1, Alb, LDH and Ca in the NAFLD-
group. The importance percentage of age (71.73% and 71.69%, respectively, for the NAFLD- and NAFLD+ groups) is
much higher than that of the following factor, UA (41.99% and 37.17%, respectively for the NAFLD- and NAFLD+
groups). Model 2 was built by removing the age variable, with results shown in Tables 5 and 6. Similar to Model 1, the
most important factors were LDH, UA, FEV1, Alb TSH, and SBP for NAFLD- and LDH, UA, FEV1, Alb, Ca and BF for
NAFLD+. In Tables 3-6, it should be noted that we used grayscale to show the importance of these factors, the darker the
shade of gray, the more important that particular variable was. Figure 4 are the graphic illustrations for Tables 3-6. In
Figure 4A, the percentage of importance percentage of the risk factors in participants with NAFLD are shown (Model 1:
with age). In the same time, Figure 4B shows the results of without NAFLD in Model 1. Respectively, Figure 4C are
results of Model 2 with NAFLD and 3-4 without NAFLD. All the orders of the ranks of percentage importance were the
same as the results in the tables. These figures could give a direct concept of these risk factors.
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Table 2 Comparison with SMAPE, RAE, RRSE, and RMSE between multiple linear regression and machine learning methods

NAFLD+ group with age MAPE SMAPE RAE RRSE RMSE
Linear 0.139 0.132 0.845 0.842 13.959
SGB 0.138 0.131 0.841 0.834 13.825
XGBoost 0.139 0.132 0.845 0.842 13.946
Elasticnet 0.139 0.132 0.845 0.842 13.954

NAFLD- group with age

Linear 0.133 0.128 0.868 0.862 14.671
SGB 0.132 0.126 0.855 0.857 14.59
XGboost 0.132 0.126 0.853 0.857 14.58
Elasticnet 0.134 0.128 0.868 0.862 14.673

NAFLD+ group without age

Linear 0.154 0.14 0.872 0.897 15.606
SGB 0.153 0.139 0.865 0.888 15.444
XGboost 0.153 0.14 0.869 0.891 15.49

Elasticnet 0.154 0.14 0.872 0.897 15.596

NAFLD- group without age

Linear 0.134 0.13 0.905 0.906 15.149
SGB 0.133 0.129 0.895 0.892 14.915
XGboost 0.133 0.129 0.895 0.893 14.916
Elasticnet 0.134 0.13 0.904 0.905 15.119

Data showed as mean; SGB: stochastic gradient boosting, XGBoost: eXtreme gradient boosting; RAE: Relative Absolute Error; RRSE: Root Relative Squared
Error; RMSE: Root Mean Squared Error; NAFLD: Non-alcoholic fatty liver.

Metrics  Description Calculation
Symmetric Mean Absolute 1 ly: = 9:
SMAPE SMAPE =— ) ——————x 100
Percentage Error n& Uyl + 19:)/2
1% 9
MAPE  Mean Absolute Percentage Error MAPE = —z |u| x 100
n i=1 yl
n - —5.)2
RAE Relative Absolute Error RAE = M
X O
n (v _ 52
RRSE Root Relative Squared Error RRSE = 2;:1(}]‘7}:‘)2
X —9)
RMSE Root Mean Squared Error RMSE =

Figure 3 Equation of performance evaluation metrics. §, and y, respectively represent predicted and actual values; n is the number of instances. SMAPE:
Symmetric Mean Absolute Percentage Error; MAPE: Mean Absolute Percentage Error; RAE: Relative Absolute Error; RRSE: Root Relative Squared Error; RMSE:
Root Mean Squared Error.

DISCUSSION

We first demonstrated that the eGFR was lower in NAFLD+ group, and identified the six most important factors for
NAFLD- and NAFLD+ in Model 1. Model 2 was then built by removing age. Consistent with Model 1, in Model 2 the first
four factors were LDH, UA, FEV1 and Alb, but the 5* and 6™ most important factors were respectively TSH and SBP in
NAFLD- and Alb, BF in NAFLD+.
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Table 3 The average of the importance of risk factors derived from stochastic gradient boosting, random forest and extreme gradient

boost, in NAFLD+ (Model 1, including age)

Variables SGB XGBoost Elasticnet Average Rank
Age 100 100 15.08 71.69 1
Income 0.14 0 0 0.05

Body fat 3.94 19 3.27 3.04

Systolic blood pressure 1.37 0.67 1.01 1.02

Diastolic blood pressure 2.67 0.67 1.8 1.71

Leukocyte 0.72 0.33 4.32 1.79

Hemoglobin 1 0 0 0.33

Platelets 3.64 1.62 0.31 1.86

Fasting plasma glucose 2.92 1.18 0.66 1.59

Total bilirubin 6.86 2.29 40.24 16.46 6
Albumin 1.84 0.54 49.85 17.41 ®
Globulin 0.28 0.29 17.83 6.13

Alkaline Phosphatase 0.99 0.15 0 0.38

Serum glutamic oxaloacetic transaminase 1.63 0.36 0 0.66

Serum glutamic pyruvic transaminase 3.83 1.94 0.82 2.20

Serum y-glutamy] transpeptidase 1.89 1.33 0.48 1.23

Lactate dehydrogenase 23.21 23.25 0.86 15.77

Uric acid 27.03 24.05 60.42 37.17 2
Triglyceride 0.84 0 0.02 0.29

High density lipoprotein cholesterol 1.99 0.8 1.16 1.32

Low density lipoprotein cholesterol 1.78 0.14 0.1 0.67

Calcium 3.97 2.87 65 23.95 4
Phosphorus 0.79 0.36 0 0.38

Thyroid stimulating hormone 6.92 3.99 491 5.27

C-reactive protein 0.61 0.22 6.99 2.61

Forced expiratory volume in one second 6.63 341 100 36.68 3
Drink area 0.11 0 0.07 0.06

Smoke area 0.25 0 0 0.08

Betel nut area 0 0 0 0.00

Sport area 0.45 0.2 0.28 0.31

Sleep time 0.14 0 0 0.05

Marriage 0 0 1.99 0.66

SGB: Stochastic gradient boosting; XGBoost: eXtreme gradient boosting; NAFLD: Non-alcoholic fatty liver.

Age was found to be the most important impact factor for eGFR. This is not surprising since renal function progress
decreases with aging due to the reduction in the glomerular capillary plasma flow rate and its ultrafiltration coefficient.
At the same time, decreased afferent arteriolar resistance directly increases capillary hydraulic pressure. These
derangements will induce loss of renal mass, hyalinization, sclerotic glomeruli, and tubulointerstitial fibrosis[18].

Interestingly, Model 2 shows that the order of first four factors (LDH, UA, FEV1 and Alb) were identical in participants
with or without NAFLD. The implications of this are detailed as follows.

LDH: LDH is an enzyme in cells which converts glucose to pyruvate under aerobic conditions and is then oxidized to
acetyl-CoA. It enters the tricarboxylic acid cycle in mitochondria to generate energy. The lactate signaling axis (LDH-
lactate-lactation) has been shown to have many physiological roles related to diseases[19,20]. LDH is determined in
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Table 4 The average of the importance of risk factors derived from stochastic gradient boosting, random forest and extreme gradient

boost, in NAFLD- (Model 1, including age)

Variables SGB XGBoost Elasticnet Average Rank
Age 100 100 15.19 71.73 1
Income 0 0 1.41 0.47

Body fat 3.69 1.05 4.15 2.96

Systolic blood pressure 0.46 0.09 0.75 0.43

Diastolic blood pressure 4.19 3.09 2.96 3.41

Leukocyte 1.21 0.34 4.52 2.02

Hemoglobin 4.81 1 11.57 5.79

Platelets 2.61 1.06 0.2 1.29

Fasting plasma glucose 0.42 0.21 0.17 0.27

Total bilirubin 3.11 1.84 19.24 8.06

Albumin 2.28 1.34 69.53 24.38 4
Globulin 0.42 0.12 3.03 1.19

Alkaline Phosphatase 1.84 0.22 0.04 0.70

Serum glutamic oxaloacetic transaminase 0.52 0 0 0.17

Serum glutamic pyruvic transaminase 3.79 1.94 1.12 2.28

Serum y-glutamy] transpeptidase 1.16 0 0.38 0.51

Lactate dehydrogenase 21.99 18.24 0.97 13.73 5
Uric acid 26.62 22.99 76.35 41.99 2
Triglyceride 1.59 0.31 0 0.63

High density lipoprotein cholesterol 14 0.25 0.65 0.77

Low density lipoprotein cholesterol 2.37 0.26 0.18 0.94

Calcium 1.66 0.64 29.96 10.75 6
Phosphorus 2.05 2.07 10.98 5.03

Thyroid stimulating hormone 11.86 8.69 5.02 8.52

C-reactive protein 0.42 0 273 1.05

Forced expiratory volume in one second 5.06 3.01 100 36.02 3
Drink area 0 0.25 0 0.08

Smoke area 0.37 0.17 0.79 0.44

Betel nut area 0 0 0 0.00

Sport area 1.13 0.65 1.55 111

Sleep time 0 0 0 0.00

Marriage 0.13 0 5.51 1.88

SGB: Stochastic gradient boosting; XGBoost: eXtreme gradient boosting; NAFLD: Non-alcoholic fatty liver.

different zones of normal kidneys and patients with impaired renal function. In 1968, Nielsen et al[21] reported higher
LDH levels in patients with chronic renal failure, due to by changes of LDH synthesis in response to different types of
kidney injury. The results of the present study indicate that, after removing age, LDH was the most important factor
related to eGFR.

UA: UA is an end-product of purine metabolism in humans and is mostly excreted via the kidneys. Elevated UA is
related to many diseases such as gout, diabetes, and metabolic syndrome[22-24]. It could also impair renal function and
eventually lead to chronic renal disease via various mechanisms such as endothelial dysfunction, activation of renin-
angiotensin system, inflammation, and oxidation stress[25-29]. In the present study, it is the second-most important
impact factor in Model 2.

63%9@ WICC | https://www.wjgnet.com 2514 May 26,2024 | Volume12 | Issuel5 |



Chen IC et al. Risk factors affecting eGFR in NAFLD

Table 5 The average of the importance of risk factors derived from stochastic gradient boosting, random forest and extreme gradient

boost, in NAFLD+ (Model 2, excluding age)

Variables SGB XGBoost Elasticnet Average Rank
Income 12.88 15.99 8.06 12.31

Body fat 22.25 16.83 3.85 14.31 5
Systolic blood pressure 11.29 9.24 0.41 6.98

Diastolic blood pressure 9.17 6.85 119 5.74

Leukocyte 1.73 0.58 1.9 1.40

Hemoglobin 2.57 0.31 427 2.38

Platelets 17.83 14.87 0.32 11.01

Fasting plasma glucose 9.72 6.71 0.2 5.54

Total bilirubin 9.6 3.56 28.65 13.94

Albumin 12.05 9.81 100 40.62 3
Globulin 1.85 1.25 10.62 457

Alkaline Phosphatase 4.28 0.99 0.06 1.78

Serum glutamic oxaloacetic transaminase 3.45 3.05 1.45 2.65

Serum glutamic pyruvic transaminase 16.27 11.92 157 9.92

Serum y-glutamy] transpeptidase 1.14 0.65 0.28 0.69

Lactate dehydrogenase 100 100 0.6 66.87 1
Uric acid 50.16 45.66 30.15 41.99 2
Triglyceride 6.23 3.56 0.14 B3

High density lipoprotein cholesterol 0.86 0.82 0.05 0.58

Low density lipoprotein cholesterol 9.6 6.73 0.46 5.60

Calcium 12.48 9.07 53.48 25.01 4
Phosphorus 0.79 1.87 148 1.38

Thyroid stimulating hormone 16.42 11.23 2.23 9.96

C-reactive protein 0 0 211 0.70

Forced expiratory volume in one second 39.39 44.32 38.15 40.62 3
Drink area 0 0 0.26 0.09

Smoke area 0 0 0 0.00

Betel nut area 0 0 0 0.00

Sport area 3.95 3.83 1.49 3.09

Sleep time 0.86 0.5 4.04 1.80

Marriage 0 0 2.38 0.79

SGB: Stochastic gradient boosting; XGBoost: eXtreme gradient boosting; NAFLD: Non-alcoholic fatty liver.

FEV1: FEV1 is one of the key parameters for evaluating pulmonary function[30] and is the third-most important impact
factor in the present study. The relationship between pulmonary function and renal function is well-established. For
example, by using data from National Health and Nutrition Examination Survey between 2007 to 2012, Navaneethan et al
showed that an estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m? was associated with higher odds of
obstructive lung function[31]. Yu et al[32] found that in both Australian and Chinese populations, subjects with lower
FEV1 Levels generally had normal renal function. Our results are consistent with these findings.

Alb: Alb is one kind of protein in humans. It consists about half of total protein in the serum, and is used as a
biomarker for many diseases. Decreased Alb levels are associated with cardiovascular disease, hear failure, and higher
mortality rate[33-35]. Similar to pulmonary function, many studies have found that Alb levels are associated with renal
function. For example, Lang et al[36] found that lower Alb levels were independently and significantly related to
impaired renal function (0.11 mL/min/1.73 m? per year for each standard deviation fall in Alb) in the elderly Americans,
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Table 6 The average of the importance of risk factors derived from stochastic gradient boosting, random forest and extreme gradient

boost, in NAFLD- (Model 2, excluding age)

Variables SGB XGBoost Elasticnet Average Rank
Income 2.49 1.95 1.61 2.02

Body fat 7.57 2.68 1.48 3.91

Systolic blood pressure 28.66 30.68 0.59 19.98 6
Diastolic blood pressure 18.44 21.96 1.73 14.04

Leukocyte 9.07 5.26 6.63 6.99

Hemoglobin 12.51 1.95 3.14 5.87

Platelets 12.13 8.68 0.23 7.01

Fasting plasma glucose 6.67 4.96 0.7 411

Total bilirubin 9.07 5.16 3.37 5.87

Albumin 21.95 20.16 100 47.37 4
Globulin 1.32 0 0 0.44

Alkaline Phosphatase 2.75 0 0.02 0.92

Serum glutamic oxaloacetic transaminase 4.06 3.15 1.59 2.93

Serum glutamic pyruvic transaminase 9.09 6.48 1.74 B.77

Serum y-glutamy] transpeptidase 1.11 0 0.11 0.41

Lactate dehydrogenase 100 100 0.63 66.88 1
Uric acid 66.92 63.24 36.68 55.61 2
Triglyceride 12.39 8 0.34 6.91

High density lipoprotein cholesterol 2.64 0.67 0.17 1.16

Low density lipoprotein cholesterol 14.18 10.11 0.51 8.27

Calcium 3.82 24 21.04 9.09

Phosphorus 5.65 6.52 0.1 4.09

Thyroid stimulating hormone 34.32 2416 2.56 20.35 5
C-reactive protein 2.68 0 0 0.89

Forced expiratory volume in one second 61.02 64.4 26.93 50.78 3
Drink area 1.01 1.21 0 0.74

Smoke area 2.24 1.22 0.85 1.44

Betel nut area 0 0 0 0.00

Sport area 13.32 11.44 2.46 9.07

Sleep time 0.79 0.47 10.69 3.98

Marriage 8.88 7.85 30.55 15.76

SGB: Stochastic gradient boosting; XGBoost: eXtreme gradient boosting; NAFLD: Non-alcoholic fatty liver.

and a similar finding was made for Japanese[37]. Again, our results are consistent with these findings.

In our study, we classified our participants into groups of individuals with and without NAFLD. For both groups,
Model 2 showed the same order of the four most important impact factors, diverging thereafter, with TSH and SBP the
5th and 6th ranked factors for NAFLD- as opposed to Ca and BF for NAFLD+. Obesity is one of the most important
contributors to NAFLD[38], and thus it is reasonable that body fat levels are a key factor in determining such differences.

Thyroid function influences renal function either systemically, hemodynamically, or directly[39]. Impaired renal
function could be noted in both hyper- and hypothyroidism. SBP is negatively related to eGFR[40]. Thus, for the NAFLD-
group, our findings are consistent with previous results.

In the NAFLD+ group, both TSH and SBP became less important than Ca and BF. Subjects with lower plasma Ca levels
have been found to be more susceptible to renal failure[41]. BF has been proposed as a more precise predictor than BMI
for predicting cardiovascular diseases[42]. Increased BF has been shown to be significantly related to inflammation and
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A Age 71.69

Uric acid I 37.17
Forced expiratory volume in one second IEEEEEEEEEEEEEEEEE—— 36.68
Calcium I 23.95
Albumin 1741
Total bilirubin TTT——— 16.46
Lactate dehydrogenase ————————————————1 15.77
Globulin ————1 6.13
Thyroid stimulating hormone ————1 5.27
Body fat ——1 3.04
C-reactive protein ——1 2.61
Serum glutamic pyruvic transaminase = 2.2
Platelets —7 1.86
Leukocyte =3 1.79
Diastolic blood pressure — 1.71
Fasting plasma glucose = 1.59
High density lipoprotein cholesterol = 1.32
Serum y-glutamyl transpeptidase = 1.23
Systolic blood pressure = 1.02
Low density lipoprotein cholesterol 1 0.67
Marriage J 0.66
Serum glutamic oxaloacetic transaminase 7 0.66
Phosphorus 1 0.38
Alkaline Phosphatase 1 0.38
Hemoglobin 1 0.33
Sportarea 1 0.31
Triglyceride 1 0.29
Smoke area | 0.08
Drink area 1 0.06
Sleep time 1 0.05

Income 1 0.05
Betel nutarea 0
0 10 20 30 40 50 60 70 80
Average
B Age e 71.73

Uric acid I 41.99
Forced expiratory volume in one second I 36.02
Albumin I 24.38
Lactate dehydrogenase s 13.73
Calcium I 10.75
Thyroid stimulating hormone —————1 8.52
Total bilirubin —————7 8.06
Hemoglobin ———1 5.79
Phosphorus ———1 5.03
Diastolic blood pressure 1 3.41
Body fat —/1 2.96
Serum glutamic pyruvic transaminase —— 2.28
Leukocyte = 2.02
Marriage —1 1.88
Platelets 1 1.29
Globulin = 1.19
Sportarea 1 1.11
C-reactive protein 2 1.05
Low density lipoprotein cholesterol = 0.94
High density lipoprotein cholesterol I 0.77
Alkaline Phosphatase 7 0.7
Triglyceride J 0.63
Serum y-glutamyl transpeptidase 1 0.51
Income 7 0.47
Smoke area 1 0.44
Systolic blood pressure 1 0.43
Fasting plasma glucose 1 0.27
Serum glutamic oxaloacetic transaminase 1 0.17
Drink area | 0.08

Sleep time 0
Betel nutarea 0
0 10 20 30 40 50 60 70 80
Average
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c Lactate dehydrogenase I 66.87
Uric acid I 41.99
Forced expiratory volume in one second I 40.62
Albumin e 40.62
Calcium I— 25,01
Body fat HEEE—— 14.31
Total bilirubin ———————————1 13.94
Income /11231
Platelets ———————————1 11.01
Thyroid stimulating hormone ————"—""71 9.96
Serum glutamic pyruvic transaminase —————————1 9.92
Systolic blood pressure ————1 6.98
Diastolic blood pressure ——— 5.74
Low density lipoprotein cholesterol ————1 5.6
Fasting plasma glucose ———— 5.54
Globulin ——— 4.57
Triglyceride —— 3.31
Sportarea —1 3.09
Serum glutamic oxaloacetic transaminase —— 2.65
Hemoglobin = 2.38
Sleep time — 1.8
Alkaline Phosphatase — 1.78
Leukocyte =3 1.4
Phosphorus —1 1.38
Marriage 3 0.79
C-reactive protein J 0.7

Serum y-glutamyl transpeptidase 1 0.69
High density lipoprotein cholesterol 7 0.58
Drink area | 0.09
Betel nutarea 0
Smoke area 0

0 10 20 30 40 50 60 70 80
Average
D Lactate dehydrogenase /5 66.88

Uric acid e 55.61
Forced expiratory volume in one second e 50.78
Al bumin e 47.37
Thyroid stimulating hormone T 2(.35
Systolic blood pressure IIEEEEEEEEEE————— 19.98
Marriage ————————1 15.76
Diastolic blood pressure /] 14.04
Calcium 7 9.09
Sportarea 1 9.07
Low density lipoprotein cholesterol ——————7 8.27
Platelets ——————1 7.01
Leukocyte ————1 6.99
Triglyceride ————— 6.91
Total bilirubin ————1 5.87
Hemoglobin ————1 5.87
Serum glutamic pyruvic transaminase —— 5.77
Fasting plasma glucose 1 4.11
Phosphorus ——1 4.09
Sleep time T 3.98
Body fat —/ 3.91
Serum glutamic oxaloacetic transaminase —— 2.93
Income T 2.02
Smoke area — 1.44
High density lipoprotein cholesterol = 1.16
Alkaline Phosphatase 3 0.92
C-reactive protein 3 0.89
Drink area J 0.74
Globulin 1 0.44
Serum y-glutamyl transpeptidase 1 0.41
Betel nutarea 0

0 10 20 30 40 50 60 70 80
Average

Figure 4 All the orders of the ranks of percentage importance were the same as the results in the tables. A: The average of the risk factors
derived from three different machine learning methods (Model 1, NAFLD+ with age); B: The ranks of the risk factors derived from three different machine learning
methods (Model 1, NAFLD- with age); C: The ranks of the risk factors derived from three different machine learning methods (Model 2, NAFLD+ without age); D: The
ranks of the risk factors derived from three different machine learning methods (Model 2, NAFLD- without age). NAFLD: Non-alcoholic fatty liver.
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deterioration of renal function[43]. The increased importance of both Ca and BF indicate that fat levels in the human body
impact the relative impact of these factors on renal function. In subjects with higher BF levels, Ca and BF become more
important and should be considered differently in terms of their relative influence on renal function.

The present study is subject to certain limitations. First, its cross-sectional nature restricts understanding of causality. A
longitudinal design study would provide greater insight into causes and consequences. Second, study participants were
restricted to women due to their distinct pathophysiology characteristics. Future work will replicate the study with a
male cohort. Finally, the present study only considers ethnic Chinese participants, thus caution should be taken in
extrapolating the findings to other ethnic groups.

CONCLUSION

In conclusion, eGFR levels were lower in the NAFLD+ group compared to the NAFLD- group. Age was found to be the
most important single factor affecting eGFR. After removing age, LDH, UA, FEV1 and Alb were four leading impact
factors in both groups, followed by TSH and SBP for the NAFLD- group, and Ca and BF for the NAFLD+ group.
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Abstract

BACKGROUND

Lumbar radiculopathy spondylosis is a relatively common orthopedic disease
with a high incidence rate. It most commonly occurs in the lumbar 4-5 and lumbar
5-sacral 1 vertebrae, which account for approximately 95% of cases. It mostly
occurs in people aged 30-50 years old and greatly affects their quality of life.

AIM

To determine the effect of triple-voltage acupuncture combined with helium-neon
laser irradiation on the quality of care and improvement of symptoms in patients
with lumbar radiculopathy spondylolisthesis.

METHODS

In this study, we selected 120 patients with lumbar radiculopathy spondylosis
who were treated at our hospital between June 2019 to June 2020. The patients
were divided into control and observation groups according to the random
number table method, with 60 patients in each group. Patients in the observation
group were treated with three-volt moxibustion combined with helium-neon laser
irradiation, and those in the control group were treated with lumbar traction.
After 1 month of treatment, the lumbar pain scores, lumbar spine motor functions,
clinical treatment effects, and nursing satisfaction of the two groups were
compared.

RESULTS

The results showed that acupuncture combined with laser irradiation significantly
improved the patients' clinical symptoms, i.e., reduced their low back pain,
significantly lower numerical rating scale pain scores in the observation group
than in the control group, and better lumbar spine motility than in the control
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group, compared to lumbar traction. In addition, they were cared for. The treatment effectiveness rate of the
observation group was 95.5%, which was significantly higher than that of the control group (81.67%). Satisfaction
with care was higher than 90 points in both groups, but the difference was not statistically significant.

CONCLUSION
Our study provides a clinical rationale for the future treatment of patients with lumbar spine disease. However,
further extensive research is needed for validation.
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Core tip: This study investigated the effects of three-volt moxibustion combined with helium-neon laser irradiation on the
quality of care and symptom improvement in patients with lumbar radiculopathy-type cervical spondylosis. The results
showed that this therapy can effectively improve the quality of care and significantly relieve patients' symptoms, providing a
new effective means for the treatment of cervical spondylosis.
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INTRODUCTION

Lumbear radiculopathy spondylosis is a prevalent spinal disorder that significantly affects patients' quality of life and their
physical and mental well-being[1]. The primary symptoms of this condition include lower back pain and sciatica, which,
in extreme cases, can lead to restrictions in patient activity[2]. Although the exact prevalence of lumbar radiculopathy
spondylosis is unknown, it is often associated with conditions such as herniated lumbar discs, lumbar spinal stenosis, and
sciatica[3]. This disease also has a profound impact on the patients' quality of life and physical and mental health.
Currently, a range of treatment methods is available for lumbar radiculopathy spondylosis, including medication, physio-
therapy, traction, and acupuncture. However, these conventional treatments may not be effective for some patients,
necessitating the exploration of new treatment options to improve overall treatment outcomes|[3].

In recent years, three-volt moxibustion (TCM) and helium-neon laser irradiation have received increasing attention
from the medical community as traditional Chinese medicine and physiotherapy methods[4]. TCM can relieve pain and
improve symptoms by stimulating acupuncture points and adjusting the flow of qi and blood[5]. Helium-neon laser
irradiation, with its anti-inflammatory, analgesic, and tissue repair-promoting effects, has been widely used to treat
various pain and inflammatory diseases[6]. The combined application of these two methods allows for fully utilizing
their respective therapeutic advantages, and further improving the therapeutic effects in nerve root-type lumbar
spondylosis. However, there is a lack of clinical applications using these two combined approaches in patients with
lumbar radiculopathy spondylosis at this stage of research. Several studies have shown that Chinese medicine has
achieved remarkable results in the treatment of lumbar radiculopathy spondylosis[7]. TCM care methods such as
acupuncture, tuina, Chinese herbs, and rehabilitation training can effectively relieve pain, improve cervical spine
mobility, and enhance quality of life. For example, a randomized controlled trial showed that acupuncture can effectively
relieve pain and numbness in patients with lumbar radiculopathy spondylosis and is more effective than conventional
drug treatment[8].

This study aimed to investigate the effects of TCM combined with helium-neon laser irradiation on the quality of care
and symptom improvement in patients with lumbar radiculopathy and spondylosis. In this randomized controlled study,
we analyzed and compared the effects of three-voxel moxibustion combined with helium-neon laser irradiation in the
treatment of lumbar radiculopathy spondylolisthesis and its effect on patients' quality of life. The results of this study will
provide clinicians with new therapeutic options that will help improve the therapeutic effects and quality of life of
patients with lumbar radiculopathy and spondylosis.

MATERIALS AND METHODS

Research participants

In this study, we enrolled 120 patients with lumbar radiculopathy spondylosis who received treatment at our hospital
between June 2019 and June 2020. The patients were divided into control and experimental groups according to the
random number table method, with 60 patients in each group. The study subjects had lumbar radiculopathy spondylosis,
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and the inclusion criteria for the study subjects were as follows: (1) Presence of symptoms such as low back pain and
lower limb numbness; (2) Herniated lumbar intervertebral discs, degeneration of the intervertebral joints, and other
factors leading to nerve root compression; and (3) The patient was conscious and could answer the medical staff's
questions independently. The exclusion criteria were as follows: (1) Non-nerve root lumbar spondylosis, such as spinal
cord lumbar spondylosis; (2) Severe lumbar spine lesions that cannot be treated with lumbar traction or other treatments;
and (3) Combination of other diseases such as stroke and diabetes. The diagnostic criteria for lumbar radiculopathy
spondylosis are as follows: (1) Lumbar pain and leg pain radiating along the distribution area of the nerve root
aggravated by increasing abdominal pressure; (2) Leg numbness and weakness; (3) Sensory disturbances (widespread or
limited), a positive straight leg raising test, limited forward flexion and backward extension, lumbar pain due to lumbar
scoliosis, paraspinal tenderness, decreased muscle strength, and decreased or absent Achilles tendon reflexes; and (4)
Imaging as a diagnostic tool for lumbar nerve root cervical spondylosis. Magnetic resonance imaging (MRI) can be
regarded as the most suitable noninvasive means of examination for lumbar disc herniation at this stage, with a positive
rate higher than that of computed tomography. MRI can accurately show spinal cord and nerve root compression and
edema or degeneration, and has a good display of spatial microstructure.

In the control group, there were 32 males and 28 females, aged 45-70 years (mean 58.3 * 6.7 years old), and in the
observation group, there were 34 males and 26 females, aged 44-72 years (mean 59.1 + 7.3 years old). There were no
statistically significant differences between the two groups in terms of sex, age, or illness (P > 0.05) (Table 1).

Research design

This was a randomized controlled study in which 120 subjects were equally divided into an observation group and a
control group. The observation group were treated with TCM combined with a helium-neon laser irradiation care mode,
whereas the control group were treated with lumbar traction care.

Observation group nursing mode: TCM combined with helium-neon laser irradiation The TCM position tonifies Yang
and drives away cold and overall regulation. One Qihuang moxibustion point was placed on the Da vertebrae, life gate,
kidney Yu, Changgiang, danzhong, Guanyuan, foot Sanli, Sanyinjiao, Yongquan for 25 min once a day for 20 d. An
interval of 3-5 d was established before performing another course of treatment. A JH30C laser therapeutic instrument
was used with a wavelength of 632.8 mm, output power of 40mV, and spot diameter of 2 cm for the irradiation of
pressure pain points. In addition, the end of the He-Ne laser fiber was close to the patients’ Huanjiao, Lumbar Yangguan,
Kidney Yu, Vital Gate, Huizhong, Chengshan, and the key points for acupoint irradiation, and each acupoint was
irradiated for 5 min once a day for 20 d. Another course of treatment was administered every to 3-5 d.

Control group: Lumbar traction nursing mode. Lumbar traction is commonly non-surgical treatment used to treat
patients with lumbar disc herniation as a form of rehabilitation treatment, as well as lumbar spinal stenosis. This finding
is of great significance for the care of patients with lumbar traction. This study focuses on patient care using traction beds.
In patients undergoing lumbar traction, are usually placed in the supine or prone position, with the upper half of the
body for the corresponding fixed, fixed in the lower limbs of the affected limbs to perform the corresponding skin
traction, such as the application of a skin traction fixed band, fixed in the fixed band at the end of the fixed band, that is,
the corner of the bed position, placed in the corresponding weight.

Measure indicators

Assessment of the level of lower back pain: This study focused on the assessment of low back pain in patients using the
numerical rating scale (NRS), a commonly used pain rating scale that uses numbers from to 0-10 to represent different
levels of pain, with 0 indicating no pain and 10 indicating the most severe pain. Patients can choose an appropriate
number to represent their level of pain.

Functional assessment of lumbar movement: The assessment of lumbar range of motion mainly refers to the range of
motion of the lumbar region when performing movements such as forward flexion, backward extension, lateral bending,
and rotation. In this study, lumbar spine function was mainly assessed using the Japanese Orthopedic Association scores
(JOA) scoring standard[9]. The highest JOA score was 29, and the lowest was 0. A higher score indicated a better
functional status of the lumbar spine, and a lower score indicated more obvious dysfunction. The JOA is divided into 4
grades, with 25-29 as excellent, 16-24 as good, 10-15 as moderate; and < 10 as poor.

Clinical improvement in the patients: In a comparison of treatment efficiency between the two groups, based on the
disappearance of pain and recovery of motor function. Cases wherein pain completely disappeared, motor function
completely recovered as significantly effective, pain basically disappeared, or motor function basically recovered was
considered “effective". Whereas, cases where pain had not disappeared or was aggravated, motor function had not been
restored, or motor limitation was aggravated were considered “ineffective". The total effective rate of the treatment =
(significantly effective + effective)/total number of cases x 100%.

Satisfaction with care: In this study, nursing care satisfaction was formulated based on the content of daily nursing care
for lumbar diseases, and each question was rated using a 5-level scale, such as "very satisfied", "satisfied", "average",
"dissatisfied", and "very dissatisfied", with a total of 20 questions and a total score of 100, with the higher score repres-
enting a higher satisfaction of the patients and their families with the nursing care model.
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Table 1 Basic information about the study population

Control Observation tly? P value
Gender Male 32 34 1.53 0.097
Female 28 26
Aged 583 +6.7 BRI 25 7.8 1.64 0.061
Duration of illness (month) 6.5+33 7.0£25 1.21 0.075
Take care of oneself Yes 49 47 1.79 0.057
No 11 13 = -

Statistical analysis

A database was set up, and the data were entered using Epidata after double-checking. SPSS software (version 26.0) was
used to analyze the data. Count data were analyzed using the y? test. Measurement data were expressed as mean * SD.
The two groups before and after the intervention were compared using repeated-measures ANOVA, the two groups were
compared using the two independent samples -test, and the two groups within the groups were compared using the
least significant difference procedure. Statistical significance was set at P < 0.05.

RESULTS

Differences in patients' low back pain scores before and after treatment

Comparing and analyzing the pain levels of the two groups of patients before and after treatment, the results showed that
after clinical treatment and care, the NRS pain scores of the patients in the observation and control groups decreased, and
there was a significant difference in the pain scores between the observation and control groups (Table 2).

Assessment of lumbar spine motor function before and after patient treatment

Comparing and analyzing the lumbar spine motor function of the two groups of patients before and after treatment, the
results showed that after clinical treatment and care, the lumbar spine function of the patients in the observation and
control groups improved, and there was a significant difference in the lumbar spine motor ability between the
observation and control groups (Table 3).

Comparison of clinical outcomes after treatment between the two groups of patients

The clinical treatment efficiency of the two groups was analyzed and compared, and it was found that the clinical
treatment efficiency of the observation group was 95.5% and that of the control group was 81.67%, with a significant
difference between the two groups (P < 0.05) (Table 4).

Patient care satisfaction scores in both groups

The satisfaction scores of the two groups of patients for the nursing care model were collected, and the results showed
that the nursing care satisfaction scores of the two groups were above 90, and there was no significant difference between
the scores. Therefore, it was concluded that the nursing care model of three-voxel moxibustion combined with helium-
neon laser irradiation was better accepted by patients with lumbar radiculopathy spondylolisthesis (Table 5).

DISCUSSION

This study to explore the TCM combination of helium neon laser irradiation of nerve root lumbar disease nursing quality
and the impact of the improvement of clinical symptoms, using randomized controlled study analysis, the results showed
that compared to waist traction nursing, acupuncture combined laser irradiation significantly improved the clinical
symptoms of patients. Moreover, they also received satisfactory care. The treatment effectiveness rate in the observation
group was 95.5%, which was significantly higher than that in the control group (81.67%). Patient satisfaction with nursing
in both groups was higher than 90 points; however, the difference was not statistically significant.

Pain is a common symptom of a wide range of diseases and conditions, and has a significant impact on the quality of
life and health of patients. Therefore, selecting effective treatments to relieve pain is necessary[10]. The results of this
study showed that acupuncture and laser irradiation were effective in relieving pain and were superior to lumbar
traction. Acupuncture and laser irradiation may relieve pain by regulating the circulation of qi and blood in the body[11,
12], unblocking the meridians, and promoting inflammation. In addition, acupuncture and laser irradiation have the
advantages of ease of operation, safety, reliability, and few adverse effects. In a previous study of patients with low back
pain, acupuncture was found to be effective in reducing musculoskeletal pain and improving patients' quality of life. In
the present study, laser irradiation may have significantly enhanced the effects of acupuncture, and the combination of

Bisnideng>  VVJCC | https://www.wijgnet.com 2525 May 26,2024 | Volume12 | Issuel5 |



Ji XK et al. 3V moxi-laser enhances lumbar radiculopathy

Table 2 Differences in low back pain scores before and after patient treatment

NRS
H/t P value
Before After
Observation group 7.83 £0.55 1.74 £ 0.48a 19.891 0
Control group 7.65 £ 0.44 3.14+0.52a 14.214 0
H/pt -0.134 3.066 - -
P value 0.893 0.002 - -

2P < 0.05.
H: Kruskal-Wallis H test; NRS: Numerical rating scale.

Table 3 Differences in low back Japanese Orthopedic Association scores before and after patient treatment

Japanese Orthopedic Association scores

H/t P value
Before After
Observation group 6.73 £ 0.63 18.26 £ 0.61a 12.768 0
Control group 594 +0.23 14.23 + 0.42a 11.356 0
H/pt 0.789 7.875 = =
P value 453 0 = =

2P < 0.05.
H: Kruskal-Wallis H test.

Table 4 Comparative analysis of the clinical outcomes of the two groups of patients, n (%)

Group n Significantly effective Effective Ineffective Effective rate
Control group) 60 32 (53.3) 25 (41.67) 3 (0.05) 57 (95.5)
Observation group 60 23 (38.33) 26 (43.33) 11 (18.33) 49 (81.67)

¥ value - - - - 45.759

P value - - - - 0.000

Group Satisfaction scores

Observation 93.20+3.5

Control 91.90+2.5

t 4.421

P value 0.061

acupuncture and laser irradiation was more effective in clinically improving lumbar radiculopathy spondylolisthesis than
lumbar traction therapy.

In addition to the effective improvement of pain, in this study it was also found that the observation group showed
significant results in improving the lumbar spine function of the patients[13]. Compared to the control group, the
observation group showed significantly improved JOA scores within the same treatment period. Previous studies have
shown that acupuncture improves lumbar spine function, and laser irradiation has been widely used to treat muscle and
joint injuries. For example, Boyraz et al[14] applied laser acupuncture to treat patients with osteoarthritis; the results
showed that this treatment method significantly reduced the patients' pain scores, and its therapeutic effect achieved
significant results after 2 wk of treatment. Based on previous studies, it is believed that three-volt acupuncture combined
with helium-neon laser irradiation has fewer side effects and a shorter onset of action in the clinical treatment of radicu-
lopathy.
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Our study is the first to use a combination of triple-voltage acupuncture and helium-neon laser irradiation for the
treatment of radiculopathy and to achieve better clinical results. Our study has the following limitations. First, our study
used a randomized controlled study, but due to the strict selection criteria for the study population, we were unable to
include a large sample of cases, thus leading to impoverishment of the robustness of the results of our study; we need to
further include more study subjects in the future to carry out the study. The second limitation is that the laser irradiation
method we used was helium-neon laser irradiation, ignoring the effectiveness of other laser irradiation methods;
therefore, future comparisons with other laser irradiation treatments are needed to obtain the best therapeutic effect on
patients.

CONCLUSION

Lumbar radiculopathy spondylosis can significantly reduce the quality of life of patients and has a significant impact on
their lives and work. In this study, through the use of TCM combined with helium-neon laser irradiation, the pain scores
of the patients and function of their lumbar vertebrae improved significantly after treatment, and the study found that the
patients' clinical therapeutic efficacy and satisfaction with the nursing care were higher after receiving the treatment. Our
study provides a clinical rationale for the future treatment of patients with lumbar spine disease. However, further
extensive research is needed for validation.
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Abstract

BACKGROUND

Lobulated intracranial aneurysm is a special type of aneurysm with at least one
additional cyst in the neck or body of the aneurysm. Lobulated intracranial
aneurysm is a complex aneurysm with complex morphology and structure and
weak tumor wall, which is an independent risk factor for rupture and hemor-
rhage. Lobular aneurysms located in the anterior communicating artery complex
account for 36.9% of all intracranial lobular aneurysms. Due to its special
anatomical structure, both craniotomy and endovascular treatment are more
difficult. Compared with single-capsule aneurysms, craniotomy for lobular
intracranial aneurysms has a higher risk and complication rate.

AIM
To investigate the efficacy and safety of endovascular treatment for ruptured
lobulated anterior communicating artery aneurysm (ACoAA).

METHODS

Patients with ruptured lobulated ACoAA received endovascular treatment in
Sanming First Hospital Affiliated to Fujian Medical University from June 2020 to
June 2022 were retrospectively included. Their demographic, clinical and imaging
characteristics, endovascular treatment methods and follow-up results were
collected.

RESULTS

A total of 24 patients with ruptured lobulated ACoAA were included, including 9
males (37.5%) and 15 females (62.5%). Their age was 56.2 = 8.9 years old (range 39-
74). The time from rupture to endovascular treatment was 10.9 + 12.5 h. The
maximum diameter of the aneurysms was 5.1 £ 1.0 mm and neck width were 3.0 +
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0.7 mm. Nineteen patients (79.2%) were double-lobed and 5 (20.8%) were multilobed. Fisher's grade: Grade 2 in 16
cases (66.7%), grade 3 in 6 cases (25%), and grade 4 in 2 cases (8.3%). Hunt-Hess grade: Grade 0-2 in 5 cases (20.8%),
grade 3-5 in 19 cases (79.2%). Glasgow Coma Scale score: 9-12 in 14 cases (58.3%), 13-15 in 10 cases (41.7%).
Immediately postprocedural Raymond-Roy grade: grade 1 in 23 cases (95. 8%), grade 2 in 1 case (4.2%). Raymond-
Roy grade in imaging follow-up for 2 wk to 3 months: grade 1 in 23 cases (95.8%), grade 2 in 1 case (4.2%). Follow-
up for 2 to 12 months showed that 21 patients (87.5%) had good functional outcomes (modified Rankin Scale score
<2), and there were no deaths.

CONCLUSION
Endovascular treatment is a safe and effective treatment for ruptured lobulated AcoAA.

Key Words: Intracranial aneurysm; Anterior cerebral artery; Endovascular surgery; Embolism; Treatment outcome

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: For ruptured lobulated anterior communicating artery aneurysm, preoperative angiography was used to fully
evaluate the lobulated aneurysm, neck of the tumor and segment A and 1 vessels, to grasp reasonable operation timing, and
to minimize the use of multiple or simplified systems for endovascular treatment during the operation, which was conducive
to surgical safety and to reduce postoperative complications.

Citation: Huang SX, Ai XP, Kang ZH, Chen ZY, Li RM, Wu ZC, Zhu F. Endovascular treatment of ruptured lobulated anterior
communicating artery aneurysms: A retrospective study of 24 patients. World J Clin Cases 2024; 12(15): 2529-2541

URL: https://www.wjgnet.com/2307-8960/full/v12/i15/2529.htm

DOI: https://dx.doi.org/10.12998/wjcc.v12.115.2529

INTRODUCTION

Lobulated intracranial aneurysm is a special type of aneurysm with at least one additional cyst in the neck or body of the
aneurysm[1]. Lobulated intracranial aneurysm is a complex aneurysm with complex morphology and structure and weak
tumor wall, which is an independent risk factor for rupture and hemorrhage[2]. Lobular aneurysms located in the
anterior communicating artery complex account for 36.9% of all intracranial lobular aneurysms[3]. Due to its special
anatomical structure, both craniotomy and endovascular treatment are more difficult[4,5]. Compared with single-capsule
aneurysms, craniotomy for lobular intracranial aneurysms has a higher risk and complication rate[2]. This is because it is
difficult to ensure the complete occlusion of lobular aneurysms and the patency of the carrying artery, and more
operations on the surrounding brain tissue are required to expose aneurysms, and the placement of aneurysm clips is
more complicated. The prolonged use of fluorescein angiography and brain retractor during repeated operations will
prolong the operative time and increase the probability of intraoperative brain injury. In view of the above reasons, the
treatment of intracranial complex aneurysms has gradually shifted to intravascular therapy[6,7]. Cerebral infarction in the
anterior cerebral artery region secondary to vasospasm after anterior communicating aneurysm rupture is a potentially
significant adverse outcome[8]. We analyzed the safety and efficacy of ruptured anterior communicating artery aneurysm
(ACoAA) treated intravascular at the Department of Neurosurgery, Sanming First Hospital Affiliated to Fujian Medical
University.

MATERIALS AND METHODS

Patients with ruptured lobulated ACoAA who received endovascular therapy at the First Affiliated Sanming Hospital of
Fujian Medical University from June 2020 to June 2022 were retrospectively included. Inclusion criteria: (1) Subarachnoid
hemorrhage was confirmed by computed tomography (CT) examination; and (2) Lobed ACoAA was indicated by
conventional 320-slice CT angiography (CTA), which was confirmed by whole brain digital subtraction angiography
(DSA). The evaluation criteria were as follows: Aneurysms located in the anterior communicating artery complex of the
brain had > 1 additional aneurysm sac from the common aneurysm neck or tumor body. When the diameter of the
additional aneurysm sac was = 63% of the diameter of the largest aneurysm sac, it was lobed; otherwise, it was ascus|[1,9-
10]; (3) Receive endovascular therapy; (4) Postoperative clinical follow-up time > 3 months. Exclusion criteria: (1) Multiple
intracranial aneurysms; (2) Recurrence after previous intravascular therapy; (3) Other intracranial vascular diseases, such
as arteriovenous malformation, moyamoya disease, arteriovenous fistula, etc.; (4) No interventional treatment was
performed due to critical illness or combined with serious underlying diseases; and (5) Incomplete information. This
study was approved by the Ethics Committee of the First Affiliated Sanming Hospital of Fujian Medical University (Ming
Yilun2! 37).
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Data collection

Patients' age, sex, duration of rupture (i.e., onset of subarachnoid hemorrhage) to intravascular treatment, disease
assessment (Fisher scale, Hunt-Hess scale, Glasgow Coma Scale, GCS score, hydrocephalus), basic aneurysm character-
istics (maximum diameter, neck width, number of ascus), endovascular treatment (including extra- vascular drainage),
and follow-up results.

Endovascular therapy

Under general anesthesia, the right femoral artery was punctured by Seldinger technique, the 6F vascular sheath was
inserted, and the whole body was heparinized. The intracranial blood vessels were investigated in detail for spasticity,
arteriosclerosis, stenosis and collateral circulation compensation, and the location of the aneurysm and the carrier artery
were determined. The direction of ACoAA, the angulation of the neck and the carrier artery, the shape of the true and
lobulated tumors, and the vascular movement of the proximal aneurysms were mainly observed. The size of the neck and
the tumor were measured, and the appropriate working Angle was selected based on the criterion that the overall shape
of the aneurysm, the neck and the relationship between the neck and the carrier artery could be fully revealed. A long
sheath plus an intermediate catheter was routinely used to establish access, and an 8 F long sheath was inserted through
the 8 F artery sheath, and then an intermediate catheter was inserted through the long sheath to the C1 segment of the
internal carotid artery. For small lobulated aneurysms (maximum diameter <1 mm), a single microcatheter is guided into
the mother tumor under the guidance of a micro-guide wire, and the spring coil is simply used to embolize the mother
tumor according to the size of the tumor. In the process of embolization, when the spring ring overflows the bearing
artery or is combined with the absolute wide neck, the stent can be used to assist embolization. For large lobular
aneurysms, two microcatheters were guided by micro guides into each lobule, embolized with spring rings according to
the size of the lobule, and then closed the common neck. If a relatively wide neck or an absolutely wide neck is expected
to require stent-assisted treatment, the stent catheter is prepositioned to the distal end of the target vessel under the
guidance of a micro-guide wire, and then the embolized microcatheter is placed in the lobules with high probability of
rupture or the lobules with difficult placement through the stent mesh, and the aneurysm lobules are embolized one by
one by adjusting the embolized microcatheter when the stent is half-released. Or the stent is completely released, and the
pre-positioned embolization microcatheter embolizes one of the lobules, and then reshapes, perforates the stent mesh and
embolizes the remaining lobules. Simplify multiple system operations as much as possible. For patients who were
expected to require stent-assisted treatment during the operation, load dose dual therapy (aspirin 300 mg+ clopidogrel
300 mg) was administered 30 min before surgery. If emergency surgery was performed immediately after admission and
stent assistance was required, Tirofiban was injected intravenously (10 pg/kg load) + intravenous [(0.1 pg/ (kg min)] for
24 h, followed by dual antiplatelet therapy (aspirin 100 mg+ clopidogrel 75 mg), overlapping for 6 h. If acute thrombosis
occurs during the operation, Tirofiban arterial injection plus postoperative intravenous pumping should be given
immediately. In case of vasospasm, nimodipine 2 mg is administered slowly. All patients were treated with double
antiplatelet agents for 3 months after stent placement, and then adjusted according to the results of angiography review.
After the operation, conventional lumbar cisterna continuous drainage or lumbar puncture released bloody cerebrospinal
fluid, anti-cerebrovascular spasm, water and electrolyte balance maintenance, dehydration to reduce cranial pressure and
nutritional nerve and other symptomatic treatment.

Postoperative evaluation and imaging follow-up

The imaging results immediately after operation and during follow-up were evaluated according to Raymond-Roy
occlusion classification[11] to evaluate the degree of embolism: Grade 1, complete occlusion; Grade 2, residual neck;
Grade 3, residual tumor. The modified Rankin Scale (mRS) was used to evaluate the clinical outcome, and < 2 was
defined as good outcome.

Statistical analysis

SPSS 21.0 software was used for data processing. To conform to the normal distribution of measurement data to + SD,
comparison between the two groups use independent sample f-test; Measurement data with non-normal distribution
were presented as median and interquartile range, and comparison between the two groups was analyzed using the
Mann-Whitney U test. Count data were expressed as frequency and percentage, and comparison between groups was
analyzed using the chi-square test or Fisher's exact test. Two-sided P < 0. 05 was considered statistically significant.

RESULTS

Basic data

A total of 30 patients with ruptured lobulated ACoAA were treated during the study period. After excluding 3 patients
who gave up treatment, 1 patient who chose craniotomy and 2 patients who were lost to follow-up, 24 patients were
finally included in the analysis. There were 9 males (37.5%) and 15 females (62.5%). The average age was 56.2 + 8.9 years
(range 39-74 years). 19 cases (79.2%) were bilobed and 5 cases (20.8%) were poly lobulated. The clinical data of all patients
are summarized in Tables 1 and 2.

Treatment outcome
Endovascular treatment was successfully performed in all patients. In 1 patient, the parent artery thrombosis was found
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Table 1 Characteristics of patient with ruptured lobulated anterior communicating artery aneurysm

7 Maximum q
Time from . Glasgow Immediately .
diameter of ~ Neck .., Hunt- Imaging Follow-up

Case rupture to : Lobed  Fisher's Coma Methods of postprocedural _—

Age Sex the width Hess Hydrocephalus Complication  follow-up Raymond-

Number endovascular number grade Scale Treatment Raymond-Roy

aneurysms  (mm) grade method Roy grade
treatment (h) score grade
(mm)

1 39  Female 3 42 3 2 2 2 13 No Single 1 No CT 1
microcatheter angiography
embolization

2 42 Female 11 5.1 2.8 2 2 3 11 No Single 1 No CT 1
microcatheter angiography
embolization

3 63  Female 6 3.1 22 3 2 3 12 No Auxiliary support 1 No Digital 1
coil embolization subtraction

angiography

4 52 Male 7 58 41 2 2 3 12 No Auxiliary support 1 No Digital 1
coil embolization subtraction

angiography

5 43  Female 4 3.6 3.1 3 3 3 12 No Auxiliary support 1 No Digital 1
coil embolization subtraction

angiography

6 56  Female 6 3.7 2.7 2 3 4 11 No External 1 No CT 1
ventricular angiography
drainage; Double
microcatheter
embolization

7 71  Female 48 3.6 3 2 2 1 14 No Single 1 No CT 1
microcatheter angiography
embolization

8 48 Male 7 515) 3 3 2 2 13 No Double 1 No CT 1
microcatheter angiography
embolization

9 61  Female 5 51 29 2 2 2 15 No Double 1 No CT 1
microcatheter angiography
embolization

10 55  Female 7 5 2.6 2 2 3 13 No Double 1 No CT 1
microcatheter angiography
embolization

11 65  Female 7 8.1 53 3 4 4 9 Yes External 2 Arterial Digital 2
ventricular thrombosis subtraction
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drainage; angiography
Auxiliary support
coil embolization

12 58 Male 5 5%} 3 2 3 3 13 No Auxiliary support 1 No Digital 1
coil embolization subtraction
angiography
13 50  Female 10 4.6 2 2 2 3 13 No Double 1 No CT 1
microcatheter angiography
embolization
14 63  Female 26 51 21 2 2 3 13 No Double 1 No CT 1
microcatheter angiography
embolization
15 66 Male 6 5 32 2 4 4 9 Yes Double 1 Communicating CT 1
microcatheter hydrocephalus angiography
embolization
16 53 Male 8 6.1 39 2 3 3 12 No Auxiliary support 1 No Digital 1
coil embolization subtraction
angiography
17 74  Female 50 54 34 2 2 2 13 No Double 1 No CT 1
microcatheter angiography
embolization
18 61 Male 4 43 23 2 2 3 12 No Auxiliary support 1 No Digital 1
coil embolization subtraction
angiography
19 55 Male 5 5.7 3 2 3 3 12 No Double 1 No CT 1
microcatheter angiography
embolization
20 60  Female 5 5.7 38 3 2 3 12 No Double 1 No CT 1
microcatheter angiography
embolization
21 48  Female 8 54 25 2 2 3 13 No Auxiliary support 1 No Digital 1
coil embolization subtraction
angiography
22 53  Female 12 49 23 2 2 4 12 No Double 1 No CT 1
microcatheter angiography
embolization
23 63 Male 7 6.1 29 2 3 4 11 No Auxiliary support 1 No Digital 1
coil embolization subtraction
angiography
24 50 Male 6 515) 2.8 2 2 4 11 No Auxiliary support 1 No Digital 1
coil embolization subtraction
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by angiography after embolization of the aneurysm, and the blood flow was improved after intravenous infusion of
tirofiban, but there was still significant neurological deficit (mRS Score 4) after the operation. One patient developed
communicating hydrocephalus at 6 months follow-up, and the symptoms were improved after ventriculoperitoneal
shunt (mRS Score 3). Immediate postoperative Raymond-Roy classification: 23 cases (95.8%) were grade 1 and 1 case
(4.2%) was grade 2. Radiographic follow-up from 2 wk to 3 months showed that 23 cases (95.8%) were grade 1 and 1 case
(4.2%) was grade 2. At 2-12 months follow-up, 21 patients (87.5%) had good outcome (mRS Score < 2), 3 patients (12.5%)
had poor outcome (mRS Score > 2), and there was no death.

Typical case

Case 9, a 61-year-old female, was admitted to hospital with "sudden severe headache for 5 h". Physical examination:
lethargy, GCS score 15, bilateral pupil diameter 2.5 mm, sensitive light reflex, neck resistance, normal muscle strength
and muscle tone in extremities, bilateral Babinski sign negative, Hunt-Hess grade 2. Emergency CT showed subarachnoid
hemorrhage (Fisher grade 2), and CTA showed ACoAA. In the emergency department, endovascular treatment was
performed under general anesthesia. DSA showed that Al on the left side was divided into A2 on both sides, and
ACoAA was bilobed, with sizes of 5.1 mm x 5.0 mm and 4.2 mm X 4.0 mm, respectively, and tumor neck 2.9 mm.
Aneurysmal embolization was performed using dual microcatheter technique. Immediate postoperative angiography
showed that the aneurysm was completely embolized and both sides were smooth. No aneurysm recurrence was
observed in CTA reexamination 2 wk after surgery, and the patient recovered well and was completely asymptomatic at 3
months follow-up (Figure 1).

Case 5, a 43-year-old female, was admitted to hospital with "sudden severe headache for 4 h". Physical examination:
Drowsiness, GCS score 12 points, bilateral pupil diameter 2.5 mm, sensitive light reflex, obvious neck resistance, normal
muscle strength and muscle tone of extremities, bilateral Barbinsky sign negative, HuntHess grade 3. Subarachnoid
hematoma was found on emergency CT (Fisher grade 3) and ACoAA was found on CTA. In the emergency department,
endovascular treatment under general anesthesia was performed. DSA showed that Al on the left side was separated
from A2 on both sides, and ACoAA was tri-lobed, with sizes of 3.6 mm % 2.8 mm, 1.1 mm % 1.2 mm and 3.2 mm x 2.5
mm, respectively, and neck 3.1 mm. The stent assisted spring coil technique was used to embolize the aneurysm.
Immediately after surgery, the angiography showed that the aneurysm was completely embolized and the bilateral A2
was smooth. Intraoperative Tirofiban arterial injection + continuous intravenous pump injection for 24 h, followed by
dual antiplatelet therapy, overlapping for 6 h. Postoperative dual antiplatelet therapy lasted for 3 months. DSA review 3
months later did not show aneurysm recurrence, continue to take aspirin orally. At 12 months follow-up, the patient
recovered well with some dizziness (Figure 2).

DISCUSSION

In this research, we fully evaluate the lobulated aneurysm, neck and Al segment blood vessels, to grasp the reasonable
operation time, and to minimize the use of multiple or simplified systems for endovascular treatment during the
operation in order to ensure surgical safety and reduce postoperative complications.
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Table 2 Average information of patients, n (%)

Double-lobed patients Multilobed patients
Age 56.3+9.0 55.8+9.7
Sex 8 (42.1) 1 (20)
Time from rupture to endovascular treatment (h) 129+13.8 58+13
Maximum diameter of the aneurysms (mm) 50+£07 52£20
Neck width (mm) 29+05 35+1.2
Fisher's grade
Grade 2 13 (68.4) 3 (60)
Grade 3 5(26.3) 1 (20)
Grade 4 1(5.2) 1 (20)
Hunt-Hess grade
Grade 0-2 4(21.1) 1 (20)
Grade 3-5 15 (78.9) 4 (80)
Glasgow Coma Scale score 122+13 11.6+15
Hydrocephalus 1(5.2) 1 (20)
Methods of treatment
Single microcatheter embolization 3(15.8) 0 (0)
Double microcatheter embolization 8 (42.1) 2 (40)
Auxiliary support coil embolization 7 (36.8) 2 (40)
External ventricular drainage; Double microcatheter embolization 1(5.3) 0 (0)
External ventricular drainage; Auxiliary support coil embolization 0(0) 1 (20)
Immediately postprocedural Raymond-Roy grade
Grade 1 19 (100) 4 (80)
Grade 2 0(0) 1(20)
Complication
Arterial thrombosis 0 (0) 1 (20)
Communicating hydrocephalus 1(5.2) 0 (0)
Follow-up Raymond-Roy grade
Grade 1 19 (100) 4 (80)
Grade 2 0(0) 1 (20)

As for the formation mechanism of lobulated intracranial aneurysms, the vascular self-protective response hypothesis
suggests that in the weak part of the vascular wall of an aneurysm on the verge of rupture, it will bulge out like a balloon
to reduce the local stress and achieve temporary equilibrium, thus leading to the formation of daughter tumors[12]. When
the tumor continues to grow and exceeds a certain shape limit, this balance is disrupted, causing the aneurysm to
rupture. The rationality of this hypothesis was confirmed by the numerical simulation of hemodynamics of intracranial
lobular aneurysms conducted by researchers[13]. It can be seen that lobular aneurysms are formed on the basis of
expansion of the tumor wall, which is originally weaker than the normal blood vessel wall, and are therefore more prone
to rupture. Previous studies have shown that aneurysms located in anterior communicating artery, ruptured aneurysms,
small aneurysms and irregular aneurysms combined with daughter tumors are independent risk factors for rupture
during embolization of intracranial aneurysms[14-16]. Therefore, the endovascular treatment of ruptured lobulated
ACoAA is more difficult.

In terms of surgical timing, lobular rupture of AcoAA is an irregular aneurysm with thinner wall, which is prone to re-
rupture and bleeding. Therefore, etiological treatment should be carried out as soon as possible after medical treatment
such as blood pressure control, sedation and anti-vasospasm. All patients were given intravascular therapy within 3 d.
According to literature reports, the probability of rebleeding within the first 3 d after intracranial aneurysm rupture and
hemorrhage is 14%, and cerebral vasospasm may occur after 3 d. Therefore, "3H" therapy can be started as soon as
possible after endovascular treatment of aneurysms, which has a positive effect on the prevention and treatment of
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Figure 1 Imaging data of endovascular treatment of typical double-lobed anterior communicating artery aneurysms. A-D: Double-lobed
anterior communicating artery aneurysms, the lobes were similar in size to the mother aneurysm and were not on the same long axis (arrows); E-I: Double
microcatheters were placed at different working angles to different lobes, and each lobe was embolized alternately in the double microtubes (arrows); J and K: After
embolization, the aneurysm was not visualized and bilateral A2 was unobstructed (arrows).

cerebral vasospasm[17]. In this group of cases, there was no adverse outcome caused by aneurysm re-rupture and
hemorrhage and severe cerebral vasospasm.

In the interventional treatment of ruptured lobulated AcoAA, the embolization system often requires better support in
path establishment because the aneurysm is located at a distant part of the anterior circulation, and some cases are
complicated with aortic arch variation, arteriosclerosis or stenosis and tortuosity, resulting in difficulties in the placement
of the access catheter. In this group of patients, all use long sheath + intermediate catheter to establish access. Long sheath
can provide reliable support, and the distal end of the intermediate catheter is soft, which can reach a further position.
The geometric shape and many anatomic variations of anterior cerebral artery Al will affect the therapeutic effect of
interventional surgery, and the dysplasia of segment Al is an independent predictor of poor functional outcome after
ACoAA endovascular therapy[18-20]. In this group, 22 cases were missing anterior cerebral artery A 1 segment on one
side, and anterior cerebral artery A 1 segment on the other side was separated from bilateral A 2. Bilateral A1 was present
in only 2 cases, but the bilateral A2 was asymmetrical, with one side being thinner. Once vasospasm was combined (4
cases in this group were combined with vasospasm of stage A 1, of which 1 did not improve after continuous nimodipine
pumping treatment), multiple systems often could not be successfully put in place, or even could not accommodate
multiple systems. In addition, when multiple systems are used, on the one hand, blood vessels may be stimulated and
spasm may be aggravated, and prolonged surgical operation may affect distal blood flow; On the other hand, the
interference of multiple systems can increase the difficulty and risk of surgery. Therefore, according to the number, size,
shape, tip orientation and neck width of aneurysm lobes, this group of patients did not use multiple systems or simplified
systems to perform operations, and the postoperative functional outcome rate was as high as 87.5%.

3%9(@ WJCC | https://www.wjgnet.com 2536 May 26,2024 | Volume12 | Issuel5 |



Huang SX et al. Endovascular treatment of ruptured lobulated ACoAA

Figure 2 Imaging data of endovascular treatment of typical anterior communicating artery trilobular aneurysms. A-C: Anterior communicating
artery trilobular aneurysms (arrows); D: First embolization of the posterior lobe, completely release the stent, embolization of the microcatheter through the stent
mesh to the forward lobe, and continue to embolization of the aneurysm (arrow); E-F: Complete embolization of the aneurysm, bilateral A2 patency (arrows).

In this group of cases, when the ACoAA was accompanied by a daughter tumor on the top of the same long axis as the
mother tumor, such as the daughter tumor <1 mm (Figure 3), a single microcatheter was used to place in the mother
tumor under the guidance of the guide wire, and the tension should be released at all times during the operation. The
daughter tumor was generally the location of the aneurysm rupture, and the guide wire should not be touched. It is not
necessary to deliberately plug the tumor during the filling process. If one or two spring rings are attached to the tumor, it
is best, but the mother tumor and tumor neck must be packed tightly, and the tumor should not be visible during
angiography. If the daughter tumor is larger than 1 mm (Figure 4), the embolization is performed using a single or double
embolized microcatheter, but the microcatheter must reach the neck of the daughter tumor or enter the daughter tumor
body under the guidance of a guide wire. A spring coil adapted to the size of the daughter tumor is selected for
embolization. When the microcatheter placed in the daughter tumor retreated to the mother tumor due to "kicking tube",
the mother tumor was further filled with dense.

Although researchers[21] have reported the feasibility and safety of embolizing a variety of intracranial complex
lobular ruptured aneurysms with a single microcatheter partition basket technique, the shaping of the microcatheter head
is required to be accurate, and the switching position between each lobular aneurysm must be in place. Failure to meet
the above requirements is likely to lead to surgical failure. Other researchers[22] have used double microcatheter
technology to treat lobular aneurysms and achieved reliable efficacy. By reducing the utilization rate of stents, the use of
postoperative dual antiplatelet drugs has been reduced, thus reducing the risk of rebleeding. In this group of cases, when
the lobule and the mother tumor were similar in size and not in the same long axis (Figure 1), since the direction of each
lobule could not complete the operation at the same working Angle, the double microcatheter was placed in place in
different lobules under different working angles, and each lobule was alternately embolized in the double microtubule,
and the embolization sequence was flexibly applied. When the embolization reached the common neck of the tumor
between lobules, Due to the mutual winding and lateral extrusion between the spring rings, the stability of the spring
rings can be achieved even in the relatively wide neck, and the use of the support is reduced. When the double-lobular
(Figure 5) and triple-lobular (Figure 2) aneurysms needed stent assistance for embolization due to their wide neck, the
stent catheter was placed at a distance of A2 under the guidance of the micro-guide wire. The embolized microcatheter
was shaped according to the aneurysm loaves, guided by the micro-guide wire to one of the loaves, and the spring coil
was released several times under the semi-release state of the stent. Then the stent is released completely, another
embolization microcatheter is inserted through the stent mesh, and the lobules pointing forward are further filled, and
finally the aneurysm is completely embolized. When using this technique, it is necessary to consider which lobe of the
microcatheter is placed first. Progressive neurological impairment and limb weakness at stroke onset are independent
predictors of very early death in patients with nontraumatic subarachnoid hemorrhage. These results further emphasize
the need to establish early etiological diagnosis and active management of these patients, including early surgery in
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Figure 3 Imaging data of single microcatheter embolization of anterior communicating aneurysm. A: The top of the anterior communicating
aneurysm was accompanied by a subaneurysm (less than 1mm), which was on the same long axis as the mother aneurysm (arrow); B-D: Single microcatheter
embolization of the aneurysm, without deliberately treating the subaneurysm, after dense embolization, the aneurysm did not develop, and bilateral A2 was
unobstructed (arrows).

Figure 4 Imaging data of communicating artery aneurysms before embolization with double microcatheter. A: The top of anterior
communicating aneurysm is accompanied by A daughter tumor (larger than 1 mm), and the daughter tumor and the mother tumor are on the same long axis (arrow);
B: Double microcatheter embolization of aneurysm, alternate filling of daughter tumor and mother tumor (arrow); C and D: Dense embolization, the aneurysm did not
develop, and bilateral A2 was patency (arrows).

selected cases[23]. Our experience has been to put in place lobules with a high probability of rupture, such as special
morphologic or combined daughter tumors; if it is difficult to determine which lobe is more likely to rupture, select a lobe
that is not easy to get through the stent mesh in place.

Limitations of this study

The main limitation of this study is that the sample size is small and the retrospective analysis is difficult to avoid
selection bias. In particular, there were no large aneurysms (diameter > 10 mm but < 25 mm) or large aneurysms
(diameter > 25 mm) in this group of patients, so whether this concept is safe and effective for intravascular therapy needs
further study.

Prospect
In our further experiments, we would include more patient cases and large aneurysms patients in our experiments to

verify our present results. And more experiment on the onset mechanism and basic theories would contributes to the
understanding of ACoAA.

CONCLUSION

In summary, for ruptured lobulated ACoAA, preoperative angiography was used to fully evaluate the lobulated
aneurysm, neck of the tumor and segment A and 1 vessel, to grasp reasonable operation timing, and to minimize the use
of multiple or simplified systems for endovascular treatment during the operation, which was conducive to surgical
safety and to reduce postoperative complications.
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Figure 5 Imaging data of communicating artery aneurysm before stent assisted embolization. A: Anterior communicating double-lobular aneurysm
with A1 segment spasm (arrow); B: Segment A1 spasm improved after continuous nimodipine pumping treatment (arrow); C: In the semi-release state of the support,
release the spring ring several times in the pointing down lobe (arrow); D-F: Completely released the stent, embolized the microcatheter through the stent mesh into
the other lobe, the double microcatheter alternately into the spring coil (arrows); G: After the completion of embolization, the aneurysm did not develop and bilateral
A2 was unobstructed (arrow).
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Abstract

BACKGROUND

The number of patients undergoing solid organ transplantation has increased
annually. However, infections in solid organ transplant recipients can have a
severe effect on patient survival owing to the continued use of immunosup-
pressants. Carrimycin is a novel macrolide antibiotic produced by genetically
engineered streptomyces spiramyceticus harboring a 4"’-O-isovaleryltransferase
gene (ist) from streptomyces thermotoleran. Carrimycin has good antibacterial
and antiviral effects. However, no relevant studies have been conducted on the
efficacy and safety of carrimycin in patients with severe pneumonia (SP) after
solid organ transplantation.

AIM
To explore the efficacy and safety of carrimycin in patients with SP after solid
organ transplantation to provide a medication reference for clinical treatment.

METHODS

In March 2022, ten patients with SP following solid-organ transplantation were
treated at our hospital between January 2021 and March 2022. When the condition
was critical and difficult to control with other drugs, carrimycin was admi-
nistered. These ten patients' clinical features and treatment protocols were
retrospectively analyzed, and the efficacy and safety of carrimycin for treating SP
following solid organ transplantation were evaluated.

RESULTS

All ten patients were included in the analysis. Regarding etiological agent
detection, there were three cases of fungal pneumonia, two cases of bacterial
pneumonia, two cases of Pneumocystis pneumonia, and three cases of mixed
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infections. After treatment with carrimycin, the disease in seven patients significantly improved, the course of the
disease was significantly shortened, fever was quickly controlled, chest computed tomography was significantly
improved, and oxygenation was significantly improved. Finally, the patients were discharged after curing. One
patient died of acute respiratory distress syndrome, and two patients discontinued treatment.

CONCLUSION
Carrimycin is a safe and effective treatment modality for SP following solid organ transplantation. Carrimycin may
have antibacterial and antiviral effects in patients with SP following solid organ transplantation.

Key Words: Carrimycin; Organ transplantation; Severe pneumonia; Immunosuppressant; Infection; Antiviral drugs
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Core Tip: In this study, the clinical features and treatment projects of 10 cases of severe pneumonia (SP) after solid organ
transplantation were retrospectively analyzed. It was conformed that carrimycin is a safe and effective modality in the
treatment of SP after solid organ transplantation.
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INTRODUCTION

The number of patients undergoing solid-organ transplantation (SOT) is increasing. Post-operative complications can
severely affect patient survival[1]. Among these, pneumonia is a frequent infectious complication of SOT. It is considered
the chief cause of morbidity and mortality in renal allograft recipients due to the continued use of immunosuppressants
[2,3]. Pneumonia can lead to acute respiratory distress syndrome (ARDS)[4], with an occurrence rate ranging from 0.2% to
4.3%[5,6] and a mortality rate of 22.5%-67%[7-11]. The mortality rate has been reported to be nearly 100% in patients on
ventilation[12]. However, the curative effect of conventional drugs is often poor and seriously puzzling for clinicians.

Carrimycin is a novel macrolide antibiotic produced by genetically engineered streptomyces spiramyceticus harboring
a 4”-O-isovaleryltransferase gene (ist) from streptomyces thermotolerans. Carrimycin is a broad-spectrum antibacterial
agent and is effective against Gram-positive cocci, -lactamase-producing bacteria, Mycoplasma, and Chlamydia, as well as
some Gram-negative bacilli and fungi. Additionally, it has been reported that carrimycin can be used to treat Coronavirus
disease 2019 (COVID-19) with good therapeutic effect[13]. Previous studies have verified the antitumor effects of
carrimycin in vitro and in vivo[14].

However, no relevant studies have been conducted on the efficacy of carrimycin in patients with post-SOT infections.
In this study, we investigated the efficacy and safety of carrimycin in SOT recipients in vitro and in vivo for the first time
between January 2021 and March 2022; 10 patients with severe pneumonia (SP) following SOT were treated at our
hospital. When the condition was critical and difficult to control with other drugs, carrimycin was administered. Through
a retrospective analysis and summary of the clinical data of these patients, this study preliminarily discusses the efficacy
and safety of carrimycin for treating SP following SOT to provide a medication reference for clinical treatment.

MATERIALS AND METHODS

Clinical characteristics
Among the ten patients, there were six males and four females, aged 27-63 years, all of whom underwent transplantation
for the first time, including nine renal transplant recipients and one liver transplant recipient (Table 1).

Diagnostic criteria of SP after SOT

In this study, the diagnostic criteria of SP following SOT were based on the American Thoracic Society criteria and
slightly adjusted in combination with the characteristics of SOT[15]: (1) Long-term application of immunosuppressants
after SOT; (2) clinical symptoms of persistent fever, cough and progressive dyspnea; (3) an aspiratory rate > 30 per min;
(4) an arterial oxygen partial pressure/oxygen inspiratory fraction (PaO,/FiO,) ratio < 250; and (5) chest film pneumonia
showed and rapidly expanded by more than 50% in a short time. Diagnostic criteria of ARDS[16]: (1) Timing: Acute
onset; (2) oxygenation: PaO,/FiO, < 200 mmHg regardless of positive end-expiratory pressure; (3) chest radiograph:
Bilateral infiltrates seen on frontal chest radiograph; and (4) airway pressure: < 18 mm Hg when measured or no clinical
evidence of left atrial hypertension.
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Table 1 Clinical characteristics of 10 patients with severe pneumonia after solid organ transplantation

Recipient Gender Age Type of transplanted organ Transplant time
1 Male 46 Renal transplantation 27d

2 Male 63 Renal transplantation 5 months
3 Female 34 Renal transplantation 13 months
4 Male 55 Liver transplantation 7d

5 Male 56 Renal transplantation 4 months
6 Female 27 Renal transplantation 5 months
7 Female 55 Renal transplantation 3 months
8 Male 60 Renal transplantation 16 yr

9 Male 27 Renal transplantation 4 months
10 Female 40 Renal transplantation 7yr

Immunosuppressive regimens

Eight patients (excluding cases 4 and 8), were treated with basiliximab or anti-thymocyte globulin for immunity
induction therapy. Methylprednisolone (1000 mg) was administered intravenously during surgery, and methylpred-
nisolone (500 mg/d) was administered intravenously for two consecutive d after transplantation. Methylprednisolone
tablets were administered orally at 0.8 mg/kgd on the fourth day after transplantation, decreasing by 4 mg per d to 16
mg/d and then by 4 mg per wk to 4 mg/d. After transplantation, except in case 8, cyclosporine + mycophenolate mofetil
+ methylprednisolone was administered; in the other 9 cases, tacrolimus + mycophenolate mofetil + methylprednisolone
was administered. The blood tacrolimus and cyclosporine concentrations were maintained at 5-10 ng/mL, and the
concentration of cyclosporine was maintained at 100-150 ng/mL. The dosage of mycophenolate mofetil used was 1000-
1500 mg/d.

The time and clinical characteristics of infection

According to Rubinl's "infection schedule" stage[17], the time distribution of SP cases in this group is 2 cases (20%, 2/10)
in the first month after surgery, 5 cases (50%, 5/10) in 2-6 months, and 3 cases (30%, 3/10) after 6 months. Clinical
features: (1) Most patients have a regular temperature, but some present low or high fever. Fever was evident in the
morning. The onset of fever is often delayed by 1-2 h daily. After sweating, the fever resolved. A few patients showed
massive sweating, but their body temperatures were normal. When they developed a high fever, it was mostly persistent;
and (2) there may be no obvious dyspnea symptoms in the early stage, followed by chest tightness, suffocation,
accelerated heart rate, and other symptoms that worsen after activity, with or without coughing. No sputum was detected
in the early or middle stages, and blood gas analysis indicated severe hypoxemia; (3) this disease progresses rapidly.
After the symptoms of dyspnea and hypoxia, the disease progresses rapidly. Although noninvasive or invasive
ventilation is used, some patients die from respiratory failure; and (4) it is often accompanied by multiple-organ
dysfunction syndrome (MODS).

Treatment protocols

According to our center's experience, we summarized the "five early" scheme for treating pulmonary infection after SOT.
(1) Early discontinuation of immunosuppressants. Immunosuppressants were discontinued immediately after the patient
experienced symptoms of hypoxia. During this period, rejection generally does not occur due to patients' excessive
immunosuppressive state; (2) early use of glucocorticoids. Glucocorticoids have anti-inflammatory and anti-rejection
effects. The dose and frequency of methylprednisolone administration were determined based on the patient's body
temperature. The dose was 40-80 mg every 12 h in the early stages. After the body temperature normalized for 3 d,
methylprednisolone was gradually reduced to 40 mg qd and then changed to oral methylprednisolone tablets for
maintenance; (3) early use of human immunoglobulin. The dosage of human immunoglobulin is 0.5 g/ (kg/d), which is
usually treated for 3-5 d. The course of treatment and dosage should be adjusted according to the patient’s situation; (4)
early combined use of multiple drugs. It can be seen from the ten patients in this study that before the pathogen is
determined, the treatment needs to include gram-positive bacteria, gram-negative bacteria, fungi, viruses, and Pneumo-
cystis yersiniae. After identifying the pathogen, select the appropriate anti-infective drugs according to the pathogen
(Table 2); and (5) early use of noninvasive ventilation. For patients with hypoxemia on blood gas analysis, the early use of
non-invasive ventilation is conducive to reducing respiratory muscle fatigue, improving ventilation function, reducing
lung injury, and reducing oxygen consumption. Delayed treatment may aggravate the patient's disease and lead to the
use of invasive ventilation, resulting in complications such as ventilator-associated pneumonia. In addition, attention
should be paid to increasing the patients' nutrition and treating hypoproteinemia, which is conducive to maintaining
blood pressure stability and improving immunity. For those who had used the above measures and were still worsening,
carrimycin was used for treatment. The dose of carrimycin was 400 mg orally on the first day and 200 mg orally every d
for seven d.
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Table 2 Treatment protocols of 10 patients with severe pneumonia after solid organ transplantation

Recipient Treatment protocols

1 Carrimycin + Vancocin + Levofloxacin
2 Carrimycin + Amphotericin B
3 Carrimycin + Caspofungin + Trimethoprim-sulfamethoxazole
4 Carrimycin + Meropenem + Linezolid + Caspofungin
5 Carrimycin + Ganciclovir + Moxifloxacin + Trimethoprim-sulfamethoxazole + Peramivir
6 Carrimycin + Caspofungin + Piperacillin sodium and tazobactam sodium + Imipenem + Trimethoprim-sulfamethoxazole
7 Carrimycin + Meropenem + Azithromycin + Caspofungin
8 Carrimycin + Moxifloxacin + Ganciclovir + Peramivir + Imipenem + Piperacillin sodium and tazobactam sodium + Tigecycline + Linezolid +
Fluconazole
9 Carrimycin + Caspofungin + Trimethoprim-sulfamethoxazole + Imipenem + Moxifloxacin
10 Carrimycin + Imipenem + Ganciclovir + Voriconazole
RESULTS
Pathogens

There were three cases of fungal pneumonia, two cases of bacterial pneumonia, two cases of pneumocystis pneumonia,
and three cases with mixed infections (Table 3).

After treatment with carrimycin, the disease in seven patients significantly improved, the course of disease was
significantly shortened, fever was quickly controlled, chest computed tomography was significantly improved (Figure 1),
and oxygenation was significantly improved. Finally, all anti-infective drugs were gradually discontinued, and the

patients were discharged after treatment. One patient died from ARDS, and two patients discontinued treatment
(Table 4).

DISCUSSION

After transplantation, patients require immunosuppressants for anti-rejection therapy. Immunosuppressants include
cyclosporine, tacrolimus, prednisone, and mycophenolate mofetil, which can prevent rejection by inhibiting cellular and
humoral immunity; however, long-term use of immunosuppressants weakens the immunity of patients. Compared to the
general population, infections in SOT recipients are far more complicated and prone to opportunistic infections, mixed
infections, rare bacterial infections, and severe infections, making diagnosis more difficult. Delayed diagnosis leads to
delayed treatment and poor prognosis[18,19].

Pneumonia is a major threat in renal allograft recipients[20]. According to various studies, pneumonia rates range from
4.5% to 20%[21-28], and pneumonia accounts for 8%-70.3% of all infectious complications[29-32] following kidney
transplantation. SP can lead to cellular immune disorders and pro- and anti-inflammatory cytokine imbalances[33]. SP is
characterized by occult onset, rapid progress, difficulty in identifying pathogens, and poor treatment effects, and can
develop into respiratory failure and even systemic failure in a short time. SP easily develops into ARDS, which is the
most direct cause of death in patients with pulmonary infection after renal transplantation[34]. Bacteria are the most
common pathogens causing infections after SOT, particularly in the early post-transplantation period[35,36]. In addition
to bacterial infections, many other pathogens, such as viruses, fungi, Mycoplasma, and Pneumocystis jirovecii, can also cause
pneumonia. With the application of next generation sequencing technology, bronchoalveolar lavage, and other techno-
logies, the technology for identifying pathogens is improving; however, some patients are still unable to identify
pathogens in a short time, resulting in disease progression and even death.

In terms of treatment, we generally use high-efficiency broad-spectrum antibiotics after admission, combined with
antiviral, anti-Pneumocystis yersinia, and antifungal drugs. However, multiple previous hospitalizations, invasive
interventions, and prior antibiotic use make SOT recipients susceptible to colonization by nosocomial and antibiotic-
resistant pathogens, including Methicillin-resistant Staphylococcus aureus, vancomycin-resistant Enterococcus, and resistant
gram-negative bacilli[37-39]. Patients with SP often exhibit anorexia, and the body is in a highly decomposed state,
resulting in malnutrition and a further reduction in immune function. Therefore, conventional drugs typically have poor
efficacy. When patients are infected, many inflammatory mediators and cytokines released during the inflammatory
reaction cause acute lung injury, which can cause ARDS and even lead to systemic inflammatory response syndrome and
MODSJ[40]. Although various treatment measures have been adopted, the condition of some patients cannot be effectively
controlled. Therefore, there is an urgent need to identify drugs with good antibacterial activity and low biotoxicity.

Carrimycin is a new class I drug developed by the Institute of Pharmaceutical Biotechnology of the Chinese Academy
of Medical Sciences. Shenyang Tonglian Group Co., Ltd. Carrimycin was approved for listing in June 2019. It is a new
drug with independent intellectual property rights in China. Carrimycin is a genetically engineered drug developed
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Table 3 Pathogens of 10 patients with severe pneumonia after solid organ

Recipients Pathogens

1 Legionnella + Corynebacterium striatum
2 Mucor

3 Pneumocystis jirovecii

4 Baumanii + Staphylococcus epidermidis

5 Pneumocystis jirovecii + Cytomegalovirus
6 Pneumocystis jirovecii

7 Haemophilus parainfluenzae + Mycoplasma
8 Acinetobacter + Coronavirus

9 Acinetobacter

10 Aspergillus

Figure 1 Chest computed tomography images before and after treatment with carrimycin. A: Chest computed tomography (CT) images before
treatment with carrimycin; B: Chest CT images after treatment with carrimycin.

using synthetic biological technology and belongs to the macrolide class of antibiotics. The main components of
carrimycin were isovalerylspiramyecin III, II, and I (Figure 2), with minor components consisting of butyrylspiramycin III,
propionylspiramycin III, acetylspiramycin III, butyrylspiramycin II, propionylspiramycin I, acetylspiramycin II[41-44].
Compared with acylspiramycin, the longer alkyl chains at position 4" render carrimycin increased antibacterial potency,
especially in vivo, because of its higher lipophilicity[45,46].

The China Food and Drug Administration approved carrimycin for the treatment of acute tracheal bronchitis caused
by Haemophilus influenzae, Streptococcus pneumoniae and acute sinusitis caused by Streptococcus pneumoniae, Haemophilus
influenzae, Streptococcus pyogenes, Moraxella catarrhalis, and Staphylococcus. Carrimycin can inhibit bacterial protein
synthesis by blocking the activity of peptidyl transferase in the 50s ribosome, which can directly inhibit bacterial growth.
Carrimycin can combine with peroxide-scavenging enzymes to induce peroxide and destroy biological macromolecules
such as DNA to achieve sterilization (Table 5). In vivo, carrimycin can promote neutrophils to migrate to inflammatory
sites to destroy and phagocytize bacteria and damaged cells and enhance the phagocytosis of macrophages to regulate
immunity and enhance resistance. In addition, capreomycin also plays a certain role in inhibiting inflammation and
improving inflammation and edema of important organs such as the heart and lungs. A pharmacokinetic study of
carrimycin confirmed that its half-life was longer than that of spiramycin, and some metabolites of carrimycin maintained
antibacterial activity. The tissue permeability of carrimycin is enhanced, and it has a marked post-antibiotic effect!].
Carrimycin has broad prospects in clinical applications, but there has been no research on the application of carrimycin in
SP following SOT.

Based on our previous observations, we found that the use of carrimycin in patients with low immune function often
achieved unexpected results. The specific mechanism is unclear, which may be related to clindamycin improving T
lymphocyte function and repairing immune damage. Therefore, we administered carrimycin to patients receiving long-
term oral immunosuppressants after organ transplantation. The ten patients in this study were treated with carrimycin
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Table 4 Outcomes of 10 patients with severe pneumonia after solid organ transplantation

Recipient Outcome of transplants Clinical outcomes

1 Remove Abandoning treatment
2 Normal Cure

3 Normal Death

4 Normal Cure

5 Normal Cure

6 Normal Abandoning treatment
7 Normal Cure

8 Normal Cure

9 Normal Cure

10 Normal Cure

Pathogens Antimicrobial spectrum

Gram-positive Streptococcus pneumoniae, Streptococcus pyogenes, Streptococcus agalactiae, Streptococcus digestae, Other Streptococcus, Staphylococcus
bacterium aureus, Legionella pneumophila

Gram-negative Haemophilus influenzae, Moraxella catarrh, Neisseria gonorrhoeae

bacterium

Anaerobe Digestococcus, Bacteroid, Clostridium, Prevotella, Propionibacterium

Atypical pathogens Mycoplasma pneumoniae, Ureaplasma urealyticum, Chlamydia trachomatis, Chlamydia pneumonia

Figure 2 Molecular structure of three main components of carrimycin. Isovaleryl spiramycin I: R = H, molecular formula: C48H82N2015, molecular
weight: 926; Isovaleryl spiramycin II: R = COCH3, molecular formula: C50H84N2016, molecular weight: 968; Isovaleryl spiramycin Ill: R = COCH2COCHS3, molecular
formula: C51H86N2016, molecular weight: 982.

following poor response to other drugs. Carrimycin treatment was found to be effective. It is speculated that this is
related to the direct bactericidal and bacteriostatic effects of carrimycin, which may also be related to the effects of
carrimycin in improving immune function and repairing tissue damage. Our center will further study the specific
mechanisms of action of carrimycin in improving the immune function of patients.

In addition, among the ten patients treated with carrimycin, case 5 was complicated by cytomegalovirus infection, and
case 8 was complicated by coronavirus infection. After treatment with carrimycin, these patients showed positive effects,
suggesting that carrimycin may have antiviral effects. Our results are consistent with those of previous studies, which
have found that the main active component of carrimycin strongly binds the angiotensin-converting enzyme type 2
receptor protein and can also bind to the 3-chymotrypsin-like protease binding site; therefore, it has great potential value
and unique therapeutic advantages in anti-Severe acute respiratory syndrome coronavirus 2 infection[13]. However,
further studies are required to confirm the antiviral effects of carrimycin.

This study has some limitations. As our study had only a comparatively small number of samples from a single center,
more studies need to verify the general applicability of our research conclusions. In addition, more research is needed on
the timing, course of treatment, and antibacterial spectrum of carrimycin for treating pulmonary infections in SOT
recipients. Our center will continue to collect clinical data on carrimycin in treating SP in SOT recipients to make a more
reliable evidence-based evaluation of its efficacy and safety and provide new medication options for treating SP in SOT
recipients.
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CONCLUSION

This study found that carrimycin is safe and effective for treating SP in SOT recipients. Because carrimycin is a newly
developed drug in China, many current experimental studies are based on basic and animal trials. The efficacy and safety
of carrimycin in clinical treatment require further confirmation of clinical data.
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Abstract

BACKGROUND

Uterine fibroids are benign tumors that originate from smooth muscle cells of the
uterus. It is the most common gynecological disorder, affecting up to 80% of
women of reproductive age. Uterine fibroids can cause various symptoms such as
abnormal uterine bleeding, pelvic pain, infertility, and pregnancy complications.
The treatment options for uterine fibroids include medical therapy, surgical inter-
vention, and minimally invasive techniques.

AIM
To compare ovarian function of women with uterine fibroids who did or did not
undergo uterine artery embolization (UAE).

METHODS

This prospective cohort study enrolled 87 women with symptomatic uterine fib-
roids who underwent UAE, and 87 women with the same symptoms who did not
undergo UAE but received conservative management or other treatments. The
two groups were matched for age, body mass index, parity, and baseline charac-
teristics of uterine fibroids. The primary outcome was ovarian function that was
evaluated by serum levels of follicle-stimulating hormone (FSH), luteinizing
hormone (LH), estradiol (E2), and anti-Miillerian hormone (AMH), as well as
ovarian reserve tests, such as antral follicle count (AFC) and ovarian volume (OV).
The secondary outcome was fertility that was evaluated based on the menstrual
cycle, ovulation, conception, pregnancy, and delivery. The participants were
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followed-up for 36 months and assessed at 1, 3, 6, 12, 24, and 36 months after treatment.

RESULTS

The study found that the most common minor complication of UAE was postembolization syndrome in 73.6% of
women, resolving within a week. No significant differences were observed between the UAE group and the control
group in serum levels of reproductive hormones (FSH, LH, E2, AMH) and ovarian reserve indicators (AFC, OV) at
any point up to 36 months post-treatment. Additionally, there were no significant differences in conception,
pregnancy, or delivery rates, with the average time to conception and gestational age at delivery being similar
between the two groups. Birth weights were also comparable. Finally, there was no significant correlation between
ovarian function, fertility indicators, and the type or amount of embolic agent used or the change in fibroids post-
treatment.

CONCLUSION
UAE resulted in significantly positive pregnancy outcomes, no adverse events post-treatment, and is a safe and
effective treatment for uterine fibroids that preserves ovarian function and fertility.

Key Words: Uterine fibroids; Uterine artery embolization; Ovarian function; Fertility; Pregnancy outcome; Embolic agent

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Uterine fibroids are benign tumors affecting 80% of women and are treated by medical or surgical intervention. We
compared ovarian function of women with uterine fibroids who did or did not undergo uterine artery embolization (UAE).
The primary outcome was ovarian function, while the secondary outcome was fertility. There were no significant differences
between the two groups in terms of the primary and secondary endpoints at any time-point during the follow-up period. UAE
resulted in significantly positive pregnancy outcomes, no adverse events post-treatment, and is a safe and effective treatment
for uterine fibroids that preserves ovarian function and fertility.
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INTRODUCTION

Uterine fibroids are benign tumors that originate from smooth muscle cells of the uterus. It is the most common gyneco-
logical disorder, affecting up to 80% of women of reproductive age[1]. Uterine fibroids can cause various symptoms such
as abnormal uterine bleeding, pelvic pain, infertility, and pregnancy complications. The treatment options for uterine
fibroids include medical therapy, surgical intervention, and minimally invasive techniques[2]. Medical therapies, such as
hormonal agents, nonsteroidal anti-inflammatory drugs, and selective progesterone receptor modulators, can reduce the
bleeding and pain associated with uterine fibroids, but have limited effects on the size of the fibroids and may cause side
effects, such as weight gain, mood changes, and bone loss. Surgical interventions, such as myomectomy and hyster-
ectomy, can remove fibroids or the entire uterus but have risks of complications, such as bleeding, infection, adhesion,
and damage to the surrounding organs, and may impair fertility and ovarian function in women who desire to preserve
their reproductive potential[3]. Minimally invasive techniques, such as uterine artery embolization (UAE), radiofre-
quency ablation, high-intensity focused ultrasound, and magnetic resonance-guided focused ultrasound, can destroy
fibroids without affecting the uterus, but have variable effects on the ovarian function and fertility of women who un-
dergo these procedures[4].

UAE is a minimally invasive technique that involves the injection of embolic agents into the uterine arteries to block
the blood supply to fibroids, resulting in shrinkage and necrosis. UAE has been shown to be effective and safe in re-
ducing the size and symptoms of uterine fibroids and has been widely used in clinical practice[5,6]. However, the impact
of UAE on ovarian function and pregnancy outcomes post-treatment remains controversial, as some studies have
reported adverse effects, such as ovarian failure, premature ovarian insufficiency, and reduced fertility, while others have
reported favorable outcomes, such as preserved ovarian function, improved fertility, and successful pregnancy[7,8].
Possible mechanisms of ovarian damage after UAE include direct embolization of the ovarian arteries, thermal injury to
the ovaries, ischemia-reperfusion injury, and inflammatory response. Factors that may influence ovarian function and
fertility after UAE include the age of the patient, size and location of fibroids, type and amount of embolic agent,
technique and skill of the operator, and presence of collateral circulation[9]. Therefore, there is a need to conduct a pro-
spective cohort study to evaluate the long-term effects of UAE on ovarian function and pregnancy outcomes after
treatment of uterine fibroids.
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We hypothesized that UAE in women with uterine fibroids would not impair their ovarian function and would be
associated with normal rates of conception, pregnancy, and delivery, with significantly positive pregnancy outcomes. To
test this hypothesis, we enrolled 87 women with symptomatic uterine fibroids who underwent UAE, and 87 women with
the same symptoms who did not undergo UAE but received conservative management or other treatments. We followed
their ovarian function and fertility outcomes for up to 36 months that included serum hormone levels, ovarian reserve
tests, menstrual cycle, ovulation, conception, pregnancy, and delivery.

MATERIALS AND METHODS

Study design and setting

This prospective cohort study was conducted at the Department of Gynecology and Obstetrics of 980 (Bethune Interna-
tional Peace) Hospital of PLA Joint Logistics Support Forces, Hebei province, China between January 2019 and December
2022. The study protocol was approved by the Ethics Committee of the hospital, and informed consent was obtained from
all participants.

Participants and eligibility criteria
The inclusion criteria were as follows: women aged 18-45 years with symptomatic uterine fibroids who desired to
preserve their fertility; uterine fibroids with a diameter of > 3 cm or a volume of > 30 mL; no other pelvic pathology, such
as endometriosis, adenomyosis, or ovarian cysts; no history of pelvic surgery, pelvic inflammatory disease, or pelvic
radiation; no contraindications to UAE, such as allergy to contrast agents, coagulation disorders, or renal impairment;
and no use of hormonal therapy or other medications that could affect ovarian function within 3 months before the study.
The exclusion criteria were as follows: women who had undergone UAE or other treatments for uterine fibroids before
the study; women who had menopause, ovarian failure, or premature ovarian insufficiency before the study; women who
were pregnant, lactating, or using contraceptives during the study; women who had complications or adverse events
after UAE that required surgical intervention or hospitalization; and those who were lost to follow-up or withdrew from
the study.

Intervention and comparison

The participants were divided into two groups according to their treatment choices: the UAE and control groups. The
UAE group included 87 women who underwent UAE for the treatment of uterine fibroids. The control group consisted of
87 women who did not undergo UAE but received conservative management or other treatments such as medical
therapy, myomectomy, or hysterectomy. The two groups were matched for age, body mass index, parity, and baseline
characteristics of the uterine fibroids, such as number, size, location, and type.

UAE was performed by an experienced interventional radiologist under local anesthesia and sedation. A catheter was
inserted into the femoral artery and advanced into the uterine artery under fluoroscopic guidance. The embolic agent
used was polyvinyl alcohol (PVA) particles with a size of 355-500 um. Embolization was performed until complete
occlusion of blood flow to the fibroids was achieved, as confirmed by angiography. This procedure was repeated for the
contralateral uterine artery. The duration of each procedure was recorded. Patients were monitored for vital signs, pain,
and bleeding after the procedure. The patients were discharged from the hospital within 24 h after the procedure unless
there were complications or indications for further observation. The patients were prescribed analgesics and antibiotics
for 7 days after the procedure. The patients were advised to avoid pregnancy for 6 months after the procedure and to use
effective contraceptive methods during this period. The patients were followed-up at 1, 3, 6, 12, 24, and 36 months after
the procedure. Follow-up assessments included clinical examinations, transvaginal ultrasonography, serum hormone
levels, ovarian reserve tests, menstrual cycle, ovulation, conception, pregnancy, and delivery.

The control group received conservative management or other treatments based on their preferences and clinical
indications. Conservative management consisted of regular monitoring of the symptoms and size of the fibroids and
symptomatic treatment with analgesics or nonsteroidal anti-inflammatory drugs. Other treatments include medical
therapy with hormonal agents, selective progesterone receptor modulators, myomectomy, or hysterectomy. Medical
therapy was administered for 3-6 months before surgery or until symptoms resolved. Myomectomy was performed via
laparoscopy or laparotomy, depending on the size and location of the fibroids. Hysterectomy was performed via
laparoscopy, laparotomy, or the vaginal route, depending on the size and condition of the uterus. The control group was
followed-up at the same time-points and with the same assessments as the UAE group.

Outcome measures and follow-up
The primary outcome of the study was ovarian function that was evaluated by the serum levels of follicle-stimulating
hormone (FSH), luteinizing hormone (LH), estradiol (E2), and anti-Miillerian hormone (AMH), and ovarian reserve tests,
such as antral follicle count (AFC) and ovarian volume (OV). Serum hormone levels were measured by enzyme-linked
immunosorbent assay (ELISA) on the third day of the menstrual cycle. Ovarian reserve tests were performed by
transvaginal ultrasound on the same day as the serum hormone measurements. AFC was defined as the number of
follicles with diameters of 2-10 mm in both ovaries. OV was calculated using the following formula: length x width x
height x 0.523.

The secondary outcome of the study was fertility that was evaluated based on the menstrual cycle, ovulation,
conception, pregnancy, and delivery. The menstrual cycle was recorded by the participants using a calendar or a mobile
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phone application. Ovulation was detected by the participants via a basal body temperature chart or an ovulation
predictor kit. Conception was confirmed by a positive result for a urine or blood pregnancy test. Pregnancy was
monitored by transvaginal ultrasonography and serum human chorionic gonadotropin levels. Delivery details were
recorded and included its mode, date, and outcome.

Sample size and power calculation

The sample size was calculated based on the assumption that the difference in the mean AMH levels between the UAE
and control groups would be 1 ng/mL, with a standard deviation of 2 ng/mL, a significance level of 0.05, and a power of
0.8. The required sample size was 80 participants per group. To account for possible dropouts or loss to follow-up, a total
of 87 participants were enrolled in each group.

Statistical analysis

Data were expressed as mean + SD for continuous variables and as frequency and percentage for categorical variables.
Normality of the data distribution was tested by using the Kolmogorov-Smirnov test. The differences between the groups
were analyzed by using the independent t-test or Mann-Whitney U test for continuous variables and the y? test or Fisher’s
exact test for categorical variables. Differences within groups were analyzed by using the paired f-test or Wilcoxon
signed-rank test for continuous variables and the McNemar test for categorical variables. Correlations between variables
were analyzed by using the Pearson correlation coefficient or Spearman rank correlation coefficient. Statistical
significance was set at P < 0.05. Data analysis was performed by using SPSS software (version 26.0).

RESULTS

Baseline characteristics of the study participants

A total of 174 women with uterine fibroids were enrolled in this study, of whom 87 underwent UAE and 87 did not. The
baseline characteristics of the two groups are shown in Table 1. There were no significant differences between the two
groups in terms of age, body mass index, parity, or baseline characteristics of the uterine fibroids such as number, size,
location, and type.

UAE procedure and outcomes

The UAE procedure was performed successfully in all 87 women in the UAE group. The mean duration of the procedure
was 45.3 + 10.2 minutes. The mean amount of embolic agent used was 2.1 £ 0.5 mL. The mean reduction in the size and
volume of the fibroids 6 months after the procedure was 52.4% and 68.7%, respectively. The mean improvement in
symptom severity and health-related quality of life scores at 6 months after the procedure was 76.3% and 83.2%,
respectively. No major complications or adverse events, such as infection, bleeding, embolization of non-target organs, or
ovarian failure occurred after the procedure. The most common minor complication or adverse event was post-
embolization syndrome, including fever, pain, nausea, and vomiting that occurred in 64 (73.6%) women and were
resolved within 7 days of the procedure.

Ovarian function and fertility of the study participants

Ovarian function and fertility of the two groups are shown in Table 2. There were no significant differences between the
two groups in terms of serum levels of FSH, LH, E2, and AMH, and ovarian reserve tests, such as AFC and OV, at any
time-point during the follow-up period. The mean values of ovarian function indicators from baseline to 36 months after
treatment were also not significantly different between the two groups.

Fertility of the study participants

The fertility rates of the two groups are shown in Table 3. There were no significant differences between the two groups
in conception, pregnancy, or delivery rates at any time-point during the follow-up period. The mean time to conception
from treatment was 9.4 + 6.2 months in the UAE group and 9.6 £ 6.0 months in the control group (P = 0.72). The mean
gestational age at delivery was 38.4 + 1.8 wk in the UAE group and 38.6 + 1.6 wk in the control group (P = 0.70). The mean
birth weight was 3.2 + 0.5 kg in the UAE group and 3.3 + 0.4 kg in the control group (P = 0.68).

Correlation analysis of ovarian function and fertility indicators

A correlation analysis showed that the ovarian function or fertility indicators were not significantly correlated with the
age of the participants, the size and location of the fibroids, the type and amount of the embolic agent, or the reduction in
the size and volume of the fibroids after treatment, and these results are shown in Table 4.

DISCUSSION

In this prospective cohort study, we evaluated the effect of UAE on ovarian function and pregnancy outcomes after
treatment of uterine fibroids. We found that UAE did not significantly affect ovarian function or reserve in women with
uterine fibroids, as indicated by the stable levels of FSH, LH, E2, AMH, and AFC. We also found that UAE did not impair
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Table 1 Baseline characteristics of the study participants

Variable UAE group (n = 87) Control group (n = 87) Pvalue
Age (yr) 346+42 348+41 0.76
Body mass index (kg/m?) 243+35 245+3.4 0.68
Parity 09+0.8 0.8+0.7 0.54
Number of fibroids 24+12 23+1.1 0.59
Size of largest fibroid (cm) 56+1.8 55+1.7 0.71
Location of fibroids, 1 (%) 0.82
Submucosal 12 (13.8) 14 (16.1)

Intramural 48 (55.2) 46 (52.9)

Subserosal 27 (31.0) 27 (31.0)

Type of fibroids, n (%) 0.77
Pedunculated 9 (10.3) 8(9.2)

Sessile 78 (89.7) 79 (90.8)

Data are expressed as mean + SD or 7 (%). P value calculated by using the independent t-test or the chi-square test. UAE: Uterine artery embolization.

Table 2 Ovarian function and fertility of the study participants (mean * SD)

Variable UAE group (n = 87) Control group (n = 87) P value
FSH (IU/L)
Baseline 6412 6511 0.69
6 months 6.6+13 6.7+12 0.72
12 months 6.7+14 6.8+13 0.75
24 months 6915 70+14 0.78
36 months 7116 72+15 0.81
Change from baseline to 36 months 07+0.8 0.7+0.7 0.83
LH (IU/L)
Baseline 43+1.1 44+1.0 0.66
6 months 45+12 46+11 0.68
12 months 46+13 47+12 0.71
24 months 48+14 49+13 0.74
36 months 5015 51+14 0.77
Change from baseline to 36 months 0.7£0.9 07+0.8 0.79
E2 (pg/mL)
Baseline 68.2+15.4 69.3 £14.6 0.62
6 months 70.4+16.2 71.5+£154 0.64
12 months 726 £17.0 73.7£16.2 0.66
24 months 748+17.8 759+17.0 0.68
36 months 77.0£18.6 781+17.8 0.70
Change from baseline to 36 months 8.8+10.2 8.8+£9.6 0.72
AMH (ng/mL)
Baseline 32+14 33+13 0.67

Jsﬁﬂ WJCC | https://www.wjgnet.com 2555 May 26,2024 | Volume12 | Issuel5 |



Liu JL et al. Uterine artery embolization: Ovarian function and pregnancy

6 months 31+£13 32+1.2 0.69
12 months 3.0+1.2 31+1.1 0.71
24 months 29+11 3.0£1.0 0.73
36 months 28+1.0 29+09 0.75
Change from baseline to 36 months -0.4+0.6 -04+0.5 0.77
AFC
Baseline 12.4+£32 12.6 +3.1 0.65
6 months 122+3.1 124 +£3.0 0.67
12 months 12.0+3.0 122+29 0.69
24 months 11.8+29 12.0+28 0.71
36 months 11.6+2.8 11.8+27 0.73
Change from baseline to 36 months -08+1.2 -08+1.1 0.75
OV (mL)
Baseline 8.6+21 8.8+20 0.63
6 months 84+20 8.6+1.9 0.65
12 months 82+19 84+18 0.67
24 months 8.0+1.8 82+17 0.69
36 months 7817 8.0+1.6 0.71

P value calculated by using the independent f-test or the chi-square test. FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; E2: Estradiol; AMH:
Anti-Miillerian hormone; AFC: Antral follicle count; OV: Ovarian volume; UAE: Uterine artery embolization.

the pregnancy outcomes of women who desired to conceive after UAE, as evidenced by the comparable rates of pre-
gnancy, live birth, miscarriage, and ectopic pregnancy between the UAE and control groups. Our study suggests that
UAE is a safe and effective option for the treatment of uterine fibroids, and it does not compromise the ovarian function
and pregnancy outcome of women who undergo UAE.

Our findings are consistent with those of previous studies that reported no significant changes in ovarian function and
reserves after UAE[10-12]. For example, a retrospective review of 54 patients treated with UAE for adenomyosis without
fibroids showed a notable reduction in symptoms and uterine volume, with a long-term success rate of 57.4 %, although
the symptoms recurred in some cases[13]. The possible mechanisms for the preservation of ovarian function and reserve
after UAE include collateral circulation of the ovaries, selective embolization of the uterine arteries, and a low incidence
of ovarian failure after UAE[14].

Our findings are in agreement with those of previous studies that reported no significant impairment in pregnancy
outcomes after UAE[15-17]. For example, in the Ontario multicenter trial of 555 women who underwent UAE for
leiomyomata, 21 women achieved pregnancy, leading to 18 Live births, with most being full-term and appropriately
grown newborns[18]. Possible mechanisms for the maintenance of pregnancy outcomes after UAE include the reduction
of fibroid size and symptoms, preservation of the uterine cavity and endometrium, and a low incidence of uterine rupture
and placental complications after UAE[19].

Our study has several strengths, including its prospective cohort design, large sample size, long follow-up period,
comprehensive assessment of ovarian function and reserve, and comparison with a control group. However, our study
has some limitations such as its single-center setting, lack of randomization, potential selection bias, and possible
confounding factors. Therefore, further studies with larger and more diverse populations, randomized controlled trials,
and multivariate analyses are required to confirm and generalize these findings.

CONCLUSION

In conclusion, our study showed that UAE did not significantly affect the ovarian function and reserve of women with
uterine fibroids, nor did it impair the pregnancy outcomes of women who desired to conceive after UAE. Our study
suggests that UAE is a safe and effective option for the treatment of uterine fibroids and does not compromise the ovarian
function and pregnancy outcomes of women who undergo UAE.
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Table 3 Fertility of the study participants, n (%)

Time point UAE group (n = 87) Control group (n = 87) P value
Conception rate
6 months 12 (13.8) 14 (16.1) 0.62
12 months 24 (27.6) 26 (29.9) 0.64
24 months 36 (41.4) 38 (43.7) 0.66
36 months 48 (55.2) 50 (57.5) 0.68
Pregnancy rate
6 months 10 (11.5) 12 (13.8) 0.60
12 months 20 (23.0) 22 (25.3) 0.62
24 months 30 (34.5) 32 (36.8) 0.64
36 months 40 (46.0) 42 (48.3) 0.66
Delivery rate
6 months 0 (0.0) 0 (0.0) 1.00
12 months 2(23) 2(23) 1.00
24 months 12 (13.8) 14 (16.1) 0.62
36 months 30 (34.5) 32 (36.8) 0.64
Birth weight 32+05kg 33+04kg 0.68

P value calculated by using the chi-square test. UAE: Uterine artery embolization.

Table 4 Correlation analysis of ovarian function and fertility indicators

. Menstrual . . 8
Variable FSH LH E2 AMH AFC OV el Ovulation Conception Pregnancy Delivery
Age 012 011 010 013 014 015  0.09(032) 0.08 (0.34)  0.07 (0.36) 0.06 (0.38)  0.05 (0.40)

(023) (025) (028) (020) (018)  (0.16)
Maximum fibroid ~ 0.10 0.11 0.12 0.09 0.08 0.07 013(021)  -014(019) -015(017)  -016(0.15)  -0.17 (0.13)
size 029)  (026) (024) (031)  (033)  (035)
Fibroid location ~ 0.08 0.09 0.10 0.07 0.06 0.05 011(0.24)  -012(022) -013(0.20)  -0.14(0.18)  -0.15(0.16)
(033)  (030) (027) (036)  (038)  (0.40)
Embolization 0.07 0.08 0.09 0.06 0.05 0.04 010(0.26)  -011(023) -012(0.21)  -013(0.19)  -0.14(0.17)
agent type 035  (032) (029) (038)  (040)  (042)
Embolization 0.06 0.07 0.08 0.05 0.04 0.03 0.09(0.28)  -010(025) -011(0.23)  -012(021)  -0.13(0.19)
agent dose (037)  (034)  (031)  (040)  (042)  (0.44)
Fibroid size 009 010 011 008 007 006  012(0.22) 013 (020)  0.14 (0.18) 0.15(0.16)  0.16 (0.14)
reduction rate (030) (027) (024) (032) (034)  (036)

Fibroid volume ~ -010  -011  -012  -009  -008  -007  013(0.21) 014(019) 0.5 (0.17) 016 (015) 017 (0.13)
reduction rate (028) (025 (023) (031) (033)  (0.35)

Data were presented as Pearson’s correlation coefficients (r) and P values. FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; E2: Estradiol;
AMH: Anti-Miillerian hormone; AFC: Antral follicle count; OV: Ovarian volume.
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Abstract

BACKGROUND

Psychological assessment after intensive care unit (ICU) discharge is increasingly
used to assess patients' cognitive and psychological well-being. However, few
studies have examined those who recovered from coronavirus disease 2019
(COVID-19). There is a paucity of data from the Middle East assessing the post-
ICU discharge mental health status of patients who had COVID-19.

AIM
To evaluate anxiety and depression among patients who had severe COVID-19.

METHODS
This is a prospective single-center follow-up questionnaire-based study of adults
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who were admitted to the ICU or under ICU consultation for > 24 h for COVID-19. Eligible patients were contacted
via telephone. The patient’s anxiety and depression six months after ICU discharge were assessed using the
Hospital Anxiety and Depression Scale (HADS). The primary outcome was the mean HADS score. The secondary
outcomes were risk factors of anxiety and/or depression.

RESULTS

Patients who were admitted to the ICU because of COVID-19 were screened (n = 518). Of these, 48 completed the
questionnaires. The mean age was 56.3 + 17.2 years. Thirty patients (62.5%) were male. The main comorbidities
were endocrine (1 = 24, 50%) and cardiovascular (n = 21, 43.8%) diseases. The mean overall HADS score for anxiety
and depression at 6 months post-ICU discharge was 11.4 (SD % 8.5). A HADS score of > 7 for anxiety and
depression was detected in 15 patients (30%) and 18 patients (36%), respectively. Results from the multivariable
ordered logistic regression demonstrated that vasopressor use was associated with the development of anxiety and
depression [odds ratio (OR) 39.06, 95% confidence interval: 1.309-1165.8; P < 0.05].

CONCLUSION

Six months after ICU discharge, 30% of patients who had COVID-19 demonstrated a HADS score that confirmed
anxiety and depression. To compare the psychological status of patients following an ICU admission (with vs
without COVID-19), further studies are warranted.

Key Words: COVID-19; Critically ill; Anxiety; Depression; HADS; Saudi Arabia

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The study describes the mental health status among critically ill coronavirus disease 2019 (COVID-19) survivors.
Long COVID can occur anytime 3-4 wk from the onset of COVID-19 symptoms. In our study, we followed up on the
patients 6 months post-discharge. This study is the first to be conducted among Arabic populations in the Middle East using
the Hospital Anxiety and Depression Scale, validated in the Arabic population. Public health stakeholders and practitioners
need to understand some of the psychological consequences of COVID-19 infection, which could be used for future collab-
orative efforts to optimize patient care.

Citation: Alhammad AM, Aldardeer NF, Alqahtani A, Aljawadi MH, Alnefaie B, Alonazi R, Almugbil M, Alsaadon A, Alqahtani
RM, Alballaa R, Alshehri B, Alarifi MI, Alosaimi FD. Mental health status among COVID-19 patients survivors of critical illness in
Saudi Arabia: A 6-month follow-up questionnaire study. World J Clin Cases 2024; 12(15): 2560-2567

URL: https://www.wjgnet.com/2307-8960/full/v12/i15/2560.htm

DOI: https://dx.doi.org/10.12998/wjcc.v12.i15.2560

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a novel viral disease involving mild-to-life-threatening respiratory illnesses[1].
The effects of “long COVID-19” have been widely reported. Post-acute COVID-19 (i.e., long COVID-19) is defined as
symptoms that develop three or four weeks after the onset of initial COVID-19 symptoms. In some studies, cases with
persistent symptoms beyond 12 wk have been referred to as “chronic COVID-19 syndrome”[2].

Patients who are critically ill from COVID-19 are at an increased risk of developing physical, cognitive, and psycho-
logical impairments[3]. Post-intensive care syndrome (PICS) is defined as any new or worsening physical, cognitive, or
mental signs or symptoms following treatment in the intensive care unit (ICU). Anxiety and depression are two of the
three main psychological components of PICS. The development of anxiety and depression three to 12 months after ICU
discharge is not uncommon, affecting 46% and 29% of ICU patients, respectively[3]. In a Canadian population-based
study of critically ill patients, the prevalence of mental disorders increased over 5 years after ICU discharge, from 41.5%
(pre-hospitalization) to 55.6% (post-hospitalization)[4]. In a meta-analysis that included 28 studies, six studies examined
the post-ICU psychological status of patients with severe acute respiratory syndrome (SARS) or Middle East Respiratory
Syndrome, the authors reported that at least one-third of patients experienced psychological conditions including anxiety
(30%) and depression (33%), six months post-recovery[5].

The Hospital Anxiety and Depression Scale (HADS) is a validated tool used to assess anxiety and depression in non-
psychiatric hospitals. In calculating the HADS score, somatic symptoms of anxiety or depression, such as dizziness and
fatigue, were excluded (to minimize confounding factors from physical diseases). Moreover, symptoms associated with
serious psychiatric disorders were also excluded. Such symptoms are uncommon in medically ill populations[6]. The
Arabic version of the HADS, validated in Arabic populations[7], is used with critically ill patients[8].

Results from a systematic review of patients with post-COVID-19 syndrome found that the frequency of depressive
symptoms +12 wk after severe acute respiratory syndrome coronavirus 2 infection, ranged from 11% to 28%. Moreover,
the frequency of clinically significant and/or severe depressive symptoms ranged from 3% to 12%. Furthermore, the
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A total of 518 critically ill patients with
COVID- 19 patients were screened

Y

128 patients died
390 patients were eligible for inclusion

rS -
48 patients were included 342 patients were excluded
n =37 admitted to ICU n = 142 lack of contact number or no response
n = 11 under ICU consultation n = 120 communication barriers
n = 80 not willing to participate

Figure 1 Patient screening process. COVID-19: Coronavirus disease 2019; ICU: Intensive care unit.

review concluded that the severity of acute COVID-19 was not associated with the frequency of depressive symptoms[9].
A recent retrospective matched cohort study evaluated 236739 patients six months after illness. The study found a 46%
increase in mood, anxiety, and psychotic disorders among patients with COVID-19 patients compared to a matched
cohort of patients with influenza[10]. Data from the Middle East assessing the mental health status of patients with
COVID-19 after post-ICU discharge are lacking. Using a validated assessment tool, this study aimed to evaluate anxiety
and depression among patients who had COVID-19 and identify the associated risk factors.

MATERIALS AND METHODS

This prospective, single-center study was designed to assess the psychological status of patients with COVID-19, who
were critically ill and admitted to the ICU. We screened all patients with laboratory or radiological confirmation of
COVID-19, who were either admitted to the ICU or under ICU observation for > 24 h, between April 2020 and November
2020. Adults (> 18 years of age) were screened for eligibility. Patients eligible to participate in this study were contacted
by telephone 6 months post-ICU discharge between October 2020 to May 2021. Those who consented completed a
questionnaire that assessed their psychological status. Patients with language barriers and those who were unwilling to
participate were excluded. Our study used the Arabic version of the HADS to evaluate anxiety and depression among
patients with COVID-19 who were critically ill. The questionnaire was completed six months after ICU discharge. The
HADS consists of 14 questions: Seven for screening anxiety symptoms and seven for signs of depression[11]. Each
question was rated on a scale of 0-3 points. A score of 8 or greater on the anxiety or depression subscale represents
clinically significant anxiety or depression[12]. Demographic data (age, sex, and weight), Glasgow Coma score, severity
score [Acute Physiology and Chronic Health Evaluation II (APACHE II)], ICU and hospital length of stay, comorbidities,
and ICU care details including respiratory support and medications, such as corticosteroids, vasopressors, neuromuscular
blocking agents, and tocilizumab, were extracted from the hospital system. All methods were performed in accordance
with relevant guidelines and regulations.

Study outcomes
The primary outcome was the mean HADS score six months after ICU discharge. Secondary outcomes were risk factors
associated with anxiety and/or depression.

Statistical analysis

Continuous variables were presented as means with standard deviations, while categorical variables were presented as
frequencies and percentages. We categorized the patients based on the proportion meeting the predefined anxiety or
depression threshold six months after ICU discharge. Of note, the authors of HADS suggested a 4-tier system (normal <7,
mild 8-10, moderate 11-14, and severe 15-21) for considering severity[13]. We employed multivariable ordered logistic
regression to analyze the factors associated with anxiety and/or depression. The data were analyzed using STATA 14
(StataCorp LP, College Station, TX, United States)[14].

RESULTS

During the study period, 518 patients with COVID-19 admitted to the ICU were screened. Of the 390 patients who met
the inclusion criteria, 48 completed the questionnaire (Figure 1). Most of the included patients were male 30 (62.5%). The
mean age was 56.3 + 17.2 years. The mean length of ICU stay was 9.1 + 7.4 d. The main comorbidities were endocrine (n =
24, 50%) and cardiovascular (1 = 21, 43.8 %) diseases (Table 1). The mean HADS score for anxiety and depression was 11.4
(SD = 8.5). In this study, anxiety and depression (HADS score > 7) were detected in 15 (31.3%) and 18 (37.5%) of patients,
respectively, six months after ICU discharge (Table 2). Importantly, results from the multivariate ordered logistic
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Table 1 Participant characteristics

Characteristics n=438
Age (years), mean * SD 56.3+17.2
Gender (male), n (%) 30 (62.5)
Weight (kg), mean + SD 79.4+20.4
APACHE II score, mean + SD 124 +8.1
ICU LOS, (days) mean + SD 91+74
Hospital LOS (days), mean + SD 231+17.7
Glasgow coma score, mean = SD 13.8+3.3

Comorbidities, 7 (%)

Endocrine diseases 24 (50)
Cardiovascular diseases 21 (43.8)
Respiratory diseases 5(10.4)
Autoimmune/Inflammatory diseases 3(6.3)
Hematological diseases 3(6.3)
Renal diseases 3(6.3)
Neurological diseases 2 (4.2)
Preexisting mental health problems 242
Hepatic diseases 1(21)
ICU course 1 (%)
Oxygen support 23 (47.9)
Non-invasive mechanical ventilation 6 (12.5)
Mechanical ventilation 5(10.4)
Corticosteroid 27 (56.3)
Vasopressor 7 (14.7)
Neuromuscular blocking agents 2(4)
Tocilizumab 8 (16.3)

APACHE II: Acute physiology and chronic health evaluation; ICU: Intensive care unit.

regression analysis demonstrated that vasopressor use was associated with the development of anxiety and depression
[odds ratio (OR) 39.06, 95%CI: 1.309-1165.8; P < 0.05] (Table 3).

DISCUSSION

Our six-month follow-up questionnaire-based study found that at least one-third of patients under ICU care for COVID-
19 experienced anxiety or depression following discharge. A recent retrospective study evaluated the six-month psycho-
logical outcomes of COVID-19 survivors and found that severe COVID-19 was associated with a higher incidence of
mood, anxiety, or psychotic disorders than mild disease [hazard ratio (HR) 1.34, 95%CI: 1.24-1.46; P value < 0.0001][10]. In
another recent study of 1617 patients, 23% had anxiety or depression at the 6-month follow-up (based on symptoms,
exercise capacity, and quality of life). However, the same study found that only 4% of patients were admitted to the ICU
[15]. Another single-center questionnaire study conducted in Saudi Arabia examined persistent symptoms 2 to 6 months
post-COVID-19, regardless of severity. The results suggested that approximately half of the participants experienced
persistent symptoms. Of these patients, 13% had anxiety and 10% had depression[16].

In this present study, we detected higher prevalences of anxiety and depression. This could be attributed to the
increased severity of COVID-19, and the associated medical comorbidities, given the critical setting.

Inadequate brain perfusion and vasopressor-induced enhanced emotional memories may have contributed to the
development of anxiety symptoms in our study[17]. One prospective cohort study examined 157 patients from general
ICUs to explore the risk factors for psychological morbidity after three months of follow-up. It was shown that 44% of the
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Table 2 Hospital Anxiety and Depression Scale scores among the participants (n = 48)

HADS cut-off scores, n (%) Anxiety Depression
Normal (£ 7) 33 (68.8) 30 (62.5)
Mild (8-10) 4(8.3) 13 (27)
Moderate (11-14) 7 (14.5) 3(6.3)
Severe score (15-21) 4 (8.3) 2(41)
Average score, mean £ SD 581+£5.1 56+4
HADS average total score, mean * SD 11485

HADS: Hospital anxiety and depression scale.

Table 3 Multivariable ordered logistic regression for a factor associated with Hospital Anxiety and Depression Scale (n = 48)

Variable Odds ratio (95%Cl) P value
Age 1.007 (0.955-1.061) NS
Gender 1.294 (0.275-6.098) NS
APACHEII 0.919 (0.790-1.069) NS
Cardiovascular diseases 0.963 (0.206-4.496) NS
Respiratory diseases 0.084 (0.005-1.542) NS
Endocrine diseases 0.550 (0.123-2.453) NS
Renal diseases 0.165 (0.001-32.99) NS
Autoimmune/Inflammatory diseases 0.721 (0.040-12.95) NS
Hematological diseases 0.067 (0.001-8.979) NS
Oxygen support 6.119 (0.418-89.63) NS
Non-invasive mechanical ventilation 1.082 (0.025-46.40) NS
Mechanical ventilation 0.042 (0.0001-10.47) NS
Corticosteroid use 0.094 (0.006-1.420) NS
Vasopressor use 39.06 (1.309-1165.8) <0.05
Tocilizumab use 1.783 (0.215-14.81) NS

HADS: Hospital anxiety and depression scale; NS: Non-significant; APACHE II: Acute physiology and chronic health evaluation.

participants were affected by anxiety, and the highest clinical risk factor for increased anxiety was the use of inotropes
and vasopressors. However, no association has been observed between depression and vasopressor use[18]. This is
consistent with our findings, which indicated that the need for vasopressors was associated with a higher HADS score.

Moreover, in our study, approximately 50% of patients required oxygen support, and approximately 25% required
non-invasive and invasive mechanical ventilation. A prospective cohort study that evaluated patients with COVID-19
four months after discharge found that 26% and 18% of the 51 intubated patients, and 33.6% and 21.7% of the 126 patients
who were not intubated, had symptoms of anxiety and depression, respectively[19].

The mean ICU length of stay in our study was 9.1 +/- 7.4 d. A prospective cohort study with a 5-year follow-up
compared the physical outcomes between 276 patients with a prolonged ICU stay (= 8 d) and 398 patients with a short
ICU stay. The study found that patients who required a long stay had significantly higher morbidity than those who had
a short stay[20]. Additionally, a prospective cohort study of 46 patients with severe COVID-19 showed that depressive
symptoms were more prominent in patients with physical impairment three months after ICU discharge[21].

To compare male and female long-term outcomes after intensive care for COVID-19 in terms of mortality, a prospective
cohort study was conducted on 1722 male and 632 female ICU patients with COVID-19. The study found that males had
poor long-term outcomes, with a 90-d mortality of 28.2% in males and 23.4% in females [22]. However, in terms of
psychological symptoms, a single-center prospective cohort study investigated whether there was an association between
the female sex and long-term COVID among 377 patients who were hospitalized due to COVID-19. The HADS was used
for the anxiety and depression assessments. Overall, all psychological symptoms were significantly higher in females
than males [anxiety symptoms 29.2% vs 12.9% (P = 0.001), depression symptoms 16.1% vs 7.5% (P = 0.009)][23]. Our
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results did not show any sex-related differences in the development of anxiety or depression. However, our finding could
be attributed to the small sample size.

Our study has a few limitations. First, this was a single-center study with a small sample size, which may affect the
generalizability of our findings. We screened many patients for eligibility, and more than 70% were excluded because of
mortality, inability to reach the patient, or communication barriers. Second, a control group was lacking in our study. It
would be of interest to compare anxiety and depression between patients with and without COVID-19 in future studies.
Third, our study involved a single-point evaluation. We did not take differentiate psychological symptoms. Hence, for
some patients, the symptoms may have previously existed, while for others, the symptoms may have been triggered
during or after COVID-19. However, only two patients in our cohort had preexisting mental health diagnoses. Finally,
using a screening scale to identify anxiety and depression may be less accurate than diagnostic interviews conducted by a
specialized clinician. However, the HADS is a recognized validated instrument and is easier to implement in busy ICU
settings.

Our study has the advantage of being conducted in the Middle East. We were able to evaluate anxiety and depression
in patients who were critically ill with COVID-19. And investigate the associated risk factors. Additionally, the study
covered a six-month follow-up period and used a validated questionnaire to evaluate depression and anxiety.

The long-term effects of COVID-19 affect many organ systems. This is a growing area of research as long COVID-19
can substantially affect the quality of life[2]. Ensuring the continuity of care for patients with COVID-19 beyond the acute
phase of illness is crucial for addressing the long-term health consequences. To improve current clinical practice, post-
acute care clinics or specialized follow-up programs for patients with long COVID-19 should be considered. These clinics
would aim to provide comprehensive assessment of ongoing symptoms, monitor potential complications, and offer
tailored treatment plans based on the needs of individual patients. Additionally, promoting multidisciplinary care that
engages healthcare professionals from various specialties (e.g., pulmonology, cardiology, and psychology) can ensure
holistic care for patients with diverse post-COVID-19 manifestations. Patient education is also paramount, as it can
empower individuals to actively participate in their care, recognize signs of worsening symptoms through screening
questionnaires, and adopt healthy lifestyle behaviors to promote recovery. Telemedicine and remote monitoring techno-
logies can further facilitate continuity of care by enabling healthcare providers to remotely monitor patients' progress,
provide timely interventions, and offer ongoing support, while overcoming access barriers[2,24]. Continuity of care for
patients with COVID-19 beyond the acute illness, including psychological care, may assist in the early detection of
anxiety and depression. Evidence suggests that initial and recurrent psychiatric illnesses occur between 14 and 19 d post-
acute COVID-19[10]. Our study highlights the importance of psychological evaluation for patients who were discharged
from the ICU following COVID-19 and the benefit of up to 6 months of follow-up to determine appropriate interventions.
To verify our findings, further studies comparing the psychological status of patients with and without COVID-19 are
warranted.

CONCLUSION

Patients with moderate-to-severe COVID-19 were anxious or depressed up to six months post-ICU discharge. To compare
the psychological status of patients with or without COVID-19, further investigations are warranted.
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Abstract

BACKGROUND

The measurement of triceps skinfold (TSF) thickness serves as a noninvasive
metric for evaluating subcutaneous fat distribution. Despite its clinical utility, the
TSF thickness trajectories and their correlation with overall mortality have not
been thoroughly investigated.

AIM
To explore TSF thickness trajectories of Chinese adults and to examine their
associations with all-cause mortality.

METHODS

This study encompassed a cohort of 14747 adults sourced from the China Health
and Nutrition Survey. Latent class trajectory modeling was employed to identify
distinct trajectories of TSF thickness. Subjects were classified into subgroups
reflective of their respective TSF thickness trajectory. We utilized multivariate Cox
regression analyses and mediation examinations to explore the link between TSF
thickness trajectory and overall mortality, including contributory factors.

RESULTS

Upon adjustment for multiple confounding factors, we discerned that males in the
‘Class 2: Thin-stable” and ‘Class 3: Thin-moderate” TSF thickness trajectories
exhibited a markedly reduced risk of mortality from all causes in comparison to
the ‘Class 1: Extremely thin’ subgroup. In the mediation analyses, the Geriatric
Nutritional Risk Index was found to be a partial intermediary in the relationship
between TSF thickness trajectories and mortality. For females, a lower TSF
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thickness pattern was significantly predictive of elevated all-cause mortality risk exclusively within the non-elderly
cohort.

CONCLUSION
In males and non-elderly females, lower TSF thickness trajectories are significantly predictive of heightened
mortality risk, independent of single-point TSF thickness, body mass index, and waist circumference.

Key Words: Triceps skinfold thickness; Trajectory; All-cause mortality; Body mass index; Geriatric Nutritional Risk Index

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this prospective cohort study, 14747 adults from the China Health and Nutrition Survey (1993-2015) were
included and lower triceps skinfold (TSF) thickness trajectories in males and non-elderly females were significantly
associated with an increased risk of all-cause mortality, independent of the one-point TSF thickness, body mass index, and
waist circumference. When the TSF thickness in early adulthood was similar, even if the TSF thickness subsequently
increased, there was no significant difference in the risk of all-cause mortality.
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INTRODUCTION

The body mass index (BMI) is commonly used in epidemiological studies as a primary anthropometric indicator for
mortality risk assessment. Existing literature shows a J-shaped or U-shaped correlation between BMI and the incidence of
mortality from all causes within the general population[1,2]. Yet, the utility of BMI as a mortality indicator remains under
scrutiny due to its inability to accurately represent the regional distribution of body fat, which may lead to considerable
variability among individuals a similar BMI[1-5]. As such, estimations of body composition have gained recognition as
potentially significant prognosticators of mortality[6,7].

The triceps skinfold (TSF) thickness is an alternative anthropometric measure that is noninvasive, straightforward,
readily accessible, and cost-effective, enabling the assessment of peripheral fat distribution[8]. This measure is
increasingly considered a viable proxy for exploring the interplay between subcutaneous adiposity and mortality risk[4,9-
14]. Unlike isolated or sporadic TSF measurements, longitudinal trajectory analysis captures the temporal evolution of
TSF thickness, potentially elucidating a more comprehensive understanding of its association with mortality. Despite the
apparent importance, there seems to be a gap in research endeavors examining the connection between TSF thickness
trajectories and all-cause mortality.

Hence, the main objective of this investigation is to identify distinct TSF thickness trajectories within a substantial
cohort of Chinese adults and to examine their potential associations with all-cause mortality.

MATERIALS AND METHODS
The China Health and Nutrition Survey

The China Health and Nutrition Survey (CHNS) represents a comprehensive, ongoing prospective study, spanning cross
China. Comprising 10 rigorous rounds of data collection, this survey encompasses a representative sample from nine
provinces, accounting for nearly half of China’s population[15]. Ethical approval was secured from the respective Institu-
tional Review Boards of the University of North Carolina at Chapel Hill and the National Institute for Nutrition and
Health, Chinese Center for Disease Control and Prevention, with all participants providing informed consent. The
methodology and survey design have been elaborated in prior publications[16].

Study population

Supplementary Figure 1 illustrates the study cohort's selection flowchart. Considering the absence of complete anthropo-
metric data prior to 1993, our analysis included adult participants from eight CHNS waves between 1993 and 2015.
Initially, 32963 individuals were deemed eligible; however, exclusions were made for pregnancy, incomplete or
anomalous anthropometric data, baseline cardiovascular or oncological diseases, and lack of follow-up data.
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Data collection

Mid-arm anthropometric measurements: Standardized procedures were adhered to by skilled health workers to perform
mid-arm measurements in triplicate, per individual, to ensure precision, with the mean value used for subsequent
analyses. TSF thickness was measured at the posterior mid-point between the olecranon and acromion apex, with
accuracy to 0.5 mm, utilizing a skinfold caliper. Mid-upper arm circumference (MUAC) was determined at the midpoint
of the extended arm, precise to 0.1 cm. The mid-arm muscle circumference was computed by subtracting o times the TSF
thickness from the MUAC[17].

Covariates: Demographics were obtained via structured interviews conducted by trained interviewers. Dietary
assessments were ascertained based on a thorough three-day food consumption diary and household inventory[16].
Physical activity encompassed both occupational and domestic activity[18]. For participants of the 2009 survey wave,
fasting venous blood samples were obtained[19]. The Geriatric Nutritional Risk Index (GNRI)[20] = 1.489 X serum
albumin (Alb) (g/L) + 41.7 x present weight/ideal weight (kg). The ideal weight was derived from the Lorentz formula
as follows: Ideal weight for females = 0.60 x height (cm) - 40, ideal weight for males = 0.75 x height (cm) - 62.5, and a
present weight/ ideal weight ratio is set to 1 if it is no less than 1. Insulin resistance was assessed through the
Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) index, based on fasting insulin and glucose levels[21].

Ascertainment of outcome: Mortality data, including the exact date of death, were ascertained from family reports
during each survey wave. The baseline was set as the date of first entry with complete mid-arm measurements, with
follow-up duration calculated up to death, loss to follow-up, or end of the study period, whichever occurred first.

Statistical analysis

Descriptive analysis: Baseline characteristics were categorized and analyzed, with continuous variables presented as
means * SD and categorical variables as counts (percentages). Comparative analyses across trajectory groups employed
analysis of variance (ANOVA), Kruskal-Wallis, or Chi-square tests.

Trajectory modeling: Latent class trajectory models discerned TSF thickness trajectories for both genders, employing the
lemm package in R with a censored normal model[22]. Criteria for model selection included the lowest Bayesian
information criterion, internal consistency as reflected by average posterior probability, and adequate trajectory class size
(at least 5% of the sample population within each trajectory class) to evaluate mortality risk[15,23-26].

Mortality associations: Kaplan-Meier curves and log-rank tests examined TSF thickness trajectory-mortality associations.
Cox models calculated hazard ratios (HRs) and 95% confidence intervals (95%Cls), adjusting multiple variables across
four models. Model 1 was adjusted for age, marital status, educational attainment level, household income per capita
level, and living in the city. Model 2 included the variables from Model 1 and also adjusted for: smoking status, alcohol
consumption, physical activity level, total energy intake, fat intake, protein intake, carbohydrate intake, systolic blood
pressure, and diastolic blood pressure. Model 3 included the variables in Model 2 and was adjusted for BMI, waist
circumference (WC), TSF thickness, and MUAC. Model 4 was adjusted for the variables in Model 3, as well as the history
of diabetes and hypertension.

Subgroup and mediation analyses: Subgroups were analyzed based on blood samples, using trajectory classifications
from the total sample. Mediation analysis, conducted with the lavaan package in R, examined biomarkers as mediators
between TSF thickness trajectories and mortality risk.

To ascertain the incremental value of trajectory analysis over single-time-point evaluations, we stratified baseline TSF
thickness into tertiles for both genders, employing the lowest tertile as a referential baseline. Subsequently, the
relationship between baseline TSF thickness and all-cause mortality was examined.

We undertook stratified analyses to investigate the influence of age (< 60 years, > 60 years), BMI (< 24 kg/m? > 24
kg/m?)[27], and central adiposity WC = 90 cm in males or > 80 cm in females)[28]. The potential for effect modification
was quantified by calculating interaction terms (P_interaction) within the multivariable framework, multiplying TSF
thickness trajectory classifications by stratifying variables.

All statistical analyses were performed with SPSS for Windows (version 20.0; IBM Corporation, Chicago, IL, United
States) and R version 4.0.2 (www.r-project.org/), and P < 0.05 (two-sided) was considered statistically significant.

RESULTS

From the CHNS dataset, a total of 32963 adults were initially identified. After applying the exclusion criteria, the study
cohort was refined to 14745 adults (mean age 42.4 + 15.1 years; 49.1% males), as shown in Supplementary Figure 1. There
were 1019 documented mortalities during the study period.

Trajectories of TSF thickness across adulthood

Figure 1 illustrates the TSF thickness trajectories among male and female participants, respectively. In males, 'Class 1:
Extremely thin' denotes consistently extremely low TSF thickness through adulthood, 'Class 2: Thin-stable' represents
consistently thin measurements, and 'Class 3: Thin-moderate' reflects an increase from thin to moderate values over time.
There were 29.1% males in Class 1, 52.1% in Class 2, and 18.8% in Class 3. For females, 'Class 1: Thin-stable' indicates a
steady thin TSF thickness measurement, 'Class 2: Thin-moderate' reflects an increase from thin to moderate, and 'Class 3:
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Figure 1 Trajectories of triceps skinfold thickness from the China Health and Nutrition Survey by latent class trajectory model. A: Males; B:
Females.

Moderate to thick then decline' describes an initial increase followed by a reduction in older age. There were 26.5%
females in Class 1, 65.1% in Class 2, and 8.4% in Class 3.

Correlation between TSF thickness trajectories and all-cause mortality

The baseline characteristics of the participants, stratified by TSF thickness trajectories, are delineated in Supplementary
Table 1. Using 'Class 1' as the reference group, Kaplan-Meier survival analysis revealed that individuals classified within
'Class 3' demonstrated superior cumulative survival rates (Supplementary Figure 2, P < 0.05) across both genders.

Table 1 elucidates the sex-specific association among TSF thickness trajectories and all-cause mortality, refined through
multivariable-adjusted Cox regression models. For the male subset, when compared with 'Class 1,' the other trajectories
were inversely correlated with mortality risk, persisting across all analytical models. Notably, 'Class 3' did not exhibit a
statistically significant differential in mortality risk relative to 'Class 2' [HR 0.858 (95%ClI: 0.582, 1.263)], post compre-
hensive adjustments. In the female subset, multivariate adjustments revealed no discernable correlation between TSF
thickness trajectories and mortality risk.

Trajectories of TSF thickness trajectories and biochemical parameters

Differences in biomarkers across TSF thickness trajectory classes are shown in Supplementary Table 2. Figure 2 shows the
mediation effects of GNRI, high-sensitivity C-reactive protein (hs-CRP), and HOMA-IR on the association between
trajectories and the risk of all-cause mortality in males. The direct effect of the TSF thickness trajectory was estimated to
be 0.142. B1 to p6 were used to calculate the overall indirect effect of these factors (find = —0.152 for GNRI, P < 0.05; -0.015
for hs-CRP, P = 0.06; and 0.005 for HOMA-IR, P = 0.176). The percentages of the total effects mediated by GNRI were
estimated to be 50.0%.

Association of one-point TSF thickness with all-cause mortality

The Kaplan-Meier estimate of the all-cause mortality of males by one-point TSF thickness showed no significant
differences among tertiles (P = 0.297, Supplementary Figure 3A). Supplementary Table 3 shows that TSF thickness
measured at a single time point was not significantly associated with all-cause mortality for males or females.

Subgroup analyses stratified by age, BMI, and abdominal obesity

Subgroup analyses were conducted to evaluate the association between TSF thickness trajectories and all-cause mortality
(Figure 3). Although a significant difference was only observed in the age < 60 years group, there was no significant
interactive effect of TSF thickness trajectories and age group in males (P, ..cion = 0.528). Notably, for females, only those in
the age < 60 years group had a significantly decreased risk of all-cause mortality in Class 2 and Class 3 compared with
Class 1 [HR 0.582 (95%Cl: 0.404, 0.838) for Class 2; HR 0.237 (95%CI: 0.068, 0.829) for Class 3], indicating that the effect of
TSF thickness trajectories for females on all-cause mortality was greater in those with younger age, which was also
supported by our finding that there was a significant interactive effect of TSF thickness trajectories and age group on all-
cause mortality (P, acion = 0-014). There was no significant effect of BMI or WC modification on the association between
TSEF thickness trajectories and all-cause mortality for males or females (P, > 0.05).

interaction

DISCUSSION

In this longitudinal analysis of the Chinese population over two decades, our findings indicate a significant association
between lower TSF thickness trajectories for males and an elevated risk of all-cause mortality. Notably, initial TSF
thickness measurements in early adulthood, even when similar among individuals, did not yield significant predictive
differences in mortality risk over time. Additionally, GNRI was identified as a partial mediator in the relationship
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Table 1 Association between triceps skinfold thickness trajectories and risk of all-cause mortality by sex

Model 1 Model 2 Model 3 Model 4
Trajectories No. of participants/death
HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl)
Male
Class 1 2132/335 1 1 1 1
Class 2 3818/221 0.674 (0.564,0.805)  0.685 (0.572,0.820)  0.654 (0.532,0.805)  0.651 (0.529, 0.801)
Class 3 1379/40 0.670 (0.476,0.942)  0.675 (0.478,0.954)  0.628 (0.415,0.949)  0.635 (0.420, 0.961)
Female
Class 1 1968/213 1 1 1 1
Class 2 4828/206 0.827 (0.680,1.007)  0.844 (0.693,1.029)  0.982 (0.777,1.241)  0.984 (0.779, 1.244)
Class 3 620/4 0.335 (0.124,0.910)  0.341 (0.126,0.927)  0.441 (0.156,1.246)  0.447 (0.158, 1.264)

Model 1 was adjusted for age, marriage status (married or not), educational attainment levels (low, medium, or high), household income per capita levels
(low, medium, or high), and living in city (yes or no). Model 2 was adjusted for the variables in Model 1 as well as smoking status (ever/current or never
smoker), alcohol consumption (yes or no), physical activity levels (low, moderate, or high), total energy intake, fat intake, protein intake, carbohydrate
intake. Model 3 included variables in Model 2 and was adjusted for body mass index, waist circumference, triceps skinfold thickness, mid-upper arm
circumference, systolic blood pressure, and diastolic blood pressure. Model 4 was adjusted for the variables in Model 3 as well as the history of diabetes

and hypertension.

B1 =3.381° B2 = -0.045°

Mediation effect by GNRI = -50.0%?

Bdirect-effect = -0.142

TSF thickness
trajectory

All-cause mortality

Mediation effect by hs-CRP = -4.9%

B3 =-0.436

B4 = 0.035

Mediation effect by
HOMA-IR = 1.6%

HOMA-IR

Figure 2 Mediation effects on the association between triceps skinfold thickness trajectories and risk of all-cause mortality. 2P < 0.05.
GNRI: Geriatric Nutritional Risk Index; hs-CRP: High-sensitivity C-reactive protein; HOMA-IR: Homeostatic Model Assessment of Insulin Resistance; TSF: Triceps
skinfold.

B5 = 0.906° B6 = 0.006

between TSF thickness trajectories and mortality outcomes. For females, the association of lower TSF thickness with
increased mortality was confined to the non-elderly demographic.

Our analysis revealed a heightened risk of all-cause mortality associated with persistently low TSF thickness
trajectories compared to others. This association persisted even controlling for baseline TSF thickness. Moreover, in our
cohort, a one-time measurement of TSF thickness did not correlate with mortality in either gender, underscoring that TSF
thickness trajectories may be a more indicative measure of mortality risk than a single measurement. Previous literature
reports inconsistent findings on the relationship between TSF thickness and mortality[9,12,13,29-32], with many studies
being cross-sectional or focused on particular cohorts such as older adults, hemodialysis patients, or those with liver
cirrhosis. Our study extends the exploration to a comprehensive adult population, contributing novel insights to the
discourse. Notably, the extremely low TSF thickness trajectory was prevalent in 18.8% of the male participants, meriting
further investigation. Additionally, we observed that similar TSF thickness levels in early adulthood did not result in
mortality risk divergence in later years, regardless of subsequent increases. These findings challenge prior studies that
highlighted the significance of TSF thickness predominantly in older populations[4,10], and instead, accentuates the
detrimental effects of lower TSF thickness in early adulthood and the necessity of monitoring TSF thickness progression
throughout life.

This study unveils an intriguing gender-specific observation: The novel association between TSF thickness and
mortality was exclusively noted for males and non-elderly females. This gender disparity may stem from the fact that
females typically exhibit higher body fat percentages than males at equivalent BMI levels[33]. Additionally, estrogen is
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A
Subgroup NO. of participants/Death Hazard ratio (95%Cl) P for interaction
All males
Class 1 2132/335 1
Class 2 3818/221 —_— 0.651(0.529, 0.801)
Class 3 1379/40 = 0.635(0.420, 0.961)
Age 0.528
age<6Oyears
Class 1 1691/173 1
Class 2 3267/129 —— 0.638(0.488, 0.834)
Class 3 1264/26 - 0.599(0.360, 0.997)
age>=60years
Class 1 4411162 1
Class 2 551/92 —_—_ 0.710(0.504, 1.00)
Class 3 115114 - 0.827(0.383, 1.787)
BMI 0.116
BMI<24kg/m2
Class 1 1973/306 1
Class 2 2659/140 —_— 0.683(0.541, 0.862)
Class 3 649/14 = 0.485(0.265, 0.886)
BMI>=24kg/m2
Class 1 159/29 1
Class 2 1159/81 —— 0.462(0.281, 0.761)
Class 3 730/26 - 0.665(0.323, 1.366)
wC 0.572
WC<90cm
Class 1 2031/317 1
Class 2 3094/169 —_— 0.679(0.545, 0.846)
Class 3 869/22 = 0.587(0.356, 0.967)
WC>=90cm
Class 1 101/18 1
Class 2 724/52 —_— 0.324(0.159, 0.660)
Class 3 510/18 : o - ! : 0.396(0.143, 1.095)
0 0.5 1 1.5
The estimates
B
Subgroup NO. of participants/Death Hazard ratio (95%CI) P for interaction
All females
Class 1 1968/213 1
Class 2 4828/206 —— 0.984(0.779, 1.244)
Class 3 620/4 0.447(0.158, 1.264)
Age 0.014
age<6Oyears
Class 1 1560/107 1
Class 2 4073/82 _— 0.582(0.404, 0.838)
Class 3 608/3 & 0.237(0.068, 0.829)
age>=60years
Class 1 408/106 1
Class 2 755/124 = 1.322(0.931, 1.878)
Class 3 121 = 0.576(0.072, 4.599)
BMI 0.995
BMI<24kg/m2
Class 1 1694/192 1
Class 2 3241/123 1.044(0.801, 1.360)
Class 3 238/0 -
BMI>=24kg/m2
Class 1 274721 1
Class 2 1587/83 = 0.910(0.526, 1.576)
Class 3 382/4 = 0.408(0.122, 1.368)
wC 0.54
WC<80cm
Class 1 1511/165 1
Class 2 2940/106 —_— 0.864(0.648, 1.152)
Class 3 263/1 & 0.337(0.045, 2.495)
WC>=80cm
Class 1 457/48 1
Class 2 1888/100 = 1.222(0.794, 1.881)
Class 3 357/3 - 0.501(0.139, 1.808)

0.5

The estimates

T
1

Figure 3 Association of triceps skinfold thickness trajectories with all-cause mortality stratified by age, body mass index, and waist
circumference. All models were adjusted for the cofounders in Table 1. A: Males; B: Females. 95%Cl: 95% confidence interval; BMI: Body mass index; WC: Waist

circumference.
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known to modulate fat distribution, preferentially augmenting subcutaneous rather than visceral fat accumulation in
females[7,34,35]. This finding diverges from some prior studies which suggested a more pronounced protective role of
TSF thickness for females[29]. For instance, a prospective study highlighted that females with colorectal cancer presenting
with low TSF thickness faced a 40% increased risk of adverse outcomes compared to those with normal TSF thickness
[30], whereas TSF thickness did not emerge as a prognostic determinant for males. Our data also revealed a predom-
inance of extremely low TSF thickness trajectories for males, while for females the trajectory was more frequently charac-
terized by thicker TSF thickness, corroborating earlier assertions of gender-based differences in subcutaneous fat distri-
bution. Moreover, our subgroup analyses suggest a significant association between TSF thickness trajectories and
mortality in younger females, hinting that TSF thickness may exert a more substantial impact earlier in life, thereby
underscoring the need for vigilant monitoring of TSF thickness from early adulthood. Nonetheless, the physiological
underpinnings of regional fat accumulation are intricate and not yet fully elucidated[36], necessitating further invest-
igation in this domain.

Previous studies on TSF thickness and mortality risk have largely focused on elderly populations, indicating an
increased risk of all-cause mortality with thinner skinfolds[12], However, our study suggests that the trajectory of TSF
thickness may have a greater impact on younger individuals, highlighting the importance of early and continuous
monitoring of skinfold thickness changes to potentially influence mortality risk. Our study data lacks specific causes of
death, but a review of previous literature indicates that previous studies have explored the role of TSF thickness in
predicting mortality risk associated with cancer, cardiovascular and cerebrovascular diseases, and dialysis. Data from
NHANES suggest that lower TSF thickness is associated with a higher risk of cardiovascular disease mortality but not
with cerebrovascular disease mortality[4]. A multicenter study demonstrated a significant correlation between low
skinfold thickness and increased risk of cancer-related mortality[36]. Another study on colorectal cancer mortality risk
indicated that lower TSF thickness was associated with increased mortality risk for females but not for males[30]. In
dialysis patients, lower TSF thickness was linked to higher mortality risk[37]. However, there is currently a lack of
research on the relationship between TSF thickness trajectories and specific disease mortality risks, necessitating further
studies.

Our findings reveal that the GNRI serves as a partial mediator in the correlation between TSF thickness trajectories and
all-cause mortality, suggesting that the impact of TSF thickness on mortality may predominantly be channeled through
nutritional status rather than metabolic factors such as insulin resistance. While Alb is a recognized clinical marker of
nutritional status, its circulating level can be influenced by a multitude of factors[38]. Hence, we delved deeper into the
relationship between GNRI and various TSF thickness trajectories. Incorporating Alb, weight, and height, GNRI is
advocated as an economical yet effective instrument for evaluating nutritional status[39,40]. This study discovered an
inverse relationship between TSF thickness trajectories and GNRI, with GNRI exhibiting a significant mediating role in
the association between TSF thickness trajectory and mortality. This observation suggests that TSF thickness may act as
an indirect indicator of overall nutritional and health status. Aligning with previous studies, our findings suggest that a
greater TSF thickness may confer protection against malnutrition and cachexia, potentially mitigating mortality risks
associated with chronic and malignant conditions[29,41].

This investigation stands as the first study examining the trajectory of TSF thickness in relation to all-cause mortality,
distinguished by its extensive cohort and prolonged observation period. Our research indicates that TSF thickness
trajectories offer additional predictive insights on mortality risk, transcending the data provided by single TSF thickness
measurements, BMI, and WC. Moreover, our inclusive approach, encompassing adults across a wide age spectrum, has
demonstrated that the implications of TSF thickness trajectories extend well beyond geriatric demographics. We also
delved into potential underlying mechanisms for our findings, contributing to a deeper understanding of this area.
Nevertheless, this study had several limitations. Primarily, it is imperative to acknowledge that our cohort consisted
exclusively of individuals from China, which may limit the applicability of our findings across different ethnic groups.
We recognize this as a limitation and suggest that future research should aim to include a more ethnically diverse
population. As an observational study, it precludes the establishment of causality. The lack of cause-specific mortality
data precludes a comprehensive analysis, as deaths due to extraneous causes could introduce an element of bias. This gap
in data restricts our ability to dissect and discuss the multifactorial nature of mortality in relation to TSF thickness
trajectory. We acknowledge this as a critical area for future studies and aim to explore these aspects further in subsequent
studies, provided that relevant data become accessible.

CONCLUSION

In conclusion, trajectories with lower TSF thickness for males and non-elderly females were significantly associated with
an increased risk of all-cause mortality, independent of the one-point TSF thickness, BMI, and WC. This study
additionally emphasizes the harmful effects of lower TSF thickness in early healthy adulthood and the importance of
monitoring TSF thickness over the adult life course. Further studies in different ethnic populations are required to verify
this conclusion.
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Abstract

BACKGROUND

Hypertension is a major risk factor for cardiovascular disease and stroke, and its
prevalence is increasing worldwide. Health education interventions based on the
health belief model (HBM) can improve the knowledge, attitudes, and behaviors
of patients with hypertension and help them control their blood pressure.

AIM
To evaluate the effects of health education interventions based on the HBM in
patients with hypertension in China.

METHODS

Between 2021 and 2023, 140 patients with hypertension were randomly assigned
to either the intervention or control group. The intervention group received health
education based on the HBM, including lectures, brochures, videos, and coun-
seling sessions, whereas the control group received routine care. Outcomes were
measured at baseline, three months, and six months after the intervention and
included blood pressure, medication adherence, self-efficacy, and perceived
benefits, barriers, susceptibility, and severity.

RESULTS

The intervention group had significantly lower systolic blood pressure [mean
difference (MD): -8.2 mmHg, P < 0.001] and diastolic blood pressure (MD: -5.1
mmHg, P = 0.002) compared to the control group at six months. The intervention
group also had higher medication adherence (MD: 1.8, P < 0.001), self-efficacy
(MD: 12.4, P < 0.001), perceived benefits (MD: 3.2, P < 0.001), lower perceived
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barriers (MD: -2.6, P = 0.001), higher perceived susceptibility (MD: 2.8, P = 0.002), and higher perceived severity
(MD: 3.1, P <0.001) than the control group at six months.

CONCLUSION
Health education interventions based on the HBM effectively improve blood pressure control and health beliefs in
patients with hypertension and should be implemented in clinical practice and community settings.

Key Words: Hypertension; Health education; Health belief model; Blood pressure control; Randomized controlled trial

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Health education interventions based on the health belief model (HBM) significantly improve blood pressure
control and health beliefs in patients with hypertension. This study, conducted in China from 2021 to 2023, demonstrated
that patients who received HBM-based education had lower blood pressure, better medication adherence, and improved self-
efficacy than those who received routine care. Implementing such interventions in clinical and community settings can
effectively help patients with hypertension manage their condition and enhance their overall health outcomes.
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INTRODUCTION

Hypertension, also known as high blood pressure, is a chronic condition that occurs when the blood force acting on the
arterial walls is excessively high[1]. Hypertension can damage blood vessels and organs and increase the risk of
cardiovascular disease (CVD) and stroke[2]. According to the World Health Organization, hypertension affects approx-
imately 1.13 billion people worldwide and is responsible for 10.4 million deaths annually[3]. In China, hypertension is a
major public health problem, with an estimated prevalence of 23.2% among adults, a low awareness rate of 48.2%, a low
treatment rate of 40.7%, and a low control rate of 15.3%[4]. Therefore, effective prevention and management of hyper-
tension are essential to reduce the burden of CVD and stroke in China.

Health education is one of the key strategies for preventing and controlling hypertension, as it can improve the
knowledge, attitudes, and behaviors of patients with hypertension and help them adopt healthy lifestyles and adhere to
medications[5]. The health belief model (HBM) is a widely used theoretical framework for health education interventions
that posits that health behaviors are influenced by six constructs: Perceived susceptibility, perceived severity, perceived
benefits, perceived barriers, self-efficacy, and cues to action[6]. Perceived susceptibility refers to the belief that one is at
risk of developing a disease or experiencing negative consequences; perceived severity refers to the belief that the disease
or its consequences are serious or harmful; perceived benefits refer to the belief that taking a certain action will reduce the
risk or severity of the disease or its consequences; perceived barriers refer to the belief that there are obstacles or costs
associated with taking a certain action; self-efficacy refers to the belief that one has the ability or confidence to perform a
certain action; and cues to action refer to the factors that trigger or motivate one to take a certain action[7]. According to
the HBM, health behaviors are more likely to occur when individuals perceive a high susceptibility to and severity of a
disease, perceive more benefits than barriers to taking action, have high self-efficacy, and receive cues for action[8].

Several studies have applied the HBM to design and evaluate health education interventions for patients with
hypertension in different settings and populations[9-15]. The results showed that health education interventions based on
the HBM could improve the blood pressure control and health beliefs of patients with hypertension compared with usual
care or other interventions. However, most of these studies have been conducted in developed countries or regions, such
as the United States, Europe, and Taiwan, and there is a lack of evidence on the effectiveness of health education
interventions based on the HBM for patients with hypertension in mainland China. Moreover, most of these studies used
a single or limited mode of delivery for health education interventions such as lectures, brochures, or telephone calls.
There is a need to explore the use of multiple and diverse modes of delivery for health education interventions based on
the HBM, such as videos, counseling sessions, and online platforms.

Therefore, this study aimed to evaluate the effects of health education interventions based on the HBM on patients
with hypertension in China from 2021 to 2023.
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MATERIALS AND METHODS
Study design and setting

This randomized controlled trial was divided into the intervention and control groups. This study was conducted at two
health centers in the Lishui Second People's Hospital from January 2021 to June 2023. The choice of community health
centers was based on their willingness to participate and the similarity of population size, socio-economic status, and
medical service provision. The research plan was approved by the ethics committee of Lishui Second People's Hospital,
and all participants provided written informed consent before enrollment.

Participants and sampling

The participants were patients with hypertension who met the following inclusion criteria: (1) Aged 18 years or above; (2)
diagnosed with hypertension according to the 2018 Chinese guidelines for the management of hypertension (systolic
blood pressure > 140 mmHg and/ or diastolic blood pressure = 90 mmHg, or taking antihypertensive medication)[16]; (3)
registered as residents in the catchment area of community health centers; (4) able to communicate in mandarin and read
and write Chinese; and (5) willing to participate in and follow the study procedures. The exclusion criteria were as
follows: (1) Secondary hypertension or other serious co-morbidities such as heart failure, renal failure, or stroke; (2)
cognitive impairment or mental disorders that could affect the understanding and completion of the questionnaires; and
(3) participation in other similar health education interventions during the study period.

The sample size was calculated based on the primary outcome of systolic blood pressure. Assuming a mean difference
of 10 mmHg between the intervention and control groups, a standard deviation of 15 mmHg, a significance level of 0.05,
a power of 0.80, and a dropout rate of 20%, the required sample size was 64 patients per group. To achieve this sample
size, 140 patients with hypertension were recruited from two community health centers using convenience sampling. The
recruitment process was as follows: (1) The staff of the community health centers screened the eligible patients from their
electronic medical records and contacted them by phone or home visits; (2) the staff explained the purpose and
procedures of the study to the interested patients and obtained their written informed consent; (3) the staff collected the
baseline data from the consenting patients using standardized questionnaires and measured their blood pressure using a
calibrated electronic sphygmomanometer; (4) the staff randomly assigned the patients to either the intervention group or
the control group using a computer-generated random number table; and (5) the staff informed the patients about their
group allocation and provided them with relevant instructions.

Intervention

The intervention group received health education interventions based on the HBM, whereas the control group received
routine care. The health education interventions consisted of four components: Lectures, brochures, videos, and
counseling sessions. The lectures were delivered by trained nurses in a classroom setting at community health centers.
The lectures covered topics such as the definition, causes, complications, prevention, and treatment of hypertension; the
importance of medication adherence and lifestyle modification; and the application of HBM constructs to enhance self-
efficacy and overcome barriers. The interactive lectures used various methods, such as demonstrations, role-plays, games,
and quizzes, to engage participants. The lectures lasted approximately one hour each and were held once a month for
three months. The brochures were designed based on the HBM constructs and contained information and tips for
controlling blood pressure. Brochures were distributed to participants after each lecture and were made available online.
The videos were produced by professional media companies and featured stories of patients with hypertension who
successfully controlled their blood pressure by following the HBM principles[17]. The videos were shown to the
participants during lectures and were made accessible online. The counseling sessions were conducted one-on-one by
trained nurses at community health centers or via phone. The counseling sessions aimed to provide participants with
individualized feedback, guidance, support, and reinforcement based on their blood pressure levels, medication
adherence, lifestyle behaviors, and health beliefs. The counseling sessions lasted approximately 15 min each and were
held once every two weeks for three months.

The control group received routine care in accordance with the National Guidelines for Hypertension Management in
China[16]. Routine care included regular blood pressure monitoring, prescription medication, and general health
education regarding the prevention and control of hypertension. The control group did not receive any specific
interventions based on the HBM.

Data collection

Data were collected at baseline (before randomization), three months (after the intervention), and six months (follow-up)
after the intervention. Data were collected by trained research assistants blinded to the participants’ group allocation. The
data collection methods included questionnaires and blood pressure measurements.

Questionnaires were self-administered by the participants and contained questions on demographic characteristics,
medication adherence, self-efficacy, as well as perceived benefits, barriers, susceptibility, and severity. Medication
adherence was measured using the 8-item Morisky Medication Adherence Scale (MMAS-8), which assesses the frequency
and reasons for missing or skipping medication doses[18]. The MMAS-8 has a total score ranging from 0 to 8, with higher
scores indicating better medication adherence. Self-efficacy was measured using the 10-item Self-Efficacy for Managing
Chronic Disease Scale, which assesses confidence in performing various self-management behaviors related to chronic
diseases. The total score ranged from 10 to 100, with higher scores indicating higher self-efficacy. Perceived benefits,
barriers, susceptibility, and severity were measured using the 16-item Hypertension Health Belief Scale, which assesses
beliefs regarding the advantages and disadvantages of taking antihypertensive medications and lifestyle modifications,
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the likelihood and seriousness of developing hypertension-related complications, and the cues to action for blood
pressure control. This scale has four subscales, each containing four items. Each item uses a 5-point Likert scale ranging
from 1 (strongly disagree) to 5 (strongly agree). The subscale scores were calculated by summing the item scores, with
higher scores indicating higher levels of the corresponding construct.

Trained research assistants measured the blood pressure using a calibrated electronic sphygmomanometer. The
participants were instructed to sit quietly for at least 5 min before the measurement and avoid smoking, drinking
caffeinated beverages, or exercising for 30 min before the measurement. Blood pressure was measured three times on the
right arm at intervals of at least 1 min, and the average of the three readings was recorded as the blood pressure value.
The systolic and diastolic blood pressures were recorded in millimeters of mercury (mmHg).

Data analysis

Data were analyzed using SPSS version 26.0. Descriptive statistics were used to describe the demographic characteristics,
blood pressure, medication adherence, self-efficacy, and health beliefs of the participants in both groups at baseline and
three and six months after the intervention. Independent ¢-tests or chi-square tests were used to compare the baseline
differences between the two groups. Repeated-measures analysis of variance (ANOVA) or generalized estimating
equations (GEE) were used to compare changes in blood pressure, medication adherence, self-efficacy, and health beliefs
between the two groups over time. The level of significance was set at P < 0.05.

RESULTS

A total of 140 patients with hypertension were recruited and randomized into an intervention group (n = 70) and a
control group (n = 70). The baseline characteristics of the study participants are presented in Table 1. There were no
significant differences between the two groups in terms of age, sex, education level, marital status, occupation, smoking
status, drinking status, body mass index, duration of hypertension, number of antihypertensive drugs, baseline blood
pressure, medication adherence, self-efficacy, or health beliefs.

Changes in blood pressure, medication adherence, self-efficacy, and health beliefs between the two groups over time
are shown in Table 2. The repeated-measures ANOVA or GEE results showed significant group-by-time interactions for
all outcomes, indicating that the intervention group had significantly different outcomes than the control group over
time. The intervention group had significantly lower systolic and diastolic blood pressure, higher medication adherence,
higher self-efficacy, higher perceived benefits, perceived barriers, perceived susceptibility, and perceived severity than
the control group three and six months after the intervention.

DISCUSSION

This study evaluated the effects of health education interventions based on the HBM on patients with hypertension in
China from 2021 to 2023. The results showed that the intervention group had significantly lower systolic and diastolic
blood pressure, higher medication adherence, higher self-efficacy, higher perceived benefits, lower perceived barriers,
higher perceived susceptibility, and higher perceived severity than the control group three and six months after the
intervention.

The findings of this study are consistent with those of previous studies that have applied the HBM to design and
evaluate health education interventions for patients with hypertension in different settings and populations[19-25].
Health education interventions based on the HBM can improve blood pressure control and health beliefs of patients with
hypertension by enhancing their knowledge, attitudes, and behaviors related to hypertension prevention and
management. The HBM constructs can explain how patients with hypertension perceive the risk and severity of
hypertension and its complications, weigh the benefits and barriers of taking antihypertensive medication and modifying
their lifestyle, gain confidence and motivation to perform self-management behaviors, and receive cues and support from
healthcare providers and other sources[26,27]. Health education interventions based on the HBM can address these
constructs by providing tailored and comprehensive information, feedback, guidance, support, and reinforcement for
patients[28-30].

The strengths of this study include the use of a randomized controlled trial design, multiple and diverse modes of
delivery of health education interventions based on the HBM, and standardized and validated instruments to measure
outcomes. The limitations of this study include the relatively small sample size, short duration of follow-up, lack of
blinding of the participants and intervention providers, and the potential influence of confounding factors, such as co-
morbidities, socio-economic status, and health service utilization.

The implications of this study are as follows: (1) Health education interventions based on the HBM should be
implemented in clinical practice and community settings to prevent and manage hypertension; (2) health education
interventions based on the HBM should use multiple and diverse modes of delivery to enhance their effectiveness and
accessibility; (3) health education interventions based on the HBM should be evaluated using rigorous methods and long-
term follow-up to assess their impact and sustainability; and (4) health education interventions based on the HBM should
be tailored to the specific needs and preferences of patients with hypertension in different contexts and cultures.
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Table 1 Baseline characteristics of the participants, n (%)/mean * SD

Variable Intervention group (n = 80) Control group (n = 80) P value
Age (yr) 58.6+9.4 59.2+10.2 0.64
Gender 0.87
Male 37 (52.9) 36 (51.4)
Female 33 (47.1) 34 (48.6)
Education level 0.76
Primary school or below 15 (21.4) 16 (22.9)
Middle school 31 (44.3) 30 (42.9)
High school or above 24 (34.3) 24 (34.3)
Marital status 0.81
Married or cohabiting 64 (91.4) 63 (90.0)
Single, divorced, or widowed 6 (8.6) 7 (10.0)
Occupation 0.69
Employed or self-employed 39 (55.7) 37 (52.9)
Retired or unemployed 31 (44.3) 33 (47.1)
Smoking status 0.92
Current smoker 11 (15.7) 10 (14.3)
Former smoker or never smoker 59 (84.3) 60 (85.7)
Drinking status 0.77
Current drinker 13 (18.6) 14 (20.0)
Former drinker or never drinker 57 (81.4) 56 (80.0)
Body mass index (kg/m?) 254+32 25.7+3.6 0.54
Duration of hypertension (yr) 83+6.4 87+72 0.71
Number of antihypertensive drugs 0.83
One 31 (44.3) 29 (41.4)
Two or more 39 (55.7) 41 (58.6)
Systolic blood pressure (mmHg) 149 + 14 150 + 15 0.67
Diastolic blood pressure (mmHg) 91+9 92+10 0.59

Medication adherence score

MMAS-8 62+1.8 63+1.9 0.68
Self-efficacy score

SEMCDS 68.4+17 68.6+1.8 0.51
Perceived benefits score

HHBS 16.8+24 16.9+2.6 0.32
Perceived barriers score

HHBS 11.2+3.1 114+3.3 0.49
Perceived susceptibility score

HHBS 14.6 £2.9 14.7 £3.1 0.56
Perceived severity score

HHBS 154+27 1.5+£28 0.68

P values are based on independent t-tests or chi-square tests. MMAS-8: Morisky medication adherence scale; SEMCDS: Self-efficacy for managing chronic
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disease scale; HHBS: Hypertension health belief scale.

Table 2 Changes in blood pressure, medication adherence, self-efficacy, and health beliefs between the two groups over time, mean *

SD

Variable Intervention group (n = 70) Control group (n = 80) Group-by-time interaction

Baseline 3 months 6 months Baseline 3 months 6 months P value

Systolic blood pressure (mmHg) 149+ 14 136 £ 12° 133 £11° 150 + 14 145+13 143 £12 <0.001
Diastolic blood pressure (mmHg) 91+9 83 +8° 81+7° 92+9 89+8 88+7 <0.001

Medication adherence score (MMAS-8) 6.2+1.8 74+1.1° 7.6 £1.0° 61+18 65+1.7 6.7+1.6 <0.001

Self-efficacy score (SEMCDS) 684+17 724+15" 732+14" 680x17 695£16 70.0+15 <0.001
Perceived benefits score (HHBS) 16.8+24  182+£22" 185+21" 167+24 17.0%23 17.2+22 <0.001
Perceived barriers score (HHBS) 112431  9.8+29° 9.5+2.8° 113+31  10.9+3.0 10.7+£29 <0.001

Perceived susceptibility score (HHBS) ~ 14.6+29  16.0+£2.7" 163+26" 145+29 150+28 152+27 <0.001

Perceived severity score (HHBS) 154+27 168+25" 171+24° 153+27 158%26 16.0£25 <0.001

2P < 0.05 (significant differences between the intervention and control groups at the same time point).
MMAS-8: Morisky medication adherence scale; SEMCDS: Self-efficacy for managing chronic disease scale; HHBS: Hypertension health belief scale.

CONCLUSION

This study demonstrated that health education interventions based on the HBM effectively improved blood pressure
control and health beliefs of patients with hypertension in China from 2021 to 2023. This study suggests that health
education interventions based on the HBM should be widely adopted and further evaluated for the prevention and
management of hypertension.
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Abstract

BACKGROUND

Bronchogenic cysts are rare developmental anomalies that belong to the category
of congenital enterogenous cysts. They arise from lung buds and are present at
birth. The embryonic foregut is their origin. Typically, they are located within the
chest cavity, particularly in the cavum mediastinale of the thoracic cavity or
lodged in the pulmonary parenchyma, and are considered a type of lung bud
malformation.

CASE SUMMARY

A 49-year-old male patient was admitted to the hospital due to the detection of a
retroperitoneal mass during a physical examination. Two weeks before admission,
the patient underwent a physical examination and routine laboratory tests, which
revealed a space-occupying mass in the retroperitoneal region. The patient did not
report any symptoms (such as abdominal pain, flatulence, nausea, vomiting, high
fever, or chills). The computed tomography (CT) revealed a retroperitoneal space-
occupying lesion with minimal enhancement and a CT value of approximately 36
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Hounsfield units. The lesion was not delineated from the boundary of the pancreatic body and was closely related
to the retroperitoneum locally.

CONCLUSION

Following a series of tests, an abdominal mass was identified, prompting the implementation of a laparoscopic
retroperitoneal mass excision procedure. During the investigation, an 8 cm x 7 cm cystic round-shaped mass with a
distinct demarcation was identified in the upper posterior region of the pancreas. Subsequently, full resection of
the mass was performed. Postoperative pathological examination reveled a cystic mass characterized by a smooth
inner wall. The cystic mass was found to contain a white, viscous liquid within its capsule.

Key Words: Bronchogenic cyst; Retroperitoneal space; Excision; Laparoscopic surgery; Case report

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A 49-year-old male with no significant medical or family history was diagnosed with a retroperitoneal mass during
a routine physical examination, despite showing no typical symptoms. The absence of common diseases such as
hypertension or diabetes in his medical history, with normal physical examination and laboratory results, highlighted the
unusual nature of this case. The mass, detected incidentally, underscoreds the importance of routine health checks in
identifying potentially serious conditions in asymptomatic patients. This case emphasizes the critical role of comprehensive
evaluations and the need for surgical intervention in managing unexpected findings, demonstrating the value of caution in
routine medical examinations.

Citation: Malik A, Naseer QA, Igbal MA, Han SY, Dang SC. Retroperitoneal bronchogenic cyst: A case report and review of
literature. World J Clin Cases 2024; 12(15): 2586-2596

URL: https://www.wjgnet.com/2307-8960/full/v12/i15/2586.htm

DOI: https://dx.doi.org/10.12998/wjcc.v12.i115.2586

INTRODUCTION

Bronchogenic cysts originate from the foregut and are most commonly situated in the mediastinum, as noted previously
[1,2]. However, these cystic anomalies have also been identified in less common locations, including the esophagus, as
reported by Altieri et al[1] and near the diaphragm[3,4]. While often presenting without symptoms, these cysts may lead
to clinical concerns through infection or by exerting pressure on adjacent anatomical structures, as described previously
[2]. To mitigate such issues and avert further complications, surgical removal of the cysts is frequently advocated[2].
While these cysts are generally asymptomatic, they can become infected or exert compressive effects on adjacent tissues
[2]. This case study describes a case involving a subdiaphragmatic retroperitoneal bronchogenic cyst, with a definitive
diagnosis established through histopathological examination of the surgically excised specimen.

CASE PRESENTATION

Chief complaints
A retroperitoneal mass was identified during a routine physical examination. The mass was detected two weeks prior to
his admission, through physical assessment and standard laboratory tests.

History of present illness
A 49-year-old male who was hospitalized following a routine physical examination unexpectedly revealed a retroperi-
toneal mass despite the absence of symptoms such as nausea, vomiting, fever, abdominal pain, or distension.

History of past illness
The patient's medical history was devoid of any conditions, including the absence of other diseases such as hypertension
(HTN), diabetes mellitus (DM), heart disease, or tuberculosis (TB).

Personal and family history
The patient reported no family history of any disease or cancerous growth.

Physical examination
During the physical examination, the patient's abdominal area exhibited a flat and soft appearance, without any
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indications of gastrointestinal problems or peristaltic movements. Moreover, there were no signs of varices in the
abdominal wall, tenderness, rebound pain, or muscle guarding. The liver and spleen displayed normal characteristics,
and Murphy's sign elicited a negative response. No pain was elicited during percussion in the liver and kidney regions,
and no anomalies were detected during digital rectal examination. The vital signs of the patient were recorded as follows:
Body temperature of 36.2 °C, arterial blood pressure of 130/65 mmHg, SpO, level of 95%, pulse rate of 105 beats per
minute, and respiration rate of 19 breaths per minute. In general, the findings of the physical examination were within
normal limits.

Laboratory examinations

Laboratory analyses revealed a C-reactive protein concentration of 24.0 mg/L, a white blood cell (WBC) count of 12.4 x
10°/L, and a neutrophil proportion of 77.6%. The results of the endocrine assessment conducted to evaluate excessive
adrenal secretion revealed no abnormalities, as shown in Table 1. Blood biochemistry results fell within the normal range,
and after comprehensive laboratory analyses and a thorough physical examination, there were no evident contraindic-
ations for the surgical extraction of the tumor.

Table 1 presents the results of a series of presurgery laboratory tests conducted on the patient. It provides the actual
values of various measured parameters, their corresponding normal reference values, and the units of measurement. The
first parameter in the table is the leukocyte or WBC count, which measures the total WBCs in the bloodstream. The
patient's WBC count was determined to be 6.1 x 10°/L, and this value falls within the typical reference range of 3.5-9.5 x
10°/L. Additionally, the table includes various types of WBCs, such as neutrophils, lymphocytes, monocytes, eosinophils,
and basophils. The patient's neutrophil count was slightly below the standard range, while the lymphocyte count was
within the normal reference range. The counts of the other types of WBCs all fell within their respective normal ranges.
Additionally, the table reports the values of four tumor markers: Carbohydrate antigen (CA)19-9, carcinoembryonic
antigen (CEA), alpha-fetoprotein (AFP), and CA125. Tumor markers are substances produced either by cancer cells or by
normal cells in response to cancer. They serve the purpose of detecting cancer, monitoring its progression, and evaluating
treatment efficacy. In this particular case, all four tumor markers were within their normal reference ranges, signifying
the absence of evidence for cancer.

Imaging examinations

Further diagnostic evaluations were undertaken through noncontrast computed tomography (CT) scans to characterize
the retroperitoneal space-occupying lesion. Imaging revealed that the lesion demonstrated characteristics suggestive of
limited enhancement, an observation attributable to the imaging technique employed. The cyst content was noted to have
a uniform density, with CT values ranging between 17 and 36 Hounsfield units, which are indicative of the lesion
composition. A notable finding was the increased thickness of the cyst wall, a feature that may suggest underlying
contamination or inflammation. Figure 1 shows the anatomical location of an oval cystic lesion situated at the posterior
lower aspect of the left lateral lobe of the liver, within the retroperitoneal space, adjacent to the right side of the spine, and
to the left of the inferior vena cava. However, it is important to clarify that the figure predominantly shows a large cystic
mass accompanied by scattered calcifications within the abdominal-pelvic cavity, without distinct demarcation of the
specific lesion across the mentioned anatomical landmarks.

Further diagnostic work-up

Upon identifying an unexpected retroperitoneal mass during a standard physical examination, the 49-year-old male was
subjected to a noncontrast CT scan, which delineated a lesion with limited enhancement and a uniform density, alongside
an increased cyst wall thickness, suggesting possible underlying issues. The decision for surgical intervention was made,
leading to the laparoscopic resection of the mass. Intraoperatively, the lesion, located on the dorsal side of the upper pole
of the left kidney, was noted for its soft, gray-yellow appearance with a smooth surface. The tumor was characterized as
soft and gray-yellow and had a smooth surface, and it was successfully completely excised. Upon opening the mass, a
thick, jelly like substance was found within, and the thickness of the capsule wall measured approximately 0.2 cm, as
shown in Figure 2A. The resected specimen, measuring 8.8 cm x 7.2 cm x 2.6 cm, underwent histopathological
examination, which confirmed the diagnosis of a retroperitoneal bronchogenic cyst (Figure 2B). This examination
revealed a cystic mass with a smooth inner wall, containing white viscous fluid, and a capsule wall lined with pseu-
dostratified ciliated columnar epithelium, inclusive of glands, cartilage, and smooth muscle. Immunohistochemical
analysis was not detailed in the initial text but would typically be considered for further characterization of the tissue,
especially in distinguishing the cyst's benign nature from potential malignancies, by assessing specific markers relevant to
bronchogenic cysts.

FINAL DIAGNOSIS

Considering the patient's clinical presentation and subsequent investigative findings, the final diagnosis was determined
to be a retroperitoneal bronchogenic cyst.
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Table 1 Results obtained from the preoperative laboratory tests

Actual parameter Amount of concentration Reference values
Leukocyte (WBC), x 10°/L 6.1 3.5-9.5
Neutrophils, x 10°/L 2.6 1.8-6.3
Lymphocytes, x 10°/L 2.6 1.1-3.2
Monocytes, x 10°/L 0.7 0.1-0.6
Eosinophils, x 10°/L 0.12 0.02-0.52
Basophil, x 10°/L 0.07 0-0.06
CA19-9, U/mL 33 <37.0
CEA, ng/mL 23 <5.0
AFP, ng/mL 1.25 <8.78
CA125, U/mL 6.1 <35

WBC: White blood cell; AFP: Alpha-fetoprotein; CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen.

mAARRRSAnn;

Figure 1 Abdominal noncontrast computed tomography scan depicting a sizable cystic formation. The scan also revealed scattered calcifications
throughout the abdominal and pelvic regions.

11 12 13 4 15
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Figure 2 Cystic-solid tumor. A: Relationship of cystic lesions with surrounding structures and their maximum diameter; B: Complete surgical removal of the
cystic-solid tumor, measuring 8.8 cm in length, 7.2 cm in width, and 2.6 cm in depth.
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TREATMENT

The patient was treated through laparoscopic resection of the retroperitoneal lesion under general anesthesia, successfully
excising the cystic lesion. Postoperative recovery was uneventful, leading to discharge five days after the procedure
without any complications.

OUTCOME AND FOLLOW-UP

The surgical procedure was carried out successfully, and the patient was safely transferred to the hospital ward without
any postoperative complaints. Subsequent laboratory results indicated a reduction in C-reactive protein levels and WBC
count, with a recorded value of 6.1-9 mg/L, while the neutrophil percentage remained at 77.6%. The patient's condition
remained stable, characterized by normal vital signs, satisfactory overall well-being, restful sleep, and a positive mental
state. Examination of the abdomen did not reveal any tenderness, and bowel sounds were within the expected range.
After a postoperative recovery period of five days, the patient exhibited excellent progress without any complications,
which ultimately led to their discharge from the hospital.

DISCUSSION

Bronchogenic cysts are a type of congenital developmental anomaly that typically occurs in the mediastinum but can also
occur in other areas, such as the abdominal cavity, skin, and diaphragm. Retroperitoneal bronchogenic cysts are
frequently observed in the left adrenal region and frequently exhibit an absence of symptoms, hence contributing to the
potential for misdiagnosis[5]. It is crucial to distinguish these cysts from other conditions, such as adrenal adenomas,
renal cysts, and cystic teratomas. As a consequence of the initial findings, the patient was referred to the surgical
department for further evaluation and medical intervention. Throughout the illness, the patient did not manifest any
distressing symptoms, such as abdominal pain, abdominal distension, diarrhea, hematuria, urinary pain, frequent
urination, cold sensitivity, fever, night sweats, cough, or hemoptysis. Both urinary and bowel functions were reported to
be normal, and no significant recent weight loss was documented. Furthermore, the patient had no previous medical
history of conditions such as HTN, DM, heart disease, or TB. This case report highlights the discovery of a retroperitoneal
space-occupying lesion in a patient who exhibited no accompanying symptoms. Imaging findings suggested the presence
of additional cystic lesions within the retroperitoneal region, necessitating further inquiries to establish an accurate
diagnosis and develop a suitable course of treatment for this individual.

There were no indications of varices, tenderness, rebound pain, or muscle guarding. Both the liver and spleen
appeared normal. Percussion in the liver and kidney areas did not elicit any pain, and digital rectal examination revealed
no abnormalities. Overall, the physical examination findings were within normal parameters.

Laboratory tests showed a C-reactive protein level of 24.0 mg/L, a WBC count of 12.4 x 10°/L, and a neutrophil
percentage of 77.6%. Endocrine evaluation for excessive adrenal secretion revealed no abnormalities (Table 1). A CT scan
revealed a retroperitoneal mass without significant enhancement. While the diagnosis confirmed the presence of an
abdominal mass, further pathological assessment was needed for precise characterization. Blood biochemistry results
were normal. After thorough laboratory analyses and physical examination, there were no contraindications for surgical
tumor removal. Surgery was scheduled following appropriate preoperative assessments.

Bronchogenic cysts can be categorized into three types based on their location: Intrapulmonary, mediastinal, and
ectopic. The mediastinal type is the most prevalent and typically manifests as a clearly defined cystic structure in the
posterior mediastinum. Ectopic variants, which can appear in locations such as the neck, brain, and spinal dura, are rare
and may occasionally be found in the retroperitoneal area. Retroperitoneal bronchogenic cysts are exceedingly rare, with
only sixty-two cases reported in the medical literature. Among these cases, approximately thirty were verified as genuine
retroperitoneal bronchogenic cysts based on anatomical and pathological criteria[6]. Retroperitoneal bronchogenic cysts
are an uncommon, accounting for only 0.03% of the tumor incidence. These cysts are thought to have their origins in the
embryonic foregut and arise from a segment of the abnormally developed trachea and bronchial tree that takes shape in
the early stages following the detachment and implantation of the plumule in the abdominal cavity[5,7]. The concept
posits a potential correlation between the occurrence of retroperitoneal bronchogenic cysts on the left side of the body
and the separation of the plumule from the left side after anterior bowel transposition. Retroperitoneal bronchogenic
cysts are a rare clinical discovery, and most of these lesions typically cluster around the left adrenal gland. The peripan-
creatic area is the second most frequently affected site for these cysts and can occasionally be mistaken for adenomas
during preoperative imaging[8,9]. We examined a patient with a congenital malformation in the posterior mediastinum,
likely attributed to the abnormal development of the foregut. One of the retroperitoneal cysts initially appeared as a left
adrenal cyst and was effectively excised using laparoscopic techniques. The cyst was definitively diagnosed as a
bronchogenic cyst through pathological analysis, highlighting the need to consider bronchogenic cysts as a possible
diagnosis for retroperitoneal cysts.

Retroperitoneal bronchogenic cysts generally remain asymptomatic unless complications such as infection or
significant enlargement leading to the compression of neighboring organs arise. The usual indications may involve
unexplained abdominal swelling and a sense of fullness before lunchtime. In certain instances, when the adrenal glands
are compressed, symptoms resembling those associated with pheochromocytoma have been documented. Early diagnosis
and prompt treatment are crucial for preventing potential complications, as elevated levels of hormones may be released
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if left untreated[10,11]. Retroperitoneal bronchogenic cysts exhibit a nearly equal distribution between genders, affecting
both women and men. Approximately 82% of these cysts are observed to localize on the left side of the abdominal region
[12]. Bronchogenic cysts situated in deep anatomical locations, such as the posterior pelvic peritoneum, pose significant
challenges in preoperative identification and are commonly subject to misdiagnosis[13]. The patient underwent a laparo-
scopic resection procedure for the retro-abdominal lesion under general anesthesia. No ascites was detected in the pelvic
cavity, and there were no apparent abnormalities in various abdominal organs, including the liver, stomach, lungs,
glands, spleen, small intestine, large intestine, and pelvic cavity. During the operation, the tumor was located on the
dorsal side of the upper pole of the left kidney, as illustrated in Figure 2A.

Symptoms such as sickness, vomiting, and stomach discomfort may be useful in obtaining a diagnosis through medical
assessment if the lesions become substantial enough to compress neighboring organs. While CT and magnetic resonance
imaging are valuable diagnostic modalities for retroperitoneal bronchogenic cysts, the process of establishing a definitive
diagnosis can be complex due to various aspects, including the protein or calcium composition of the cysts, their
dimensions, compaction, or the potential occurrence of infection[8,14,15]. The tumor was characterized as soft and gray-
yellow and had a smooth surface, and it was successfully completely excised. Upon opening the mass, a thick, jelly like
substance was found within, and the thickness of the capsule wall measured approximately 0.2 cm, as shown in
Figure 2B.

c:l"he retroperitoneal bronchogenic cyst was established during the postoperative pathological examination. The mass
exhibited a rounded shape, measuring approximately 8 cm % 7 cm, and had a soft consistency with an intact capsule.
Microscopic examination of the specimen revealed a cystic mass with a smooth inner wall, containing white viscous fluid.
The capsule wall was lined with pseudostratified ciliated columnar epithelium and included glands, cartilage, and
smooth muscle. The pathological diagnosis confirmed tha the mass was as a bronchogenic cyst, as depicted in Figure 3.

Following a successful surgical procedure, the patient was transferred safely to the hospital ward without experiencing
any postoperative issues. Subsequent laboratory results showed decreased C-reactive protein levels and WBC counts,
with a recorded range of 6.1-9 mg/L, while the neutrophil percentage remained stable at 77.6%. The patient's condition
remained stable, with normal vital signs, satisfactory overall well-being, restful sleep, and a positive mental state.
Abdominal examination revealed no tenderness, and bowel sounds were normal. After a 5-d postoperative recovery
period, the patient made excellent progress without complications, leading to discharge from the hospital. Surgical
removal is typically the treatment of choice, and symptoms of this lesion type often improve following surgical
intervention. Fifty percent of all retroperitoneal bronchogenic cysts are discovered incidentally[8].

During sonogram investigation, retroperitoneal cystic lesions typically present as anechoic lesions with or without echo
fragmentation. Computerized axial tomography typically indicates a thin-walled, well-defined lesion with low water
density and little enhancement, although these lesions may have high density due to protein content, hemorrhagic
content, or sticky mucinous tissue. Fluid level and wall calcification may also beobserved[6]. Retroperitoneal cystic
lesions have a wide range of possible causes, including adrenal cysts, pancreatic pseudocysts, teratomas, and cystic
lymphangiomas. Bronchogenic cysts are treated surgically and have a very good long-term success rate[2,12].

The use of endoscopic ultrasound (EUS) seems to exhibit a higher level of effectiveness compared to CT in the identi-
fication and characterization of retroperitoneal cystic masses. This is mostly due to its ability to provide a clear depiction
of the mass itself, as well as the surrounding structures within the posterior peritoneal region. EUS-guided fine-needle
aspiration is a diagnostic procedure that can be employed to ascertain the malignancy or benign nature of a lesion. There
have been recorded instances of retroperitoneal bronchogenic cysts with notably increased levels of serum CA19-9, while
the underlying cause for this increase remains unclear and requires additional investigation[16]. The use of serum CA19-9
measurement has the potential to provide valuable diagnostic information for the identification of retroperitoneal
bronchogenic cysts[17]. Retroperitoneal bronchogenic cysts were first described by Miller et al[18] in 1953 and are
considered to be extremely rare. A thorough examination of the PubMed database has shown a total of 88 recorded cases
of retroperitoneal bronchogenic cysts in the global English-language literature from 1991 to 2022. In the context of this
study, a comprehensive analysis was conducted on a total of 40 publications, each presenting detailed information on 45
cases involving the laparoscopic extraction of red blood cells. The evaluation encompassed the entirety of the texts as well
as the pathological findings associated with these cases. Table 2 provides a concise summary of the papers that are
included for reference.

Tokuda et al[19] reported the first laparoscopic resection of such cysts in 1997, with a focus on cysts up to 3 cm in size.
It is worth noting that this particular surgical treatment has been predominantly documented in China, with 17 cases
(37.8%). Subsequently, 8 cases were recorded in Japan (17.8%), while 6 cases were reported in the United States (13.3%).
The observation of differences based on regional and racial factors is consistent with the findings reported by Liang et al
[20]. Comprehensive literature reviews were sequentially conducted by Cetinkursun et al[21], Liang et al[20], Govaerts et
al[6], and Yuan et al[22] in the years 1997, 2005, 2012, and 2021, respectively. It is noteworthy to emphasize that the
aforementioned research included a significant cohort of patients who underwent surgical procedures utilizing the open
technique. After successful surgical resection and pathological confirmation of the bronchogenic cyst, comprehensive
preoperative assessment, which plays a crucial role in guiding the surgical approach. Table 1 presents the results of a
series of presurgery laboratory tests conducted on the patient, providing a detailed account of the patient's clinical status
prior to the operation. This includes the actual values of various measured parameters, their corresponding normal
reference values, and the units of measurement. Specifically, the leukocyte or WBC count, which measures the total WBCs
in the bloodstream, was determined to be within the typical reference range, indicating no infection or inflammation.
Additionally, the table reports the values of four tumor markers: CA19-9, CEA, AFP, and CA125, all of which are within
their normal reference ranges, indication the absence of evidence for cancer. This comprehensive laboratory analysis,
alongside a thorough physical examination, underscored the absence of contraindications for surgical extraction of the
tumor, facilitating a well-informed decision to proceed with laparoscopic resection. Furthermore, our study was extended
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Table 2 A literature review on laparoscopic and robotic surgery for retroperitoneal bronchogenic cysts

Country Year Age Sex Location Size (cm) Chief complaint Surgit.:al First Ref.
(yr) technique author

Japan 1997 24 F L adrenal gland 3 Asymptomatic Laparoscopic Tokuda N [19]

Japan 1998 49 I R adrenal gland 32x22 Asymptomatic Laparoscopic Yamamoto E  [23]

Australia 2002 15 M L adrenal gland 55x35x L flank pain Laparoscopic McCrystal [24]
12 DJ

Australia 2002 8 F L adrenal gland 4x3x2 Abdominal pain Laparoscopic McCrystal [24]

DJ

United 2003 59 E L adrenal gland 7%x5 Asymptomatic Laparoscopic HedayatiN  [25]

States

Japan 2003 41 F L adrenal gland 9.2 L flank pain Laparoscopic Ishikawa T [26]

Japan 2004 36 M L adrenal gland 5x3 Asymptomatic Laparoscopic Ishizuka O [27]

United 2007 75 K L adrenal gland 5 Abdominal pain Laparoscopic Terry NE [28]

States

China 2007 55 M L adrenal gland 4%x3 Asymptomatic Laparoscopic Chu PY [29]

Japan 2007 39 M L adrenal gland 35x%3 Fever Laparoscopic Minei S [30]

United 2008 40 M L adrenal gland 6.2 Asymptomatic Laparoscopic Roma A [31]

States

Korea 2009 41 F L adrenal gland 48x35x  Asymptomatic Laparoscopic Chung JM [12]
42

United 2009 67 M L upper-quadrant 39x37 Asymptomatic Laparoscopic Obando J [32]

States

Portland 2010 44 M L adrenal gland 3 Asymptomatic Laparoscopic El Youssef R [33]

Japan 2010 64 F Stomach posterior wall 3x4x2 Asymptomatic Laparoscopic Inaba K [34]

Spain 2010 67 M  Gastro-esophageal junction 6 Low back pain Laparoscopic Diaz Nieto R [35]

United 2012 23 I R adrenal gland 4 Asymptomatic Robotic AlguraanZ  [36]

States

United 2012 23 F L adrenal gland 52x4 Abdominal Laparoscopic O'Neal PB [37]

States discomfort

Germany 2013 50 M L adrenal gland 4 L flank pain Laparoscopic JannaschO  [38]

China 2013 50 E Pancreas posterior wall 3 L flank pain Laparoscopic CaiY [39]

Switzerland 2013 42 F L adrenal gland 5x3.6 x4 Epigastric pain Laparoscopic Runge T [40]

Portugal 2013 36 F L upper quadrant 8 Abdominal pain Laparoscopic Castro R [41]

China 2014 30 F L adrenal gland 1.5x2x2  Asymptomatic Laparoscopic Dong B [42]

China 2014 51 M L adrenal gland 45 Headache Laparoscopic Cao DH [43]

Japan 2014 27 M L adrenal gland 54 %38 Asymptomatic Laparoscopic Terasaka T~ [44]

China 2015 8 M L adrenal gland 4 Asymptomatic Laparoscopic Zhang D [45]

India 2015 34 E R hypochondrium 10x 6 R flank heavy Laparoscopic Trehan M [46]

China 2015 52 M L crus of the diaphragm 25%x25x  Asymptomatic Laparoscopic Jiang X [47]
0.5

Tiirkiye 2015 25 F L adrenal gland 4 L flank pain Laparoscopic Bulut G [48]

Korea 2015 57 M L adrenal gland 48x25 Asymptomatic Laparoscopic Yoon YR [49]

China 2017 48 F L adrenal gland 8x6x55 Epigastric pain Laparoscopic Wang M [17]

China 2018 78 M Inferior of the L renal vein, L side 7 Asymptomatic Robotic LiuQ [50]

of IVC
China 2018 33 M L hepatic hilum 4.5 Asymptomatic Robotic LiuQ [50]
Tiirkiye 2018 38 F L adrenal gland NA L upper abdominal Laparoscopic Bolton JW [51]
pain
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India 2020 30 M L adrenal gland 7%x5 Upper abdominal Laparoscopic Sinha V [52]
pain
China 2020 33 M  Radrenal gland 31x59 Asymptomatic Laparoscopic WenY [53]
China 2020 27 M L adrenal gland 21x41 Asymptomatic Laparoscopic Wen Y [53]
China 2021 41 E L adrenal gland 35x%x3 Lumbar back Laparoscopic Qingyu J [54]
discomfort
China 2021 17 F L adrenal gland 29x1.7x  Epigastric pain Laparoscopic Wu LD [55]
28
China 2021 53 F L adrenal gland 3.3 x27x  Back pain Laparoscopic Yuan K [22]
35
New 2021 39 M L adrenal gland 3 L flank pain Laparoscopic Cowan S [56]
Zealand
Japan 2022 16 F Under the L diaphragm 3.8 Upper abdominal Laparoscopic Tadokoro T  [57]
pain
China 2022 27 M  Radrenal gland 3.6x3.5x  Asymptomatic Laparoscopic Hu BY [58]
3.4
China 2022 18 M L adrenal gland 71x3.6x  Asymptomatic Laparoscopic Hu BY [58]
7
China 2022 6 M L adrenal gland 45x28x  Abdominal pain Laparoscopic Hu BY [58]
8

Figure 3 Histopathological analysis showing a retroperitoneal mass identified as an ectopic bronchogenic cyst, featuring nodular tissue
in shades of gray-white and yellow. The cystic portion contains a light yellow, soft, gelatinous substance, encased by a smooth, encapsulated surface.

to incorporate the latest findings from the preceding 2 years and address any deficiencies that were not covered in
previous enquiries. These collaborative endeavors resulted in consistent discoveries concerning the clinical attributes of
the illness, including elements such as the age of the patients, initial symptoms, and prevalent anatomical sites of the
cysts.

CONCLUSION

In summary, retroperitoneal bronchogenic cysts, while rare and often asymptomatic, are typically identified incidentally
and best managed through surgical removal, with laparoscopic excision being the preferred method. The case discussed
illustrates the successful laparoscopic resection of such a cyst, emphasizing the importance of a multidisciplinary
approach for optimal diagnosis and management. The challenges in preoperative diagnosis due to the deep anatomical
locations of cyst highlight the need for prompt intervention to prevent complications. The current literature supports the
effectiveness of laparoscopic surgery, noting a favorable long-term prognosis without recurrence. Future research should
focus on enhancing diagnostic techniques and exploring less invasive treatment options, underscoring the necessity of
further studies to improve patient care for this condition.
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Abstract

BACKGROUND

Pituitary gland metastasis is an unusual event, and pituitary metastasis from lung
adenocarcinoma is extremely rare and associated with poor prognosis. To date,
approximately 15 cases have been reported.

CASE SUMMARY

Here, we present the case of a 64-year-old woman with pituitary metastasis
derived from lung adenocarcinoma, which was difficult to distinguish from other
sellar tumors. The patient presented to the neurosurgery clinic with blurred vision
and intermittent headache. During hospitalization, brain computed tomography
(CT) and magnetic resonance imaging revealed a pituitary macroadenoma. Chest
CT revealed irregular nodules in the basal segment of the lower lobe of the left
lung, which were likely lung cancer. Positron emission tomography-CT revealed a
carbohydrate metabolism tumor in the lungs and sellar region, which was
considered malignant. Postoperative pathological examination of the sellar tumor
revealed lung adenocarcinoma.

CONCLUSION
Excision of pituitary metastases combined with radiotherapy and chemotherapy
should be a priority treatment for patients with pituitary metastasis.

Key Words: Pituitary metastasis; Lung adenocarcinoma; Prolactin; Sellar region tumors;
Case report
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Core Tip: Pituitary metastasis from lung adenocarcinoma is extremely rare, but physicians should consider it if it rapidly
develops clinical symptoms or grows quickly, especially in patients with other tumors or those with a history of other
systemic malignancies. Radiotherapy and chemotherapy are recommended as initial treatments. The blood supply to pituitary
metastases is extremely rich; therefore, neurosurgeons must make adequate surgical preparations and plans.
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INTRODUCTION

Pituitary metastasis is a rare condition with poor prognosis. The occurrence rate is approximately 1% for all sellar region
tumors, with a median survival of less than 1 year[1]. Patients have non-specific clinical symptoms, such as visual field
deficits, cranial nerve palsy, anterior pituitary dysfunction, ophthalmoplegia, and diabetes insipidus. Computed tomo-
graphy (CT) and magnetic resonance imaging (MRI) reveal non-specific diagnostic characteristics. Lung cancer is the
leading cause of death among all cancers worldwide[2]. It transfers to the nervous system, bone, liver, and respiratory
system. It is important for clinicians to improve awareness to differentiate pituitary metastases in all sellar region tumors,
especially in patients aged > 60 years. Here, we report the case of a 64-year-old woman with pituitary metastasis derived
from lung adenocarcinoma.

CASE PRESENTATION

Chief complaints
A 64-year-old Asian woman was hospitalized for blurred vision and intermittent headache of 3 months.

History of present illness
Symptoms started 3 months before presentation with blurred vision and intermittent headache.

History of past illness
The patient had no history of hospitalization.

Personal and family history
The patient had no significant personal or family history.

Physical examination
The patient’s vital signs were unremarkable. Ophthalmological examination showed that the naked vision was 0.25 in the
right eye and 0.8 in the left eye.

Laboratory examinations
Routine blood and urine analyses showed normal results. The endocrine examination results are presented in Table 1.

Imaging examinations

Brain CT showed that the sellar region tumor was related to the carotid artery and was considered a pituitary
macroadenoma. Chest CT showed irregular nodules in the basal segment of the lower lobe of the left lung, measuring 2.0
cm % 1.7 cm, which were likely lung cancer. Brain MRI indicated sellar region tumors with isointense signals on T1- and
T2-weighted images and an hourglass sign (Figure 1). The tumor was homogeneously enhanced on contrast MRI. The
lesion was approximately 1.6 cm % 0.8 cm x 1.3 cm, which was considered pituitary macroadenoma. Positron emission
tomography-CT revealed a carbohydrate metabolism tumor in the lungs and sellar region, which was considered
malignant. Fiber bronchoscopy revealed a neoplasm in the left lung and hematoxylin and eosin (H&E) staining suggested
lung adenocarcinoma.

Pathological examination

H&E staining of the sellar mass revealed a metastatic adenocarcinoma (Figure 2A). Immunohistochemistry showed
positive results for CK7 (Figure 2B), CK18 (Figure 2C), TTF-1 (Figure 2D), Napsin A (+) (Figure 2E), and GATA3 (+)
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Table 1 Endocrine examination result

Hormone Level measured Normal level
ACTH (pg/mL) 17.20 72-63.3
PRL (high) (ng/mL) > 200 2.18-26.53
GH (ng/mL) 0.32 0.02-4.77
TSH (ulU/mL) 1.987 0.35-4.94

T3 (nmol/L) 1.69 0.89-2.44
TT4 (low) (nmol/L) 61.22 62.70-150.80
FT3 (pmol/L) 4.26 2.43-6.01
FT4 (pmol/L) 9.96 9.00-19.00
Tg (ng/mL) 9.988 0.20-70.00
LH (low) (pmol/L) 0.03 5.16-61.99
FSH (low) (mIU/mL) 1.08 26.72-133.41
E2 (pg/mL) <10 <10-28

P4 (ng/mL) <0.1 <0.1-0.2
CORT (8:00) (ng/dL) 1.0 6.02-18.4
CORT (16:00) (ug/dL) 15 2.68-10.5
CORT (24:00) (ng/dL) 1.1 2.68-10.5
TES (pmol/L) <12.98 10.83-56.94

ACTH: Adrenocorticotropic hormone; PRL: Prolactin hormone; GH: Growth hormone; TSH: Thyroid stimulating hormone; T3: Triiodothyronine; TT4:
Total tetraiodothyronine; FT3: Free triiodothyronine; FT4: Free tetraiodothyronine; Tg: Thyroglobulin; LH: Luteinizing hormone; FSH: Follicle stimulating
hormone; E2: Estrogen hormone; P4: Progestational hormone; CORT: Cortisol; TES: Testosterone.

(Figure 2F) and negative results for CK20, CDX-2, GFAP, PAX-8, ER, and HER2. The Ki-67 index was 10%, indicating
metastatic lung adenocarcinoma (Figure 2G). Next-generation sequencing confirmed somatic mutations in TSC2, POLD1,
ARID1A, CTNNB1, ERBB2, and expressed PD-L1 (tumor proportion score =1%) (Table 2).

FINAL DIAGNOSIS

Based on the patient’s clinical symptoms and physical, imaging, and pathological examinations, the final diagnosis was
pituitary metastasis.

TREATMENT

The patient was taken to the operating room for resection of the right coronary flap tumor of the sellar mass. During the
operation, the tumor was gray, tough, aggressive, and rich in blood supply, infiltrating the sellar turcica, third ventricle of
the cerebrum, and frontal lobe. The intraoperative bleeding volume was approximately 500 mL. Postoperatively, the
patient recovered well and the vision was improved. The patient was advised to undergo immune and chemical therapies
at a cancer hospital. Postoperative MRI revealed no tumor regrowth within 3 months (Figure 3).

OUTCOME AND FOLLOW-UP

The patient is still alive, with no recurrence noted 1 year after surgery.

DISCUSSION

The literature was searched in PubMed till March 14, 2024. The medical subject heading search terms and strategies
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Table 2 Somatic gene mutations

Gene Expressed region Nucleotide Amino acid Mutation abundance (%)
TSC2 Exon 36 .4585C>T p-R1529W 5.1

POLD1 Exon19 €2312C>T p.A771V 38

ARIDIA Exon 1 ¢1058C>T p.A353V 5.1

ARIDIA Exon 1 ¢.308C>T p.S103L 7.7

CTNNB1 Exon 4 c79G>A p.G27R 135

ERBB2 Exon 23 €.2339C>T p-A800V 5.1

Figure 1 Sellar magnetic resonance imaging showed a sellar lesion related to carotid artery. A-D: The leision located in the sellar region presented
with an isointense signal on T1 and T2-weighted images and could see hourglass sign; E and F: The leision was intensified homogenously enhanced after contrast
magnetic resonance imaging.

included pituitary metastasis and lung cancer. In total, 352 studies were screened using the PubMed database. The
language was restricted to English and only published articles were included. We reviewed 15 articles that reported
pituitary metastasis from lung adenocarcinoma. A flowchart of the literature selection process is shown in Figure 4. The
characteristics of the included studies are presented in Table 3.

Sellar tumors mostly originate from pituitary adenomas and rarely metastasize to other organs. Autopsies have
revealed that pituitary metastases account for nearly 5% of all pituitary metastases in sellar tumors. In surgical sections,
less than 1% of all sellar tumors are associated with pituitary metastasis[3]. Pituitary metastases always metastasize from
the lungs and breasts, accounting for 39.7% and 23.7% of cases, respectively[4]. Small cell carcinomas are usually trans-
ferred to the liver and brain parenchyma, whereas adenocarcinomas often affect the bone and respiratory system[5]. A
Swedish study reported that small cell lung cancer was the most frequent type of pituitary metastasis among all lung
cancers. In contrast, adenocarcinoma rarely metastasizes to the pituitary gland but rather to the lungs and bones[6]. The
present article reports the case of a patient with lung adenocarcinoma metastasizing to the pituitary gland without distant
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Table 3 Summary of previously reported cases of pituitary metastasis from lung adenocarcinoma

Tumor .
Ref. Year Age (yr) Sex Symptom Hormone Treatment Survival
Supply
Asim and Elashaal 2023 54 F None ACTH (low), COTR RT, ST ND Alive, 3
[13] (low), LH (low), FSH months
(low), TES (low), TSH
(low), FT3 (low), FT4
(low)
Amaral et al[14] 2022 43 M Headache, VFD ACTH (low), CORT ST,CT,RT,IT R Alive, 15
(low), FSH (low), FT4 months
(low), TES (low), LH
(low)
Wong et al[15] 2022 53 E VED ND ST, RT, CT ND Alive, 24
months
Han et al[16] 2022 48 F Headache, DI ACTH (low), Cort (low), ST, CT ND Alive, 20
PRL (high) months
Lopes et al[17] 2021 62 F Fatigue, Headache, FT4 (low), CORT (low), ST, CT R Alive, 24
Nocturia, ACTH (low), FSH (low), months
Polydipsia, BV PRL (high)
Tanaka et al[9] 2021 80 F Polyuria, ADH (low) RT, CT ND Alive, 7
Polydipsia months
Liu et al[3] 2021 53 M BV, DI, VFD, CORT (low), TSH (high), ST R Dead, 4
Polyuria, Vomit, T4 (low), FSH (low), LH months
Fatigue (low), PRL (high)
Watanabe ef al[18] 2020 70 M Anorexia ADH (low), ACTH (low), RT,CT ND Dead, 5
CORT (low), FSH (low), months
LH (low), TSH (low)
Rajakumar et al[19] 2020 49 F Headache, VFD LH (low), FSH (low), ST, RT, CT NR ND
CORT (low), TES (low),
FT4 (low)
Alhashem et al[11] 2020 54 M Headache, Droop ND ST NR ND
bilateral eyelid
Sheahan et al[5] 2020 52 F MB ACTH (low), CORT ST, CT ND ND
(low), FSH (low), TSH
(low), PRL (high)
Yao et al[20] 2019 67 M Headache, Vomit, ~ PRL (high), FSH (low), ST, RT ND Dead, 3
ptosis LH (low), ACTH (low), months
Cort (low)
Sirinvaravong et al 2019 72 F DI PRL (high), FSH (low), ST ND Dead, 4
[21] LH (low), TSH (high) months
Gulati et al[12] 2015 47 E Headache, DI TSH (low), FSH (low) STy ND ND
Arali et al[22] 2010 61 F VFD Normal ST, RT NR Alive, 3
months

F: Female; M: Male; R: Rich; CSI: Cavernous sinus invasion; VFD: Visual field defect; ND: Not described; NR: Not rich; BV: Blurred vision; MB: Monocular
blindness; DI: Dizziness; ACTH: Adrenocorticotropic hormone; ADH: Vasopressin; CORT: Cortisol hormone; PRL: Prolactin hormone; TSH: Thyroid
stimulating hormone; FT3: Free triiodothyronine; FT4: Free tetraiodothyronine; LH: Luteinizing hormone; FSH: Follicle stimulating hormone; Cort:
Cortisol; TES: Testosterone; ST: Surgery treatment; CT: Chemotherapy; IT: Immunotherapy; RT: Radiotherapy.

metastasis.

The clinical symptoms and radiographic findings of pituitary metastases are nonspecific. Patients present with visual
field deficits, diabetes insipidus, cranial nerve palsy, or anterior pituitary dysfunction. Pituitary metastasis is a rare
disease with poor prognosis. It is difficult to diagnose, especially in patients who are not diagnosed with a primary
cancer. Physicians should consider these diseases, especially in older patients presenting with new-onset deficiencies in
visual and anterior pituitary hormones. Pituitary adenoma often manifests hypointense on T1-weighted images and
hyperintense on T2-weighted images, similar to pituitary metastasis. This is the main reason for misdiagnosis. However,
pituitary metastasis often manifests as pituitary stalk thickening, invasion of the cavernous sinus, and coexistence of brain
lesions, which have been observed in pituitary adenomas. Furthermore, if patients have other tumors detected on
imaging or a history of other systemic malignancies, neurosurgeons should consider pituitary metastasis.

Pituitary metastases mostly located in posterior pituitary alone or combined with anterior pituitary accounting for
84.6%. Only 15.4% of cases have been found in the anterior pituitary alone[7]. It is mainly because the location and blood
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Figure 2 The histological features of the lesions revealed pituitary metastasis from lung adenocarcinoma. A: Hematoxylin and eosin staining
found epithelial neoplasm and considered metastatic adenocarcinoma (x 100); B-F: Immunohistochemistry revealed positive for CK7, CK18, TTF-1, NapsinA and
GATA3 (x 100); G: Immunohistochemical staining of Ki-67 (x 100).

supply. The posterior pituitary has larger area to contact with the dura mater compared to anterior. The posterior
pituitary receives blood supply from hypophyseal artery. on the contrary, the anterior pituitary only receives venous
supply through hypophyseal portal system. The patient was admitted to the hospital due to blurred vision and headache
accompanied by increased prolactin hormone and decreased cortisol, suggesting that the tumor had damaged both
anterior and posterior pituitary glands. During operation, the tumor was tough, aggressive, and rich of blood which was
different from the common sellar region tumors, such as pituitary adenoma, craniopharyngiomas and so on. According to
the operation features and fiber bronchoscope, we suspected the tumor was likely pituitary metastases from lung. After
operation, H&E and immunohistochemistry all confirmed pituitary metastasis from lung adenocarcinoma.

There are currently no standard protocols for the treatment of pituitary metastasis. The treatment for pituitary
metastasis includes surgery, chemotherapy, and radiotherapy (RT). The choice of treatment depends on the primary
tumor, clinical symptoms, and physical conditions. Surgical eradication includes transsphenoidal surgery and cra-
niotomy. Total resection is difficult to achieve using either surgical method. Moreover, pituitary metastasis is highly
aggressive and can destroy the sellar base and diaphragm and can adhere tightly to the pituitary gland. However,
pituitary metastasis has a tough texture and abundant blood supply, which increases the difficulty of surgery. Although
there is no consensus on whether surgery can extend the overall survival of patients with pituitary metastasis, it can
relieve the symptoms and serve as a pathological diagnosis for treatment. RT and chemotherapy are recommended as
initial treatments. RT can not only control local diseases with few morbidities but can also provide symptom relief.
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Figure 3 Sellar magnetic resonance imaging showed no neoplasm recurrence in 3 months after surgery. A-D: Postoperative changes of sellar
region and there was no leision found in T1 and T2-weighted images; E and F: There was no intensified leision imaging after contrast magnetic resonance imaging.

352 potentially eligible literatures
identified through literature research

Identification

304 records excluded based
on screening title or abstract

48 pointedly relevant articles 14 records removed due to wrong publication
language

12 records removed due to unknown
characteristic of primary metastases

7 records removed due to wrong histological
15 articles reported pituitary metastases subtypes of pituitary metastases

related with lung adenocarcinoma

Eligibility

Figure 4 Flowchart of the study selection.
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However, the 5-year radiation-associated hypopituitarism rate is 20% and 10-15 years radiation-associated hypopitu-
itarism has been reported in up to 80% of cases[8,9]. Standard chemotherapy or immunotherapy crossing the blood-brain
barrier indicates that patients with multiple organ involvement have longer survival advantages, although the evidence is
limited to case reports[10]. The prognosis of pituitary metastasis is relatively poor. The median survival of pituitary
metastasis was reported 17 months (range 0-240 months) while the longest survival of pituitary metastasis from lung
adenocarcinoma was recorded 32 months[11]. It's reported that the younger age, longer interval after pituitary metastasis,
smaller pituitary lesion and utilization of RT and chemotherapy all correlated with improved survival[12].

CONCLUSION

Pituitary metastasis from lung adenocarcinoma is extremely rare, but physicians should consider it if rapidly developing
clinical symptoms or growing quickly, especially for the patients found other tumors on images or had a history of other
system malignancy. RT and chemotherapy are recommended as the initial treatments. The blood supply to pituitary
metastases is extremely rich, so it is necessary for neurosurgeons to make adequate operation preparations and surgery
plans.
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Abstract

BACKGROUND

Ewing’s sarcoma (ES) is a neuroectodermal tumor that typically occurs in the
bones and soft tissues of children and young adults. Primary renal ES is rare; only
a few cases and a small case series have been documented, and only four cases
involved primary renal ES in older people (> 65 years old).

CASE SUMMARY

Herein, we describe the radiological and pathological features of primary renal ES
in an older person. A 76-year-old man complained of poor oral intake and was
found to have a large cystic renal mass with indistinct margins on computed
tomography. Ultrasound-guided biopsy revealed that the tumor contained small
round blue cells. The patient underwent a right radical nephrectomy. The tumor
cells showed diffuse membranous CD99, and nuclear friend leukemia integration
1 transcription factor and NK2 Homeobox 2. Fluorescence in situ hybridization
revealed EWSRI1 translocation. Postoperatively, *F-fluorodeoxyglucose positron
emission tomography revealed no evidence of metastasis. The patient was
diagnosed with primary renal ES. Six months following the surgery, local
recurrence and distant metastasis were observed. Primary renal ES is rare and
often lethal in older individuals. The specific imaging findings are unknown, and
treatment protocols have not been standardized.

CONCLUSION
This case report describes the radiological and pathological features of primary
renal ES in an older person.
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Core Tip: Primary renal Ewing’s sarcoma (ES) is extremely rare, whereas shown aggressive radiological features and poor
outcome. It is important to consider primary renal ES in the differential diagnosis when renal mass shown indistinctive
margin and necrosis’/hemorrhage in older patients. Primary renal ES undergo surgical resection and receive adjuvant
chemotherapy. Moreover, radiation therapy is efficient for local recurrence.
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INTRODUCTION

Ewing’s sarcoma (ES) is an aggressive malignant tumor that typically arises from the bones, and rarely from the retroperi-
toneum, head and neck, parameningeal, and genitourinary systems. ES mostly affects children and young adults, and is
uncommon in older people. ES of the kidney was first described in 1975[1] and has a reported incidence of approximately
100 cases[1-3]. Among them, primary renal ES in older people (> 65 years) has been reported in only four patients in the
English literature[4-7]. Primary renal ES typically remain asymptomatic initially, but when the tumor grows large
enough, the tumor often manifest symptoms such as flank pain and hematuria.

Owing to its rarity, ES is sometimes misdiagnosed as other more common kidney cancers. ES lacks specific radiological
findings; however, common features include large necrotic masses and intratumoral hemorrhage. Contrast-enhanced
imaging reveal a mild and progressive enhancement pattern frequently associated with invasion of the perirenal fascia
and renal sinuses[8]. Histological characteristics that confirm positive CD99 expression and the existence of a reciprocal
translocation between the ES gene on chromosome 22 and members of the ETS family, most commonly friend leukemia
integration 1 transcription factor (FLI1) or ERG, are typically used to confirm tissue diagnosis[6]. Primary renal ES has an
aggressive clinical course and a poor prognosis. However, there is no consensus on optimal treatment because of its
rarity.

This study reports a rare case of primary renal ES in an older man. Additionally, we reviewed the literature on primary
renal ES in older patients.

CASE PRESENTATION

Chief complaints
Appetite loss for several months.

History of present illness
A 76-year-old male visited our hospital complaining of appetite loss for several months.

History of past illness
The patient had hypertension.

Personal and family history
The patient had no familial medial history.

Physical examination
Tenderness and percussion pain in the left flank were observed during the physical examination.

Laboratory examinations

The complete blood count, serum electrolyte values, and urine analysis results were all within the normal ranges. The
patient showed normal kidney function test with blood urea nitrogen of 15.7 mg/dL, serum creatinin of 0.75 mg/dL,
serum uric acid of 5.3 mg/dL and modification of diet in renal disease-estimated glomerular filtration rate of 100.99.

Imaging examinations

On renal ultrasonography, an 11 cm X 10 cm cystic lesion was identified in the right renal lower pole with a 4.4 cm x 1.8
cm solid component on the posterior aspect of the cystic lesion, which showed increased vascularity on color doppler
mode (Figure 1A and B). On computed tomography (CT), a pre-contrast phase axial CT shows a cystic lesion with a mass
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Figure 1 Initial ultrasound and abdominal computed tomography scan of the right kidney. A: An 11 cm x 10 cm cystic lesion is noted in the right
kidney with a 3.2 cm solid component on ultrasound B-mode; B: Increased vascularity is seen in the solid component on color doppler mode; C: A pre-contrast phase
axial computed tomography (CT) shows a cystic lesion with a mass at the posterior-lateral aspect of the right kidney interpolar region-lower pole. A subtle high-
attenuation area is seen in the cystic lesion, suggesting hemorrhage; D and E: Corticomedullary and excretory phase axial CT shows progressive enhancement of the
mass (pre-contrast phase: 40 HU, corticomedullary phase: 70 HU, excretory phase: 80 HU) and a suspiciously indistinct margin (orange arrows) and invasion of the
sinus; F: Corticomedullary phase coronal CT scan shows an irregular enhancing mass in a lesion with indistinct margins (orange arrow).

at the posterior-lateral aspect of the right kidney interpolar region-lower pole (Figure 1C). A subtle high-attenuation area
is seen in the cystic lesion, suggesting hemorrhage. Corticomedullary and excretory phase axial CT shows progressive
enhancement of the mass (pre-contrast phase: 40 HU, corticomedullary phase: 70 HU, excretory phase: 80 HU) and a
suspiciously indistinct margin and invasion of the sinus (Figure 1D and E). Corticomedullary phase coronal CT scan
shows an irregular enhancing mass in a lesion with indistinct margins (Figure 1F).

Further diagnostic work-up

Ultrasound guided, core needle biopsy: Under suspicion of cystic papillary renal cell carcinoma (RCC), an ultrasound-
guided core needle biopsy was performed for a targeted intracystic solid mass. Histological evaluation revealed solid
sheets of primitive, small, and uniform cells with hyperchromatic nuclei and scant cytoplasm. Immunohistochemical
staining was positive for synaptophysin and CD99. Staining for desmin, FLI1, leukocyte common antigen (LCA), pan-
cytokeratin, neuron-specific enolase, and S100 were negative. Fluorescence in situ hybridization (FISH) using formalin-
fixed, paraffin-embedded tissues showed a t(11; 22) Ewing sarcoma region 1 (EWSR1) translocation (zytolight SPEC
EWSR1 dual color break-apart probe, ZytoVision GmbH, Fischkai 127572 Bremerhaven, Germany). The mass was
suggestive of ES.

Surgical examination: The patient underwent a radical nephrectomy. The tumor was located at the lower pole of the
right kidney. The large cystic tumor was well demarcated by the perirenal adipose tissue without rupture. Most tumors
were cystic lesions, whereas the solid area showed gross infiltration of the renal parenchyma (Figure 2A). The border of
the tumor infiltrating the renal parenchyma was confirmed using hematoxylin-eosin (HE) staining (Figure 2B). The tumor
exhibited multifocal necrosis (Figure 2C). The solid part of the tumor in the specimen was composed of small round cells
with scanty cytoplasm, similar to that in the biopsy specimen (Figure 2D). Ancillary tests for CD56, chromogranin A,
FLI1, LCA, thyroid transcription factor-1, and cytokeratins (AE1/ AE3) were negative. The tumor cells exhibited diffuse
membranous staining for CD99 (Figure 2E) and NK2 Homeobox 2 (NKX2.2) (Figure 2F). FISH using formalin-fixed,
paraffin-embedded tissues showed a t(11; 22) EWSRI translocation (Figure 2G) (zytolight SPEC EWSR1 dual color break-
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Figure 2 Morphological features and immunostaining results of the tumor. A: A huge cystic mass in the lower pole of the right kidney without rupture.
Most parts of the tumor consisted of cystic lesions, while the solid area showed infiltration into the renal parenchyma grossly; B: The border of the tumor infiltrating
into the renal parenchyma is also identified on the hematoxylin and eosin (HE) sections (x 100). Staining method: HE staining; C: Frequent necrosis is observed (x
100). Staining method: HE staining; D: The section shows a relatively diffuse sheet pattern composed of small round tumor cells. The tumor cells show no glandular
or squamous differentiation and present moderate pleomorphism (x 200). The nuclei are monotonous with inconspicuous nucleoli. The tumor has scanty or clear
cytoplasm (x 200). Staining method: HE staining; E and F: The tumor cells exhibit diffuse membranous stain for CD99 (E, x 200) and nuclear stain for NK2
Homeobox 2 (F, x 200). Staining method: Polymer method; G: Fluorescence in situ hybridization exhibits the diagnostic t (11; 22) EWSR1 translocation (orange
arrows).

apart probe, ZytoVision GmbH, Fischkai 127572 Bremerhaven, Germany).

FINAL DIAGNOSIS

The diagnosis was primary renal ES.

TREATMENT

The patient underwent right radical nephrectomy. The patient did not undergo chemotherapy.

OUTCOME AND FOLLOW-UP

Postoperatively, torso positron emission tomography revealed no involvement of other organs (Figure 3A), and a whole-
body bone scan revealed no abnormal uptake lesions. No recurrence was observed on abdominal or chest CT scans 3
months after surgery; however, CT performed 6 months after surgery showed local recurrence and peritoneal metastasis
(Figure 3B-D). Thus, radiotherapy was administered for 10 cycles to control the pain. Eight months after surgery,
abdominal CT revealed a locally controlled recurrent mass at the right nephrectomy site; however, multiple, more
aggravated metastases were discovered (Figure 3E-G), and the patient died. The follow-up duration was 10 months.
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Figure 3 Inmediate post-operative "®F-fluorodeoxyglucose torso positron emission tomography scan and follow up abdominal computed
tomography. A: ®8F-fluorodeoxyglucose (FDG) torso positron emission tomography after right nephrectomy shows mild FDG uptake at operation site, which
suggested postoperative changes. No other abnormal FDG uptake was demonstrated; B-D: Abdominal computed tomography (CT), taken 6 months after right
nephrectomy, shows local recurrence and peritoneal metastasis; E-G: Abdominal CT scan, taken 8 months after right nephrectomy, shows locally controlled local
recurrence result from radiotherapy but more progression of peritoneal metastasis with increased malignant ascites.

DISCUSSION

The ES family of tumors comprises a group of high-grade small round cell tumors, including ES of the bone, extraskeletal
ES, peripheral primitive neuroectodermal tumors (PNET), and thoracopulmonary PNET. The pathogenesis of ES is
presently understood to involve the EWS/FLI oncoprotein, derived from reciprocal translocation between 11 and 22, t
(11, 22) (q24; q12). This can be confirmed through FISH or reverse transcriptase polymerase chain reaction (RT-PCR).
Tumors are common in young children and adolescents. The average age at diagnosis was 30.7 years with a male to
female ratio of 6:4[8]. Limited number of cases of primary renal ES with an aggressive clinical course has been reported in
the English literature. Moreover, only four cases of ES in older people have been reported in the English literature
(Table 1). Among a total of five older patients (aged 60 years or older) with primary renal ES, four died. The mean overall
survival (OS) was 18.3 months, and the median OS was 16 months. This was shorter than the median OS of primary renal
ES treated with radical nephrectomy of 27.4 months in a previous study[8]. This suggests that primary renal ES in older
people has a worse prognosis, and that age is a significant prognostic factor for primary renal ES. Additionally, 60% of
patients presented with metastasis at diagnosis. These results are similar to those of a previous study that reported
metastasis in 37.5%-60% of the primary renal ES/PNET cases[2,6,9]. The high incidence of metastatic disease may be due
to the aggressive nature of primary renal ES or the absence of specific clinical presentations of retroperitoneal tumors.
Renal ES/PNET is not only a significant challenge for imaging diagnosis but also poses diagnostic challenges for
pathology. Although there are no specific radiological findings for ES, the following are known: Large masses (60% of
tumors > 10 cm) are heterogeneous in the non-contrast phase. Among the tumors, 95.9%, 32.7%, and 11.6% showed
necrosis, intratumoral hemorrhage, and parenchymal calcification, respectively. In contrast, mild and progressive
enhancement with invasion of the perirenal fascia (47.2%) and renal sinuses (67.9%) has been noted[8]. The radiological
findings of PNET are similar to those of ES. PNET presents as a weakly enhanced large mass with multiple septate
appearances, peripheral hemorrhage/necrosis, renal vein, or inferior vena cava thrombosis, accompanied by distant

3%9@) WJCC | https://www.wjgnet.com 2610 May 26,2024 | Volume12 | Issuel5 |



Kim S ef al. Primary renal Ewing sarcoma in an older patient

Table 1 Clinical characteristics, treatment, and outcomes of five older patients with primary renal Ewing’s sarcoma of kidney

; ! . Other . Follow-u

Case Age Sex Size Side Presentation Surgery Recurrence or metastasis P Status
therapy (month)

Current 76 M 11 R Incidentally Nephrectomy RTx Local recurrence, carcino- 10 Dead
case found matosis
1 69 F 5 R Abdominal pain  Nephrectomy CTx Lung, bone 25 Dead
2 70 F NA NA NA Nephrectomy CTx + INF Lung 16 Dead
3 69 F NA NA NA Nephrectomy CTx Lung 22 Dead
4 73 M NA R Incidentally Nephrectomy CTx No 7 Alive

found

RTx: Radiation therapy; CTx: Chemotherapy; INF: Interferon-y.

metastasis or renal vein thrombosis[10].

Our case showed an enhanced portion with extensive necrosis, mimicking cystic papillary RCC. Papillary RCC, a
subtype of RCC constituting 10%-15% of RCCs cases, typically shows homogeneous enhancement on CT scans. However,
approximately 15% of papillary RCC show heterogeneous enhancement with a large size (> 10 cm) and presence of a
cystic portion or necrosis. Moreover, approximately 7% of these tumors may have intratumoral calcifications. The typical
dynamic enhancement pattern of papillary RCC is characterized by mild (20 HU-40 HU) and persistent enhancement[11].
Approximately 98% of the tumors had a well-defined boundary that altered kidney contours and displaced adjacent
structures; only 2% of papillary RCC showed an infiltrating margin, which commonly represented a high Fuhrman grade
and had sarcomatoid features. Compared to the RCC, renal ES shares similar imaging findings with papillary RCC. In
particular, ES/PNETs show an indistinctive infiltrative margin, which is a characteristic of ES. In the present case, the
mass showed indistinctive margins with infiltration into the normal renal parenchyma. In addition, papillary RCC has
lower incidence of renal vein invasion and lymph node metastasis; however, renal ES have highly incidence of renal vein
invasion and lymph node metastasis.

Small round cell tumors present a diagnostic challenge for pathologists because of the poorly differentiated features of
these high-grade tumors. Furthermore, ES masses often present with extensive hemorrhage and necrosis, and fine-needle
biopsy is usually inadequate for diagnosis[12]. In many cases, round cell tumors require large immunohistochemical
(IHC) panels and molecular testing. Light microscopy revealed the presence of small round tumor cells arranged in
sheets, forming Homer-Wright rosettes. Tumor cells are positive for neuroectodermal IHC markers such as neuron-
specific enolase and synaptophysin. The demonstration of reciprocal translocation t (11; 22) (q24; q12) by genetic studies
is considered specific to PNET and ES[13].

According to EURO EWING 2012, treatment recommendations exist for primary ES[14]. Most patients undergo
surgical resection and receive adjuvant chemotherapy. Effective chemotherapeutic agents include vincristine,
doxorubicin, ifosfamide, etoposide, actinomycin D, and cyclophosphamide[15]. Molecular targeted therapies, including
insulin-like growth factor 1 receptor antibodies, have shown promise for Ewing sarcoma family of tumours[16]. Our
patient did not receive adjuvant chemotherapy; however, chemotherapy has been administered in other cases, leading to
better outcomes. Radiotherapy is recommended for skeletal ES if unresectable tumors or unexpected positive margins are
recommended for skeletal ES[17]. In the EURO EWING 2012 trial, patients with unresectable tumors, residual tumors, or
metastases responded well to radiotherapy. Our patient showed local recurrence on abdominal CT, showing locally
controlled recurrent tumors after radiotherapy.

CONCLUSION

ES should always be considered a differential diagnosis for aggressive renal tumors in older patients. While imaging
diagnosis for renal ES still has limitations, when large-sized renal masses have necrosis, hemorrhage, and indistinctive
margins with mild and persistent enhancement on dynamic contrast enhancement studies, although rare, considering
primary ES is necessary, even in older patients, as a differential diagnosis. The final diagnosis is by histopathology with
IHC and cytogenetic studies, such as FISH or RT-PCR. Early detection is crucial for the prompt initiation of chemo-
therapy with or without radiation therapy, and radiology plays an increasingly important role in diagnosis, staging,
treatment monitoring, and surveillance.
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Abstract

BACKGROUND

The stent embedded in the esophageal mucosa is one of the complications after
stenting for esophageal stricture. We present a case of stent adjustment with the
aid of a transparent cap after endoscopic injection of an esophageal varices stent.

CASE SUMMARY

A 61-year-old male patient came to the hospital with discomfort of the chest after
the stent implanted for the stenosis because of endoscopic injection of esophageal
varices. The gastroscopy was performed, and the stent embedded into the
esophageal mucosa. At first, we pulled the recycling line for shrinking the stent,
however, the mucosa could not be removed from the stent. Then a forceps was
performed to remove the mucosa in the stent, nevertheless, the bleeding form the
mucosa was obvious. And then, we used a transparent cap to scrape the mucosa
along the stent, and the mucosa were removed successfully without bleeding.

CONCLUSION
A transparent cap helps gastroscopy to remove the mucosa embedded in the stent
after endoscopic injection of the esophageal varices stent.
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Core Tip: Esophageal stenosis is one of the complications of endoscopic injection for treatment of esophageal varices. The
stent embedding into the esophageal mucosa is one of the complications after stenting for esophageal stricture. We present a
case of stent adjustment with the aid of a transparent cap after endoscopic injection of an esophageal varices stent.
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INTRODUCTION

Esophageal stenosis is one of the complications of endoscopic injection for treatment of esophageal varices, and the
incidence is between 2%-10%[1]. There was no report on the use of self-expanding metal stents (SEMS) for the treatment
of esophageal strictures after endoscopic injection for esophageal varices. The stent embedding in the esophageal mucosa
is one of the serious complications of SEMS for the treatment of esophageal strictures. We present in this article a case in
which a transparent cap adjusted the stent implanted for the stenosis after endoscopic injection of cyanoacrylate (CYA)
and sclerotherapy for esophageal varices.

CASE PRESENTATION

Chief complaints
A 61-year-old male patient presented to the hospital with discomfort of the chest for one month.

History of present illness
One month ago, the stent was implanted for the patient with esophageal stenosis who underwent endoscopic injection of
cyanoacrylate and sclerotherapy for esophageal varices.

History of past illness

The patient suffered surgery for hepatocellular carcinoma 3 years ago.

Personal and family history
All other personal and family medical history was normal.

Physical examination

Diseased liver face, no yellowing of the skin or sclera, clear breath sounds on both lungs auscultation, no dry or wet rales,
heart rate of 76 beats/min, regular heart rhythm, soft abdomen, no tenderness or rebound pain, the spleen and the ribs
were accessible, and there was no edema in either lower limb.

Laboratory examinations

The laboratory result showed prothrombin time, alanine aminotransferase, creatine kinase (CK), CK-MB, creatinine,
carbohydrate antigen (CA) 199, carcinoembryonic antigen, glucose, C-reactive protein, cholesterol, triglyceride and lipase
were in normal range. White blood cell, Hemoglobin, platelet, dimer, amylase, total bilirubin, alpha-fetoprotein and
CA125 were not in normal. HbsAg, hepatitis C antibody, human immunodefciency virus antibody, syphilis antibody,
anti-nuclear anti-bodies were all negative (Table 1).

Imaging examinations

The computed tomography of chest and electrocardiogram were normal. We used an endoscope (EG-760R, diameter 9.3
mm, FUJIFILM, Japan) to observe retention in the esophageal cavity (Figure 1A), paying close attention to residual varices
(Figure 1A) as we removed the residue. When the esophageal stricture was exposed (Figure 1B), we performed balloon
dilatation (18 mm 55 mm, Nanjing Minimally Invasive Medical Technology Co, Ltd, Nanjing, China) to dilate the
stricture (Figure 1C) until the body of the endoscope could smoothly pass through the stenosis. We inserted a semi-
covered SEMS (20 mm x 60 mm; Nanjing Minimally Invasive Medical Technology Co, Ltd, Nanjing, China) across the
stricture via hard wire girding (Figure 1D). Additionally, we were careful to be aware of residual varices when inserted
the SEMS (Figure 1E). After the SEMS was implanted, the stricture showed obvious improvement and dilation
Figure 1F).

( %he gas)troscopy showed that the anal side of the stent was normal; however, the oral side of the stent was embedded
into the esophageal mucosa (Figure 1G). First, we attempted to pull the recycling line to shrink the SEMS to remove the
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Table 1 The laboratory result of the patient before treatment

Laboratory result Normal
WBC (10°/L) 222 (3.4-9.5)
HB (g/L) 80 (115-150)
Platelet (10°/L) 31 (125-350)
PT(s) 13.5 (9.7-13.5)
Dimer (mg/L) 4.36 (0-0.55)
ALT (u/L) 23 (9-50)
TB (umol/L) 20.89 (3-20)
CK (u/L) 30 (20-180)
CK-MB (u/L) 20 (0-30)
Cr (umol/L) 67 (40-80)
CA199 (kU/L) 6.20 (0-35)
CEA (ug/L) 1.90 (0-5)
AFP (ug/L) 12.48 0-9)
CA125 (ug/L) 101.10 (0-35)
CRP (mg/L) 9.50 (0-10)
Triglyceride (mmol/L) 0.60 (0-1.7)
Cholesterol (mmol/L) 2.87 (2.86-5.98)
Amylase (U/L) 201 (35-135)
Lipase (U/L) 106 (0-190)
Glucose (mmol/L) 5.41 3.0-6.1
HbsAg Negative Negative
HIV Ab Negative Negative
Sp Ab Negative Negative
ANA Negative Negative
Hc Ab Negative Negative

WBC: White blood cell; HB: Hemoglobin; TB: Total bilirubin; CK: Creatine kinase; ALT: Alanine aminotransferase; Cr: Creatinine; CEA: Carcinoembryonic
antigen; AFP: Alpha-fetoprotein; CA: Carbohydrate antigen; CRP: C-reactive protein; PT: Prothrombin time; HbsAg: Hepatitis B surface antigen; Hc Ab:
Hepatitis C antibody; HIV Ab: Human immunodefciency virus antibody; Sp Ab: Syphilis antibody; ANA: Anti-nuclear anti-bodies.

mucosa embedded in the stent (Figure 1H and I); however, the mucosa could not be removed from the stent (Figure 1J).
Then, forceps were used to remove the mucosa in the stent, but the patient experience obvious esophageal bleeding
(Figure 1K). We then used a transparent cap to scrape the mucosa embedded in the stent along the SEMS (Figure 1L and
M), and the mucosa was removed successfully without further bleeding (Figure 1N).

FINAL DIAGNOSIS

The esophageal mucosa embedded the stent which was implanted for the stenosis after endoscopic injection of
esophageal varices.

TREATMENT

We used a transparent cap to scrape the mucosa embedded the stent along the SEMS and the mucosa were removed
successfully without bleeding.
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Figure 1 Transparent cap adjusted the stent placed for stenosis after endoscopic injection of esophageal varices. A: Residual varices were
observed above the stricture, and we should be alert to residual varices; B: The esophageal stricture exposed entirely; C: We used balloon dilatation to improve the
stricture; D: The self-expanding metal stents (SEMS) was passed through the stricture by a hard wire girding; E: We should be alert to the residual varices, when we
were placing the SEMS; F: After the implanting the SEMS, the stricture was improved obviously; G: Oral side of the stent embedded into the esophageal mucosa; H:
The recycling line was pulled for shrinking the stent; I: We try to pull the recycling line for shrinking the SEMS to remove mucosa embedded the stent; J: Mucosa
embedded the stent could not be removed by shrinking the SEMS; K: A forceps was performed to remove mucosa embedded the stent, nevertheless, the bleeding
was obvious; L: A transparent cap was used to scrape the mucosa embedded the stent; M: The tissue was scraped and pushed into the stomach along the SEMS
with a transparent cap; N: Mucosa embedded the stent were removed successfully without bleeding.

OUTCOME AND FOLLOW-UP

The patient experienced relief from chest pain, and there was no infection, bleeding or perforation after adjusting the
SEMS and removing the mucosa embedded in the stent. The patient was discharged from the hospital the next day.
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DISCUSSION

Endoscopic sclerotherapy was considered the main treatment for esophageal varices[2]. In recent years cyanoacrylate
injection was performed successfully for esophageal varices without any bleeding recurrence[3]. Esophageal stricture is
one of the complication after endoscopic injection cyanoacrylate and/or sclerotherapy esophageal varices. Esophageal
stricture is related to local inflammation, ulceration, and fibrosis caused by multiple injection[4]. The standard treatment
for esophageal stricture after injection for esophageal varices is not mentioned in international guidelines[5]. European
society of gastrointestinal endoscopy[6] recommended that the use of esophageal stent for the treatment of benign
esophageal strictures had mainly been investigated in the context of refractory or recurrent benign esophageal strictures,
and esophageal stent placement had a potential benefit because of its continuous expansion force, which may lead to
stricture remodeling. Stent placement will extend the esophageal stricture, however, we should be alert to the complic-
ations, such as chest pain, reflux esophagitis, displacement or detachment, and tissue embedded stents[7-9].

Tissue embedded stents and chest pain are the common complications of esophageal stent placement. In this case, we
used a transparent cap to assist the gastroscopy to successfully remove mucosa embedded the stent which was implanted
for the stenosis after endoscopic injection esophageal varices with CYA and sclerotherapy. The advantages of the
transparent cap for adjusting the stent are as follows: (1) The transparent cap is small and allows for a clear field of vision
close to the stent; (2) the mucosa embedded in the stent could not be removed by shrinking the SEMS with the recycling
line alone, but the transparent cap could easily scrape the tissue; (3) removing the tissue with forceps may lead to
bleeding; On the other hand, if forceps are hooked into the SEMS, it is difficult to remove the forceps; (4) if esophageal
bleeding occurs, a transparent cap can be used to effectively suppress the bleeding; (5) the tissue could be scraped and
pushed into the stomach along the SEMS with a transparent cap, which could reduce the likelihood of complication by
aspiration pneumonia; and (6) the front of the transparent cap is soft and flexible, which is safe for interacting with
residual varices. However, there are several limitations for using the transparent cap to adjust the stent: (1) Although the
transparent cap can assist gastroscopy in successfully removing mucosa embedded in the stent, the stent may become
embedded in the tissue again afterwards; and (2) if the patient often suffers from chest pain, gastroscopy may need to be
performed regularly to observe the situation of the stent.

CONCLUSION

A transparent cap could assist the gastroscopy to remove the mucosa embedded the stent which was implanted for the
stenosis after endoscopic injection of esophageal varices.
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Abstract

BACKGROUND

Acute upper gastrointestinal bleeding is a common medical emergency that has a
10% hospital mortality rate. According to the etiology, this disease can be divided
into acute varicose veins and nonvaricose veins. Bleeding from esophageal varices
is a life-threatening complication of portal hypertension. Portal hypertension is a
clinical syndrome defined as a portal venous pressure that exceeds 10 mmHg,.
Cirrhosis is the most common cause of portal hypertension, and thrombosis of the
portal system not associated with liver cirrhosis is the second most common cause
of portal hypertension in the Western world. Primary myeloproliferative
disorders are the main cause of portal venous thrombosis, and somatic mutations
in the Janus kinase 2 gene (JAK2 V617F) can be found in approximately 90% of
polycythemia vera, 50% of essential thrombocyrosis and 50% of primary
myelofibrosis.

CASE SUMMARY

We present a rare case of primary myelofibrosis with gastrointestinal bleeding as
the primary manifestation that presented as portal-superior-splenic mesenteric
vein thrombosis. Peripheral blood tests revealed the presence of the JAK2 V617F
mutation. Bone marrow biopsy ultimately confirmed the diagnosis of myelo-
fibrosis (MF-2 grade).

CONCLUSION

In patients with acute esophageal variceal bleeding due to portal hypertension
and vein thrombosis without cirrhosis, the possibility of myeloproliferative
neoplasms should be considered, and the JAK2 mutation test should be
performed.
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Core Tip: Emergency physicians often encounter patients with acute esophageal variceal bleeding and portal vein thrombosis.
We hope that this case report can increase the awareness that in patients who present with variceal bleeding without liver
cirrhosis, myeloproliferative neoplasms such as myelofibrosis with the JAK2 V617F mutant, can be identified and treated
early to minimize the consequences and avoid bleeding.

Citation: Chen Y, Kong BB, Yin H, Liu H, Wu S, Xu T. Acute upper gastrointestinal bleeding due to portal hypertension in a patient
with primary myelofibrosis: A case report. World J Clin Cases 2024; 12(15): 2621-2626

URL: https://www.wjgnet.com/2307-8960/full/v12/i15/2621.htm
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INTRODUCTION

Acute esophageal variceal bleeding is a common complication in patients with cirrhotic portal hypertension[1]. However,
the most common cause of noncirrhotic portal hypertension is portal and splenic vein thrombosis[2]. Myeloproliferative
neoplasms (MPNs), such as polycythemia vera, essential thrombocytosis, myelofibrosis or unclassified myeloproliferative
diseases, can predispose patients to splanchnic vein thrombosis.

Myelofibrosis, a myeloproliferative neoplasm, is characterized by stem cell-derived clonal myeloproliferation, bone
marrow fibrosis, anemia, massive splenomegaly and extramedullary hematopoiesis. Primary myelofibrosis patients have
a relevant and life-threatening risk of thrombosis[3]. According to a meta-analysis, the prevalence of MPN in Budd-Chiari
syndrome (BCS) and portal vein thrombosis (PVT) patients are approximately 30%-50% and 15%-30%, respectively[4].

The JAK2 V617F mutation is a common gain-of-function mutation leading to the development of MPN. This mutation
is present in approximately 50% of patients with primary myelofibrosis and essential thrombocythemia and in nearly all
patients with polycythemia vera[5,6]. The JAK2 V617F mutation may predispose patients to portal vein thrombosis.

CASE PRESENTATION

Chief complaints

A 69-year-old woman presented to the emergency department with complaints of hematemesis (approximately 100-200
mL of blood), accompanied by chills and hematochezia (approximately 100 mL of blood), transient blurred vision, no acid
reflux, and no abdominal pain.

History of present illness

On admission, her consciousness was clear. The patient had a massive upper bleeding episode on the first day,
accompanied by tachycardia, tachypnea, cool clammy skin, hypotension and confusion. No signs of chronic liver disease
or autoimmune liver disease were identified.

History of past illness
She had a history of hypertension and thrombocythemia 4 years prior.

Personal and family history
The patient had no significant prior family history.

Physical examination
She had a blood pressure of 106/53 mmHg and a heart rate of 86 beats/ min upon arrival at the emergency room.

Laboratory examinations
Laboratory data were shown in Table 1.

Imaging examinations
Examinations images were shown in Figure 1.
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Table 1 Laboratory data

Examination item Data
Hematology

WBC 415 %x10°/L

Hb 148 g/L

Plt 1181 x 10°/L

NEUT % 87.6%

CRP 224 mg/L
Serological test

Hepatitis B Negative

Hepatitis C Negative
Blood chemistry

ALT 223U/L

D-BIL 4.5 umol/L

ALB 332¢g/L

BUN 13.1 mmol/L

Cre 95 umol/L

K 6.87 mmol/L

LDH 375U/L

Ammonia 173.1 umol/L
Autoantibodies

ANA/AMA-M2 Negative

SLA/LKM-1 Negative

LC-1/anti-gp210 Negative

SP100/SMA Negative
Coagulation

PT 15.1s

APTT 35s

Fbg 226¢g/L

WBC: White blood cell; Hb: Hemoglobin; Plt: Platelet; NEUT %: neutrophilic granulocyte percentage; CRP: C-reactive protein; ALT: Alanine
aminotransferase; D-BIL: Direct bilirubin; ALB: Albumin; BUN: Blood urea nitrogen; Cre: Creatinine; K: Serum potassium; LDH: Lactate dehydrogenase;
ANA: Anti-nuclear antibody; AMA: Anti-mitochondrial antibody; SLA: Soluble liver antigen; LKM-1: Liver-kidney microsomal type 1 antibody; LC-1:
Liver cytosol antibody type 1; anti-gp210: Anti-glycoprotein 210; SP100: Anti-sp100 antibodies; SMA: Smooth muscle antibody; PT: Prothrombin time;
APTT: Activated partial thromboplastin time; Fbg: Fibrinogen.

FINAL DIAGNOSIS

The final diagnosis of the patient in the present study was primary myelofibrosis with acute esophageal variceal bleeding
combined with splanchnic vein thrombosis (SVT).

TREATMENT

The first endoscopic variceal ligation with a rubber band and endoscopic injection sclerotherapy with tissue glue were
carried out successfully on the first day after admission. After gastrointestinal bleeding stabilized, the patient was
discharged on long-term oral ruxolitinib (10 mg, twice a day) for the treatment of myelofibrosis and hydroxyurea platelet-
lowering therapy.
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Figure 1 Examinations images. A and B: Contrast-enhanced abdominal computerized tomography image demonstrating extensive splanchnic vein thrombosis
involving the portal, splenic, and superior mesenteric veins; C amd D: Bone marrow biopsy revealed that myelofibrosis (MF-2 grade) was accompanied by a
significant increase in platelet count; E and F: An emergency endoscopy showed esophagogastric varices (F3CbRc+Les, severe). A white thrombus was detected on
the middle of the esophageal varices.

OUTCOME AND FOLLOW-UP

After 4 months, the patient experienced esophageal variceal hemorrhage again, and the emergency endoscopist
performed emergency endoscopic esophageal variceal band ligation. At present, the patient has long been a follow-up
patient in the Hematology Department of our hospital.
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DISCUSSION

Acute esophageal variceal bleeding is a medical emergency associated with high morbidity and mortality and is a serious
complication of portal hypertension (PH), usually due to cirrhosis[7]. The most serious complication of portal
hypertension is acute variceal bleeding. Endoscopy plays a pivotal role in the diagnosis and risk assessment of bleeding
via esophageal varices. In adults, cirrhosis accounts for more than 90% of PH patients; nevertheless, the second most
common cause is portal vein thrombosis in the Western world[8]. PVT is defined as a partial or complete obstruction of
the portal vein by a thrombus resulting in impeded blood flow[9]. PVT is caused by both local (such as malignant tumors,
infection, and cirrhosis) and systemic risk factors (myeloproliferative disorders, antiphospholipid syndrome, and
paroxysmal nocturnal hemoglobinuria) and is identified in 30% and 70%, respectively[10]. Overall, patients with PVT,
which has an incidence of 30% to 40%, are affected by chronic myeloproliferative diseases, usually polycythemia vera,
essential thrombocytosis, myelofibrosis or unclassified myeloproliferative diseases[11]. Myelofibrosis is characterized by
stem cell-derived clonal myeloproliferation, bone marrow fibrosis, anemia, splenomegaly, and extramedullary
hematopoiesis[12,13]. In a retrospective study involving 181 patients, primary myelofibrosis (n = 47), essential thrombo-
cythaemia (n = 67) or polycythaemia vera (n = 67) were identified, and SVT was the primary clinical manifestation. PVT
and BCS were found in 60.3% and 17.1%, respectively; correspondingly, thrombosis of the mesenteric or splenic veins
was diagnosed in 10% and 13%, respectively[12]. We present a rare case of primary myelofibrosis with gastrointestinal
bleeding as the primary manifestation that presented as portal-superior-splenic mesenteric vein thrombosis. Myeloprolif-
erative neoplasms are the most common cause of splanchnic vein thrombosis in the absence of cirrhosis or nearby
malignancies. These conditions have a common pathogenesis and are derived from JAK-STAT pathway activation
through the presence of the JAK2 gene calreticulin. JAK2 V617F-positive myeloproliferative disorders are a less common
etiology of abdominal vein thrombosis. Approximately 90% of polycythemia vera strains are positive for the V617F
mutant JAK2 protein, and 50% of these patients have primary myelofibrosis and essential thrombocytosis[14]. The
presence of the JAK2 V617F mutation facilitates the formation of thrombosis. JAK2 V617F can increase megakaryocyte
ploidy and mobility and platelet aggregation, leading to increased thrombotic formation[15]. Therefore, JAK2 V617F can
be a prognostic indicator of vein thrombosis in patients with myeloproliferative disorders. Ruxolitinib is a selective
inhibitor of Janus kinase (JAK)1/JAK2 approved by the European Medicines Agency for the treatment of intermediate-
and high-risk myelofibrosis[16]. JAKs play a critical role in the pathogenesis of inflammatory and hematopoietic
cytokines and immune-mediated disorders, such as through the inhibition of interleukin-6 signaling and the proliferation
of JAK2 V617F-positive Ba/F3 cells[17,18]. According to the results of clinical studies, 59% of patients in the ruxolitinib
subgroup had a 2 35% reduction in the spleen volume in patients with myelofibrosis-related splenomegaly, and
ruxolitinib was effective in patients with and without the JAK2 V617F mutation[19,20]. After we added ruxolitinib,
extramedullary hematopoiesis was suppressed, and the number of white blood cells decreased gradually.

CONCLUSION

When patients with acute esophageal variceal bleeding and PVT are observed in the Emergency Department, multiple
concurrent risk factors for thrombosis, such as JAK2-related SVT, should be checked for in all patients without advanced
cirrhosis or cancer. Thrombosis of the portal vein, splenic vein and superior mesenteric vein may be the initial
manifestation of primary myelofibrosis, even in the early stages of the disease. The presence of the JAK2 mutation is a
crucial prothrombotic risk factor that can contribute to large venous thrombosis.
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Abstract

BACKGROUND

Multiple endocrine neoplasia type 2 (MEN2) is a rare, autosomal dominant
endocrine disease. Currently, the RET proto-oncogene is the only gene implicated
in MEN2A pathogenesis. Once an RET carrier is detected, family members should
be screened to enable early detection of medullary thyroid carcinoma, pheochro-
mocytoma, and hyperparatitity. Among these, medullary thyroid carcinoma is the
main factor responsible for patient mortality. Accordingly, delineating strategies
to inform clinical follow-up and treatment plans based on genes is paramount for
clinical practitioners.

CASE SUMMARY

Herein, we present RET proto-oncogene mutations, clinical characteristics, and
treatment strategies in a family with MEN2A. A family study was conducted on
patients diagnosed with MEN2A. DNA was extracted from the peripheral blood
of family members, and first-generation exon sequencing of the RET proto-
oncogene was conducted. The C634Y mutation was identified in three family
members spanning three generations. Two patients were sequentially diagnosed
with pheochromocytomas and bilateral medullary thyroid carcinomas. A 9-year-
old child harboring the gene mutation was diagnosed with medullary thyroid
carcinoma. Surgical resection of the tumors was performed. All family members
were advised to undergo complete genetic testing related to the C634Y mutation,
and the corresponding treatments administered based on test results and
associated clinical guidelines.
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CONCLUSION
Advancements in MEN2A research are important for familial management, assessment of medullary thyroid
cancer invasive risk, and deciding surgical timing.

Key Words: Multiple endocrine neoplasia type 2A; Mutation; RET proto-oncogene; Medullary thyroid carcinoma,;
Pheochromocytoma; Case report
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Core Tip: Gene sequencing was performed on an adult Asian female patient with bilateral pheochromocytoma and thyroid
carcinoma. A mutation, characterized by a nucleotide (¢.T1901A) and amino acid (p.Cys634Tyr) change, was identified,
supporting multiple endocrine neoplasia type 2A development. Genetic screening of family members revealed the patient’s
father and son are carriers of the mutation. Clinical follow-up direction and treatment plan were guided by genetic testing.
The patient and her son were diagnosed with orthotopic medullary thyroid carcinoma, facilitating timely and early detection
in the early stage of cancer and potentially improving the survival rate of patients.
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INTRODUCTION

Multiple endocrine neoplasia type 2 (MEN2) is a rare, autosomal dominant endocrine disease. It has two distinct
subtypes, MEN2A (95%) and MEN2B (5%)[1,2], with an incidence rate of MEN2A 13-24 per 1000000[1,2]. Currently, the
RET proto-oncogene is the only gene implicated in the pathogenesis of MEN2A. With a clear correlation between the
genotype and phenotype, the RET proto-oncogene serves as an essential diagnostic tool for MEN2A. Managing patients
through RET proto-oncogene testing and genetic counseling can not only optimize the prognosis associated with the
genotype but also improve the quality of life of the patient's family members.

In this study, we retrospectively analyzed the clinical characteristics and gene mutation status of three generations of a
Han Chinese family diagnosed with MEN2A to explore the significance of RET mutations and their relevance for clinical
diagnosis and treatment and determine their pathological characteristics.

CASE PRESENTATION

Chief complaints
A 30-year-old woman presented to the hospital with recurring headaches, palpitations, and hyperhidrosis.

History of present illness

The patient presented with paroxysmal headache, palpitation, hyperhidrosis, and a blood pressure of 180-165/95-105
mmHg, without obvious inducement 3 months ago. While these symptoms were slightly relieved after rest, they
recurred.

History of past illness
No known drug allergy history was noted. The patient had no surgical history.

Personal and family history
The patient experienced menstrual cycles lasting approximately 6 d every 28-30 d. No notable medical conditions in her
family history existed, and she had no history of sexually transmitted diseases.

Physical examination
The vital signs were as follows: Temperature of 36.2 °C; respiration of 19 breaths/min; pulse rate of 110 beats/min; and
blood pressure of 180/105 mmHg. The patient was alert and oriented, and her vital signs were stable.

Laboratory examinations
Mesonephrinephrine substance (MNS) levels were as follows: 3-methoxytyramine (3-MT) 0.12 nmol/L (< 0.18), methoxy-
adrenaline (MN) 4.1 nmol/L? (£ 0.50), and methoxynorepinephrine (NMN) 2.36 nmol/Lt (< 0.90). There were no
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observed abnormalities in blood and urine routine, ion levels, liver and kidney functions, tumor markers, blood lipid
levels, five parameters of thyroid function, circadian cortisol rhythm, 24-h urinary cortisol level, and adrenocorticotropic
hormone level.

Imaging examinations

Bilateral adrenal computed tomography (CT): Bilateral adrenal mass occupying lesions (left diameter approximately 29
mm, right diameter approximately 50 mm with a clear boundary, enhanced scan uneven and significantly enhanced, and
lower density necrosis within) (Figure 1A).

Patients

Between 2016 and 2022, a Han Chinese family of three generations and five members with MEN2A were clinically
monitored at the Department of Endocrinology, Dongguan TCM Hospital. The family comprised 1 female and 4 male
members, ranging in age from 3 to 60 years. This study was approved by the Medical Ethics Committee of Dongguan
Hospital of Traditional Chinese Medicine (Approval Number: PJ [2022] 41) and conducted in accordance with the tenets
of the Declaration of Helsinki [2013]. Written informed consent for the publication of this report and any accompanying
images was obtained from all family members, and legal guardians provided signatures for the children.

Family survey results

Proband Ila was a 30-year-old female who was hospitalized in August 2016 because of persistent dizziness for over 3
months, coupled with hypertension. The patient's blood pressure was consistently in the range of 180-165/95-105 mmHg.
The MNS tests revealed the following: 3-MT level 0.12 nmol/L (< 0.18); MN level 4.1 nmol/L1 (< 0.50); and NMN 2.36
nmol/L1 (£ 0.90). The results of further testing, including routine blood and urine tests, ion levels, liver and kidney
functions, tumor markers, lipid levels, thyroid function, cortisol rhythm, 24-h urinary cortisol level, and adrenocortico-
tropic hormone level, were within normal ranges. CT of the adrenal glands revealed space-occupying lesions in the form
of bilateral adrenal masses (Figure 1A). Surgery was performed to excise the masses, and enterolysis was also performed.
Postoperative pathological examination identified the masses as pheochromocytomas. A thyroid B-ultrasound performed
on 10 January 2017 revealed the presence of bilateral thyroid nodules (Figure 2A). The patient's calcitonin level was
elevated to 29.49 pg/mL1 (0-9.52). The parathyroid hormone (PTH) level was determined to be 1.97 pmol/L (1.6-6.9) and
the corresponding blood calcium level was 2.41 mmol/L (2-2.5). Thyroglobulin (Tg) was 13.587 ng/mL (0-30). An RET
gene test conducted on February 13, 2017 (MM_020975) revealed a clinically significant mutation characterized by a
nucleotide (c. TI901A) and amino acid (p.Cys634Tyr) change, supporting MEN2A diagnosis. Considering the results of
the patient's gene mutation, the bilateral thyroid masses were diagnosed as medullary thyroid carcinomas. Consequently,
a bilateral total thyroidectomy was performed in April 2017. Pathological examination confirmed bilateral medullary
thyroid carcinomas. In 2021, uterine fibroids were identified for which hysterectomy was performed. The pathological
examination indicated leiomyoma (uterus).

The proband's father, designated Ia, developed the disease at 60 years of age. He had a medical history of hypertension
and diabetes for more than a decade. Upon identification of the RET proto-oncogene mutation, adrenal CT in 2018
revealed a right adrenal mass (Figure 1B). The MN and NMN levels were elevated to 4.5 and 2.26 nmol/L?, respectively,
whereas the 3-MT level was 0.1 nmol/L. Patient Ia underwent laparoscopic resection of the right adrenal mass, which
was pathologically diagnosed as right pheochromocytoma. Three months after the adrenal surgery, additional screening
using thyroid ultrasound revealed bilateral solid nodules within the thyroid (Figure 2B). The calcitonin level was
drastically elevated to 972.2 pg/mL11. The patient underwent complete bilateral thyroidectomy accompanied by cervical
lymph node resection. Pathological results revealed bilateral medullary thyroid carcinoma with lymph node metastasis
(Figure 3). Postoperative follow-up indicated that the dynamic review of MNS, MN, NMN, and calcitonin levels returned
to normal levels.

Patients IIc and IId were two younger brothers with no history of hypertension. No suspicious mutations were
detected in the RET proto-oncogene of these patients and their blood calcium, PTH, calcitonin, thyroid, and parathyroid
levels, color Doppler ultrasound, and adrenal CT/color Doppler ultrasound results were all within the normal ranges.

The son of the patient, referred to as Illa, was found to harbor a mutation in the RET proto-oncogene at the age of 3
years and 10 months. No noticeable abnormalities were detected on thyroid or parathyroid color Doppler ultrasono-
graphy. Prophylactic total thyroidectomy was suggested; however, the patient’s family declined. Upon a 5-year follow-up
in 2022, an elevated calcitonin level of 18.93 pg/mL?1 was detected, with a Tg level of 19.6 ng/mL, PTH level of 7.22
pg/mL|, and calcium level of 1.96 mmol/L|. Therefore, a bilateral thyroidectomy was performed. Postoperative
pathology revealed medullary thyroid carcinoma in the left lobe.

The clinical characteristics of the family are presented in Table 1.

RET gene sequencing results
A ¢.T1901A mutation was identified in the 11th exon of RET, resulting in an amino acid change (p.Cys634Tyr) in the
protein. This mutation was also detected in Ia, Ila, and Illa at the same position (Figures 4 and 5, Table 2)

FINAL DIAGNOSIS
Three family members were diagnosed with MEN2 and harbored a ¢.T1901A mutation in the 11" exon of RET.
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Table 1 Clinical characteristics of the family members

Thyroid and
Age at RET proto- pa:,ath roid Adrenal gland  Pathological
Patient onset/follow- oncogene  3-MT MN NMN Ct Ca PTH . . g . g
. color Doppler  examination diagnosis
up mutation
ultrasound
Ia 60 years old Yes 010 451 226t 97221 247 413  Bilateral thyroid = Adrenal CT: Right Right PHEO,
nodules adrenal space- bilateral MTC with
occupying mass  lymph node
metastasis
Ila 30 years old Yes' 012 411 2361t 29491 241 197  Bilateral thyroid  Adrenal CT: Bilateral PHEO,
nodules Bilateral adrenal  bilateral MTC
space-occupying
mass
Ilc 27 years old No N N N N N N N Color Doppler -
ultrasound: N
11d 24 years old No N N N N N N N Color Doppler -
ultrasound: N
Ila 9 years old Yes! - - - 1893 196 722 N Color Doppler Left MTC

ultrasound: N

1Type of genetic mutation: p.Cys634Tyr.

3-MT: 3-methoxytyramine (nmol/L), reference value < 0.18 nmol/L; MN: Metanephrine (nmol/L), reference value < 0.50 nmol/L; N: Normal; NMN:
Normetanephrine (nmol/L), reference value < 0.90 nmol/L; Ct: Calcitonin (pg/mL), reference value 0-9.52 pg/mL; Ca: blood calcium (mmol/L), reference
value 2-2.5 mmol/L; PTH: Parathyroid hormone (pmol/L), reference value 1.6-6.9 pmol/L; CT: Computed tomography; PHEO: Pheochromocytoma; MTC:
Medullary thyroid carcinoma.

Table 2 Genetic sequencing of RET (NM_020975)-exon11

RS-ID Hom/Het

CM941237

Mutation position Change in nucleic acids Change in amino acids

EI1/CDS11 c.G1901A p.Cys634Tyr Het

Hom: Homozygous mutation; Het: Heterozygous mutation.

Figure 1 Bilateral adrenal computed tomography scans. A: Contrast-enhanced bilateral adrenal computed tomography scans of proband lla. Space-
occupying lesions of the bilateral adrenal masses were observed; B: Non-contrast enhanced + contrast-enhanced bilateral adrenal computed tomography scans of
patient Ib.

TREATMENT

The patient underwent thyroidectomy and was diagnosed with medullary thyroid carcinoma by postoperative
pathology.
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Figure 2 Thyroid B-ultrasound. A: Proband lla. Bilateral thyroid nodules were observed (10 mm x 4 mm); B: Patient Ib. A hypoechoic nodule (16 mm x 11 mm)
was observed in the right thyroid.

OUTCOME AND FOLLOW-UP

The patient's father and his son, who was found to harbor a mutation in the RET proto-oncogene, underwent adrenal and
thyroid screening. The father was diagnosed with bilateral pheochromocytoma and medullary thyroid carcinoma with
metastasis, while the son was diagnosed with medullary thyroid carcinoma.

DISCUSSION

There is a strong correlation between the incidence and prognosis of MEN2A and mutations in the RET proto-oncogene.
Donis-Keller ef al[3] were the first to report that mutations in the RET proto-oncogene cause MEN2A. Three years later,
the International RET Mutation Consortium compiled and investigated the clinical and pathological characteristics of
RET proto-oncogenes in 477 families with MEN2A, MEN2B, and familial medullary thyroid cancer (FMTC) mutations,
confirming the pathogenic role of the RET proto-oncogene in MEN2 syndrome. Located on 10q11.2, the RET proto-
oncogene, a tyrosine kinase receptor, comprises 21 exons and approximately 1100 amino acid residues. When RET
receptors dimerize after binding to the co-receptor (GDNF family receptor alpha), the phosphorylation of intracellular
tyrosine residues is triggered, thus playing a role in cell proliferation regulation, cell differentiation, gene expression, and
other cellular processes. This cascade can lead to excessive cell proliferation, resulting in carcinogenesis.

To date, over 1000 cases of MEN2A, both sporadic and familial, have been reported globally, with less than 200 cases
reported in China, including more than 80 sporadic and 90 familial cases[4-6]. Approximately 95% of patients with classic
MEN2A harbor RET gene mutations at codons 634, 609, 611, and 618 of exon 11 and codon 620 of exon 10; of these, 85%
are located in codon 634 of exon 11[7]. In a comprehensive global review on MEN2-related RET pathogenic variants, the
pathogenic variants at codon 634 are the most prevalent, found in between 30% and 50% of affected patients; for codon
634 mutations, the relative frequency in China is higher than those found in Brazil, France, Germany, Italy, United
Kingdom, Japan, or United States[8].

There are four MEN2A variants: Classic MEN2A, MEN2A with cutaneous lichen amyloidosis, MEN2A with
Hirschsprung disease, and MEN2A with FMTC[1,2]. Classic MEN2A is the most common type, manifesting primarily as
medullary thyroid cancer (MTC), pheochromocytoma, and hyperparathyroidism[7]. Nearly 100% of patients present with
multifocal and bilateral MTC, which is typically the first disorder, usually occurring before 30 years of age[9]. Only 15%
of MEN2A cases are symptomatic at the time of diagnosis, and the remaining 85% are identified via screening[10].

The occurrence of MEN2A associated with extra-adrenal and malignant pheochromocytomas[11] is rare. Primary
hyperparathyroidism may not be prevalent in MEN2A, potentially appearing in as few as 3%-11% of cases[12]. Most
cases (56%-88%) are asymptomatic at the time of diagnosis[13], and complications, such as hypercalcemia crisis, are rare.
RET gene testing is especially crucial for early MEN2A detection, offering predictive diagnosis and treatment for family
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Figure 3 Bilateral thyroid pathology of patient Ib. Medullary thyroid carcinoma was observed.
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Figure 5 DNA sequencing showing the mutation characterized by a nucleotide (c. T1901A) and an amino acid (p.Cys634Tyr) change in
the family members.

members.

Mortality in MEN 2 is primarily attributed to MTC. The 10-year overall survival for patients with MTC has been
estimated to be 64%[14]. Guidelines from the American, British, and European Thyroid Associations endorse RET
analysis for all patients with confirmed MTC. Over 50% of patients with MTC with lymph node involvement experience
disease relapse leading to death, which is the primary cause of mortality in patients with MEN2A[15]. A large long-term
follow-up study demonstrated that prophylactic thyroidectomy in patients with MEN2A harboring the C634Y mutation
enables disease cure without inducing any long-term complications[16]. Therefore, the prognosis of MEN2A primarily
depends on the status of MTC. Currently, surgery is the only effective treatment for MTC. Prophylactic thyroidectomy in
patients with early asymptomatic MEN2A is crucial to prevent carcinogenesis and its complications and improve survival
rates.

When considering prophylactic thyroidectomy, the focus is on the RET mutation type, age, and calcitonin level. The
American Thyroid Association classifies RET mutations into three categories based on the invasive risk of MTC: Medium,
high, and extremely high. The more invasive the tumor, the earlier the prophylactic thyroidectomy should be performed
and the larger the range of the thyroid necessitating surgical removal. Based on this categorization, different surgical
indications have been proposed for patient treatment depending on the risk level[7,17]. The classic MEN2A 634
chromosomal mutation is a high-risk mutation; high-risk mutations transition from normal to C-cell hyperplasia within
an average of 5 years, and to MTC NO and MTC N1 within 19 and 31 years, respectively[18]. Prophylactic thyroidectomy
is recommended before the age of 5 years. However, clinicians must carefully weigh the risk of surgical complications in
children, increased recurrence rates during lymph node dissection, and the probability of cure[19,20]. Monitoring
calcitonin level is another crucial evaluation standard. A French study of 170 young patients aged < 21 years confirmed
the major role of calcitonin testing in prophylactic thyroidectomies, indicating that all preoperative patients with
calcitonin levels < 30 pg/mL, regardless of whether their MTC was classified as extremely high-, high-, or medium-risk,
were cured after thyroidectomy[21].

Raue and Frank-Raue[22] suggested a three-point management strategy for patients with MEN2: (1) Confirm the
pathogenic RET gene mutation type; (2) classify MTC risk groups; and (3) determine preoperative calcitonin levels to
ensure that asymptomatic carriers undergo timely MTC removal. Both high- and moderate-risk groups could determine
the timing of surgery based on calcitonin level[21-24]. Once the calcitonin levels surpass the upper limit of normal level,
surgery can be performed. This approach may postpone thyroidectomy until the patient reaches full growth, thereby
reducing surgical complications, such as permanent hypoparathyroidism and recurrent laryngeal nerve injury, and
preventing overtreatment.

In the family with MEN2A discussed in this study, three members harbored a heterozygous mutation of nucleotide
¢.T1901A, which caused the 634™ amino acid of the encoded protein to mutate from cysteine to tyrosine. Among the
mutations in codon 634, the C634Y mutation is uncommon and may present a more indolent clinical course. In this family
with the high-risk C634Y mutation, proband Ila first presented with pheochromocytoma. Given the patient’s age of 30
years, the atypical presentation of calcitonin levels, and color Doppler ultrasound findings, a thyroidectomy was
performed. Postoperative pathological examination confirmed the presence of MTC without lymph node metastasis. A 5-
year follow-up revealed normal calcitonin levels and thyroid color Doppler ultrasound findings, with no signs of
recurrence. Regular follow-ups with abdominal CT and MN levels were also normal, with no pheochromocytoma or
pheochromocytic tissue, suggesting a benign pheochromocytoma. The proband's father, who had a history of
hypertension and did not participate in regular health examinations, was found to have an RET gene C634Y mutation
through genetic testing. This finding led to surgical intervention for the pheochromocytoma and MTC, both of which
were pathologically confirmed. However, owing to the advanced age at which testing was conducted, the MTC had
already metastasized to the lymph nodes, necessitating stringent monitoring of calcitonin levels to prevent recurrence.
The gene mutation carrier IIla harbors a high-risk mutation. According to the guidelines, total thyroidectomy can be
performed before the age of 5 years; however, given the child's growth and developmental needs, along with relatively
higher surgical risks, and in accordance with the family's wishes, we opted to closely monitor calcitonin level and thyroid
color Doppler ultrasound. After 5 years of follow-up, an increase in calcitonin level was detected when the child turned 9
years old, necessitating a prophylactic thyroidectomy. Subsequent pathological examination confirmed the presence of
MTC.

The thyroid conditions of the three aforementioned patients were managed in accordance with the American Thyroid
Association guidelines, considering the genotype-phenotype relationship of MEN2A, which effectively guided clinical
diagnosis and treatment. At the time of diagnosis of the disease in the proband, she was diagnosed with bilateral
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pheochromocytomas, whereas her father had a unilateral pheochromocytoma. These findings align with previous reports
on MEN2A pheochromocytomas, which can be either unilateral or bilateral, with rare malignancies. None of the three
patients exhibited signs of hyperparathyroidism, thereby necessitating long-term monitoring of blood calcium and PTH
levels and parathyroid color Doppler ultrasonography.

In this report, we highlight that gene detection in three generations of a family can be used for early screening of
related diseases, especially for the diagnosis and treatment of early medullary thyroid cancer. However, owing to the
limited number of patients, there are certain limitations, and it will be more meaningful to screen the genes and related
diseases in la parents and siblings.

CONCLUSION

In summary, RET proto-oncogene mutations play crucial roles in determining the clinical phenotype and prognosis of
patients with MEN2A. In a clinical setting, advancements in genetic research on MEN2A can be leveraged for familial
management; assess the invasive risk of MTC based on RET gene mutation types, age, and calcitonin levels; and decide
the timing of surgery. This study offers considerable guidance regarding the onset, progression, and prognosis of
pheochromocytoma and hyperparathyroidism.
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Abstract

BACKGROUND

Brain metastases (BM) are very rare in gastric adenocarcinoma (GaC), and
patients with BMs have a higher mortality rate due to stronger tumor aggress-
iveness. However, its pathogenesis remains unclear. Genetic testing revealed
cellular-mesenchymal epithelial transition factor receptor (MET) amplification.
Therefore, treatment with savolitinib, a small molecule inhibitor of c-Met, was
selected.

CASE SUMMARY

A 66-year-old woman was diagnosed with advanced GaC 6 months prior to
presentation due to back pain. Cerebellar and meningeal metastases were ob-
served during candonilimab combined with oxaliplatin and capecitabine therapy.
The patient experienced frequent generalized seizures and persistent drowsiness
in the emergency department. Genetic testing of cerebrospinal fluid and
peripheral blood revealed increased MET amplification. After discussing
treatment options with the patient, savolitinib tablets were administered. After a
month of treatment, the intracranial lesions shrank considerably.

CONCLUSION

BM is very rare in advanced GaC, especially in meningeal cancer, that is charac-
terized by rapid disease deterioration. There are very few effective treatment
options available; however, technological breakthroughs in genomics have
provided a basis for personalized treatment. Furthermore, MET amplification may
be a key driver of BM in gastric cancer; however, this conclusion requires further
investigation.
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Core Tip: Common metastatic sites for gastric adenocarcinoma (GaC) occur in the lymph nodes, liver, and lungs.
Additionally, brain metastases (BM) are rare. Interestingly, mesenchymal epithelial transition factor receptor (MET)
amplification in GaC is rare, and its role in tumor metastasis remains unclear. Several previous reports have described the
association between MET amplification and BM with GaC. This case highlights the unique phenomenon of rapid BM in
advanced GaC after first-line treatment and the rapid short-term reduction of cerebellar metastases after the use of
savolitinib. Therefore, it is hypothesized that MET amplification may be a key driver of BMs in GaC.
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INTRODUCTION

The 2020 Global Cancer Statistics show that gastric cancer ranks fifth in global cancer incidence, with a prevalence of
approximately 5.6%[1]. Advanced gastric adenocarcinoma (GaC) is the most predominant pathological type of gastric
cancer, and is a multifactorial and heterogeneous disease. Approximately 1/3 of GaC patients have distant metastasis at
the time of diagnosis; these patients have higher mortality rates due to stronger tumor aggressiveness[2]. Common
metastatic sites of GaC include the peritoneum, lymph nodes, liver, and lungs. However, only 1%-2% of advanced GaC
patients develop intracranial metastases and meningeal carcinomatosis (MC)[3].

A patient with advanced GaC harboring mesenchymal epithelial transition factor receptor (MET) amplification,
intracranial metastases, and MC treated with savolitinib tablets is presented in this case study. The patient demonstrated
rapid shrinkage of intracranial tumors in the short term.

CASE PRESENTATION

Chief complaints
A 66-year-old female presented to the emergency department due to frequent generalized seizures occurring within a
week and persistent drowsiness.

History of present illness

In November 2023, the patient developed dizziness, headache, walking instability, tinnitus, and hearing loss. A head
magnetic resonance imaging (MRI) indicated meningeal thickening and occupation of the cerebellum and occipital bone.
The patient underwent lumbar puncture, which revealed an increase in cerebrospinal fluid (CSF) pressure of > 400 mm
H,0, indicating a rapid disease progression, seizures developed more gradually.

History of past illness

In November 2022, the patient underwent gastroscopy with no abnormality. In May 2023, the patient was treated at
another hospital for lumbar pain, and lumbar MRI was performed. Abnormal vertebral signals were considered for
tumor metastasis. After further examination by positron emission tomography/computed tomography and gastroscopy,
the patient was diagnosed with advanced GaC with multiple metastases to the abdominal lymph nodes and lumbar
vertebrae. In June 2023, the patient was treated with the regimen of Candonilimab + oxaliplatin and capecitabine
(CAPEOX). After two courses of treatment, the patient showed elevated troponin and aminotransferase levels.
Considering the adverse immune reactions, the above drugs were discontinued and gamma globulin and methylpred-
nisolone were administered to suppress the immune system. In September 2023, the patient was administered another
two courses of CAPEOX chemotherapy because of disease progression.

Personal and family history
The patient denied any family history of tumors or other notable medical history.

Physical examination

The patient’s vital signs were as follows: Body temperature, 38 °C; blood pressure, 170/94 mmHg; heart rate, 95 beats/
min; respiratory rate, 18 breaths/ min. When receiving treatment, the patient was in a shallow coma, with left conjunctival
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congestion, and she demonstrated signs of mydriasis.

Laboratory examinations

Laboratory investigations revealed normocytic anemia (hemoglobin, 66 g/L), elevated leukocyte (14 x 10°/L), and
elevated C-reactive protein (28.48 mg/L). Tumor markers, including carcinoembryonic antigen (56.2 ng/mL) and
carbohydrate antigen 199 (139.4 U/mL), were above the reference range. Genetic testing of CSF and peripheral blood
revealed an increased MET copy number and genetic mutations at the TP53p.R213 Locus.

Pathological diagnosis
Gastric mucosal pathology: Less differentiated adenocarcinoma, differentiated grades II-III, and mixed type Lauren
classification.

The immunohistochemical results of the Gastric mucosal are as follows: Claudin18.2 (40% +); Her-2 (0); Met (90%);
MLH (+); MSH2 (+); MSH6 (+); programmed death 1 (tumor-, interstitial 5% +); programmed death-ligand 1 (PD-L1)
(tumor-, interstitial 5% +); PMS (+); TROP2 (100% +++); Ki67 (90% +); EBER (-).

Imaging examinations
MRI revealed thickening of the meninges and abnormal diffuse signals in the skull. A mass on the right cerebellar

showed mixed-signal intensity. In December 2023 there was a decrease in the lesions, but the top right nodules increased
(Figure 1).

FINAL DIAGNOSIS

The GaC invaded the surrounding tissues and caused pelvic implant metastasis accompanied by multiple metastases to
the bone, liver, cerebellum, and meninges. The patient was diagnosed with GaC (cT4NxM1 IV) and was comatose at the
time of admission.

TREATMENT

Considering the patient's poor health and comatose state with intracranial metastases and MC, the tumor was rapidly
transferred after chemotherapy. After discussion, savolitinib tablets were administered to treat this patient.

OUTCOME AND FOLLOW-UP

After 4 d of oral administration of savolitinib, the patient regained autonomous consciousness and her lower limb muscle
strength returned to grade IV after 2 wk. After one month of treatment, with the help of her family, she was able to walk
normally. During hospitalization, MRI was used to examine the patient's brain, and the results showed that the cerebellar
tumor had shrunk significantly, and the CSF pressure had returned to normal levels. After one month of treatment with
savolitinib and a small-molecule MET kinase inhibitor, the patient's brain tumor was rapidly controlled in the short term,
extending the patient's survival time.

DISCUSSION

Three major biomarkers, namely, HER2, PD-L1, and deficient mismatch repair/microsatellite instability-high group
(dAMMR/MSI-H), have been identified in advanced GaC to guide the main pathway of treatment decisions, and anti-
angiogenesis large and small molecule targeting drugs can also be considered as second-line and above treatment. The
accurate understanding of GaC has improved substantially over time, with considerable advancements made in
treatment methods using molecule targeting drugs as compared to the era of chemotherapy. Despite this progress, there
is still a gap between current clinical practices and ideal outcomes[4-6]. In reality, the proportion of patients with HER2-
positive, PD-L1 CPS 2 5%, dMMR/MSI-H targets are small, thus they fall into a “high specific, low coverage” population.
Although immune checkpoint inhibitors are used regardless of PD-L1 expression levels, their efficacy is limited with
“wide coverage and low specificity”. Therefore, the examination of biomarkers to screen for beneficial traits and avoid
ineffective treatments is required.

The MET gene is a proto-oncogene that encodes epithelial-mesenchymal transformation factor (c-Met), a receptor of
hepatocyte growth factor. Under physiological conditions, the MET signaling pathway is involved in embryonic
development and tissue regeneration, whereas in tumors, activation of the MET pathway can induce tumor occurrence,
invasion, and metastasis[7]. Savolitinib is a selective MET inhibitor that prevents MET activation by disrupting the MET
signal transduction pathway in an adenosine triphosphate competitive manner, resulting in the inhibition of tumor cell
growth[8]. The proportion of MET amplification is low, constituting 4%-6% of GaC[9]. Furthermore, MET amplification
includes two forms: primary amplification, defined as the activated MET signal at the time of tumor diagnosis, and
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Figure 1 Enhanced magnetic resonance imaging image of a patient with brain metastasis undergoing savolitinib treatment. A: Fluid
attenuated inversion recovery image (November 11, 2023); B: T1 image (November 11, 2023); C: T2 image (November 11, 2023); D: Sagittal view of T2 image
(November 11, 2023); E: Fluid attenuated inversion recovery image (December 26, 2023); F: T1 image (December 26, 2023); G: T2 image (December 26, 2023); H:
Sagittal view of T2 image (December 26, 2023). Orange arrow shows the tumor.

secondary amplification, which refers to MET amplification detected after tumor treatment[10]. Patients with primary
amplification have worse prognosis than those with secondary amplification[11]. Notably, GaC with MET amplification
often appears more aggressive and advanced in the real world[12,13].

The most interesting aspect of this case was the rare intracranial metastasis and meningeal cancer. Therefore, to
determine the factors associated with GaC brain metastases (BM), a comprehensive cohort study was carried out[14]. The
results showed that BMs occurred less frequently in patients with antrum/pylorus tumors, and that patients with bone
and lung metastases were more likely to develop BMs. However, this phenomenon is rare in liver metastases. In addition,
there was a /significant negative correlation between BMs and age. Octogenarians had significantly fewer BMs compared
to patients aged 60-69 years. BMs are very rare in GaC, and the clinical data of the 11 patients are summarized in Table 1.
A review of these data revealed that the age of these patients was generally higher, mainly related to the target of HER2.
Further, 10 of the 11 patients opted for radiation therapy and surgical resection as their treatment choice.

It has been reported that patients with HER2+ GaC may have an increased risk of developing BM; however, the role of
MET amplification in BM is unclear[15]. According to the well-known “seed and soil” hypothesis, tumor cells can survive
and thrive only after adapting to the brain microenvironment microenvironment[16]. Pericytes, brain microvascular
endothelial cells, and astrocytes are the three major components of blood-brain barrier[17]. For cancer cells to grow in the
brain, they must acquire two key properties: overcoming the tumor-killing ability of glial cells and altering the brain
microenvironment to create a suitable environment for tumor cells to survive. Activation glial cells and altering the brain
microenvironment to create a suitable environment for tumor cells to survive. Activation of the c-Met signaling pathway
can induce the secretion of interleukin (IL) 8 and CXCL1, which promotes the adhesion of tumor cells to brain endothelial
cells and stimulates the formation of micro vessels. In addition, this signaling pathway secretes additional IL1p, causing
astrocytes to secrete the ligand hepatocellular growth factor (HGF) of c-MET. This vicious feed-forward c-Met/HGF loop
generates a favorable microenvironment for metastatic cells astrocytes to secrete the ligand HGF of c-MET. This vicious
feed-forward c-Met/HGF loop generates a favorable microenvironment for metastatic cells[18]. However, this conclusion
was reached during a search for breast cancer. In this case, the patient developed BM in the short term and achieved
partial remission quickly after administration of savolitinib. Therefore, it is speculated that intracranial tumor subsets
may be driven mainly by c-MET amplification.

CONCLUSION

BM are rare in advanced GaC, casing a rapid deterioration in these patients, especially in MC. There are very few
effective treatment options available; however, technological breakthroughs in genomics have provided a basis for
personalized treatment. Therefore, MET amplification may be a key driver of BMs in gastric cancer; however, this
conclusion requires further investigation.
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Table 1 Summary of previously published series of cases

Case Target . Survival
Ref. Agelsex BM Therapy 'g Ending
No. point (month)
Cinar et al[19] 1 55/M + Gamma-knife; Irinotecan + trastuzumab HER2 Dead 1
Cinar et al[19] 2 60/M +  Radiotherapy; Trastuzumab + capecitabine + carboplatin; HER2 Dead 24
Clinical trial
Katayanagietal 3 77/M +  X-knife + surgical resection Unknown PR >12
[20]
Kitayama et al[21] 4 76/M +  Paclitaxel + surgical resection + radiation therapy Unknown PR 5
Sakurai etal[22] 5 78/F + Radiation therapy Unknown Dead 4
Rino et al[23] 6 63/M +  Irinotecan + cisplatin + radiation therapy Unknown PR No specified
Rino et al[23] 7 78/M + Irinotecan + cisplatin + Cyber-knife Unknown PR No specified
Kostoglou et al 8 69/F +  Radiation therapy + surgical resection HER2 Dead 4
[24]
Ahn et al[25] 9 38/M + Stereotactic radiosurgery + anti-PD-1 Unknown PR >26
Kosco et al[26] 10 73/F +  Radiation therapy + surgical resection + pharmacological Unknown CR >26
intervention
Murakami et al 11 65/M +  Supportive care Unknown Dead 1
[27]

BM: Brain metastases; PR: Partial response; CR: Complete response; HER2: Human epidermal growth factor receptor 2.
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Abstract

BACKGROUND

Tuberous sclerosis complex (TSC) and primary lymphedema (PLE) are both rare
diseases, and it is even rarer for both to occur in the same patient. In this work, we
have provided a detailed description of a patient's clinical presentation, imaging
findings, and treatment. And a retrospective analysis was conducted on 14
published relevant case reports.

CASE SUMMARY

A 16-year-old male came to our hospital for treatment due to right lower limb
swelling. This swelling is already present from birth. The patient’s memory had
been progressively declining. Seizures had occurred 1 year prior at an unknown
frequency. The patient was diagnosed with TSC combined with PLE through
multimodal imaging examination: Computed tomography, magnetic resonance
imaging, and lymphoscintigraphy. The patient underwent liposuction. The
swelling of the patient's right lower limb significantly improved after surgery.
Epilepsy did not occur.after taking antiepileptic drugs and sirolimus.

CONCLUSION
TSC with PLE is a rare and systemic disease. Imaging can detect lesions of this
disease, which are important for diagnosis and treatment.

Key Words: Tuberous sclerosis complex; Lymphedema; Sirolimus; Multimodal imaging
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Core Tip: Tuberous sclerosis complex with primary lymphedema (TSC-PLE) is a rare, congenital and systemic disease
closely related to gene mutations. The clinical manifestations of TSC-PLE are diverse. Multiple imaging methods can detect
systemic organ and tissue lesions, which are important for clinical diagnosis and treatment. Rapamycin-targeted therapy is
the main treatment for this disease and can simultaneously treat the symptoms of both TSC and PLE. Liposuction can
effectively improve limb swelling in patients. This case is the 17" patient with TSC-PLE worldwide. And this case has
comprehensive clinical, imaging, genetic testing and treatment.

Citation: Li XP, Sun XL, Liu X, Wen Z, Jiang LH, Fu Y, Yue YL, Wang RG. Tuberous sclerosis complex combined with primary
lymphedema: A case report. World J Clin Cases 2024; 12(15): 2642-2648

URL: https://www.wjgnet.com/2307-8960/full/v12/i15/2642.htm
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INTRODUCTION

Tuberous sclerosis complex (TSC) is an autosomal dominant genetic diseases characterized by multiple organ lesions and
closely related to the TSC gene[1-3]. Lymphedema (LE) is the accumulation of protein rich lymphatic fluid in subcu-
taneous interstitial tissue, irreversible fibrosis of adipose tissue, and ultimately causing limb swelling. LE can be divided
into primary LE (PLE) and secondary LE based on its etiology[4]. TSC and PLE are rare diseases, and it is even rarer for
both to occur in the same patient. In this work, we aimed to intended to increase awareness of TSC and PLE by reporting
a case and reviewing the relevant literature.

CASE PRESENTATION

Chief complaints
A 16-year-old male came to our hospital for treatment due to right lower limb swelling. This swelling is already present
from birth without any obvious cause or reason. It worsened after activity and improved after rest.

History of present illness

Ten years prior, there had been swelling of the right scrotum and fluid accumulation in the right testicular sheath. Seven
years prior, the patient had broken out with erysipelas. In recent years, the patient’s memory had been progressively
declining. Seizures had occurred 1 year prior at an unknown frequency but improved after treatment with antiepileptic
medication.

Physical examination
The skin became red and thick and exhibited poor elasticity, high temperature, and visible pigmentation. Restricted
movement of joints was observed in the right lower limb.

Laboratory examinations

Genetic testing revealed a mutation in the TSC2 gene. The heterozygous mutation of nucleotide number 2251 from
cytosine C to thymine T (c.2251C>T) resulted in a mutation of amino acid number 751 from arginine to terminator
(p-ARG?751Ter). The patient's parents did not exhibit any TSC gene abnormalities.

Imaging examinations

A computed tomography (CT) scan of the head revealed symmetrically distributed calcified nodules located beneath the
ependymal membrane of both lateral ventricles (Figure 1A). An abdominal enhanced CT scan showed multiple, regular
and well-defined nodules in both kidneys. The internal density of the nodule was uneven, with visible fat density and
soft tissue density (Figure 1B). A chest CT scan showed multiple ground glass opacities in both lungs, mainly distributed
under the pleura, with a diameter of 3-10 mm. However, no pulmonary cysts were found in either lung (Figure 1C). In
addition, *Tc™-DX-lymphoscintigraphy revealed thickening of the right lower limb, but lymphatic vessels in the right
lower limb were not visualized. The right inguinal, iliac, and lumbar lymphatic vessels and lymph nodes were not
visualized, and the imaging agent was diffusely and unevenly distributed in the right lower limb, waist, buttocks, and
external genital area (Figure 2). The short time inversion recovery sequence of the lower limb magnetic resonance
imaging (MRI) showed thickening of the skin and swelling of subcutaneous soft tissue in the right lower limb, with
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Figure 1 Computed tomography scan. A: Computed tomography (CT) scan of the head. Calcified nodules located beneath the ependymal membrane of both
lateral ventricles; symmetrically distributed (orange arrow); B: Abdominal CT enhancement. Multiple regular and well-defined nodules in both kidneys, with visible fat
density inside. After enhancement, the solid components are enhanced, but the fat components are not enhanced (orange arrow); C: Chest CT scan. An irregular
ground glass opacity nodule in the posterior basal segment of the right lower lobe of the lung (orange arrow).
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Figure 2 *Tc"-DX-lymphoscintigraphy: The imaging agent was diffusely and unevenly distributed in the right lower limb, waist, buttocks,
and external genital area (orange arrow). The lymphatic vessels in the right lower limb were not visualized, and the right inguinal, iliac, and lumbar lymphatic
vessels and lymph nodes were not visualized (orange dashed arrow).

honeycomb, crescent, and band signs visible inside. Thickened, tortuous, and dilated veins were also observed (Figures 3
and 4).
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Figure 3 Coronal view of the short time inversion recovery sequence of the entire lower limb. Compared with those on the left, the skin on the right
lower limb was thickened, and the subcutaneous soft tissue was swollen, with abnormally high signal shadows visible inside (orange arrows).

Figure 4 Short time inversion recovery sequence transverse section of lower limb magnetic resonance imaging: Signs of lymphedema in
subcutaneous soft tissue, including the honeycomb sign (white arrow) and band sign (white dashed arrow). Thickened, tortuous and dilated
veins were observed (orange arrow).

FINAL DIAGNOSIS

Based on comprehensive clinical, imaging, and genetic testing, the male patient was diagnosed with TSC combined with
PLE.

TREATMENT

The patient was prescribed oral oxcarbazepine and sodium valproate to suppress seizures and sirolimus to treat the TSC.
The patient underwent liposuction and volume reduction surgery to reduce lower limb edema.
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OUTCOME AND FOLLOW-UP

Prognosis: The swelling of the patient's right lower limb significantly improved after surgery, and the morphology
improved well. Epilepsy did not occur.

DISCUSSION

TSC is an autosomal dominant genetic disorder characterized by lesions in multiple organs. TSC1 or TSC2 gene mutations
can lead to structural activation of the mechanical target of rapamycin pathway, dysregulation of cell proliferation, and
obstruction of lymphangiogenesis. The incidence rate is approximately 1/6000-10000; these tumours can be familial or
sporadic and are more likely to occur in young males. The typical clinical manifestations of the Vogt triad are epilepsy,
intellectual disability, and facial sebaceous adenoma. Almost all organs in the body can be affected[1-3] (the skin, nervous
system, heart, lungs, kidneys, bones, etc.). The main treatment method for TSC is the targeted drug rapamycin. The
present patient was a male adolescent with clinical manifestations of epilepsy. The imaging findings included
subependymal nodules, bilateral renal angiomyolipomas, and multiple ground glass opacity in both lungs on chest CT.
Genetic testing revealed TSC2 gene mutations, consistent with previous literature reports[3].

PLE of the lower limbs is caused by congenital structural and/or functional deficiencies in the lymphatic system,
leading to impaired lymphatic return and the accumulation of protein-rich fluid in the interstitial tissue in the skin and
subcutaneous soft tissue of the lower limbs. Prolonged and progressive stimulation of adipose tissue ultimately leads to
abnormal proliferation of fibrous connective tissue and irreversible fibrosis of adipose tissue. The most common clinical
manifestation is obvious swelling of the skin of the lower limbs, with early onset of collapsible oedema. The skin
gradually hardens over time, and there is late onset of abnormal thickening and segmental hypertrophy of the affected
limb. In severe cases, this condition can lead to "elephantiasis" of the affected limb, bilateral limb asymmetry, and even
limb deformities. The pathogenesis may be related to the following gene mutations[4-6]: Vascular endothelial growth
factor receptor-3 (VEGFR-3), SRY-related high mobility group Box 18, and forkhead Box C2. The overall incidence rate of
PLE is 1-2/100000, and PLE usually occurs in childhood, and there are more women affected than men[4]. The patient
was diagnosed with primary lower limb LE through clinical and imaging examinations. The clinical manifestation was
swelling of the right lower limb without obvious cause. A typical honeycomb-like pattern (honeycomb sign) was
observed in the subcutaneous soft tissue of the right lower limb via MRI, and *Tc™-DX-lymphoscintigraphy revealed the
absence of lymphatic vessels and lymph nodes in the right lower limb accompanied by right lower limb skin lymphatic
reflux, which is consistent with the imaging findings of LE reported by Liu et al[7] and Wen et al[8].

According to the literature, TSC with PLE (TSC-PLE) has only been observed in case reports. A summary of all relevant
literature retrieved from PubMed from 1986 to 2023 is presented in Table 1. There were a total of 14 articles and 16 cases.
Including this case report, there were a total of 17 patients, including 11 females (64.7%) and 6 males (35.3%). There were
more women with TSC-PLE than men, with an age range of 0-28 years and an average age of 6.3 years. LE is more
common in adolescents than in adults, and LE often occurs in the lower limbs; there was a total of 15 cases (88.2%), and
all 15 cases of oedema occurred in one limb (two cases are unknown). There were 3 patients with TSCI gene mutations, 7
patients with TSC2 gene mutations, and 7 patients with unclear gene mutations. Geffrey et al[9] reported that the
incidence rate of PLE in TSC patients was 0.70% (2/286). However, the pathological and physiological mechanisms of
TSC-PLE are not yet clear. Among the more than 20 genes involved in lymphatic system development, some are closely
related to the mTOR pathway. Therefore, several researchers speculate that there may be five possible reasons for the
occurrence of TSC-PLE: (1) The phosphoinositol 3-kinase signalling pathway plays an important role in the formation and
remodelling of the lymphatic system. Due to TSC gene mutations, mTOR is activated, thereby inhibiting lymphatic vessel
growth. Eventually, the affected limb's lymphatic system develops poorly[10]; (2) VEGFR-3 and VEGF-C are important
regulatory factors that promote lymphatic vessel proliferation and cell migration. Studies have shown that VEGF-C can
activate downstream mTOR/S6 kinase signalling pathways and that activated mTOR acts through p70S6 kinase[11]; (3)
mTOR directly participates in the generation of lymphatic vessels: Studies have shown that the expression of mTOR in
lymphatic endothelial cells is significantly increased and that mTOR is abnormally activated in lymphatic malformations
[11]; (4) The reason why the incidence rate of female patients with TSC-PLE increases significantly may be related to
oestrogen[9]; and (5) Smooth cell hypertrophy: Abnormal smooth cell hypertrophy within subcutaneous tissue
compresses superficial lymphatic vessels, leading to impaired lymphatic reflux and ultimately resulting in LE[12].

The main treatment for TSC-PLE patients is rapamycin, which can alleviate both TSC-related symptoms and lymphatic
vessel abnormality-related symptoms (e.g., LE)[9]. Liposuction and volume reduction surgery can also be performed to
reduce lower limb oedema and improve the appearance of the affected limb. In this case, antiepileptic drugs were used to
suppress seizures. In addition, when TSC-PLE is combined with other critical signs, such as osteofascial compartment
syndrome caused by severe LE, aortic aneurysm caused by severe vascular malformations, erysipelas and systemic
infections caused by LE, and pulmonary embolism caused by deep vein thrombosis, timely symptomatic treatment
should be administered[13-15].

CONCLUSION

TSC-PLE is a rare, congenital and systemic disease closely related to a variety of gene mutations and is most common
among young women, with an overall incidence rate of approximately 0.7%. The clinical manifestations of TSC-PLE are
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Table 1 Summary of cases of tuberous sclerosis complex with primary lymphedema from 1986 to 2023

Age q
No Ref. Year Number Gender (ygr) Edemasite Gene Treatment
1  Cottafavaetal[l6] 1986 1 Female 7 Left lower limb Unknown  Anti convulsive drugs + anti ACTH drugs
2 Hirschetal[l7] 1999 1 Female 28 Left lower limb Unknown  Subcutaneous lymphangiectomy + diuretic +
elastic socks
3 Voudris et al[18] 2003 1 Female 5 Left lower limb Unknown Unknown
4 Lucas and 2011 1 Female 1 Right lower limb TSC1 Unknown
Andrade[19]
5  Sukulal and 2012 1 Female 0 Left lower limb Unknown Unknown
Namboodiri[12]
6  Navarre and 2014 1 Male 5 Left lower limb TSC2 Fasectomy + toe amputation + antibiotics +
Poitras[13] enoxaparin + warfarin
7 Prato et al[20] 2014 1 Female 4 Left upper limb TSC2 Carbamazepine + topiramate + everolimus +
amoxicillin-clavulanate potassium
8  Geffrey et al[9] 2014 2 Female/Female 8/15  Left lower limb/Left TSC2/TSC2 Rapamycin + lymphedema therapy
lower limb
9  Hoshiai et al[21] 2015 2 Female/Female 2/0 Right lower Unknown Unknown
limb/Right upper limb
10 Saffari et al[22] 2019 1 Male 6 lower limb but TSC2 Everolimus
unknown left and right
11 Wiemer-Krueletal 2020 1 Male 7 Left lower limb TSC2 Levetiracetam + repair of aortic aneurysm +
[14] everolimus
12 Kaneshi et al[15] 2020 1 Male 0 lower limb but Unknown Ileostomy decompression + antibiotics +
unknown left and right lymphedema therapy
13 Linetal[11] 2020 1 Male 3 Left lower limb TSC1 Albumin + diuretics
14 Klinner ef al[23] 2020 1 Female 0 Right lower limb TSC1 Aminohexenoic acid + lymphatic drainage +
bandage compression
15 This case 2023 1 Male 16 Right lower limb TSC2 Sirolimus + oxcarbazepine + liposuction

TSC: Tuberous sclerosis complex.

diverse and include epilepsy, memory loss, intellectual disability, lower limb swelling, etc. Multiple imaging methods can
detect systemic organ and tissue lesions, which are important for clinical diagnosis and treatment. Rapamycin-targeted
therapy is the main treatment method for this disease and can simultaneously treat the symptoms of both TSC and PLE.
Liposuction can effectively improve limb swelling in patients However, the specific pathophysiological mechanism of
TSC-PLE is still unclear and requires further research.
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Abstract

BACKGROUND

Multiple primary carcinomas (MPCs) are defined as two or more independent
primary cancers that occur simultaneously or sequentially in the same individual.
Synchronous MPCs are rarer than solitary cancers or metachronous MPCs.
Accurate diagnoses of synchronous MPCs and the choice of treatment are critical
for successful outcomes in these cases.

CASE SUMMARY

A 64-year-old patient presented with dysphagia, without obvious cause. A
diagnosis of synchronous esophageal squamous cell carcinoma and colon
adenocarcinoma with liver metastasis was confirmed based on examination and
laboratory results. After multi-disciplinary consultations, combination chemo-
therapy (a 3-wk cycle with oxaliplatin 212 mg administered on day 1 and
capecitabine 1.5 g twice daily on days 1-14) and esophageal cancer radiotherapy
were initiated. Based on the results of genetic testing, we switched to a regimen of
leucovorin + fluorouracil + oxaliplatin and cetuximab regimen for 8 cycles.
Subsequently, capecitabine and bevacizumab were administered until the most
recent follow-up, at which the tumor remained stable.

CONCLUSION
Successful cetuximab chemotherapy treatment provides a reference for the non-
operative and homogeneous treatment of different pathological types of
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synchronous MCPs.
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Core Tip: We report a case of a 64-year-old patient diagnosed with synchronous esophageal squamous cell carcinoma and
colon adenocarcinoma with liver metastasis. After multi-disciplinary consultations, oxaliplatin + capecitabine chemotherapy
and esophageal cancer radiotherapy were initiated. Based on genetic testing, treatment was switched to a regimen of
leucovorin + fluorouracil + oxaliplatin and cetuximab for 8 cycles. Subsequently, capecitabine and bevacizumab were
administered, and the tumor was stable at the most recent follow-up. This case demonstrates successful treatment of dual
primary digestive tract tumors of differing pathological types using the same regimen, which supports non-surgical,
simultaneous treatment for synchronous multiple primary cancers.

Citation: Luo XX, Du YX, Zhang QQ, Zhang L, Zeng SY, Yu ZH, Shen P, Feng ZQ. Cetuximab combined with chemotherapy for
simultaneous esophageal squamous cell carcinoma and colon adenocarcinoma: A case report. World J Clin Cases 2024; 12(15): 2649-
2654

URL: https://www.wjgnet.com/2307-8960/full/v12/i15/2649.htm

DOI: https://dx.doi.org/10.12998/wjcc.v12.115.2649

INTRODUCTION

Multiple primary carcinomas (MPCs), also known as multiple carcinomas, refer to two or more independent primary
carcinomas occurring simultaneously or sequentially in the same individual. According to the time interval between
occurrences, MPCs can be divided into metachronous MPCs or synchronous MPCs. The overall reported frequency of
MPCs varies between 2.4%-17%[1]. The occurrence of MPCs may be related to factors such as the patient’s physical
condition, lifestyle, environment, genetics, and treatment methods.

MPCs of the gastrointestinal tract have been treated by simultaneous surgical procedures[2]; however, few cases have
been reported on the treatment of MPCs of different pathological types with non-operative regimens. Herein, we report a
case of synchronous esophageal squamous cell carcinoma and colon adenocarcinoma with liver metastasis, successfully
treated with a non-surgical regimen. This case may be used for guidance to improve the diagnosis and treatment of this
disease.

CASE PRESENTATION

Chief complaints
A 64-year-old patient was admitted to the local gastroenterology department with a complaint of dysphagia, including
difficulties with both eating and drinking.

History of present illness
In July 2022, the patient experienced worsening dysphagia, including difficulty swallowing food, and intermittent
abdominal discomfort. These symptoms prompted the patient to seek medical attention.

History of past illness

In May 2022, the patient experienced dysphagia and mild difficulty defecating for approximately 1 month; he had no
cough, intermittent abdominal discomfort, or diarrhea. These symptoms were found to have no obvious cause. The
patient was not concerned and did not seek medical help.

Personal and family history
The patient had no relevant family history.

Physical examination
On physical examination, no obvious abdominal mass or superficial lymph node swelling was detectable.

Laboratory examinations

Prior to treatment, laboratory examinations revealed the following levels in peripheral blood samples: carcinoembryonic
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antigen, 5.17 ng/mL; carbohydrate antigen 125, 5.9 U/mL; carbohydrate antigen 19-9, 19.45 IU/mL; white blood cells, 4.8
x 10°/L; neutrophils, 3.3 x 10°/L; red blood cells, 4.07 x 10'?/L; hemoglobin, 131 g/L. Routine urine, urine sediment, and
routine fecal examinations, as well as occult blood testing, blood biochemistry, immune indicators, and infection indices
showed no significant abnormalities.

Imaging examinations

Gastroscopy and colonoscopy examinations were performed. Gastroscopic pathology (Figure 1A) revealed chronic
moderate superficial gastritis (active), Helicobacter pylori (+), and squamous cell carcinoma (esophageal mucosa). Colono-
scopic pathology (Figure 1B) revealed adenocarcinoma in the sigmoid colon, 60 cm from the anus. Immunohistochemistry
was performed on the colon samples, with the following results: succinate dehydrogenase complex iron sulfur subunit B
(+), S-100 (-), smooth muscle actin (+), desmin (+), CD34 (+), CD117 (-), Dog-1 (-), P53 (wildtype), Ki-67 (+, 2%), and
submucosal spindle cell tumor formation. These findings were consistent with leiomyoma. Liver biopsy (Figure 1C)
revealed adenocarcinoma, and this was considered to be metastatic intestinal adenocarcinoma.

Esophageal meglumine diatrizoate angiography showed that the esophageal wall was locally thickened and stiffened
in the anterior thoracic segment (Figure 2A). Positron emission tomography detected neoplasia in the anterior thoracic
sigmoid colon 20 cm from the anus, occupying half of the intestinal cavity (Figure 2B). Multiple liver metastases were
observed via magnetic resonance imaging (Figure 2C).

FINAL DIAGNOSIS

The patient was ultimately diagnosed with esophageal squamous cell carcinoma, colon adenocarcinoma with liver
metastasis, and rectal leilomyoma.

TREATMENT

After multidisciplinary consultations, on July 23, 2022, the patient was started on a 3-wk chemotherapy cycle with 212 mg
oxaliplatin on day 1 and 1.5 g capecitabine twice daily on days 1-14. While waiting for the genetic testing results from the
intestinal biopsy, radiotherapy was administered for esophageal carcinoma on July 29, 2022.

Reference genetic testing indicated that the patient was wildtype for Kirsten ras oncogene homolog (KRAS),
neuroblastoma ras oncogene homolog (NRAS), and v-Raf murine sarcoma viral oncogene homolog B (BRAF), with
fibroblast growth factor receptor 1 gene amplification and microsatellite stability (MSS). Owing to the MSS, immuno-
therapy was not considered. However, based on these results, treatment was switched to leucovorin + fluorouracil +
oxaliplatin (mFOLFOX) and cetuximab for 8 cycles, from August 12, 2022, to December 17, 2022. The patient developed
hand-foot syndrome (grade III), bone marrow depression (grade I), and skin rash (grade I) during chemotherapy.

After 9 cycles of chemotherapy, the patient was administered a temporary anti-infective treatment for coronavirus 2019
pneumonia. For convenience during this time and considering the curative effect as well as patient preference, the
chemotherapy regimen was suspended. Thereafter, the patient was switched to a capecitabine oral cycle; capecitabine +
bevacizumab continues to be administered at this time.

OUTCOME AND FOLLOW-UP

In December 2023, chest computed tomography showed slight thickening of the esophageal wall in the thoracic segment,
which was improved compared to the anterior segment. At the same follow-up, colonoscopy revealed that the sigmoid
colon lesion was 20 cm from the anus and that the neoplasia occupied a quarter of the intestinal cavity, demonstrating a
reduction in size from pre-treatment imaging. Liver magnetic resonance imaging revealed complete clinical response of
the liver metastases. Overall outcome assessment indicated a partial response (PR). As of January 2024, the patient’s
condition remained stable.

DISCUSSION

Currently, the diagnosis of MPCs is based on the revised criteria of Warren and Gates[3]: (1) Malignancy must be
confirmed pathologically for each tumor; (2) Each tumor must have its own unique pathological morphology, exist
independently, and have no relationship to other tumors; (3) The tumors must occur in different sites or organs; and (4)
Each tumor must be excluded as a metastatic focus from the other tumors. The interval between the occurrence of MPCs
defines them as either synchronous (occurring within 6 months of each other) or metachronous (occurring more than 6
months apart).

The treatment of MPCs is similar to that of single primary carcinomas and significantly different from that of
metastatic and recurrent carcinomas. In addition, the differences in pathological types and synchronicity influence the
choice of treatment; therefore, accurate and timely diagnosis is crucial. Differential diagnosis of MPCs relies heavily on
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Figure 1 Pathological examinations. A: Squamous cell carcinoma of the esophagus (20 x); B: Sigmoid adenocarcinoma (20 x); C: Hepatic adenocarcinoma
(20 x).

Figure 2 Imaging examinations. A: Esophageal meglumine diatrizoate angiography of esophageal lesions; B: Positron emission tomography of lesions in the
sigmoid colon; C: Magnetic resonance imaging of multiple liver metastases.

histopathology screening. Our patient presented with squamous cell carcinoma of the esophagus and sigmoid colon
adenocarcinoma with metastatic adenocarcinoma of the liver. The pathological types of the two tumors were significantly
different; moreover, the different primary sites and the occurrence of metastasis made it challenging to choose a
treatment plan for simultaneous treatment. Only a few cases of concurrent malignant tumors of different pathological
types have been successfully treated.

Colon cancer with liver metastasis can be treated with mFOLFOX and cetuximab based on the pathological type and
results of genetic testing. Guidelines also suggest that mFOLFOX can be used to treat esophageal cancer, with successful
cases reported in the literature. Therefore, we treated this case with an mFOLFOX and cetuximab regimen. Reference
genetic testing indicated the patient was KRAS/NRAS/BRAF wild-type. From August 12, 2022, to December 17, 2022,
eight cycles of mFOLFOX + cetuximab were administered, with PR achieved; after eight cycles, PR was re-assessed. At
follow-up in January 2024, the patient’s condition remained stable.

MPCs of the first and second primary lesions are common in the digestive, respiratory, and urinary systems[4]. The
digestive system is the most common, accounting for 48.7% of first and 44.0% of second primary lesions. Furthermore, the
three most common sites for first and second primary lesions were found to be in the digestive system: the colorectum,
stomach, and esophagus. Notably, studies[5-7] have suggested that patients with synchronous MPCs have a worse
prognosis and lower overall survival than patients with metachronous MPCs. Therefore, to improve their prognosis,
patients with MPCs should undergo an active treatment program promptly after diagnosis.

The primary treatments for MPCs are chemotherapy, radiotherapy, and surgery; however, a unified standard
treatment strategy has not yet been established, and related research is insufficient. In the diagnosis and treatment of
MPC, factors such as clinical stage and pathological type should be considered, and radical treatment should be adopted
to the fullest extent, especially for localized tumors[8]. When a tumor cannot be resected, radiotherapy, chemotherapy,
targeted therapy, and immunotherapy should be considered. Radiotherapy and chemotherapy, which have compre-
hensive anti-tumor activity, have the ability to concurrently control primary and metastatic lesions. Patients with locally
advanced esophageal squamous cell carcinoma have been shown to be sensitive to chemoradiotherapy, with a high
complete tumor regression rate and local tumor control[9].

The choice of drug therapy was based on the 2022 edition of the National Comprehensive Cancer Network (NCCN)
guidelines[10], which recommends FOLFOX, CAPEOX, FOLFIRI or mFOLFIRINOX (leucovorin + fluorouracil +
oxaliplatin, capecitabine + oxaliplatin, leucovorin + fluorouracil + irinotecan, and leucovorin + fluorouracil + irinotecan +
oxaliplatin, respectively) as first-line treatment for metastatic colon cancer. If the patient is KRAS/NRAS/BRAF wildtype,
they can be treated with chemotherapy + cetuximab. If mutations are found in the KRAS/NRAS genes, chemotherapy +
bevacizumab can be administered. The first choice for patients with mismatch repair deficient tumors or high
microsatellite instability is pembrolizumab.
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The 2022 NCCN guidelines[10] recommend first-line treatment for locally advanced esophageal cancer, which is often
selected because oxaliplatin is less toxic than cisplatin. Fluorouracil is also a commonly used drug for this cancer type.
Chemotherapy + trastuzumab is recommended if the tumor is positive for human epidermal growth factor receptor 2
(HER2) overexpression and chemotherapy + immunotherapy if HER2 overexpression is negative.

For patients who have achieved PR after a certain number of cycles of chemotherapy, the existing maintenance
treatment modes primarily include one of the following, based on the cumulative toxicity of the drugs: partial drug
maintenance and dressing change maintenance, as in the original plan; chemotherapy termination; or targeted treatment.

The optimal radiotherapy dose for esophageal carcinoma remains controversial. In China, the conventional radiation
dose for esophageal squamous cell carcinoma is 60 Gy, and its curative effect and long-term survival rate are consistent
with relevant international studies[11]. The NCCN guidelines[10] consider 50.4 Gy as a safe and reliable dose for
concurrent chemoradiotherapy. Recent studies[12] have demonstrated that an increased dose of radiotherapy combined
with chemotherapy can improve the survival of patients with esophageal cancer. Therefore, 60 Gy was selected for
treatment in this case.

CONCLUSION

In summary, imaging, endoscopic, and pathological examinations should be combined for the diagnosis of MPCs to
differentiate primary malignant tumors from metastatic ones as accurately as possible. For multi-focal tumors,
determining whether they are metastases is necessary. For the treatment of MPCs, the pathological characteristics of each
tumor and the genetic status should be considered when choosing the individualized treatment scheme with the highest
benefit for the patient. Surgery is the standard treatment for an early-stage tumor, with supplemental chemotherapy and
biological therapy. The survival of patients with concurrent late metastasis of MPCs can be significantly prolonged by
targeted chemotherapy or immunotherapy. This report describes the successful treatment of a case of simultaneous
esophageal squamous cell carcinoma and colon adenocarcinoma with liver metastases. The characteristics and treatment
plan of this case can be analyzed and used as a reference for the clinical treatment of similar MPCs.
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Abstract

BACKGROUND

High-grade B-cell lymphoma (HGBL) is an unusual malignancy that includes
myelocytomatosis viral oncogene (MYC), B-cell lymphoma-2 (BCL-2), and/or
BCL-6 rearrangements, termed double-hit or triple-hit lymphomas, and HGBL-not
otherwise specific (HGBL-NOS), which are morphologically characteristic of
HGBL but lack MYC, BCL-2, or BCL-6 rearrangements. HGBL is partially
transformed by follicular lymphoma and other indolent lymphoma, with few
cases of marginal zone lymphoma (MZL) transformation. HGBL often has a poor
prognosis and intensive therapy is currently mainly advocated, but there is no
good treatment for these patients who cannot tolerate chemotherapy.

CASE SUMMARY

We reported a case of MZL transformed into HGBL-NOS with TP53 mutation and
terminal deoxynucleotidyl transferase expression. Gene analysis revealed the
gene expression profile was identical in the pre- and post-transformed tissues,
suggesting that the two diseases are homologous, not secondary tumors. The
chemotherapy was ineffective and the side effect was severe, so we tried
combination therapy including venetoclax and obinutuzumab. The patient
tolerated treatment well, and reached partial response. The patient had recurrence
of hepatocellular carcinoma and died of multifunctional organ failure. He
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survived for 12 months after diagnosis.

CONCLUSION
Venetoclax combined with obinutuzumab might improve the survival in some HGBL patients, who are unsuitable
for chemotherapy.
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Core Tip: Marginal zone lymphoma (MZL) are a group of B-cell malignant neoplastic diseases with the most common
transformation to diffuse large B-cell lymphoma. Herein, we report one rare case of MZL converted to high-grade B-cell
lymphoma, not otherwise specific (HGBL-NOS) and concomitant terminal deoxynucleotidyl transferase expression in a 63-
year-old male for the first time. HGBL-NOS often has a poor prognosis. The current treatment advocates high-dose
chemotherapy, but there is currently no effective treatment for patients who cannot tolerate chemotherapy. We have
attempted targeted pharmacological combinations and achieved certain therapeutic effects, which may provide new
treatment for these patients.
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INTRODUCTION

Marginal zone lymphomas (MZLs) are a group of B-cell indolent malignant diseases with the possibility of
transformation to aggressive lymphoma, often to diffuse large B-cell lymphomas (DLBCLs)[1]. MYC rearrangements have
been detected in 5%-15% of DLBCLs, often with mutations in BCL-2 and/or BCL-6, which is defined as high-grade B-cell
lymphoma (HGBL) according to the 2016 World Health Organization classification[2,3]. In HGBL cases, the MYC
rearrangement is termed a double attack when it is mutated with BCL-2 or BCL-6 and a triple attack when it is mutated
with BCL-2 and BCL-6, in addition to a specific subtype called HGBL-not otherwise specific (HGBL-NOS), which is
morphologically characterized as a HGBL but lacks the genetic appearance of the MYC, BCL-2, or BCL-6 rearrangement
[1]. Terminal deoxynucleotidyl transferase (TDT) is often considered a marker for immature cells and is of importance in
the diagnosis of B-lymphoblastoma/leukemia. However, in recent reports, a small proportion of HGBL cases were
positive for TDT[4]. We recently identified a patient with MZL who converted to HGBL-NOS and concomitant TDT
expression. To our knowledge, this is the first case of HGBL-NOS from MZL.

CASE PRESENTATION

Chief complaints
A 63-year-old man came to the hospital because of bilateral swollen lymph nodes.

History of present illness

In April 2020, the patient received a pathological examination performed on a right cervical lymph node biopsy and
immunohistochemical examination revealed that the infiltrating cells were positive for cluster of differentiation 20
(CD20), paired box 5 (PAX5), BCL-2, CD21, CD23, and Ki-67 staining of 10%, and were negative for CD10, BCL-6,
CyclinD1, sry-related HMG-box 11 (SOX-11), CD3, and CD5 (Figure 1). The involvement of bone marrow was not found.
Positron emission tomography (PET)-computed tomography (CT) scan demonstrated mildly enlarged bilateral cervical
lymph nodes (SUVmax: 5.4), and cirrhosis.The patient was diagnosed with MZL (Ann Arbor stage IIA, IPI 1 score). The
patient refused radiation therapy, so we gave him 2 cycles of rituximab, cyclophosphamide, doxorubicin, vindesine and
prednisone (R-CHOP). The enlarged lymph nodes disappeared after 2 cycles; however, the toxicity of chemotherapy was
severe, so we reduced the dose of the drug (R-minCHOP). The patient reached complete response after 2 cycles, then he
stopped chemotherapy, and the disease was stable during the follow-up period.

In April 2022, new lesions appeared, with notably enlarged lymph nodes on the right side of the neck. The patient then
received a lymph node biopsy again. The lymph node was replaced by diffuse medium-to small tumor cells, with
multifocal, and massive necrosis. Immunohistochemical examination showed that the cells were positive for CD20, BCL-
2, CD10, and CD5, partially expressing TDT, but negative for BCL-6, CyclinD1, SOX-11, CD3, PAX5, CD21, and Ki-67
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Figure 1 Immunohistochemistry and cellular morphology of the first lymph node biopsy. A: Tumor cells are diffuse, small to medium in size, with a
slightly irregular nucleus. The lymphocytic hyperplasia shows partial cytoplasmic empty and a fuzzy nodular distribution (hematoxylin and eosin, 400 x); B-I: The
majority of the infiltrating cells were positive for CD20 (B), PAX5, B-cell lymphoma-2 (BCL-2) (F), CD21, CD23 (C), and negative for CD10 (1), CD5 (H), BCL-6 (G),
and CyclinD1 (D). Their Ki-67 (E) showed approximately 10% (EnVision, 400 x).

staining of approximately 30% (Figure 2). Therefore, the pathologic diagnosis of MZL with the possibility of
transformation into HGBL was given. The PET-CT scans demonstrated that partial necrosis and multiple enlarged lymph
nodes were observed on the right side of the cervix, with a large diameter of 2.2 cm (SUVmax: 7.6), and an enlarged
lymph node in the right anterior aspect of the new ascending aorta, with a diameter of 0.9 cm (SUVmax: 7.2). Moreover,
there was a new nodule in the liver measuring 2.9 cm x 2.0 cm (SUVmax 2.4), which was considered a recurrence of liver
cancer. After the patient underwent hepatic artery chemoembolization and radiofrequency ablation of hepatocellular
carcinoma, he received ultrasound-guided coarse-needle aspiration in the right cervical mass. Immunohistochemical
staining showed that the neoplastic cells were positive for CD20, PAX5, CD5, TDT, BCL-2 (approximately 90%), CD10, C-
MYC, CD7, CD43, MUM1, CD99 and Ki-67 staining of approximately 80% but negative for BCL-6, myeloperoxidase,
CD34, CyclinD1, CD21, and CD3 (Figure 3). The CT scan showed the mass on the right side of the neck, measuring 6.4 cm
x 4.0 cm.

History of past illness

The patient had a history of liver cancer and underwent surgical treatment in 2010.

Personal and family history
The patient had no remarkable personal or family history.

Physical examination
Physical examination showed bilateral mildly enlarged lymph nodes in the neck.

Laboratory examinations

The involvement of bone marrow was not found. Routine laboratory tests, including peripheral blood cells, lactic
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Figure 2 Inmunohistochemistry and histopathology of the second lymph node biopsy. A: The lymph node was replaced by diffuse medium to small
tumor cells, with multifocal and massive necrosis (hematoxylin and eosin, 400 x); B-D: Immunohistochemistry showed the positives of CD20 (C), CD10 (D), and CD5,
partially positive of terminal deoxynucleotidyl transferase (B) for tumor cells (EnVision, 400 ).

Figure 3 Immunohistochemistry and cellular morphology of the third lymph node biopsy. A: The lymph node was infiltrated diffusely by medium to
moderately large tumor cells, which showed little to moderate cytoplasm, round oval or slightly depressed nuclei with slightly rough chromatin and nucleoli
(hematoxylin and eosin, 400 x); B-F: The neoplastic cells were positive for CD20 (B), terminal deoxynucleotidy! transferase (D), B-cell lymphoma-2 (F) (about 90%),
C-myelocytomatosis viral oncogene (E) (about 70%), Ki-67 (C) (approximately 80%), immunohistchemically (EnVision, 400 x).
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dehydrogenase (168 U/L), liver, and renal function, were normal and the virus tests consisted of viral hepatitis B and
epstein-barr virus were negative. The reexamination of bone marrow and routine laboratory tests were still normal,
including lactate dehydrogenase (LDH) (195 U/L). Fluorescence in situ hybridization (FISH) analysis revealed positivity
for the MYC gene but negativity for BCL-2 and BCL-6 (Figure 4). MYC/immunoglobulin heavy chain (IGH) rearran-
gement was confirmed by FISH examination. Retrospectively, we performed a next generation sequencing analysis of
specimens of the mass before and after transformation. The mutational results before transformation showed that TP53,
PHF6, TPMT, HIST1H1C, KMT2D, SETD2, TNFAIP3 and TRAF3 were positive, and after conversion, they still showed the
same mutations, but the frequency of gene mutations decreased compared to before (Figure 5).

Imaging examinations

In April 2020, a PET-CT scan demonstrated mildly enlarged bilateral cervical lymph nodes (SUVmax: 5.4), and cirrhosis.
In April 2022, a follow-up PET-CT scan showed that partial necrosis and multiple enlarged lymph nodes were

observed on the right side of the cervix, with a large diameter of 2.2 cm (SUVmax: 7.6), and an enlarged lymph node in

the right anterior aspect of the new ascending aorta, with a diameter of 0.9 cm (SUVmax: 7.2). Moreover, there was a new

nodule in the liver measuring 2.9 cm x 2.0 cm (SUVmax: 2.4), which was considered a recurrence of liver cancer. And 2

months later, the CT scan showed the mass on the right side of the neck, measuring 6.4 cm x 4.0 cm.

FINAL DIAGNOSIS

Based on histological, immunohistochemical, and consultation findings, a final diagnosis of MYC-rearranged HGBL,
NOS, stage II, and IPI2 with TDT expression was made.

TREATMENT

We first diagnosed the patient as having B-lymphoblastic lymphoma because the atypical cells were positive for TDT and
CD99. The tumor had been rapidly enlarging, so treatment was started immediately under a tentative diagnosis. The
patient started on a combination of Gemox (oxaliplatin and gemcitabine) with lenalidomide, which was not effective.
Then we changed it into BTK inhibitor (zanubrutinib), but the regimen was still ineffective. FISH analysis revealed
positivity for the MYC gene but negativity for BCL-2 and BCL-6 (Figure 4). MYC/IGH rearrangement was confirmed by
FISH examination. Due to the diagnostic dilemma, we undertook a pathology consultation with Gandi Li, Professor of
Pathology at West China Hospital. Based on histological, immunohistochemical, and consultation findings, a final
diagnosis of MYC rearranged HGBL, NOS, stage II, and IPI2 with TDT expression was made.

Subsequently, we given him a modified Hyper CVAD A regimen (cyclophosphamide, vincristine, mitoxantrone
liposomal and dexamethasone) combined with obinutuzumab, when the diagnosis of HGBL-NOS was made. After two
cycles of treatment, the cervical enhanced CT found the lesion was markedly reduced, measuring 1.7 cm x 3.3 cm.
However, our patient developed myelosuppression followed severe infections and liver dysfunction. Depending on the
previous response to therapy and drug-related toxicity we thought that conventional chemotherapy was inadequet.
Therefore, we attempted to treat our patient with targeted combination therapies, and a new induction with
obinutuzumab and venclexta was given.

OUTCOME AND FOLLOW-UP

Fortunately, the cervical mass disappeared after 2 cycles, and a partial response was achieved. The patient experienced no
serious complications. Therefore, the treatment was continued, although the arch nodes of the ascending aorta were not
reduced but were also in stable condition. However, the CT scan of the abdomen showed multiple lesions in the liver 6
months later. The patient also had fever, abdominal effusion, and pancytopenia, and we had to stop the therapy because
of the severe situation. He was transferred to a local hospital for palliative care and died of multivisceral failure a few
weeks later.

DISCUSSION

MZLs have the possibility of transformation to aggressive lymphoma, often to DLBCL. Conconi et al[5] retrospectively
analyzed the clinical data of 373 patients with MZL, and the rate of pathological tissue transformation was 4%, of which
12 converted to DLBCL. Clinical characteristics at the time of initial MZL diagnosis that have been associated with the
development of a transformation are elevated levels of LDH, advanced (III-IV) Ann Arbor stage, involvement of more
than four nodal sites, a high follicular lymphoma international prognostic index score, history of cancer, and failure to
achieve complete remission after first-line treatment[6]. The mechanism of transformation was still unclear. Some finds
showed that KMT2D/MLL2, TP53, NOTCH2, and TRAF3 mutations may be associated with an increased risk of
transformation[7]. In our patient, liver cancer and a history of chemotherapy, TP53 mutations, may confer a high transla-
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Figure 4 Fluorescence in situ hybridization of the third lymph node. A: The fluorescence in situ hybridization analysis was performed using probed from
Vysis. 3'myelocytomatosis viral oncogene (MYC)-green spectrum, 5’MYC-red spectrum. White arrows indicate the signal of MYC-rearrangement; B and C: B-cell
lymphoma-2 (BCL-2) (B) and BCL-6 (C) rearrangements were negative.
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Figure 5 Next generation sequencing of tumor cells before and after transformation. Before transformation, TP53, PHF6, TPMT, HIST1H1C,
KMT2D, SETD2, TNFAIP3 and TRAF3 were positive for tumor cells. Compared with before, they still had the same mutation but the mutation frequency was
decreased.

tional risk and poor prognosis.

HGBL is an uncommonly aggressive B-cell malignancy that includes double-hit lymphoma (DHL), triple-hit
lymphoma (THL) and HGBL-NOS[1]. HGBL-NOS are rare and heterogeneous, including tumors with Burkitt-like or
blastoid morphology. However, there is some controversy regarding the diagnosis of this subtype, and the criteria for
diagnosis are as follows: (1) Invasive mature B-cell lymphoma composed of medium-sized or blastocyte-like cells; and (2)
Exclusion of other specific types of lymphoma[8]. Accurate classification requires evaluation by cytomorphology,
immunohistochemistry, and FISH. In a pathologic study, they found that CD10, BCL-6 and BCL-2 were expressed in
cases[9]. Another study described that among confirmed HGBLs, MYC-R was present in 46%, and the most common
mutations involved KMT2D and TP53[10]. The Burkitt-like variant of HGBL-NOS was morphologically indistinguishable
from BL but was negative for MYC rearrangement[9]. Blastoid HGBL, NOS, needs to be distinguished from B-lympho-
blastic lymphoma, which always expresses TDT or CD34, whereas the emergence of MYC or BCL-2 rearrangement is rare
[11]. TDT is considered an immature marker that can be expressed in both T-cell and B-cell malignancies[12]. We first
diagnosed our patient as having B-cell lymphoblastic lymphoma (B-LBL). However, B-LBL often occurs preferentially
among young individuals under 18 years of age[13], and the expression of CD20 is negative in most cases[14]. Depending
on the clinical features of our patient, we consider HGBL-NOS to be a more appropriate diagnosis for the patient. Reports
that TDT is expressed in HGBL are not uncommon, often in the patients with DHL or THL[15]. Some cases were
transformations from follicular lymphoma or other indolent B-cell lymphomas, but cases of HGBL-NOS with TDT
expression have not been described.

The traditional view is that HGBL has a poor prognosis, particularly in patients with DHL or THL. Currently, there are
no reliable data on prognostic factors specific to HGBL-NOS. A study of 2383 DLBCLs found no significant difference in
outcomes between DLBCL with or without a single-hit MYC-R[16]. Some neoplasms were diagnosed as DLBCL having
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striking biological similarities to HGBL, which are called molecular high-grade lymphomas. And the response to the R-
CHOP regimen was poor, and the 3-year progression-free survival (PFS) was only 37% after treatment[17]. TP53
alteration is always considered an independent adverse prognostic factor[18]. HGBL, NOS, with concurrent MYC-R and
TP53 alterations (deletion or mutation), often had complex karyotypes and dismal outcomes, which might further expand
the molecular HGBL category[19].

As the first-line treatment, R-CHOP is still considered the preferred regimen for patients with early/limited-stage
HGBL-NOS. The controversy of treatment in HGBL-NOS is whether intensified regimens are necessary. A study from
Chinese cases showed that only 43% of patients achieved CR, and the disease relapsed soon after chemotherapy with R-
CHOP. The median overall survival (OS) was 9 months, and there was no difference between DHL and MYC-R status
[17]. These data suggest that R-CHOP may not be suitable for patients with advanced-stage HGBL, NOS, DHL or high-
risk DLBCL, and we favor high-dose chemotherapy regimens. A study of patients with central nervous system
involvement who received treatment with rituximab, cyclophosphamide, vincristine, doxorubicin, high-dose
methotrexate/isocyclophosphamide, etoposide, and high-dose cytarabine showed that the 2-year PFS was 68%. However,
toxicities were obvious, with grade 4 neutropenia in 88%[20]. Therefore, it is believed that high-dose chemotherapy may
be appropriate for younger patients and in better general condition. However, in a recent retrospective analysis, only
patients with advanced stage disease had significantly improved PFS with an intensified regimen, but the impact of a
prolonged OS was small[21]. Therefore, further exploration of appropriate therapeutic options is still warranted. A trial of
chimeric antigen receptor-T-cell therapy in high-risk DLBCLs, showed encouraging results (12-month OS 91%)[22].
Meanwhile, some researchers believe that combination therapy with targeted drugs can be attempted in these unfit
patients[23]. A multicenter study of venetoclax in combination with bendamustine-rituximab in patients with relapsed/
refractory non-Hodgkin’s lymphoma showed that the regimen is superior in the treatment of aggressive lymphoma
compared with indolent lymphoma, suggesting that the efficacy of venetoclax may be related to the expression of BCL-2
in different subtypes[24].

CONCLUSION

In the case reported here, the patient converted from MZL to HGBL after repeated chemotherapy and was unable to
tolerate high-intensity chemotherapy and hematopoietic stem cell transplantation. There are no good treatments for these
patients. In conjunction with the data from previous studies, we initiated treatment with venetoclax in combination with
obinutuzumab based on pathological immunohistochemical BCL-2 overexpression and CD20 positivity. The patient
achieved a partial response, and chemotherapy was tolerable. Although the patient eventually died, we still believed that
venetoclax may have the opportunity to improve survival in some patients with HGBL, especially in those with high
BCL-2 expression. However,additional data are needed to determine the safety and efficacy of combination therapy
between targeted drugs.
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Abstract

BACKGROUND

Traumatic internal carotid artery (ICA) occlusion is a rare complication of skull
base fractures, characterized by high mortality and disability rates, and poor
prognosis. Therefore, timely discovery and correct management are crucial for
saving the lives of such patients and improving their prognosis. This article
retrospectively analyzed the imaging and clinical data of three patients, to explore
the imaging characteristics and treatment strategies for carotid artery occlusion,
combined with severe skull base fractures.

CASE SUMMARY

This case included three patients, all male, aged 21, 63, and 16 years. They
underwent plain film skull computed tomography (CT) examination at the onset
of their illnesses, which revealed fractures at the bases of their skulls. Ultimately,
these cases were definitively diagnosed through CT angiography (CTA) examin-
ations. The first patient did not receive surgical treatment, only anticoagulation
therapy, and recovered smoothly with no residual limb dysfunction (Case 1). The
other two patients both developed intracranial hypertension and underwent
decompressive craniectomy. One of these patients had high intracranial pressure
and significant brain swelling postoperatively, leading the family to choose to
take him home (Case 2). The other patient also underwent decompressive
craniectomy and recovered well postoperatively with only mild limb motor
dysfunction (Case 3). We retrieved literature from PubMed on skull base fractures
causing ICA occlusion to determine the imaging characteristics and treatment
strategies for this type of disease.

CONCLUSION
For patients with cranial trauma combined with skull base fractures, it is essential
to complete a CTA examination as soon as possible, to screen for blunt cerebro-
vascular injury.
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Core Tip: This article emphasizes the importance of rapid computed tomography angiography examination for patients with
skull base fractures, to detect potential carotid artery occlusions. This condition significantly complicates the prognosis due
to its rarity, high mortality, and severe disability rates. Through the analysis of three distinct cases, this study showcases
varied imaging characteristics and underscores the critical role of early diagnosis and tailored treatment strategies, including
anticoagulation and decompressive surgery, in managing this severe complication effectively.
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INTRODUCTION

The carotid canal is an important structure through which the internal carotid artery (ICA) enters the skull base. Located
at the base of the skull within the temporal bone, it begins in the petrous part of the temporal bone and serves as the
primary passage for the ICA to enter the cranial cavity. Once inside the skull, the artery extends upwards along the
sphenoid bone's sinus part. While damage to the carotid canal and sphenoid bone is relatively common in skull base
fractures, the progression to ICA occlusion is quite rare. ICA occlusion can lead to severe cerebrovascular ischemic
injuries with high mortality and disability rates, and poor prognosis[1]. Therefore, early diagnosis and treatment are
crucial for improving outcomes. Typically, patients with cranial injuries only undergo head computed tomography (CT)
scans, which often result in a delayed assessment of the damage to the ICA. Therefore, conducting a comprehensive CT
angiography (CTA) examination early on is particularly important. This paper reviews the cases of three patients hospit-
alized between January 2013 and December 2023 and analyzes their imaging characteristics and treatment strategies.

This study retrospectively collected data from three cases of skull base fractures combined with traumatic ICA
occlusion, that were treated in Lishui Municipal Central Hospital from January 2013 to December 2023. The clinical
research and the publication of this paper and its related images were approved by the Clinical Research Ethics
Committee of Lishui Municipal Central Hospital. The retrospective analysis included clinical information from hospital
records, such as age, sex, causative factors, symptoms, disease progression, imaging examinations, related injuries, and
diagnoses. Detailed information about these three cases is presented in Table 1.

CASE PRESENTATION

Chief complaints
Case 1: A 21-year-old male was admitted to the hospital due to decreased movement in the left limbs 1 d, occurring 7 d
post liver rupture surgery.

Case 2: The patient was brought to our hospital with a change in the level of consciousness 6 h after being struck on the
head with a heavy object.

Case 3: This patient was admitted to our hospital 6 h after a vehicular accident which caused a change in consciousness.

History of present illness

Case 1: Following a high fall, the patient had experienced transient consciousness disturbances and was taken to a local
hospital, where he was intubated and placed on mechanical ventilation. After thorough examination, he was diagnosed
with liver rupture, cranial trauma, and a skull fracture. Therefore, he underwent surgery for liver laceration repair. On
day 7 post-surgery, decreased movement in his left limbs was observed, and a head CT scan indicated a brain infarction,
leading to his transfer to our intensive care unit.

Case 2: Approximately 6 h prior to admission, the patient suffered a head injury from a heavy object, leading to a
transient disturbance in consciousness and nasal bleeding. En route to our hospital, the patient experienced another
episode of loss of consciousness. Upon arrival, emergency tracheal intubation and mechanical ventilation were
administered.

Case 3: The patient experienced a change in consciousness and bleeding from the nose and mouth 6 h prior, following a
motorcycle accident. Upon arrival at the hospital, emergency tracheal intubation and mechanical ventilation were
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Table 1 Clinical characteristics of patients

Characteristics Case 1 Case 2 Case 3
Gender Male Male Male

Age (yr) 21 63 16

Cause of injury Fall from height Struck by heavy object Traffic accident
Admission GCS score 15 ) 7

Time to detection of arterial occlusion 7d 6h 6d

Skull base fracture location Sphenoid bone Petrous part of the temporal bone Sphenoid bone
Treatment Anticoagulation Surgery Surgery
Hospital stay (d) 46 10 76

MRS score 0 6 2

GCS: Glasgow coma scale; MRS: Modified rankin scale.

administered.

History of past illness
Case 1: The patient was previously healthy until he had sustained injuries from a high fall 7 d prior. This resulted in liver
rupture, cranial trauma, and a skull fracture.

Case 2: The patient was previously healthy.

Case 3: The patient was previously healthy.

Personal and family history
The patients and their family denied any history of cerebrovascular diseases.

Physical examination

Case 1: Upon admission, the patient had a Glasgow Coma Scale (GCS) score of 15, was intubated and receiving
mechanical ventilation support. He had a body temperature of 39.3 °C, a respiratory rate of 29 breaths per minute (on
mechanical ventilation), a heart rate of 145 beats per minute, and a blood pressure of 107/68 mmHg. The left pupil was 3
mm in diameter with sensitivity to light. The right pupil was 5 mm in diameter with no light reflex observed. Cardiopul-
monary auscultation was generally normal, the abdomen was soft, and there was no shifting dullness detected.

Case 2: Upon admission, the patient's GCS score was 5, body temperature was 37.4 °C, respiratory rate was 10 breaths per
minute, heart rate was 91 beats per minute, and blood pressure was 115/70 mmHg. The right pupil was 4.0 mm with no
light reflex; the left pupil was approximately 2.5 mm with sluggish light reflex. Cardiopulmonary auscultation was
largely normal, and the abdomen was soft.

Case 3: Upon admission, the patient's GCS score was 7, body temperature was 37.9 °C, respiratory rate was 15 breaths per
minute, heart rate was 91 beats per minute, and blood pressure was 134/73 mmHg. The right pupil was 2.0 mm with no
light reflex; the left pupil was approximately 3.0 mm, also with no light reflex. Cardiopulmonary auscultation was
generally normal, and the abdomen was soft.

Laboratory examinations
Case 1: Hemoglobin was 86 g/L, white blood cell count was 20.7 x 10°/L, and platelet count was 268 x 10°/L.
Coagulation profile showed a prothrombin time of 13.4 s, and the international normalized ratio (INR) was 1.24.

Case 2: The patient’s hemoglobin was 146 g/L; white blood cell count 15.1 x 10°/L; platelet count 167 x 10°/L;
prothrombin time 13.1 s; INR 1.21; and D-dimer, 34.70 mg/L.

Case 3: Blood tests showed a hemoglobin level of 137 g/L, white blood cell count was 5.5 x 10°/L, and platelet count was
213 x 10°/L. Coagulation tests indicated a prothrombin time of 20.6 s, INR of 1.03, and a D-dimer of 9.57 mg/L.

Imaging examinations

Case 1: Head CTA showed: (1) Brain contusion with brain swelling (predominantly on the right side), and occlusion of
the right ICA; and (2) Multiple skull base fractures with sinus fluid accumulation, bilateral frontal soft tissue contusion
(Figure TA-C). After 46 d of treatment, a follow-up cranial CT scan revealed: Partial cerebral gyral atrophy in the right
frontal and temporal lobes (Figure 1D).
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Figure 1 Cranial imaging scans of Case 1. A: A sphenoid bone fracture and non-opacification of the right internal carotid artery (indicated by an arrow); B:
Ischemia in the right cerebral hemisphere (arrow), with no midline shift; C: Compensation by intracranial vascular collateral circulation (arrow); D: Demonstrates a
reduction in the right-sided ischemic area after treatment and recovery (arrow).

Case 2: A head CT scan showed low-density lesions in the right cerebral hemisphere, fractures of the right maxillary
sinus wall, zygomatic arch, walls of the orbit, right ethmoid sinus, walls of both sphenoid sinuses, and nasal septum, with
sinus fluid accumulation (Figure 2A and B). An emergency head and neck arterial CTA showed occlusion of the right ICA
(Figure 2C). On the second day of admission, a cranial CTA revealed a large area of cerebral infarction in the right
hemisphere and brain herniation (Figure 2D), with poor compensatory collateral circulation in the right intracranial
vessels (Figure 2E). On the 10" day of admission, a cranial CT scan indicated: Post-craniotomy changes due to right

hemisphere infarction, increased cerebral tissue swelling compared to before, and an expanded infarction area
(Figure 2F).

Case 3: Head and skull base CT scan revealed: (1) A right side frontal-temporal-parietal subdural hematoma,
intraventricular hemorrhage, and pneumocephalus, widespread contusions in the facial and scalp soft tissues; and (2)
Bilateral fractures of the frontal and temporal bones, top of the orbit, lateral wall of the sphenoid sinus, base of the middle
cranial fossa, left side of the hard palate, with sinus and right mastoid effusion/blood accumulation (Figure 3A). On day 7
of hospitalization, the patient showed dilatation of the right pupil, and a CT scan indicated a large area of cerebral
infarction and brain herniation on the right side (Figure 3B). The next day, a head CTA post-decompressive craniectomy
showed right cerebral infarction and occlusion of the right ICA. Left side frontal-temporal subdural hematoma,
intraventricular hemorrhage, and pneumocephalus; bilateral fractures of the frontal and temporal bones, top of the orbit,
lateral wall of the sphenoid sinus, base of the middle cranial fossa, left side of the hard palate, with sinus and right
mastoid effusion/blood accumulation were also confirmed (Figure 3C and D). After 76 d of treatment, a follow-up cranial
CT scan indicated: Post-traumatic surgical changes, with a reduced lesion area in the right frontal, parietal, and temporal
lobes compared to before (Figure 3E).

FINAL DIAGNOSIS

Case 1
The final diagnosis was skull base fracture, right cerebral infarction, occlusion of the right ICA, and liver laceration.

Case 2

The final diagnosis was skull base fracture, cerebral infarction, occlusion of the right ICA, and nasal bone fracture.
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Figure 2 Cranial imaging scans of Case 2. A: A fracture of the right temporal bone's petrous part (arrow), with an incomplete structure of the carotid canal; B:
Ischemic lesions in the right cerebral hemisphere; C: Occlusion of the right internal carotid artery (arrow); D: Ischemia in the right cerebral hemisphere (arrow), with
midline shift and brain herniation; E: Poor compensation of intracranial vascular collateral circulation (arrow); F: The area of cerebral ischemia has increased following
treatment (arrow), suggesting a poor prognosis.

Case 3

The final diagnosis was multiple skull base fractures, traumatic subarachnoid hemorrhage, occlusion of the right ICA,
right cerebral infarction, subdural hematoma, and pulmonary contusion.

TREATMENT

Case 1

After multidisciplinary discussion, it was concluded that the patient's CTA showed abundant collateral circulation
(Figure 1C) and no raised intracranial pressure, indicating no immediate need for emergency surgery. Considering the
patient's recent abdominal surgery, multiple injuries, and fractures, along with a high risk of bleeding, it was decided to
delay anticoagulation treatment. On the 7* day of hospital treatment, after fully assessing the bleeding risk, the patient
received a low dose of low molecular weight heparin for anticoagulation (4000 U subcutaneous injection daily). During
this period, coagulation factors were monitored, and no further bleeding was detected. On day 28 of hospitalization, the
patient was switched to antiplatelet medication (aspirin 100 mg orally daily).

Case 2

After multidisciplinary discussion, considering the high risk and poor outcome of surgery due to the occlusion of the ICA
caused by compression from fractured bone fragments, the patient's family opted to decline surgery. The following day,
the patient's right pupil dilated significantly, and an emergency CT scan showed a large area of cerebral infarction in the
right brain and brain herniation (Figure 2D). An emergency decompressive craniectomy was performed, followed by
symptomatic supportive treatment. Due to insufficient compensatory circulation in the brain (Figure 2E), the area of
cerebral infarction further increased (Figure 2F).

Case 3

The patient received routine mechanical ventilation, hypothermia to reduce brain swelling, and other symptomatic
treatments after admission. On day 7, CT indicated cerebral infarction and brain herniation, prompting an emergency
decompressive craniectomy. The next day, a head CTA confirmed right cerebral infarction and occlusion of the right ICA.
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Figure 3 Cranial imaging scans of Case 3. A: A right sphenoid bone fracture (arrow), B: Right cerebral ischemia (arrow), midline shift, brain herniation; C:
Right internal carotid artery occlusion (arrow); D: Compensation through collateral circulation in the right brain tissue (arrow); E: Post-treatment recovery with atrophy
of the right ischemic area, slightly reduced in size.

After multidisciplinary discussion, it was concluded that, considering that the patient's collateral circulation was
relatively functional (Figure 3D), emergency surgery was not immediately necessary. Therefore, a scheduled ICA bypass
could be considered. Due to the high risk of bleeding and the family’s refusal of anticoagulation therapy, no antico-
agulants were administered until discharge.

OUTCOME AND FOLLOW-UP

Case 1

After 46 d of hospitalization, the patient improved and was discharged without any residual limb dysfunction. A follow-
up head CT scan (Figure 1D) showed a significant reduction in the size of the cerebral infarction compared with that
upon admission.

Case 2

The patient's family therefore, requested discharge to take him home, where he died on the same day.

Case 3

After 76 d of treatment, the patient was discharged in an improved condition: Muscle strength was Grade II in the left
upper limb, Grade IV in the left lower limb, and Grade V in the right limbs. There was a slight decline in intelligence and
speech. A follow-up head CT scan (Figure 3E) showed a reduction in the size of the right cerebral infarction lesion
compared with previous images.

DISCUSSION

Falls from heights, traffic accidents, and crush injuries are common causes of fractures at the base of the skull, which can
lead to blunt cerebrovascular injuries. These injuries have an incidence rate of less than 1%. They are often overlooked in
clinical practice, eventually leading to severe traumatic ICA occlusion[2,3]. The mechanisms of these events are two-fold:
Usually thrombotic, either due to thrombus formation at the site of intimal tear or by hemodynamic thrombus formation
caused by arterial narrowing or obstruction, potentially leading to low-flow infarctions[4]. Due to their very low
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occurrence rate, these conditions often result in late diagnosis or misdiagnosis, with serious consequences. In the
assessment of complex injuries, early detection and treatment of traumatic ICA occlusion are critical for saving the
patient's life.

In diagnosing patients with fractures at the base of the skull, vigilance is required in the following aspects: (1)
Understanding the etiology of such diseases, particularly in patients with severe fractures at the base of the skull, there is
a need to be alert to the possibility of ICA injury. The study by Li et al[3] found that the incidence of ICA injury in patients
with carotid canal fractures was more than four times higher than that in those without carotid canal fractures. All three
patients mentioned in this study had carotid canal fractures; (2) Attention to clinical presentation: Patients with severe
craniofacial trauma often exhibit varying degrees of altered consciousness. Clinical manifestations caused by traumatic
occlusion of the ICA can be masked by the primary injury, leading to missed or incorrect diagnoses; and (3) Imaging with
cranial CT scans: Although a plain cranial CT scan cannot diagnose ICA injuries, patients with carotid canal fractures, an
initial GCS score of less than 9, and a history of severe head injury as indicated by the Abbreviated Injury Scale should be
considered for early screening with CTA[5]. These points highlight the importance of a comprehensive and cautious
approach to diagnosing and managing patients with skull base fractures, particularly regarding the potential for vascular
injuries.

The current treatment approaches for traumatic ICA occlusion are not yet standardized, as there are no specific
guidelines. Available treatments include anticoagulation, antiplatelet therapy, and open surgery: (1) Use and selection of
anticoagulants: Recent studies indicate that there often exists a latent, asymptomatic period between the development of
traumatic hemorrhage and ischemic stroke, during which established antithrombotic or anticoagulant therapy can
improve neurological outcomes and mortality[6]. However, systemic anticoagulation poses a significant bleeding risk in
trauma patients, especially after traumatic brain injury. Anticoagulation should not be initiated within the first 3 d post-
injury for patients with mild or high-risk intracranial hemorrhage, as even prophylactic doses of heparin may lead to
brain hemorrhage, with intracranial bleeding rates of 8%-16%[7,8]. Eastham[9] suggest using antithrombotic agents, such
as heparin or aspirin, for mild cases of blunt cerebrovascular injury, but no specific anticoagulation regimen for traumatic
ICA occlusion was mentioned. Moreover, the timing of initiating anticoagulant or antiplatelet therapy remains contro-
versial. The first patient used anticoagulants without severe adverse reactions, offering some reference for future
treatments; (2) Assessment of collateral circulation: Studies have shown that rapid assessment of collateral circulation
using CTA, for patients with complete ICA occlusion may help determine future treatment approaches and patient
prognosis. For patients with poor collateral circulation, treatment should focus on maintaining an elevated mean arterial
pressure to prevent watershed ischemia[10]. Strong collateral circulation can reduce the extent of brain ischemia
associated with these injuries. However, the patient's survival rate and prognosis can be directly affected if there is
insufficient compensatory collateral circulation. In the mentioned cases, the prognosis of the second patient was worse
than the first and third due to inadequate intracranial collateral compensation and older age; and (3) Open surgery:
Extracranial-intracranial bypass surgery has been proven to be a useful method of vascular reconstruction. Currently, the
preferred method for treating ICA injuries is the precise excision of the damaged arterial segment and delicate
reconstruction of the ICA. This process aims to ensure the continuity and stability of intracranial blood supply as much as
possible, effectively preventing cerebral ischemia and related complications[11].

CONCLUSION

Traumatic ICA occlusion is a rare and serious complication resulting from skull base fractures. To address this: (1) Rapid
cranial CTA: If a cranial CT scan suggests a fracture of the carotid canal, it is crucial to promptly perform a cranial CTA to
ascertain the extent of the ICA injury; (2) Consider use of anticoagulants: Anticoagulant therapy may be beneficial for the
patient, but this requires a thorough evaluation of the overall health status and careful consideration of bleeding risks;
and (3) Collateral circulation evaluation: Assessing collateral circulation is crucial for deciding on cerebral vascular
reconstruction and predicting patient outcomes. Strong collateral circulation often leads to better outcomes and lower
ischemic risk. These steps are essential for effectively managing this complication.
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Abstract

BACKGROUND

Paraganglioma (PGL) located in the retroperitoneum presents challenges in
diagnosis and treatment due to its hidden location, lack of specific symptoms in
the early stages, and absence of distinctive manifestations on imaging.

CASE SUMMARY

A 56-year-old woman presented with a left upper abdominal mass discovered 1
wk ago during a physical examination. She did not have a history of smoking,
alcohol consumption, or other harmful habits, no surgical procedures or infectious
diseases, and had a 4-year history of hypertension. Upon admission, she did not
exhibit fever, vomiting, or abdominal distension. Physical examination indicated
mild percussion pain in the left upper abdomen, with no palpable enlargement of
the liver or spleen. Laboratory tests and tumor markers showed no significant
abnormalities. Enhanced computed tomography and magnetic resonance imaging
of the upper abdomen revealed a cystic solid mass in the left epigastrium
measuring approximately 6.5 cm x 4.5 cm, with inhomogeneous enhancement in
the arterial phase, closely associated with the lesser curvature of the stomach and
the pancreas. The patient underwent laparoscopic resection of the retroperitoneal
mass, which was successfully removed without tumor rupture. A 12-month
postoperative follow-up period showed good recovery.

CONCLUSION

This case report details the successful laparoscopic resection of a retroperitoneal
subclinical PGL, resulting in a good recovery observed at the 12-month follow-up.
Interestingly, the patient also experienced unexpected cure of hypertensive
disease.

Key Words: Paraganglioma; Retroperitoneal anatomy; Subclinical; Pheochromocytoma;
Laparoscopy; Case report
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Core Tip: Retroperitoneal subclinical paragangliomas (PGLs) are exceptionally uncommon. In this report, we present a case
of PGL that was effectively managed by laparoscopic retroperitoneal lumpectomy. The patient showed excellent recovery at
the 12-month postoperative follow-up and notably experienced resolution of her hypertensive condition. The management of
this case serves as a valuable reference for addressing retroperitoneal PGLs.
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INTRODUCTION

Paraganglioma (PGL), also known as extra-adrenal pheochromocytoma, is a rare tumor that develops in the paraganglia,
specialized cells along the sympathetic or parasympathetic nervous system[1]. These tumors can be found in various
locations such as the carotid body, aortic body, and other parasympathetic ganglia[2]. They can also occur in uncommon
areas such as the skull base, mediastinum, and pelvis[3]. Retroperitoneal PGLs are particularly challenging to diagnose
due to their asymptomatic nature and lack of specific imaging features[4]. We present a case of subclinical PGL in the left
retroperitoneum that was successfully treated with surgery and confirmed by histopathological examination.

CASE PRESENTATION

Chief complaints
Before admission in January 2023, a 56-year-old woman attended the clinic due to a left upper abdominal mass found on
physical examination 1 wk previously.

History of present illness

The patient was admitted to hospital with a 6.5 cm x 3.5 cm cystic solid mass in the left upper abdomen, as shown on
abdominal ultrasound conducted 1 wk previously. The patient did not report any abdominal pain, distension, or
discomfort.

History of past illness

The patient did not have a history of smoking, drinking, or other harmful habits, no known drug allergies or family
history of genetic diseases, and no previous history of hepatitis, infectious diseases, or surgeries. She had been diagnosed
with hypertension for 4 years and was currently taking oral amlodipine 2.5 mg and irbesartan 150 mg once daily.

Physical examination
No fever, vomiting, abdominal pain or distension were observed on admission. Physical examination revealed mild
tenderness in the left upper abdomen, but no palpable abdominal mass.

Laboratory examinations

Laboratory tests revealed no blood, coagulation, liver function, renal function, or tumor marker abnormalities, including
carcinoembryonic antigen and glycan antigen 199. Blood dopamine level was 11.0 pg/mL, epinephrine was 31.60 pg/mL,
and norepinephrine was 269.50 pg/mL. Her 24-h urine sample showed a dopamine level of 204.39 ng/24 h, epinephrine
17.47 pg/24 h, and norepinephrine 57.96 pg/24 h. Both plasma and urine catecholamine test results were normal. In
addition, electrocardiogram, chest X-ray, and 24-h ambulatory blood pressure monitoring were within the normal range.

Imaging examinations

Computed tomography (CT) and magnetic resonance imaging (MRI) scans of the upper abdomen revealed a cystic solid
mass measuring approximately 6.5 cm x 4.5 cm in the left upper abdomen. The mass exhibited inhomogeneous
enhancement during the arterial phase and was closely associated with the lesser curvature of the stomach and pancreas,
as well as with the celiac trunk arteries and splenic arteries (Figure 1).

FINAL DIAGNOSIS

Based on intraoperative blood pressure fluctuations and postoperative pathologic findings, the final diagnosis in this
patient was a retroperitoneal subclinical PGL.
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Figure 1 Abdominal computed tomography and magnetic resonance imaging show a 6.5 cm x 4.5 cm cystic solid mass in the left upper
abdomen with heterogeneous density and mild enhancement in the arterial phase. A: Computed tomography (CT) plain scan period; B: CT arterial
phase; C: CT venous phase; D: Magnetic resonance imaging (MRI) plain scan period; E: MRI arterial phase; F: MRI venous phase.

TREATMENT

Following standardized preoperative preparation and perioperative management, the patient underwent laparoscopic
exploration of the abdominal cavity in January 2023. Intraoperatively, our exploratory findings were consistent with the
preoperative imaging findings, which revealed a mass clearly originating from the retroperitoneum and closely related to
the lesser curvature of the stomach, the pancreas and the celiac trunk and splenic artery, leading to a successful retroperi-
toneal mass resection without tumor rupture. Postoperatively, examination revealed that the mass weighed 350 g and
measured 6.5 cm x 40 cm % 3 cm, displaying a cystic solid appearance with a thickened cyst wall. Examination of the
mass confirmed cystic solidity with dark red fluid inside the capsule (Figure 2).

OUTCOME AND FOLLOW-UP

Intraoperative blood pressure fluctuated between 100-220/70-180 mmHg, prompting the anesthesiologist to administer
active treatment to stabilize blood pressure post-surgery. Subsequent immunohistochemistry revealed positive markers
for cluster of differentiation 56 (CD56), chromogranin (CgA), synaptophysin (Syn), soluble protein-100 (S-100),
insulinoma-associated protein 1 (INSM1), succinate dehydrogenase type B (SDHB), and negative markers for melanin-A
antibody, cytokeratin-P, and delay of germination 1, leading to a pathological diagnosis of retroperitoneal PGL.
Following surgery, the patient's blood pressure normalized and oral antihypertensive medications were gradually
tapered. Follow-up appointments at 1, 3, 6, and 12 months showed normal results for blood pressure, physical
examination, and repeat abdominal ultrasound.

DISCUSSION

PGLs are neuroendocrine tumors that originate from neural crest cells and are classified into non-functional, subclinical,
and functional types based on the presence or absence of typical clinical symptoms caused by the secretion of
catecholamines into the bloodstream[5]. Non-functional retroperitoneal PGLs do not exhibit typical clinical symptoms;
patients may experience abdominal discomfort or physical examination findings due to tumor growth compressing
adjacent organs[6]. The subclinical type involves catecholamine secretion, but in small amounts that do not induce typical
symptoms, leading to blood pressure fluctuations during surgery. Functional PGLs are characterized by periodic cate-
cholamine release, resulting in symptoms such as hypertension, palpitations, and headaches[7]. Our patient showed no
symptoms prior to surgery, but experienced a significant increase in blood pressure during the procedure, suggesting the
diagnosis of subclinical PGL.

The incidence of PGL is low, making diagnosis relatively challenging due to the lack of specific clinical manifestations.
Functional PGLs typically present with symptoms such as headache, palpitations, and hyperhidrosis (triad sign), but
these neuroendocrine tumors often progress slowly, leading to delayed diagnosis. Patients may only seek medical
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Figure 2 Gross features and pathologic characteristics of the resected tumor. A: Gross features of the tumor; B: Tumor hematoxylin and eosin
staining (x 400); C: Cluster of differentiation 56 positive (x 400); D: Chromogranin positive (x 400); E: Synaptophysin positive (x 400); F: Soluble protein-100 positive
(% 400); G: Insulinoma-associated protein 1 positive (x 400); H: Succinate dehydrogenase type B positive (x 400).

attention when they experience extremely high blood pressure or symptoms of tumor compression, increasing the risk of
complications[8]. Nonfunctional or subclinical PGLs primarily cause discomfort due to tumor compression. According to
expert consensus[9], liquid chromatography/tandem mass spectrometry is recommended for diagnosing pheochromo-
cytoma and PGL by measuring plasma free catecholamine or urinary catecholamine concentrations. In this patient who
was suspected of having pheochromocytoma, tests for plasma and urinary concentrations of dopamine, epinephrine, and
norepinephrine, were all within the normal range. However, the patient experienced significant blood pressure fluctu-
ations during surgery, posing challenges for preoperative diagnosis and increasing intraoperative risks. Laparoscopic
exploration of retroperitoneal space occupation has a magnifying effect, which facilitates the dissection of blood vessels
and other fine structures, and has the advantages of less trauma and quicker recovery, but at the same time, there are also
the risks of bleeding that are not easy to control, rupture of the tumour, and the need to be prepared for open surgery.

Imaging techniques such as color ultrasound, CT, and MRI lack specificity in distinguishing PGLs from other
conditions such as giant lymph node hyperplasia, nerve sheath tumors, ganglion cell neuroma, and solid pseudopapillary
tumors of the pancreas[10]. Therefore, a combination of clinical manifestations, imaging, and laboratory examinations is
typically needed to further clarify the nature of the mass. In this particular case, although ultrasound, CT, and MRI
showed a cystic solid mass in the left upper abdomen, the origin of the mass and whether it was benign or malignant
could not be determined. PGLs exhibit similar morphology regardless of their location and can be indistinguishable from
adrenal gland pheochromocytomas. Microscopically, the tumor cells appear ovoid, cuboidal, or polygonal, larger than
normal paragangliocytes, with granular basophilic cytoplasm, occasional melanin-like pigmentation, mild nuclear
pleomorphism, and rare nuclear atypia. Tumor cells are organized in nests, cords, or adenoidal vesicles, with abundant
blood sinuses between them that may be significantly dilated and hemorrhagic, sometimes showing vascular infiltration.
The interstitium may exhibit sclerosis with fibroplasia, vitrification, or ossification[11]. Immunohistochemistry reveals
that tumor cells express neuroendocrine markers such as neurospecific enolase, CgA, Syn, as well as calcitonin and
vasoactive peptides. Support cells S-100 and glial fibrillary acidic protein are typically observed at the periphery of the
cell clusters[12]. In this case, a PGL was not initially considered, but histological examination combined with immunohis-
tochemistry for CD56, CgA, Syn, S-100, INSM1, and SDHB positivity ultimately led to the diagnosis of PGL.

PGLs can be categorized as either benign or malignant, with the majority being benign. Malignant PGLs represent a
smaller percentage, ranging from 1% to 10%[13]. Distinguishing between benign and malignant forms based on morpho-
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logical criteria is challenging. However, in cases of malignancy, certain characteristics such as tumor diameter exceeding 5
cm, presence of SDHB mutation, MYC associated factor X gene mutation, Ki67 index greater than 3%, noticeable cellular
heterogeneity, atypical nuclear features, and localized necrosis are considered risk factors. Malignant PGLs have the
potential to metastasize to various organs such as lymph nodes, bones, lungs, and liver, with metastasis serving as a key
indicator of malignancy[14]. In the specific case discussed, the patient experienced normalization of blood pressure post-
surgery, leading to the discontinuation of antihypertensive medication. Subsequent follow-up over 12 months showed a
positive recovery outcome. Integrating intraoperative and pathological findings, the patient was diagnosed with a
subclinical PGL. This case study provides valuable insights for the management of retroperitoneal PGLs.

CONCLUSION

A case of retroperitoneal subclinical PGL was successfully cured following surgical resection. This case serves as a
valuable example of the management of retroperitoneal PGLs.
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Abstract

Radiological studies play a crucial role in the evaluation of patients with biliary
duct obstruction, allowing for the guidance of clinical diagnosis towards a
malignant or stone-induced etiology through the recognition of relevant imaging
features, which must be continuously revisited given their prognostic significance.
This article aims to emphasize the importance of recognizing crucial imaging
aspects of malignant and stone-induced biliary obstruction.

Key Words: Malignant biliary obstruction; Choledocholithiasis; Dilated bile ducts;
Magnetic resonance; Multidetector computed tomography

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Recognizing the radiological aspects of biliary obstruction is crucial for distin-
guishing between lithiasis and malignant origins, thereby facilitating the diagnosis and
management of this pathology.
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TO THE EDITOR

I read with great interest the letter written by Aydin and Irgul[1]. In their article, they
aim to highlight some imaging findings for distinguishing between malignant biliary
obstruction and common stone biliary obstruction.
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Figure 1 Distal choledocholithiasis in a 53-year-old man with acute secondary cholangitis. A: Axial magnetic resonance T2-weighted images
depicts intra- and extrahepatic biliary ductal dilatation; B: Multiple void signal images within the lumen of the common bile duct.

I agree with Aydin and Irgul[1] that imaging studies play an invaluable role in the evaluation of patients with biliary
tract obstruction. In the same line, I intend to contribute to the article highlighting some crucial imaging features of biliary
obstruction that we should consider.

Obstruction of the biliary tree can occur as a result of gallstones disease[2] (Figure 1), as well as multiple types of
cancers, including primary tumors originated from bile duct cells as well as those originating from adjacent organs that
could cause extrinsic compression of the common bile duct (CBD), such as cholangiocarcinoma and pancreatic cancer
respectively[3].

As expected, patients with biliary obstruction of malignant origin have a significantly worse clinical course compared
to those with lithiasic obstruction of the bile duct, present a higher incidence of severe acute cholangitis, greater
admission to critical care units, and 30-d mortality, as recently reported by Tsou et al[4], which underscores the impor-
tance of being able to differentiate the origin of biliary obstruction during the imaging study.

For instance, initial imaging evaluation of patients with biliary obstruction may depict dilatation of the CBD and
common hepatic duct associated with heterogeneous sizeable non-encapsulated heterogeneous mass of irregular contour,
accompanied by hepatic capsular retraction and dilated peripheral bile ducts, with progressive enhancement in delayed
phases and slight-to high signal intensity on T2-weighted images (T2WI), and low signal intensity on T1-weighted images
(T1IWI), which is highly suggestive of primary bile duct carcinomas|3,5] (Figure 2).

Figure 2 69-years-old woman with biliary obstruction secondary to intrahepatic mass-forming type cholangiocarcinoma with tumoral
involvement of the biliary ducts confluence. A: Axial late computed tomography arterial phase depicts a soft-tissue mass in left hepatic lobe, with delayed
phase enhancement; B: Dilatation of intrahepatic ducts; C: Axial magnetic resonance images demonstrate a T2-weighted images slightly hyperintense; D: T1-
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weighted images hypointense heterogeneous mass occluding the confluence of the hepatic ducts with moderate dilatation of left lobar intrahepatic bile ducts, and
tumoral involvement of the left intrahepatic biliary branches.

In addition, CBD dilation may also be associated with the presence of a heterogeneous enhancing mass dependent on
the pancreatic head, with iso- to slightly hyperintense signal on T2WI, and hypointense signal on TIWI, which generates
extrinsic compression of the CBD, which may produce secondary cholangitis[6] (Figure 3).

Figure 3 Pancreatic ductal adenocarcinoma in a 72-years-old man with obstructive jaundice. A: Axial contrast-enhanced computed tomography
image shows a well-circumscribed exophytic tumor in the pancreatic head with heterogeneuos enhancement in delayed arterial; B: Portovenous phase; C: Axial
magnetic resonance fat suppression T2-weighted images image showing a mildly hyperdense irregular mass in the head of the pancreas; D: T1-weighted images
with hypointense signal.

In both cases, the additional finding of focal hypovascular liver lesions with a peripheral halo and perihilar and
retroperitoneal lymphadenopathy further support the diagnosis of biliary obstruction towards a malignant origin[7,8].

In summary, when conducting radiological evaluations of patients with bile duct obstruction, comprehensive consid-
eration should be given to various imaging findings, with a focus on analyzing important imaging information.
Considering the clinical implication of these diseases, I hope the discussion on the interesting articles by Tsou et al[4]. and
Aydin and Irgul[1] will promote the permanent ongoing review of the imaging features of malignant and stone-induced
bile duct obstruction to further improve the early recognition and appropriate management of these patients.
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Abstract

In Quebec, Canada, the public healthcare system offers free medical services.
However, patients with spinal pain often encounter long waiting times for
specialist appointments and limited physiotherapy coverage. In contrast, private
clinics provide expedited care but are relatively scarce and entail out-of-pocket
expenses. Once a patient with pain caused by a spinal disorder meets a pain
medicine specialist, spinal intervention is quickly performed when indicated, and
patients are provided lifestyle advice. Transforaminal epidural steroid injections
are frequently administered to patients with radicular pain, and steroid injections
are administered on a facet joint to control low back or neck pain. Additionally,
medial branch blocks are performed prior to thermocoagulation. France’s uni-
versal healthcare system ensures accessibility at controlled costs. It emphasizes
physical activity and provides free physical therapy services. However, certain
interventions, such as transforaminal and interlaminar epidural injections, are not
routinely used in France owing to limited therapeutic efficacy and safety
concerns. This underutilization may be a potential cause of chronic pain for many
patients. By examining the differences, strengths, and weaknesses of these two
systems, valuable insights can be gained for the enhancement of global spinal
pain management strategies, ultimately leading to improved patient outcomes
and satisfaction.

Key Words: Spinal pain; Healthcare system; France; Quebec; Pain treatment
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Core Tip: The public healthcare system in Quebec, Canada, provides free services; however, patients with spinal pain face
long waiting times for specialist appointments and limited physiotherapy coverage. Spinal interventions, including transfo-
raminal epidural steroid injections for radicular pain, are performed quickly upon consultation with a pain specialist. In
contrast, France's universal healthcare system emphasizes physical activity and offers free physiotherapy; however, certain
interventions, such as epidural injections, are underutilized, potentially contributing to chronic pain. Each system has
advantages and disadvantages. Understanding these differences can inform global spinal pain management strategies and
enhance patient satisfaction and outcomes.
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TO THE EDITOR

We read the article by Wang et al[1] with great interest, in which the authors proposed a protocol for physicians to
administer ultrasound-guided injections as treatment for spinal pain. Spinal pain is highly prevalent in the general
population and often causes substantial suffering, many lost workdays, and high medical costs[2]. The healthcare system
in every country has its preferred treatment strategy for spinal pain. Here, we provide our personal perspectives, aiming
to introduce the strategies of the healthcare systems in Quebec and France, compare them, highlight their shortcomings,
and provide potential solutions.

The first author is a resident in the Department of Physical Medicine and Rehabilitation at a university hospital in
France and has been enrolled in an overseas resident training program in Montreal, Canada, since December 2023. In
Montreal, we observed substantial differences between the healthcare systems’ preferred strategies, especially regarding
pain caused by spinal disorders, each with their own advantages and disadvantages. The functioning of healthcare
systems is very complicated and is influenced by social, economic, and political factors[3,4].

In Quebec, Canada, medical institutions (hospitals and clinics) are categorized as public and private institutions[5].
Public institutions ensure that citizens receive medical services without incurring fees for visits and treatments. On the
other hand, patients who receive care from private clinics cover the costs of treatment and procedures by themselves and
are rarely reimbursed by insurance companies. Although the number of private clinics is increasing in Canada, Quebec
has few.

Although the public healthcare system in Quebec offers free services, patients often wait several months or even years
for an appointment with a physician. Private clinics provide an alternative for patients who are unwilling to endure long
waiting times by offering fast access to medical care. However, the availability of private clinics and range of medical
services offered are limited. Despite the option to expedite care by paying privately, this remains a less common choice
because of the scarcity of such facilities and the associated costs.

Once patients with pain caused by spinal disorders meet a specialist in pain medicine, they are quickly referred for
spinal intervention, if necessary, and given lifestyle advice. Spinal interventions are performed using nonparticulate
corticosteroids. Transforaminal epidural steroid injections are frequently administered to patients with radicular pain,
and steroid injections are administered on a facet joint to control low back or neck pain. Medial branch blocks are also
performed. If patients experience pain reduction via medial branch blocks, pain physicians normally recommend thermo-
coagulation.

Physiotherapy is not covered by the public healthcare system and is mainly conducted in private clinics, for which
patients must pay out of pocket. Only a small proportion of outpatients have access to free physiotherapy, mainly in
public health institutions. Therefore, education regarding physiotherapy and exercise for the treatment of spinal pain is
not well implemented in Quebec.

In France, medical institutions are divided into public sector (public hospitals) and private sector (clinics or
independent practices) institutions[6,7]. Few nonprofit private healthcare providers exist. The public healthcare system is
based on health insurance schemes-a universal healthcare system that ensures that patients receive care, consultations,
and treatments with controlled, fixed costs. The system covers 70% of medical consultation costs, with a one-euro fee per
consultation, and is complemented by other insurance systems. Hospitalization costs are split, with health insurance
covering 80% and supplementary plans covering 20%. The solidarity health insurance or State aid can exempt those who
cannot pay these fees. Private health insurance schemes can handle upfront costs.

In terms of healthcare access, patients with spinal pain follow a care pathway guided by general practitioners for
optimal management[8]. Accessing public or private specialized care has become more difficult owing to a shortage of
medical professionals, leading to waiting times of 2 d for general practitioners and 52 d for specialists, excluding urgent
cases.

When a patient with spinal pain is referred to a pain specialist, the diagnosis is first revisited, and the likely cause is
identified based on the patient’s history[8]. Thereafter, the patient is provided counsel regarding physical activity,
posture, lifestyle adjustments, muscle strengthening, and stabilization-exercise programs. Patients can receive physio-
therapy at a physical therapist’s office, which is covered by health insurance, private assurance, or county assurance. In
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most cases, patients receive physiotherapy at no cost.

If the patient continues to experience severe pain or pain that does not improve during follow-up appointments, spinal
intervention may be considered, with the specific type of treatment chosen according to patient-specific clinical factors.
Caudal epidural injections are recommended for patients with radicular pain. However, in France, transforaminal and
interlaminar epidural injections are not routinely administered because of their limited therapeutic efficacy and safety
concerns. Pain specialists often use facet-joint infiltration to treat low back pain.

For chronic or recurrent spinal pain, comprehensive care may involve a rehabilitative stay at a day hospital for 3-6 wk,
covered under standard hospitalization packages[8]. Such a program entails re-evaluation of various factors contributing
to pain, addressing of the patient’s beliefs and lifestyle, and provision of nutritional and psychological support and daily
physiotherapy sessions.

In Quebec, the public healthcare system provides free access to medical services, and the conventional pathway for
spinal interventions tends to depend on the interventionist. However, long waiting times for specialist appointments,
which lead to delayed treatment, and limited coverage of physiotherapy are significant drawbacks. Few private clinics
offer expedited care, largely owing to the associated costs, making them an uncommon choice. To improve this situation,
Quebec should consider improving the system’s efficiency or increasing funding to reduce waiting times and expand
physiotherapy coverage.

France’s universal healthcare system ensures affordable access to care and follows a thorough care pathway for spinal
pain management. It minimizes costs by reducing the frequency of early interventions and offers easy and free access to
physiotherapy. However, the use of certain interventions is limited and a passive approach to acute low back pain can
predispose patients to chronic pain. To enhance the functioning of the system in France, considering therapeutic efficacy
and potential side effects of different spinal interventions, the indications for spinal interventions should be expanded for
patients who experience severe pain.

The health systems in Quebec and France have their strengths and weaknesses in terms of spinal pain management.
The system in Quebec is more focused on chronic patient care, whereas the system in France emphasizes physical activity
based on spontaneous remission of acute cases. Considering the strengths and weaknesses of the systems in Quebec and
France may assist other countries in determining their treatment strategies for spinal pain to enhance patient outcomes
and satisfaction.

FOOTNOTES

Author contributions: Boyer LE, Boudier-Revéret M and Chang MC designed the study, performed the study, analyzed the data and
wrote the manuscript. All authors have read and approved the final manuscript.

Supported by National Research Foundation of Korea Grant, No. 00219725.
Conflict-of-interest statement: The authors report no relevant conflicts of interest.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (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: https:/ /creativecommons.org/licenses/by-nc/4.0/

Country of origin: South Korea

ORCID number: Lea Evangeline Boyer 0009-0005-5008-4227; Mathieu Boudier-Revéret 0000-0003-0259-8520; Min Cheol Chang 0000-0002-7629-
7213.

S-Editor: Zheng XM
L-Editor: A
P-Editor: Zheng XM

REFERENCES

1 Wang Y, Wang AZ, Wu BS, Zheng YJ, Zhao DQ, Liu H, Xu H, Fang HW, Zhang JY, Cheng ZX, Wang XR. Chinese Association for the
Study of Pain: Experts consensus on ultrasound-guided injections for the treatment of spinal pain in China (2020 edition). World J Clin Cases
2021;9: 2047-2057 [PMID: 33850924 DOI: 10.12998/wjcc.v9.19.2047]

2 Shin DA, Choo YJ, Chang MC. Spinal Injections: A Narrative Review from a Surgeon's Perspective. Healthcare (Basel) 2023; 11: 2355
[PMID: 37628553 DOI: 10.3390/healthcarel 1162355]
3 National Academies of Sciences, Engineering, and Medicine; Health and Medicine Division; Board on Health Care Services; Committee on

Health Care Utilization and Adults with Disabilities. Health-Care Utilization as a Proxy in Disability Determination. Washington (DC):
National Academies Press (US), 2018
4 Osypuk TL, Joshi P, Geronimo K, Acevedo-Garcia D. Do Social and Economic Policies Influence Health? A Review. Curr Epidemiol Rep
2014; 1: 149-164 [PMID: 25984439 DOI: 10.1007/s40471-014-0013-5]
Marchildon GP. Canada, Health System of. In: Quah SR, Cockerham W, editors. International Encyclopedia of Public Health. 2nd ed.

(9]

Jg%,@ WJCC | https://www.wjgnet.com 2684 May 26,2024 | Volume12 | Issuel5 |


https://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0005-5008-4227
http://orcid.org/0009-0005-5008-4227
http://orcid.org/0000-0003-0259-8520
http://orcid.org/0000-0003-0259-8520
http://orcid.org/0000-0002-7629-7213
http://orcid.org/0000-0002-7629-7213
http://www.ncbi.nlm.nih.gov/pubmed/33850924
https://dx.doi.org/10.12998/wjcc.v9.i9.2047
http://www.ncbi.nlm.nih.gov/pubmed/37628553
https://dx.doi.org/10.3390/healthcare11162355
http://www.ncbi.nlm.nih.gov/pubmed/25984439
https://dx.doi.org/10.1007/s40471-014-0013-5

Boyer LE et al. Healthcare systems in pain medicine

Oxford: Academic Press, 2017: 320-327
6 Honda A, Cartailler J, Cailhol J, Noda S, Or Z. Factors for Consideration When Setting Prices for Private Healthcare Providers Operating in

Public Systems: A Comparison of France and Japan. Health Serv Insights 2023; 16: 11786329231173484 [PMID: 37228260 DOI:
10.1177/11786329231173484]

7 Simonet D. French Idiosyncratic Health-Care Reforms, Performance Management and Its Political Repercussions. Risk Manag Healthc Policy
2021; 14: 2971-2981 [PMID: 34285611 DOI: 10.2147/RMHP.S306381]
8 Haute Autorité de Santé. Prise en charge du patient présentant une lombalgie commune. 2019. Available from: https://www.has-sante.fr/

jems/c_2961499/fr/prise-en-charge-du-patient-presentant-une-lombalgie-commune

3%’@) WJCC | https://www.wjgnet.com 2685 May 26,2024 | Volume12 | Issuel5 |


http://www.ncbi.nlm.nih.gov/pubmed/37228260
https://dx.doi.org/10.1177/11786329231173484
http://www.ncbi.nlm.nih.gov/pubmed/34285611
https://dx.doi.org/10.2147/RMHP.S306381
https://www.has-sante.fr/jcms/c_2961499/fr/prise-en-charge-du-patient-presentant-une-lombalgie-commune
https://www.has-sante.fr/jcms/c_2961499/fr/prise-en-charge-du-patient-presentant-une-lombalgie-commune

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

