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Abstract

Contrast-induced acute kidney injury (CI-AKI) is a major concern in clinical
practice, particularly among high-risk patients with preexisting renal and car-
diovascular conditions. Although periprocedural hydration has long been the
primary approach for CI-AKI prevention, recent advancements have led to the
development of novel approaches such as RenalGuard and contrast removal
systems. This editorial explores these emerging approaches and highlights their
potential for enhancing CI-AKI prevention. By incorporating the latest evidence
into clinical practice, health-care professionals can more effectively maintain renal
function and improve outcomes for patients undergoing contrast-enhanced pro-
cedures.
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Core Tip: Preventing contrast-induced acute kidney injury (CI-AKI) is crucial for patients undergoing contrast-enhanced
procedures, particularly those with preexisting renal or cardiovascular conditions. Although periprocedural hydration
remains a fundamental preventive measure, emerging approaches such as RenalGuard and contrast removal systems are
promising alternatives. Recent research has demonstrated that these innovative approaches have the potential to substantially
improve CI-AKI prevention and patient outcomes. Staying updated on these advancements and incorporating them into
clinical practice are essential for optimizing renal protection.

Citation: Cheng CH, Hao WR, Cheng TH. Innovative approaches beyond periprocedural hydration for preventing contrast-induced
acute kidney injury. World J Radiol 2024; 16(9): 375-379

URL: https://www.wjgnet.com/1949-8470/full/v16/i19/375.htm

DOI: https://dx.doi.org/10.4329/wjr.v16.19.375

INTRODUCTION

This editorial provides a commentary on the review article “Navigating nephrotoxic waters: A comprehensive overview
of contrast-induced acute kidney injury prevention”, authored by Theofilis and Kalaitzidis[1] and published in World
Journal of Radiology. The review extensively examines strategies for preventing contrast-induced acute kidney injury (CI-
AKI). CI-AKI is a major clinical concern and is the third leading cause of acute kidney injury after the administration of
contrast media in diagnostic and therapeutic procedures. The pathophysiology of CI-AKI, although not completely
elucidated, involves medullary hypoxia and direct nephrotoxicity from contrast agents. Patients with preexisting renal
and cardiovascular conditions and patients with critical illnesses are especially vulnerable; they are at increased risk of
prolonged hospital stays and elevated mortality rates. The aforementioned review describes the importance of peripro-
cedural hydration as the primary measure for CI-AKI prevention. However, recent advancements have led to the
development of approaches that may enhance CI-AKI prevention, particularly for high-risk patients. Among these
approaches, RenalGuard and contrast removal systems are prominent innovative options. Studies, including those by Du
et al[2] and Nardi et al[3], have highlighted the potential of these innovations. For example, the RenalGuard system
facilitates high-volume urine output, thus aiding in the rapid elimination of contrast media from the kidneys. Moreover,
contrast removal systems can effectively reduce the adverse effects of contrast agents on renal function.

EMERGING APPROACHES FOR CI-AKI PREVENTION

The traditional approach to preventing CI-AKI primarily involves periprocedural hydration, which dilutes and eliminates
contrast agents, thereby minimizing their nephrotoxic effects. Although this approach is relatively effective, it has limited
efficacy, especially in patients at high risk of CI-AKI. Considering these limitations, scholars have recently proposed
several innovative approaches that offer enhanced protection against CI-AKI. Recent reviews, including that by Theofilis
and Kalaitzidis[1], have highlighted the potential of new interventions, such as the RenalGuard system and contrast
removal techniques, for enhanced CI-AKI prevention. The RenalGuard system promotes high-volume urine output,
which can facilitate the rapid elimination of contrast media from the kidneys[1]. Additionally, contrast removal systems
have been demonstrated to be effective in reducing the renal burden of contrast agents, offering an additional layer of
protection for at-risk patients[2]. Other promising approaches involve the use of inorganic nitrates and novel pharmaco-
logical agents. For example, the NITRATE-CIN trial demonstrated that inorganic nitrates could mitigate contrast-induced
nephropathy in patients undergoing coronary angiography[4]. Similarly, a study revealed that the use of tetramethyl-
pyrazine can attenuate renal tubular epithelial cell ferroptosis, thereby reducing the risk of contrast-induced nephropathy
[5]. By staying updated on these emerging approaches and incorporating them into clinical practice, health-care profes-
sionals can substantially enhance CI-AKI prevention for their patients.

RENALGUARD SYSTEM

The RenalGuard system is one of the most promising advancements for preventing CI-AKI. By combining hydration and
diuretics, this system facilitates controlled diuresis, thereby increasing urine output and enhancing the clearance of
contrast media[1]. The RenalGuard system maintains a high urine flow rate, which helps mitigate the nephrotoxic effects
of contrast agents[6]. Initial studies have highlighted the efficacy of this system in reducing the incidence of CI-AK]I,
particularly in high-risk patients such as those with critical illness or preexisting renal and cardiovascular conditions[3,7].
By promoting adequate urine flow, the system can optimize renal function during procedures involving contrast media,
thus potentially improving patient outcomes|[2]. Incorporating the RenalGuard system into clinical practice represents an
advancement in CI-AKI preventive approaches. By adopting such innovative approaches, health-care professionals can
mitigate the renal injury risks associated with contrast-enhanced procedures, thus improving patient care[l,6].
Considering these advancements, health-care professionals should stay updated on evolving research on CI-AKI pre-
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vention to optimize patient safety and outcomes in clinical settings[8,9].

CONTRAST REMOVAL SYSTEMS

Contrast removal systems are designed to actively eliminate contrast agents from the bloodstream before these agents can
cause substantial renal damage[1]. These systems selectively filter contrast media during and immediately after pro-
cedures, thereby reducing the renal burden[6]. Clinical trials have demonstrated promising outcomes for contrast
removal systems, indicating their effectiveness in decreasing the incidence of CI-AKI, particularly in patients with
preexisting renal conditions[3,5]. By facilitating the timely removal of contrast agents, these systems contribute to
preserving renal function during contrast-enhanced procedures[2]. Incorporating contrast removal systems into clinical
practice represents a major advancement in CI-AKI preventive approaches. These systems provide a proactive approach
to managing exposure to contrast agents and the related adverse effects, potentially improving patient outcomes by
mitigating the risk of renal injury associated with the administration of contrast media[3]. Staying updated on the latest
research and incorporating innovative technologies such as contrast removal systems are crucial for optimizing renal
protection and CI-AKI prevention[8,9], mitigating the nephrotoxic effects of contrast agents, and enhancing the safety of
contrast-enhanced procedures in high-risk patient populations[1,6].

TAILORED PREVENTIVE APPROACHES

Tailored preventive approaches can facilitate the integration of novel approaches into clinical practice for CI-AKI
prevention; such tailored approaches emphasize individualized care that is based on patient-specific risk factors and
comorbidities[1]. Advanced preventive measures have substantial benefits for high-risk patients, including those with
chronic kidney disease (CKD), diabetes mellitus, or heart failure[3,6]. Personalized approaches are tailored to each
patient’s unique medical profile and procedural risks, thus optimizing CI-AKI prevention[2,7]. For instance, intense
preventive measures such as RenalGuard or contrast removal systems must be implemented in patients with underlying
cardiovascular conditions or CKD for mitigating the nephrotoxic effects of contrast media[5,10]. Recent research has
demonstrated the importance of incorporating emerging technologies and evidence-based practices into clinical
workflows for improving outcomes in high-risk populations[11,12]. By staying updated on these advancements and by
customizing preventive approaches according to each patient, health-care providers can effectively reduce the incidence
of CI-AKI and enhance patient safety during contrast-enhanced procedures[8,9]. In summary, the implementation of
tailored preventive approaches is pivotal for the management of CI-AKI; moreover, tailored preventive approaches can
optimize patient outcomes through individualized risk assessment and intervention planning[3,6].

EVIDENCE-BASED PRACTICE

Evidence-based practice stipulates that the incorporation of emerging approaches into CI-AKI prevention protocols
should be guided by the latest clinical evidence and guidelines[1]. Continual research and clinical trials are crucial for
validating the efficacy of these approaches and for refining their application across diverse patient populations[2,3]. By
staying updated on recent developments, health-care professionals can effectively incorporate novel preventive app-
roaches such as RenalGuard and contrast removal systems into routine clinical practice[4,5]. These innovations are
promising for high-risk individuals with preexisting renal or cardiovascular conditions; they can effectively mitigate the
nephrotoxic effects of contrast media[6,10]. By staying updated on advancements in CI-AKI prevention, health-care
providers can deliver optimal care through the implementation of treatment strategies that align with the latest scientific
evidence[7,12]. In addition, by continually updating their knowledge base and adapting practices accordingly, clinicians
can maximize the improvement of patient safety and outcomes during contrast-enhanced procedures[8,9]. In conclusion,
the integration of evidence-based practice into CI-AKI prevention protocols represents a dynamic approach that
considers recent research results and clinical insights. This dynamic approach fosters the incorporation of innovative
strategies and ensures that preventive approaches are tailored to individual patient needs, thereby optimizing health-care
delivery and patient outcomes|[8,9].

INTERDISCIPLINARY COLLABORATION

CI-AKI prevention requires a collaborative approach involving radiologists, nephrologists, and other health-care profes-
sionals who are directly engaged in the care of patients undergoing contrast-enhanced procedures[1]. Effective interdis-
ciplinary communication and coordination among these health-care professionals are fundamental to implementing
comprehensive CI-AKI preventive approaches and achieving optimal patient outcomes[2,3]. Radiologists play pivotal
roles in optimizing imaging protocols to minimize exposure to contrast agents without compromising diagnostic quality,
thereby contributing to a reduced risk of CI-AKI[4,5]. Nephrologists also contribute to the reduction of CI-AKI risk by
assessing patient risk factors and implementing personalized hydration protocols or pharmacological interventions
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tailored to individual patient profiles[6,10]. Through the collaborative efforts of these specialists, appropriate CI-AKI
preventive approaches can be selected, and any complications that develop can be promptly managed[7,12]. Moreover,
continual interdisciplinary communication ensures that health-care providers stay updated on emerging research and
innovative approaches, such as RenalGuard and contrast removal systems[8,9]. By staying updated on these advance-
ments and by incorporating evidence-based practices into clinical workflows, interdisciplinary teams can enhance CI-AKI
prevention and improve overall patient outcomes[8,9]. In conclusion, fostering collaboration among radiologists, nephro-
logists, and other health-care professionals is crucial for mitigating CI-AKI-associated risks. This collaborative approach
not only optimizes patient safety during contrast-enhanced procedures but also supports the delivery of individualized
care based on the latest scientific evidence and clinical guidelines[8,9].

CONCLUSION

In conclusion, this editorial verifies the pivotal insights from Theofilis and Kalaitzidis’s comprehensive review of CI-AKI
preventive approaches[1]. This review meticulously examines the current and emerging approaches for CI-AKI
prevention, particularly highlighting innovative approaches such as RenalGuard and contrast removal systems[2,3]. CI-
AKI remains a major challenge in clinical settings, especially among patients with underlying renal or cardiovascular
conditions. Although traditional periprocedural hydration is fundamental, it has limited efficacy in high-risk individuals.
The review verifies that new preventive measures must be adopted for providing enhanced renal protection and ensuring
more favorable patient outcomes[1]. The RenalGuard system, which facilitates controlled diuresis, and contrast removal
systems, which actively filter contrast agents from the circulation, represent notable advancements[4,5]. These innova-
tions not only overcome the limitations of conventional methods but also align with personalized medicine principles by
tailoring preventive approaches to individual patient profiles[7,12]. In the future, health-care providers must stay
updated on these emerging techniques and must integrate them into clinical practice. Continual interdisciplinary collab-
oration and rigorous research are essential for validating these approaches across diverse patient populations[8,9]. By
incorporating these advances into clinical practice, health-care providers can mitigate CI-AKI-associated risks, which can
substantially improve patient outcomes.
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Many technical challenges in PAE are associated with the complex anatomy of
prostatic arteries (PAs) and with the systematic attempts to catheterize the PAs of
both pelvic sides. Long procedure times and high radiation doses are often the
result of these attempts and are considered significant disadvantages of PAE. The
authors hypothesized that, in selected patients, these disadvantages could be
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Hours To describe the authors” approach for intentionally unilateral PAE (IU-PAE) and

its potential benefits.

METHODS

This was a single-center retrospective study of patients treated with IU-PAE
during a period of 2 years. IU-PAE was applied in patients with opacification of
more than half of the contralateral prostatic lobe after angiography of the ipsi-
lateral PA (subgroup A), or with markedly asymmetric prostatic enlargement,
with the dominant prostatic lobe occupying at least two thirds of the entire gland
(subgroup B). All patients treated with IU-PAE also fulfilled at least one of the
following criteria: Severe tortuosity or severe atheromatosis of the pelvic arteries,
non-visualization, or visualization of a tiny (< 1 mm) contralateral PA on prepro-
cedural computed tomographic angiography. Intraprocedural contrast-enhanced
ultrasonography (iCEUS) was applied to monitor prostatic infarction. IU-PAE
patients were compared to a control group treated with bilateral PAE.
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RESULTS

IU-PAE was performed in a total 13 patients (subgroup A, n = 7; subgroup B, n = 6). Dose-area product,
fluoroscopy time and operation time in the IU-PAE group (9767.8 pGy-m? 30.3 minutes, 64.0 minutes, respectively)
were significantly shorter (45.4%, 35.9%, 45.8% respectively, P < 0.01) compared to the control group. Clinical and
imaging outcomes did not differ significantly between the IU-PAE group and the control group. In the 2 clinical
failures of IU-PAE (both in subgroup A), the extent of prostatic infarction (demonstrated by iCEUS) was
significantly smaller compared to the rest of the IU-PAE group.

CONCLUSION
In selected patients, IU-PAE is associated with comparable outcomes, but with lower radiation exposure and a
shorter procedure compared to bilateral PAE. iCEUS could facilitate patient selection for IU-PAE.

Key Words: Prostatic artery embolization; Unilateral; Computed tomographic angiography; Dose area product; Fluoroscopy
time; Prostatic infarction

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

Core Tip: In this retrospective study, intentionally unilateral prostatic artery embolization (IU-PAE) was performed in 13
patients with opacification of more than half of the contralateral prostatic lobe after angiography of the ipsilateral prostatic
artery or with markedly asymmetric prostatic enlargement. Compared to bilateral PAE, ITU-PAE was associated with
significantly lower radiation exposure and a shorter procedure, but with no significant difference in clinical efficacy.
Contrast-enhanced ultrasonography was applied during I[U-PAE and revealed only limited prostatic infarction in the 2
clinical failures of IU-PAE, in contrast to the rest of the patients.

Citation: Moschouris H, Stamatiou K. Intentionally unilateral prostatic artery embolization: Patient selection, technique and potential
benefits. World J Radiol 2024; 16(9): 380-388

URL: https://www.wjgnet.com/1949-8470/full/v16/19/380.htm

DOI: https://dx.doi.org/10.4329/wjr.v16.i9.380

INTRODUCTION

Unilateral prostatic artery embolization (PAE) for symptomatic benign hyperplasia is usually the result of failed catheter-
ization of the contralateral prostatic artery (PA) due to pelvic arterial atherosclerotic stenoses, tortuosities, or due to
unfavorable anatomy of the contralateral PA itself[1]. Unilateral PAE is also associated with reduced clinical efficacy
(with a clinical success rate of 50% or lower)[1] compared to bilateral PAE, most likely as a result of the limited ischemic
effect[2] and of early reperfusion from the contralateral branches. Exceptionally, an earlier small case series[3] de-
monstrated satisfactory short-term clinical outcomes of unilateral PAE, thanks to peri- and intra-prostatic arterial
anastomoses, that enabled the operators to embolize both prostatic lobes through a single PA. Obviating the need to
angiographically investigate and catheterize the contralateral PA, was translated in radiation dose savings. A more
recent, multicenter study[4], also showed that “intended” unilateral PAE was a significant predictor of reduced dose-area
product (DAP) and was associated with a 32.4% decrease in DAP on multivariate analysis. However, further details
regarding selection criteria and technique of unilateral PAE were not provided; it was also acknowledged that 41% of the
patients (initially treated with unilateral PAE) had to undergo a second PAE procedure due to suboptimal results.

The application of unilateral PAE when the largest part of the prostate has a unilateral arterial supply appears to be a
reasonable way to maximize the efficacy of the procedure. A modality for on-site evaluation of the ischemic effect could
also be helpful in this context. This report describes the patient selection, and technical aspects of intentionally unilateral
PAE (IU-PAE) in a single tertiary center. The potential benefits of this approach are evaluated. Utilization of contrast-
enhanced ultrasonography (CEUS) for intraprocedural monitoring of IU-PAE is also described.

MATERIALS AND METHODS
Study design

This is a retrospective review of benign hyperplasia patients who were treated with IU-PAE at a single institution during
a 2-year period (September 2021 to August 2023). The initial selection of patients for PAE was based on standard, widely
accepted criteria[5]. Written informed consent was obtained from all patients prior to treatment. The study was approved
by the institutional review board.
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Preprocedural computed tomographic angiography (CTA) was conducted for vascular planning in all patients. IU-PAE
was applied, if superselective angiography of the ipsilateral PA resulted in opacification of more than half of the
contralateral prostatic lobe, as assessed visually by the operator during the intervention (subgroup A), or if markedly
asymmetric prostatic enlargement was observed on CTA, with the dominant prostatic lobe occupying at least two thirds
of the entire gland (subgroup B). Volumetry of the dominant lobe and of the entire prostate was performed with the
ellipsoid formula using measurements (length, width and height) performed on the appropriate CTA images. Patients
selected for [U-PAE should also fulfill at least one of the following criteria: Severe tortuosity or severe atheromatosis of
the pelvic arteries, non-visualization, or visualization of a tiny (with a diameter of less than 1 mm) contralateral PA on
preprocedural CTA. The tortuosity of the pelvic arteries was evaluated with a system used in a previous PAE study[6], as
follows: Grade 1 (mild: Kinking < 30° in both pelvic sides); Grade 2 (moderate: Maximum kinking 30°-60° in at least 1
pelvic side); Grade 3 (severe: Multiple kinking 30°-60° in both sides and kinking of > 60° in at least 1 pelvic side). Angles
were measured in coronal maximum intensity projection images of the preprocedural CTA. The severity of pelvic arterial
atheromatosis was visually evaluated on CTA and was given a Grade (0, 1, 2 and 3, for no, mild, moderate and severe
stenosis, respectively), also in line with a classification applied in a previous study[7].

The IU-PAE procedure differed from the standard PAE in that no attempt for identification and catheterization of
contralateral PA(s) was performed during the intervention. Vascular access was obtained via the right or left common
femoral artery with the Seldinger technique. The internal iliac artery was catheterized with a 5 French (Fr) angiographic
catheter, usually with a reverse curve. The PA was catheterized with a 1.98 Fr microcatheter (Parkway Soft-Asahi Intecc
Co.) and with a double-angled 0.016 microguidewire (Meister-Asahi). Distal advancement of the microcatheter in
intraprostatic branches (“PErFecTED technique”)[8,9] was attempted in all cases. Embolization was performed with
microspheres (Embosphere 100-300 or 300-500, Merit Medical) until complete flow stasis in the treated PA. At this point,
contrast-enhanced ultrasonography [intraprocedural CEUS (iCEUS)] was performed transabdominally and infarction
(represented by newly appearing, non-enhancing intraprostatic areas) was visually evaluated on 3 different prostate
levels (base, middle part and apex) and compared to the whole prostate area. This visual estimate of prostatic infarction
was semiquantitatively expressed in classes of ten percent, similar to a previous report[10]. All PAE procedures were
performed with the same angiographic unit (Axiom Artis Zee, Siemens Healthineers, Erlangen, Germany) and by the
same first operator with 5 years of previous experience in PAE. For iCEUS, a second-generation echo enhancer (SonoVue,
Bracco, Milan, Italy) was administered in an antecubital vein and a low mechanical index, contrast-specific algorithm was
utilized. iCEUS was performed with a portable ultrasonographic unit (M8 Mindray, Nanshan, Shenzhen, China).

Evaluation of clinical success was based on reduction of the International Prostate Symptom Score or on the relief from
indwelling bladder catheter according to standard, widely accepted criteria[5]. Clinical assessment of all treated patients
was scheduled within the first week post PAE, one and three months post PAE and then every three months. Complic-
ations were recorded and graded using the modified (for PAE) Clavien-Dindo system[11]. Prostate shrinkage and
prostate infarction were evaluated postoperatively with transabdominal ultrasonography: Unenhanced ultrasonography
(US) was performed at least twice: (1) During the patient’s first visit, within one week post PAE; and (2) Three months
post PAE. Prostatic volume (PV) was calculated with the ellipsoid formula using the measurements of transabdominal
US. Post-PAE CEUS was performed at least once (during the patient’s first visit, within one week post PAE). The extent
(volume) of each prostatic infarction was calculated using the ellipsoid formula; the volumes of all prostatic infarcts were
summed and divided by PV, thus calculating the percentage of prostatic infarction, in line with previous work|[2].

Radiation parameters [DAP, fluoroscopy time (FT)] and operation time (OT) (calculated from the moment of arterial
introducer placement until its removal) were also recorded. IU-PAE patients were compared to a control group of
patients who had undergone bilateral PAE during the same period and with the same equipment, angiographic protocol
and with the same catheterization and embolization materials.

Statistical analysis

Descriptive statistics were calculated for quantitative and qualitative data. Several variables of the IU-PAE group were
compared with the corresponding variables of the control group. Depending on the type and distribution of each
variable, the appropriate test was utilized (Welch's ¢ test, Mann-Whitney U test, Z test). Pearson correlation coefficient
was used to assess the correlation between the visual estimate of prostatic infarction (measured by iCEUS during the
procedure) and the percentage of prostatic infarction (measured by CEUS within the first week post PAE). The Kaplan-
Meier method was used to calculate the clinical success rates of PAE over time; the log-rank test was used to evaluate
differences in clinical success rates between the IU-PAE group and the control group, and between subgroups A and B.
Statistical significance was defined as P < 0.05.

RESULTS

IU-PAE was performed in a total 13 patients during the study period (Table 1). Subgroup A was represented by 7/13
patients. After catheterization and superselective angiography of the ipsilateral PA, complete opacification of the
contralateral lobe was observed in 2/7 patients; incomplete opacification exceeding half of the contralateral lobe was
observed in 5/7 patients. In 2/7 patients (one with complete contralateral opacification and one with opacification of
more than half of the contralateral lobe) the microcatheter could be advanced in contralateral prostatic branches.
Regarding iCEUS, in 5/7 patients of subgroup A, infarcts were demonstrated in both prostatic lobes, occupying at least
20% of the entire prostate on visual evaluation (Figure 1). In 2/7 patients, iCEUS demonstrated small infarcts limited to
the ipsilateral lobe and occupying less than 10% of the entire prostate. Of note, both of these patients had undergone
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Table 1 Baseline demographic, anatomic and clinical data of the two patient groups in this study (intentionally unilateral prostatic

artery embolization group vs control)

IU-PAE (n =13) Control (n = 30) P value
Age (mean + SD, years) 76.5+82 71.8 £10.6 0.166
BMI (mean + SD, kg/m?) 28.7 4.6 27.0+238 0.300
PV (mean + SD, mL) 106.7 +43.8 92.8 £27.1 0.330
Grade of tortuosity (mean + SD) 22+09 21+0.8 0.736
Grade of atheroma (mean * SD) 1.5+0.7 1.2+0.6 0.360
LUTS, proportion of pts 9/13 22/30 0.779
IPSS (mean + SD) 26.0+4.0 26.5+3.9 0.708
IBC proportion of pts 4/13 8/30 0.779

TU-PAE: Intentionally unilateral prostatic artery embolization; BMI: Body mass index; PV: Prostate volume; LUTS: Lower urinary tract symptoms; IPSS:

International prostate symptom score; IBC: Indwelling bladder catheter.
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Figure 1 Representative images from a clinically successful case of intentionally unilateral prostatic artery embolization (subgroup A). A:
Right prostatic artery (PA) angiogram (frontal projection) with the microcatheter tip at the extraprostatic part of the PA (arrow) shows opacification of the largest part of
both prostatic lobes; B: Right PA angiogram (oblique projection) post embolization shows extensive devascularization of the prostate and a small area of residual
enhancement at the left lobe (dotted arrow); C: Dual image from intraprocedural contrast-enhanced ultrasonography (contrast-enhanced image on the left,
unenhanced reference B-mode image on the right) 2 minutes post embolization, confirms the absence of enhancement in the largest part of the prostate (inf), with
residual enhancement only at the periphery of the left lobe (dotted arrow). Echogenic areas (arrows) in the unenhanced image of the prostate are caused by
accumulation of the embolic mixture. The balloon of the Foley catheter is indicated by “f".

embolization with the relatively larger microspheres (300-500 microns).

Subgroup B was represented by 6/13 patients, with a volume of the dominant prostatic lobe representing 67%-90%
(mean: 74.7%) of the entire PV. In all patients of subgroup B, catheterization and injection of the embolic agent were
limited to the PA(s) of the dominant lobe. The latter was fed by a single PA in 5 cases and by a duplicate PA in one case.
Immediately post-embolization, iCEUS showed ipsilateral infarction occupying at least 30% of the prostate in all 6
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Table 2 Comparison of technical and radiation dose-related features for the two groups (intentionally unilateral prostatic artery

embolization group vs control)

IU-PAE (n =13) Control (n = 30) P value
Operation time (mean + SD, minutes) 64.0 £20.2 118.2+£22.6 <0.001"
Fluoroscopy time (mean # SD, minutes) 30.3 +10.6 473 +14.8 0.002%
DAP (mean + SD, pGy-m?) 9767.8 + 5873.5 17891.5 + 9087.1 0.004"
“PErFecTED” technique (proportion of pts) 7/13 14/30 0.667
Embo with 100-300 vs 300-500 (proportion of pts) 10/3 23/7 0.984
MC advancement in contralateral side (proportion of pts) 2/13 1/30 0.155

4P < 0.05.
TU-PAE: Intentionally unilateral prostatic artery embolization; DAP: Dose area product; MC: Microcatheter.

Table 3 Comparison of outcome parameters for the two groups (intentionally unilateral prostatic artery embolization group vs control)

IU-PAE (n = 13) Control (n = 30) Pvalue
Percentage of prostatic infarction' (mean + SD, %) 36.1+16.0 33.1+14.5 0.478
PV reduction” (mean £ SD, %) 28.0+12.5 329+9.6 0.065
IPSS reduction” (mean * SD, %) 58.0+16.3 56.6 +22.3 0.819
Clinical success rate” (%) 84.6 90.0 0.995
Complications’ - proportion of pts 2/13 7/30 0.555

ICalculated within the first week post prostatic artery embolization.

%Calculated 3 months post prostatic artery embolization (prostate volume and international prostate symptom score reduction was defined in comparison
to baseline measurement).

30Only minor complications were observed.

TU-PAE: Intentionally unilateral prostatic artery embolization; PV: Prostate volume; IPSS: International prostate symptom score.

patients (Figure 2). Additionally, in 2 of them, limited infarction of the contralateral lobe was also observed.

Radiation parameters (DAP, FT) and OT in the IU-PAE group (9767.8 nGy-m? 30.3 minutes, 64.0 minutes, respectively)
were significantly lower (45.4%, 35.9%, 45.8% respectively, P < 0.01) compared to the control group of 30 patients who
underwent bilateral PAE (Table 2). Regarding efficacy, the clinical success rates of IU-PAE were 92.3%, 84.6%, 84.6%,
84.6% and 84.6% at 2, 3, 6, 12 and 24 months post-PAE, respectively. These did not significantly differ from the clinical
success rates of the control group (Figure 3). Follow-up time ranged from 2-37 (mean: 17) months.

Early clinical failures of IU-PAE were observed in the 2 aforementioned patients with limited unilateral prostatic
infarction (Figure 4). Although both clinical failures occurred in subgroup A, clinical success rates did not significantly
differ between subgroup A and subgroup B (P = 0.173). The percentage of prostatic infarction and the degree of prostate
shrinkage were also lower in subgroup A; however, these differences were not statistically significant either (31.1% *
17.6% vs 41.8% = 13.1%, P = 0.389 and 26.6% + 9.5% vs 29.7% +16.2%, P = 1.000).

Only 2 minor complications (acute urinary retention, n = 1; inguinal hematoma, n = 1) occurred in the IU-PAE group,
vs 7 minor complications in the control group (acute urinary retention, n = 3; hemospermia, # = 1, mild rectal bleeding, n
= 2; urinary infection, n = 1). Prostate shrinkage and the extent of prostatic infarction were also comparable between the
IU-PAE group and the control group. A more detailed comparison between the IU-CEUS group and control group in
terms of imaging and clinical outcomes is provided in Table 3. Finally, there was excellent correlation between iCEUS and
post-PAE CEUS regarding the evaluation of prostatic infarction (r = 0.95, P < 0.001), although prostatic infarction tended
to be overestimated with iCEUS (mean visual estimate of prostatic infarction with iCEUS: 49.2% + 22.2%; mean
percentage of prostatic infarction with post-PAE CEUS: 36.1% *16.0%).

DISCUSSION

In this report, IU-PAE was performed in 2 subgroups of patients. In subgroup A, opacification of more than half of the
contralateral prostatic lobe was observed after catheterization of the ipsilateral PA, with or without additional
advancement of the microcatheter in contralateral prostatic branches. Subgroup A is somewhat similar to the case series
of Amouyal et al[3], although in the present work we also included patients with more than half, but less than total
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Figure 2 Representative images from a clinically successful case of intentionally unilateral prostatic artery embolization (subgroup B). A:
Axial computed tomographic angiography image shows a dominant left prostatic lobe (arrows). Left prostatic artery (PA) branches (empty arrows) are also prominent
compared to the right side; B: Left PA angiogram shows dense blush of the ipsilateral prostatic lobe; C: Dual image from intraprocedural contrast-enhanced
ultrasonography (contrast-enhanced image on the left, unenhanced, reference B-mode image on the right) 2 minutes post embolization, shows almost complete
absence of enhancement of the left lobe (inf) and persistent enhancement of the right lobe (arrow); D: Post embolization angiogram with microcatheter position near
the origin of the left PA shows disappearance of the left prostatic blush and activation of anastomoses with rectal (arrow) and vesical (dotted arrow) branches.

opacification of the contralateral lobe. Two patients showed early clinical failures in subgroup A. As these patients
underwent embolization with the relatively larger microspheres (300-500 microns), we speculate that these microspheres
failed to cross the tiny intraprostatic anastomoses with contralateral prostatic branches and never reached the
contralateral lobe. This is supported by the respective iCEUS findings (i.e., limited, unilateral infarction in these 2 cases, as
opposed to more extensive and bilateral infarction in the rest of the patients of subgroup A).

Subgroup B consisted of patients with markedly asymmetric prostatic enlargement. The “dominant” prostatic lobe
(which was exclusively embolized) was arbitrarily defined as the lobe that occupied at least two thirds of the entire gland.
In an earlier study[12], it was also arbitrarily defined that the prostate was dominantly vascularized by a unilateral PA,
when the proportion of prostatic arterial supply via one side PA was over 70%. Of note, such a dominant unilateral
arterial supply of the prostate was noted in 67.3% of the patients in this study; however, it was not reported whether this
feature was exploited in order to perform IU-PAE. In the present series, unilateral embolization of the dominant lobe
resulted in a significant extent of prostatic infarction and in satisfactory prostate shrinkage and clinical improvement. It is
likely that the relatively larger size of the arteries in the dominant lobe facilitated the antegrade flow of the embolic agent
and the accumulation of microspheres into the more distal prostatic branches and thus increased the efficacy of
embolization.

Compared to bilateral PAE in the control group, IU-PAE was associated with a significant reduction in radiation
exposure, with a 45.4% reduction in DAP and 35.9% reduction in FT. The herein reported mean DAP of IU-PAE (9767.8
pGy-m?), is lower than the corresponding value reported in the aforementioned small series of bilateral PAE through a
single PA[3]; it is also lower than the mean DAP reported in a previous work (13981.5 pG-m?), where the same equipment
as in the present study was used and several techniques (but not IU-PAE) were combined to minimize radiation exposure
during PAE[13]. The IU-PAE procedure was also significantly faster compared to bilateral PAE; this could be a crucial
advantage when anxious and less cooperative patients are treated. Remarkably, these benefits of IU-PAE were not
associated with any compromise in short- to mid-term clinical efficacy. The satisfactory clinical success rate of [U-PAE
(84.6% up to 30 months post PAE) is clearly higher than that of “traditional” unilateral PAE[1] and comparable to that of
bilateral PAE. However, it should be acknowledged that the long-term efficacy of IU-PAE has not been investigated and
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Figure 3 Kaplan-Meier curves show no statistically significant differences in the clinical success rates between the intentionally
unilateral prostatic artery embolization group and the control group (P = 0.995). IU-PAE: Intentionally unilateral prostatic artery embolization.
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Figure 4 Representative images from a clinically unsuccessful case of intentionally unilateral prostatic artery embolization (subgroup A).
A: Left prostatic artery (PA) angiogram (frontal projection) with the microcatheter tip near the origin of the PA (arrow) shows opacification of the left lobe and of the
largest part of the right lobe; B: Left PA angiogram (frontal projection) post embolization, from a more proximal position, shows apparent devascularization of the
prostate; C: Dual image from intraprocedural contrast-enhanced ultrasonography (contrast-enhanced image on the left, unenhanced, reference B-mode image on the

right) 2 minutes post embolization, shows minimal infarction (arrow) in the left lobe.
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there is (at least theoretically) a risk of early reperfusion from the untreated contralateral branches.

In this work, iCEUS was applied to monitor prostatic infarction in the angio-suite, immediately post embolization.
iCEUS proved feasible and practical, with no significant delay in the procedure and no additional radiation. Although
iCEUS did not alter treatment strategy in the present work, it could be used in this way in the future: If iCEUS demon-
strates limited or no infarction immediately post IU-PAE, the operator should probably consider additional contralateral
embolization, to improve imaging and clinical outcomes. The relationship between prostatic ischemia and clinical efficacy
of PAE is still a matter of debate and of clinical and laboratory investigation[10,14-17]. Nevertheless, there are both CEUS-
and MRI-based studies[2,18-20] supporting the role of extensive prostatic ischemia as a predictor of clinical success of
PAE.

Several limitations of this study should be acknowledged: The small sample size (13 patients) limits the generalizability
of the findings. No long-term follow-up data were available. Selection criteria for IU-PAE were arbitrarily set by the
authors. Imaging evaluation was performed with US and computed tomography; magnetic resonance imaging (which is
probably the most accurate and comprehensive modality for peri-interventional imaging of the prostate)[21] was not
utilized.

CONCLUSION

This work provides additional evidence regarding IU-PAE. In selected patients, this approach appears to be comparable
to bilateral PAE in terms of safety and short- to mid-term clinical efficacy, but with significantly lower radiation exposure
and significantly shorter OT. Clearly, larger studies are required to validate the herein presented findings, and to explore
the long-term outcomes of IU-PAE. iCEUS appears to be a practical modality for on-site monitoring of the ischemic effect
of embolization, with a potential role in patient selection for IU-PAE. iCEUS also appears to be a feasible and versatile
variant of the standard CEUS technique and its place in the context of other interventional radiology procedures warrants
further research.
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Abstract

BACKGROUND

Osteoid osteoma is a benign bone tumor with characteristic clinical sympto-
matology. The selected method for its treatment is percutaneous radiofrequency
ablation. However, percutaneous cryoablation is an alternative method with
certain advantages.

AIM

To evaluate percutaneous computed tomography (CT)-guided cryoablation for
the treatment of osteoid osteoma in young patients and adults.

METHODS

A total of 25 patients were treated with percutaneous CT- guided cryoablation for
osteoid osteomas between October 2020 and March 2023 at a single institution. All
patients were above 14-years-old (mean age, 24-years-old), and all procedures
were performed under local anesthesia. Of the 25 patients, 8 were female and 17
were male. Tumor sites included the femur (n = 9), medial malleolus (1 = 4), sacral
ala (n = 4), facets (n = 4), humerus (n = 3), and tibia (n = 1). One cryoprobe was
used in each procedure and, when possible, the lesion was covered by the ice-ball
using an extraosseous position without penetrating the nidus. All necessary ther-
mal protective techniques were used depending on the anatomical structure at
risk.
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RESULTS

All patients treated had complete response (100% clinical success rate) starting on the day of the procedure.
Technical success was achieved in all cases. Visual analog scale (VAS) scores at 1 year were 0, compared to a mean
VAS score of 8.5 £ 1 (SD) before the procedure. No recurrences were reported at the 1-year follow-up and no
complications were observed. In 11/25 cases, an extraosseous position of the cryoprobe was used with less
procedural time achieving technical and clinical success and no complications with less patient discomfort. All
patients were discharged from the hospital on the same day as the procedure.

CONCLUSION

Cryoablation of osteoid osteomas is an efficacious and safe procedure with durable clinical results. Its greatest
advantage is that the procedure can be performed under local anesthesia using an extraosseous position of the
cryoprobe when possible.

Key Words: Cryoablation; Osteoid osteoma; Computed tomography guidance; Interventional radiology; Orthopedics; Bone
tumors

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

Core Tip: This study aims to evaluate percutaneous cryoablation for the treatment of osteoid osteomas. Our results prove that
cryoablation is safe and effective as a treatment option for these tumors and has certain advantages over other ablative
methods. Cryoablation has the advantage of extraosseous positioning of the cryoprobe, avoiding bone drilling, less
procedural and post-procedural pain, making it possible for the procedure to be performed strictly under local anesthesia and
the ability to treat larger lesions with a single probe placement.
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INTRODUCTION

Osteoid osteoma is a benign bone tumor, ranking third in frequency among bone tumors and accounting for about 14% of
all cases. The first case was described in 1930, and it was recognized as a distinct entity in 1935[1]. This tumor predom-
inantly occurs during the second decade of life, affecting males four times more often than females. Patients typically
present with dull, night-time pain that subsides after taking aspirin or non-steroidal anti-inflammatory drugs (NSAIDs)
[2]. The tumor consists of a nidus surrounded by thick sclerotic bone, and the nidus is formed by prostaglandin-
producing cells. Although the exact pain mechanism remains unclear[3], the composition of the nidus is believed to
contribute to the pain.

Osteoid osteomas are most commonly found in the cortex of the femur, tibia, and vertebral pedicles. Diagnosis is
typically based on the characteristic clinical presentation of night pain and is confirmed by imaging techniques such as X-
rays, computed tomography (CT), magnetic resonance imaging (MRI), or even SPECT scans[4]. CT scans are preferred for
diagnosing osteoid osteomas because they clearly depict the nidus and assist in differentiating the tumor from conditions
like Brodie's abscess and osteomyelitis. MRI is highly sensitive in detecting surrounding bone marrow and soft tissue
edema, which can resemble tumors and osteomyelitis. Double-density scintigraphy is also effective in imaging osteoid
osteomas and is often followed by a CT scan[5].

Treatment options include conservative management with analgesics or NSAIDs while awaiting spontaneous
regression, and surgical excision, which comes with disadvantages like large incisions, prolonged hospitalization, and the
potential need for reoperation in cases of incomplete excision. Minimally invasive techniques, such as trephine excision of
the nidus and radiofrequency (RF) ablation, considered the gold standard, have been established as effective solutions
that improve outcomes and offer better post-procedure recovery for patients. Percutaneous cryoablation is a well-
established method for treating bone tumors and other malignancies, offering optimal oncologic outcomes[6]. Its major
advantages in bone ablation include the ability to penetrate dense bone, reduced procedural pain, and the visualization of
the ice ball. Additionally, cryoablation can create larger ablation volumes, which is particularly beneficial for treating
osteoid osteomas with eccentric shapes, potentially improving treatment outcomes.

Our study aims to highlight the efficacy and safety of performing cryoablation under local anesthesia in a series of 25
cases of osteoid osteoma, reinforcing the validity of this method as a treatment option.
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MATERIALS AND METHODS

Included patients

Cryoablation therapy was performed on 25 patients, all diagnosed with osteoid osteoma. These patients were initially
examined at our orthopedic outpatient department before being referred to the interventional radiology department for
treatment. This retrospective study was approved by the scientific committee of our hospital, which oversees research
ethics, and written consent was obtained from all patients for reviewing their clinical and imaging data. The study
included patients over 14-years-old with typical clinical presentation and imaging findings of osteoid osteoma. Exclusion
criteria included coagulation disorders, pain of different origin, acute infection, and previous interventions for treating
osteoid osteoma. One patient who had undergone two unsuccessful RF ablations for a femoral osteoid osteoma, resulting
in massive periostitis, was excluded from the study.

The clinical presentation in all cases was characteristic night pain relieved by aspirin or NSAIDs. Diagnosis was
confirmed through imaging, including MRI, unenhanced CT scans, and in some cases, Technetium-99 bone scans. Typical
CT findings included a lucent nidus surrounded by reactive sclerotic bone. MRI showed bone edema, and intravenous
gadolinium administration revealed osteoid osteoma nidus. Bone scintigraphy was used when additional diagnostic
information was needed and typically showed focal uptake and the characteristic double-density sign. Of the 25 patients,
8 were female and 17 were male, with a mean age of 28-years-old (range: 15 years to 53 years). The procedures were
performed between October 2020 and March 2023. Tumor sites included the femur (n = 9), medial malleolus (1 = 4), sacral
ala (n = 4), facets (n = 4), humerus (n = 3), and tibia (n = 1) (Table 1).

Procedure

All procedures were performed under CT guidance with local anesthesia using 1% lidocaine at the skin entry site and the
periosteum. Paracetamol (1 g) and tramadol (100-200 mg) were administered intravenously before the procedure for pain
control. Prophylactic IV antibiotics (1 g cefoxitin) were given to all patients. Even patients requiring direct nidus
penetration were treated under local anesthesia. The entire procedure was conducted under strictly aseptic conditions.
The cryoprobe was positioned either adjacent to the lesion without penetrating the cortex or directly into the nidus with
bone penetration, depending on the location of the osteoid osteoma.

To ensure complete coverage of the lesion from an extraosseous position, the cryoprobe was placed parallel to the
cortex, covering the entire lesion with the ice ball (11/25 cases). In other cases, the nidus was penetrated with a bone
trocar, and the cryoprobe was then coaxially inserted. The access needle was withdrawn at least 3 cm to expose the
cryoprobe and prevent contact between the ice ball and the needle.

For each procedure, an IceSeed Cryoprobe 17 g or IceSphere Cryoprobe 17 g (Boston Scientific, Marlborough, MA,
United States) was used, capable of creating an ice ball measuring 15 mm x 20 mm and 23 mm x 29 mm, respectively, at -
20°C. A freeze-thaw-freeze protocol was applied, consisting of two 10-minute freezing cycles with an intermediate
thawing cycle, divided into a 9-minute passive thaw and a 1-minute active thaw. The ice ball formation was monitored by
consecutive CT scans, appearing as a hypodense area in the soft tissues, but not visible in the bone, with the ability to
penetrate sclerotic bone.

When the ice ball adequately covered the lesion and the cryosphere approached within 1 cm of a critical structure, the
generator power was reduced to 60%. Depending on the case, passive and active thermoprotection techniques were
applied to avoid thermal injury to adjacent sensitive structures, such as nerves, cartilage, and skin. Techniques like
hydrodissection, neurostimulation, and thermocouple placement were used to monitor the temperature and function of
adjacent nerve roots. A warm glove combined with hydrodissection was used for skin protection, while direct injection of
warm saline was employed for joint protection (Figures 1, 2, and 3).

Performing the procedure under local anesthesia allowed communication with patients to assess any discomfort and
enabled real-time nerve monitoring by asking patients to perform specific movements related to the nerve at risk. At the
end of the procedure, the ice ball adequately enclosed the nidus of the osteoid osteoma. Peri- and post-procedural pain
was significantly less compared to RF ablation, and all patients were able to ambulate and were discharged on the same
day after the procedure.

Anti-inflammatory drugs were prescribed for 4 days, and patients were advised to refrain from heavy sports activities
for 2 weeks.

Follow-up

All patients were clinically evaluated 1 week after the procedure to assess any complications and to evaluate their post-
procedural visual analog scale (VAS) scores. Clinical data were also collected at 6 months and 1 year after the procedure.
No imaging studies were conducted if patients experienced complete relief of their symptoms. Complete pain relief at 1
year was defined as clinical success.

RESULTS

For statistical analyses in this study, the Shapiro-Wilk test was employed to assess the normality of continuous variables.
Depending on the results of this test, continuous variables were then described using either the mean (SD) or the median
(IQR). Categorical variables, such as sex, were reported as frequencies and percentages.
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Table 1 Clinical and demographic data of the patients

No. Sex Age Location VAS pre VAS post (1-12 months) Complication
1 Female 58 Sacrum 7 1 Nothing
2 Female 18 Medial malleolus 8 0 v
3 Male 41 Humerus 9 0 v
4 Male Femur 9 0 ”
5 Male 24 O5 facet 7 0 ”
6 Male 16 Femur 8 0 ”
7 Female 27 O3 facet 8 1 v
8 Female 16 Medial malleolus 10 0 i
9 Male 18 Femur 8 0 v
10 Male 45 Sacrum 7 0 b
11 Male 19 Femur 8 1 v
12 Male 20 Humerus 9 1 b
13 Male 18 Tibia 9 0 "
14 Male 23 Femur 8 0 ”
15 Male 18 Humerus 8 0 ”
16 Female 51 Sacrum 7 1 ”
17 Female 19 Medial malleolus 8 0 b
18 Male 44 Humerus 9 0 v
19 Male Femur 9 0 i
20 Male 26 O4 facet 7 0 v
21 Male 17 Femur 8 0 v
22 Female 29 O5 facet 8 1 v
23 Female 15 Medial malleolus 10 0 ”
24 Male 19 Femur 8 0 b
25 Male 40 Sacrum 7 0 ”

VAS: Visual analog scale.

To evaluate differences in outcomes over time, such as pain levels before and after treatment, the Wilcoxon signed-rank
test was used for comparing related samples. Additionally, generalized estimating equation (referred to as GEE) models
were applied to examine changes in pain and other variables at different time points. The GEE models are particularly
advantageous for analyzing longitudinal non-normal data, as they utilize all available data for each individual.

Statistical significance was determined using a P-value threshold of less than 0.05. The analyses were performed using
IBM SPSS 27.0 (IBM Corp., Armonk, NY, United States).

Technical success was achieved in all cases, with the ice ball adequately covering the lesion. All procedures were
performed under local anesthesia. An extraosseous position of the cryoprobe was used in 11 out of 25 cases (Figure 4).
Biopsies were performed in only 2 cases where the nidus of the osteoid osteoma was larger than 1 cm.

Patient data were collected at 1 month, 6 months, and 1 year after the procedure, with all cases having at least a 1-year
follow-up. All patients experienced complete pain relief starting the day after the procedure and reported no discomfort
during follow-up. VAS scores at 1 year were 0, compared to a mean VAS score of 8.5 + 1 (SD) before the procedure
(Figure 5). No recurrences were reported at the 1-year follow-up, and no complications were observed.

All patients reported that they tolerated the procedure very well, with no discomfort and no post-procedural issues.

We also compared the results of the 11 cases where an extraosseous position was used vs the 14 cases where an
intraosseous position of the cryoprobe was positioned via bone penetration. Technical success was achieved in both
groups. The procedural time was similar between the intraosseous group and the subset of extraosseous positioning cases
where hydrodissection was used [60 + 10 (SD) minutes]. However, in the 4/11 extraosseous positioning cases where
hydrodissection was not required, the procedural time was significantly faster [30 + 10 (SD) minutes]. Neither group
reported complications with minimal periprocedural pain, but patients in the extraosseous group reported less proce-
dural discomfort. Patients from both groups were discharged the same day of the procedure.
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Figure 1 Eighteen-year-old female-osteoid osteoma of the medial malleolus (tibia). A: Coronal T2WI image reveals 1 cm lesion of the medial
malleous in close proximity to the skin and the ankle joint; B: Computed tomography image demonstrates a Iytic lesion with reactive sclerosis. The lesion was
biopsied and confirmed as an osteoid osteoma; C: Cryoablation procedure: Cryoprobe placement inside the nidus and a spinal needle in the joint for active warming
during the procedure. Skin was hydrodissected with a mixture of saline and local anesthetic and a warm glove was applied for protection.

Figure 2 Twenty-four-year-old male-osteoid osteoma of the L4-L5 facet joint. A: Computed tomography axial image L4-L5 facet joint osteoid osteoma;
B: Placement of the cryoprobe at an extraosseous position; C: Placement of a thermocouple near the nerve root for temperature monitoring. Spinal needle at the
same level for epidural dissection and active warming; D: Iceball visualization as hypodense area covering the entire lesion.
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Figure 3 Seventeen-year-old male-humerus bone multiple osteoid osteomas. A: Computed tomography thick slice and magnetic resonance imaging
showing three radiolucent lesions in head, epiphysis and diaphysis of right humerus bone with periosteal edema; B: Visualization of the three cryoprobes. Two of
them were placed in extraosseous positions and one of them was placed in an intraosseous position; C: Hydrodissection of the axillary nerve with thermocouple for
temperature monitoring, protection and active warming.

DISCUSSION

Osteoid osteoma, a benign bone tumor, presents a unique challenge in clinical management. The current study explores
the efficacy and safety of percutaneous CT-guided cryoablation as a treatment option for osteoid osteomas in adults. The
findings reveal compelling evidence supporting the validity of cryoablation in this context. The primary outcome of the
study was a 100% clinical success rate, and it underscores the effectiveness of cryoablation in treating osteoid osteomas.
This aligns with previous research that has demonstrated the ability of cryoablation to induce complete response and
relief from the characteristic night pain associated with osteoid osteomas.

The excellent outcomes of cryoablation have been highlighted in other studies, as well. Le Corroller et al[7] presented a
series of 50 cases that treated osteoid osteoma with cryoablation techniques. The patients had no post-procedural pain,
VAS scores decreased from 8 before the procedure to 0 at 6-months follow-up, and had only 1 case that cryoablation
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Figure 4 Twenty-three-year-old male-tibia ostoid osteoma. A: Axial computed tomography image of a tibia osteoid osteoma; B: Placement of the
cryoprobe at an extraosseous position parallel to the cortex; C: Hypodense ice covering the whole lesion.

u.

Figure 5 One month after cryoablation procedure of osteoid osteoma of humerus bone reduction of the periosteal reaction.

failed due to bad positioning of the probe. Coupal et al[8] reported similar outcomes in a 10-case series. All patients had
reduced pain after the procedure and in the follow-up. All cases had technical and clinical success, and no complications
were reported. Finally, Whitmore et al[9] reported 29 cases that included adults and children. They achieved 100%
technical success rate and had long-term clinical outcomes of cryoablation around 90%. The high technical success rate
further solidifies cryoablation as a reliable therapeutic option for this particular benign bone tumor.

An intriguing aspect of the study is the utilization of local anesthesia and the preference for an extraosseous position of
the cryoprobe. These choices contribute to the overall patient experience and also underscore the adaptability of cryoab-
lation in diverse clinical settings. Performing the procedure under local anesthesia is a notable advancement[10],
potentially reducing the procedural burden on patients and minimizing the need for general anesthesia, which may be
associated with additional risks.

The deliberate selection of an extraosseous position for the cryoprobe, without penetrating the nidus when possible,
adds a layer of sophistication to the technique. This approach enhances the safety profile of the procedure and highlights
the precision achievable with CT guidance. The ability to tailor the procedure to the individual characteristics of the
lesion, considering its location and morphology, speaks to the versatility of cryoablation.

The cryoprobe was inserted at an extraosseous position when the lesion was accessible from outside the bone and not
deeply embedded within it. This approach offers several advantages, such as avoiding bone penetration, which reduces
procedural pain and shortens the procedural time. By not penetrating the bone, the risk of complications associated with
bone damage is minimized. Additionally, this technique can effectively treat the lesion if the ice ball adequately covers
the tumor and if any critical structures outside the bone are properly protected with techniques like hydrodissection and
temperature monitoring, particularly for nearby nerves.

In the study, 11 patients underwent cryoablation with the cryoprobe positioned at an extraosseous location, while the
remaining patients had the probe inserted intraosseously. Both groups achieved complete pain relief, with no reported
recurrences or complications at the 1-year follow-up. The patients treated with extraosseous positioning benefited from
reduced procedural pain and shorter procedural times due to the non-invasive nature of this approach. The main
challenge with the extraosseous technique is ensuring that the ice ball adequately covers the lesion while also protecting
surrounding anatomical structures. However, in this study, proper protection of critical structures, such as nerves, was
achieved using hydrodissection and temperature monitoring, leading to successful outcomes without clinical implic-
ations.
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Overall, both techniques were effective, but the extraosseous approach offers advantages in terms of reduced
invasiveness and patient comfort, provided that adequate precautions are taken to protect nearby structures. This point
highlights the versatility of cryoablation techniques and their ability to be tailored to the specific characteristics of each
lesion.

An important consideration in any interventional procedure is its safety profile. In this study, the absence of reported
complications and the same-day discharge of patients following cryoablation speak to the safety and minimal inva-
siveness of the procedure. The meticulous use of thermal protective techniques tailored to anatomical structures at risk
further enhances the safety profile, addressing concerns that may arise in proximity to critical structures[11].

Drawing comparisons with established treatment modalities for osteoid osteomas enriches the discussion. While
surgical excision[12], trephine excision, and RF ablation have been cornerstones in the management of osteoid osteomas,
cryoablation and RF ablation are both effective techniques for treating osteoid osteomas with distinct advantages.
Cryoablation is particularly noted for its lower periprocedural and postprocedural pain[13]. This is largely due to the
anesthetic effect of the cold temperatures used during the procedure, which can significantly reduce discomfort. Another
key advantage of cryoablation is the ability to visualize the ablation zone in real-time via imaging, as the "ice ball" formed
around the cryoprobe is clearly visible. This visualization ensures precise targeting of the lesion and helps protect
surrounding tissues. Moreover, cryoablation allows for the treatment of larger lesions by creating larger ablation zones.
This is extremely useful in osteoid osteomas with excessive periosteal reaction and eccentric shape, which is an in-
dependent factor of treatment failure when using RF ablation[13]. Additionally, in some cases, the cryoprobe can be
positioned in an extraosseous location, avoiding the need to penetrate the bone, which can reduce procedural complexity
and risk[14].

In contrast, RF ablation offers the advantage of faster ablation times and a more established track record, with
extensive long-term data supporting its use[15]. However, it lacks the ability to visualize the ablation zone as clearly as
cryoablation and generally requires direct bone penetration, which may contribute to higher periprocedural pain[16]. RF
ablation also lacks the ability of treating larger lesions. In such cases, the RF probe must be repositioned after the first
treatment or multiple RF probes should be used. This comparative analysis suggests that cryoablation could offer unique
advantages in specific clinical scenarios.

The clinical implications of these findings extend beyond statistical significance. Cryoablation is efficacious and
appears to positively impact the patient experience. Considering its application in young patients and adults, the
discussion should explore how cryoablation may influence recovery, hospital stay, and overall quality of life. The study
prompts further investigation into age-related considerations and variations in treatment response.

As with any study, limitations exist. Acknowledging these limitations, such as the relatively small sample size and the
absence of long-term follow-up, enhances the transparency of the research. Identifying areas for further research, such as
larger-scale trials, extended follow-up periods, or comparative studies against alternative treatments[17,18], provides a
roadmap for future investigations.

CONCLUSION

The study's findings robustly support cryoablation as an efficacious and safe treatment option for osteoid osteomas in
adults. The emphasis on local anesthesia, extraosseous positioning, and the meticulous attention to safety considerations
contribute to the evolving landscape of interventional radiology. While further research is warranted to establish the
long-term efficacy and comparative advantages of cryoablation, this study marks a significant step forward in expanding
the therapeutic options available for managing osteoid osteomas in adult patients.
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Abstract

BACKGROUND

The February 6, 2023, twin earthquakes in Tiirkiye caused significant structural
damage and a high number of injuries, particularly affecting the spine, which
underscores the importance of understanding the distribution and nature of ver-
tebral injuries in disaster victims.

AIM

To investigate the distribution of radiological findings of vertebral injuries in pa-
tients referred to a major tertiary center during the February 6, 2023 twin earth-
quakes in Tiirkiye.

METHODS

With the approval of the institutional ethics committee, 1216 examinations of 238
patients transferred from the region to a tertiary major hospital after the twin
earthquakes of February 6, 2023, were retrospectively analyzed for spine injuries.

RESULTS

Spine computed tomography (CT) scans were performed in 192 of 238 patients
with a suspected spinal injury, 42 of whom also had an magnetic resonance imag-
ing (MRI). In 86 of 192 patients (44.79%; M:F = 33:53) a spinal fracture was detec-
ted on CT and in 33 of 42 patients (78.57%; M:F = 20:13) a spinal injury was found
on MRI. Of the 86 patients in whom vertebral injury was detected, fractures were
detected in the Denis-B group in 33, Denis-C in 4, Denis-D in 20 and Denis-E in 11
patients. Among the vertebral bodies: 40 "compression fractures", 17 "burst frac-
tures", 5 "translational dislocation fractures", 5 "flexion-distraction fractures" and
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58 "prolonged forced fetal posture fractures" were detected. In addition, isolated transverse or spinous process
fractures were found in eighteen vertebrae.

CONCLUSION

Our study highlights the prevalence and diverse spectrum of spinal injuries following the February 6, 2023 twin
earthquakes in Turkey underscoring the urgent need for effective management strategies in similar disaster sce-
narios, and emphasizing the "prolonged forced fetal posture" damage we encountered in earthquake victims who
remained under the collapse for a long time.

Key Words: Accidental injuries; Compression fractures; Crush injuries; Earthquakes; Spine

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

Core Tip: In the classification of damages from the earthquakes in Turkey on February 6, 2023, it was found that the injuries
were predominantly crush-related rather than escape-related. Observations revealed that patients frequently sustained
damage to the thoracolumbar regions due to prolonged fetal positioning under debris. It was determined that a significant
portion of patients with spinal canal injuries had damage consistent with the thoracolumbar junction.

Citation: Boluk¢u A, Erdemir AG, Idilman IS, Yildiz AE, Coban Cifci G, Onur MR, Akpinar E. Radiological findings of February
2023 twin earthquakes-related spine injuries. World J Radiol 2024; 16(9): 398-406

URL: https://www.wjgnet.com/1949-8470/full/v16/i19/398.htm

DOI: https://dx.doi.org/10.4329/wjr.v16.19.398

INTRODUCTION

The catastrophic twin earthquakes measuring 7.8 and 7.7 on the Richter scale struck Kahramanmaras, Turkey, on
February 6, 2023, marked a shattering chapter in the region's history, claiming the lives of over 50000 people and leaving
thousands more injured[1,2]. The aftermath of these seismic events, saw a saturation of health services, as the scale of the
devastation exceeded the capacity of local medical facilities. Unlike other natural disasters, earthquakes impose a dispro-
portionately high toll on human lives, underscoring the urgent need for effective response mechanisms in the face of such
crises[3]. Among the myriad of injuries, spinal trauma is of particular concern as it affects a significant proportion of
earthquake survivors. In particular, the unique circumstances surrounding these injuries, including the prevalence of
crush injuries and falls, pose a particular challenge in diagnosis and treatment[4].

Following the earthquakes, the increase in crush injuries and falls precipitated a wave of spinal trauma that strained
already overstretched healthcare resources[5]. Notably, earthquake survivors were found to be at heightened risk of
developing crush syndrome, a potentially life-threatening condition characterized by the myonecrosis, rapid hypovole-
mia and excessive third-space edemal6,7]. In addition, the prevalence of vertebral fractures, often due to the high-force
impacts associated with earthquakes, underscored the complex nature of spinal injuries in this context[8].

Compression fractures typically occur due to axial loading, where the vertebral body is crushed under excessive
pressure, leading to a wedge-shaped deformity. Of particular concern was the emergence of a specific injury pattern
known as "forced prolonged fetal posture", observed predominantly among earthquake survivors and requires specia-
lized diagnostic approaches for accurate assessment[9]. The likely mechanism for a consecutive spine flexion injury due
to forced prolonged fetal posture involves excessive and sustained forward bending of the spine, which specifically exerts
abnormal compressive forces on the vertebral bodies. This stress can lead to microfractures, compression fractures, or
other traumatic injuries to the vertebrae, compromising their structural integrity and resulting in significant spinal dama-
ge. Burst fractures, caused by a more severe axial load, result in the vertebral body shattering and dispersing fragments,
which can impinge on the spinal canal. Translational dislocation fractures, on the other hand, involve the vertebrae being
displaced horizontally, often due to high-energy trauma, leading to severe instability. Flexion-distraction fractures arise
from hyperflexion, where the anterior vertebral structures are compressed while the posterior elements are distracted,
causing a failure in the vertebral integrity.

The main objective of this paper is to describe the distribution and characteristics of spinal injuries in the survivors of
the February 6 twin earthquakes. By analyzing multidetector row computed tomography (CT) and magnetic resonance
imaging (MRI) findings from a cohort of individuals who had spinal injuries after the earthquake, we attempt to clarify
the incidence and patterns of spinal trauma in this population.

Buissdenge IR | hittps://www.wjgnet.com 399 September 28,2024 | Volume16 | Issue9 |


https://www.wjgnet.com/1949-8470/full/v16/i9/398.htm
https://dx.doi.org/10.4329/wjr.v16.i9.398

Bolukcu A et al. Radiological findings of earthquakes-related spine injuries

MATERIALS AND METHODS
Study design

The study was conducted following the guidelines of the Declaration of Helsinki and approval for this retrospective
study was obtained from the Institutional Ethics Board. Our study included patients who were referred to our hospital
from the disaster area during the period from February 6 to February 28, 2023. We included all patients from the disaster
area in our study, without considering any age restrictions.

CT and MRI protocol

All CT examinations were performed in the emergency radiology station, via Somatom Perspective 64-Slice Siemens® CT
device (Erlangen/Germany). CT scan parameters were as follows: Tube voltage: 120 kV, tube current set with optimized
automatic exposure control (the ref mAs value of CT was 140 mAs), collimation thickness: 0.6-2 mm, tube rotation time:
0.6-1 seconds and collimated section thickness: 2-5 mm. The iterative reconstruction (ADMIRE, strength 2) with 30 seco-
nds soft tissue and 60 seconds bone kernel was used as a reconstruction algorithm to reduce the radiation dose.

MRI imaging was performed with a Siemens® 1.5 Tesla Aera device (Erlangen/Germany). Imaging parameters for the
cervical, thoracic, lumbar and sacral regions included a slice thickness of approximately 3-5 mm, a repetition time of
approximately 2000-2500 ms, an Time to Echo of approximately 20-40 ms, a matrix size of approximately 256 x 256 and a
field of view of 200-350 mm, depending on the region scanned. The MRI protocol for the spine examination included
axial T1-weighted, axial T2-weighted, axial fat-suppressed T2-weighted, sagittal T1-weighted, sagittal T2-weighted, and
sagittal fat-suppressed T2-weighted sequences.

Data collection and statistics
All CT and MRI examinations of the spine of these patients were included in the study. The distribution of spinal
fractures across the anatomical regions, including the cervical, lumbar, thoracic and sacral regions, was delineated.
Fractures were categorized using the Denis, Association for Osteosynthesis (AO), and TLICS classifications[10-13]. Pa-
tients were classified according to the AO classification and grouped according to their instabilities, considering the Denis
spinal column distributions. To investigate the traumatic effects of prolonged fetal position due to confinement under the
debris, we also investigated the incidence of typical consecutive spinal fractures of the thoracolumbar junction, which are
more vulnerable and correspond to levels T10-L2.

Statistical analysis included descriptive statistics and incidence calculations to describe the distribution of CT and MRI
findings of spinal fractures and to investigate consecutive spinal fractures due to prolonged fetal position.

RESULTS

1216 examinations were carried out on 238 patients who were transferred from the disaster area to our hospital. Of these,
192 patients underwent a CT scan and 42 an MRI scan. Of the 192 CT scans, 163 examinations of the cervical, thoracic and
lumbar vertebra were performed, while the remaining scans examined specific anatomical regions based on clinical
symptoms.

Of the patients who underwent CT scans, 86 patients had vertebral fractures, of which 63 (73.25%) had multiple
fractures and 23 (27.75%) had single fractures. Total fracture number was 287. In addition, 47 patients out of 63 (74.60%)
with multiple fractures had consecutive fractures, while 16 patients (25.40%) had scattered fractures. Grouping patients
according to TLICS groups of involvement revealed various types of vertebral fractures, including 40 compression
fractures, 17 burst fractures, 5 flexion-distraction fractures, 5 translational dislocation fractures, and 58 fractures due to
prolonged fetal posture. For examples of vertebral fractures in these patients, please see Figures 1, 2, 3, 4, and 5.

Most injuries occurred in the lumbar region. Sixty-three patients out of 86 patients (73.25%) sustained lumbar vertebra
fractures. Furthermore, 140 vertebral fractures were assessed within lumbar region. Of these 63 patients, 33 patients
(52.38%) had type B fractures according to the Denis classification, and 26 patients (41.26%) had type A4 fractures acco-
rding to the AO classification.

Injuries to the thoracolumbar junction (T10-L2) were most common in earthquake victims. Fifty-eight patients had
fractures at this level with total 93 fractures. Looking at the distribution of thoracolumbar region injuries based on their
vertebral levels, ten (10.75%) fractures were at the T10 Level, sixteen (17.20%) at the T11 level, nineteen (20.43%) at the
T12 level, twenty-three (24.73%) at the L1 level and twenty-five (26.88%) at the L2 level. In addition, according to the
Denis classification, 27 of them had unstable 3-column fractures in the lumbar region.

Fractures affecting the thoracic vertebrae were identified in 48 out of 86 earthquake victims. Among detected 287
vertebral fractures, 131 were localized to the thoracic vertebrae. Patients with thoracic fractures had different fracture
types, with A0 fractures being the most common. Of the 48 patients with thoracic vertebral fractures, 13 patients (27.08%)
had thoracic A0 fractures with 44 AO fractures (33.58%) identified among the 131 thoracic vertebral fractures. According
to the Denis classification, nine patients had unstable 3-column fractures in the thoracic region.

No unstable 3-column fractures were observed in patients with cervical vertebral fractures. Ten patients with fractures
in the sacral region were grouped according to the Denis zonal distribution classification, and an equal number of zone 2
and zone 3 fractures were observed.

Concomitant fractures in patients with vertebral fractures included ribs (43), upper extremities (10), lower extremities
(19), scapulas (11), sternum (4), viscerocranium (6), clavicles (6), and neurocranium (2).
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Figure 1 Prolonged fetal posture injury. A 23-year old male who jammed under debris about 15 minutes. A: Computed tomography image reveals T8 to L1
consecutive mild compression fractures (arrows), which corresponds to thoracolumbar area injury; B and C: T1W image and T2-STIR sequence show T8 to L1
vertebrae fracture and edema around them; D: The image of the volume rendering technique shows especially the fractures of the T12 and L1 vertebrae.

Figure 2 Compression fracture. A 27-year old male who was injured while escaping from the earthquake. A: Computed tomography image reveals T1-T5
vertebrae and T7 vertebra compression fractures (arrows); B and C: T2-STIR and T2W images show C6-T5 vertebrae and T7 vertebra compression fractures
(arrows) and edema around them.
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Figure 3 Flexion-distraction fracture. A 35-year old male who jammed under debris about 3 hours. A: Computed tomography image reveals the flexion-
distraction type of fracture involving T12 to L4 vertebrae, especially with anteriorly losing height (orange arrows) and distraction of posterior processes (yellow
arrows); B: STIR sequence shows fractures of T12 to L4 vertebrae and edema around fractures.

MRI showed retropulsion and narrowing of the spinal canal in 12 patients, and CT showed this in 19 patients. When
examining the distribution of fractures causing spinal canal narrowing with retro-pulsed fragments, the most common
fractures occurred at the L1 vertebra in 7 patients, followed by the T12 and L2 vertebrae in every three patients, the L4
vertebra in 2 patients, and one patient each in the L3, L5, T11, and T9 vertebrae.

Detailed information on the distribution of fracture types and the positive CT and MRI findings can be found in Tables
1,2 and 3.

DISCUSSION

The twin earthquakes that struck southeastern Turkey on February 6, 2023, represent a major disaster. Considering the
persistent presence of humanity, various types of disasters, especially earthquakes, remain inevitable. A critical aspect
requiring attention among earthquake victims is the incidence of vertebral fractures, as documented in the existing
literature from various earthquakes worldwide and corroborated by our observations following the twin earthquakes|[5,
14]. Analysis of earthquake victims reveals that a substantial portion sustain injuries from being trapped under debris,
while others experience vertebral fractures during attempts to escape the earthquake's effects. Li et al[15] demonstrated in
their research (focused on an earthquake with a magnitude of 8.0) that crush-related injuries constitute the majority of
cases; similarly, our study found that most patients were trapped under debris. Consequently, contrast material exami-
nation was limited in these patients due to the potential risk of renal damage from crush injuries. Additionally, literature
indicates that spinal injuries related to non-earthquake crush injuries are less common[5]. Our demographic analysis of
earthquake victims shows a predominance of female patients, mirroring findings from another study and suggesting a
possible link to how individuals cope with earthquake hazards. Since crush injuries are the primary cause of trauma
rather than escape-related injuries, it is likely that young male victims are better able to avoid injury[5]. This observation
aids in understanding the characteristics of the earthquake victim patient group.

In our earthquake-related cohort, the risk of lumbar spinal injury due to retro-pulsed bony fragments was most pre-
valent, with the highest incidence of fractures occurring in the lumbar region. This finding is consistent with both our
observations and results from a study on spinal cord injuries sustained during an earthquake in China (Sichuan, 2008)
[16]. Furthermore, another study on earthquakes in China suggests that the extensive coverage area of the lumbar region
may contribute to its increased susceptibility to crush injuries, further validating our findings. Our study makes a unique
contribution to the existing literature by observing that a substantial proportion of patients exhibited fractures in multiple
vertebrae, a finding that aligns with previous studies. However, unlike the study by Dong et al[5], which identified minor
fractures across multiple widely dispersed areas, our patient cohort predominantly involved consecutive fractures.

A study examining spinal fractures during the Wenchuan earthquake (with a magnitude of 8.0) identified burst and
compression fractures as the most prevalent types[15]. Similarly, in our patient group, compression fractures emerged as
the most frequently observed fracture type. Additionally, as indicated in the study by Dong et al[5], compression fractures

Buissdenge IR | hittps://www.wjgnet.com 402 September 28,2024 | Volume16 | Issue9 |



Bolukcu A et al. Radiological findings of earthquakes-related spine injuries

Table 1 Positivity rates and age-gender distribution

Total number of patients Positive findings (%) Gender distribution (%) Mean age  Standard deviation ~ Median
CT (192) 86 (44.79) Female: 53 (61.62); Male: 33 (38.37) 4525 19.56 46.00
MRI (42) 33 (78.57) Female: 20 (60.60); Male: 13 (39.39) 52.00 19.91 55.00

MRI: Magnetic resonance imaging; CT: Computed tomography.

Table 2 The distribution of injury types

Number of patients (86 pts w 287 vertebra fractures)  Mean Standard

U7 g2 (%) age deviation Wedian
Compression 40 (46.51) 40.82 20.97 38.50
Burst 17 (19.76) 53.47 18.53 61.00
Translation dislocation 5(5.81) 49.40 14.97 52.00
Flexion distraction 5(5.81) 30.20 17.66 26.00
Isolated transverse or spinous process 18 (20.93) 49.88 15.72 52.00
fracture

Prolonged fetal posture injury 58 (67.44) 4522 19.52 48.00

Table 3 The distribution of injury types according Denis-grading system

Denis  Number of patients (86 pts w 287 vertebra fractures) (%) Mean age Standard deviation Median
B 33 (38.37) 40.06 22.04 36.00
C 4 (4.65) 54.00 11.31 54.00
D 20 (23.25) 50.75 18.38 60.00
E 11 (12.79) 43.09 20.95 52.00

may result from direct vertical force or axial loading due to falling objects, indicative of crush injury mechanisms. The
high number of compression fractures in our study is correlated with the predominance of patients presenting with crush
injuries. Although literature on patients with triple column fractures is limited, our study observed a significant
occurrence of these unstable fractures among patients. The prevalence of such fractures in earthquake-related trauma
exhibits high-energy trauma characteristics. Upon assessing the likelihood of spinal cord injury in our patient group
through clinical evaluation and MRI findings, positive indications were observed in a minority of cases, consistent with
findings reported in the literature[16,17]. Furthermore, the absence of myelopathy despite evident spinal canal compre-
ssion on MRI was correlated with the lack of clinical symptoms in these patients.

The thoracolumbar junction, corresponding to the T10-L2 vertebral levels, is one of the most frequently traumatized
areas due to its mechanical vulnerability. This region serves as a transition zone between the thoracic levels, which are
stabilized by the ribs and sternum, and the more mobile lumbar levels[18]. Various studies have demonstrated how
different body positions affect spinal injuries, and the thoracolumbar region is particularly susceptible to injury in earth-
quake scenarios[5,9,19-22]. Our research supports this, revealing that the majority of earthquake victims with vertebral
fractures had injuries at the thoracolumbar junction (T10-L2). Specifically, when examining patients likely to experience
neurological damage due to bony fragment retropulsion into the spinal canal, we found that the majority of these cases,
totaling fourteen patients, involved the thoracolumbar junction.

The literature suggests that fractures in the thoracolumbar region occur more frequently due to the kyphotic posture
patients often adopt, particularly within the "life triangle," as a protective mechanism against crush injuries[9,23]. This
kyphosis-related damage is more likely because earthquake victims tend to minimize their surface area and adopt a
hyper-flexed fetal position instinctively to shield themselves from harm. Additionally, the human spine's center of gravity
is located anterior to the thoracolumbar junction, further contributing to the tendency of patients to assume this pro-
tective fetal position.

The study has several limitations. It is retrospective in nature and confined to a single-center setting. Additionally,
while all patients underwent CT imaging, the availability of MRI imaging was limited. A significant limitation of our
study is the lack of comprehensive data, as we only have information on the duration patients were trapped under rubble
and the time elapsed between their rescue and hospital admission, which limits our ability to investigate the impact of
time on vertebral injury patterns and distribution, highlighting the need for further research in this area. Despite these
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Figure 4 Burst fracture. A 63-year old female who jammed under debris about 48 hours. A: Computed tomography image reveals the burst fracture of the L4
vertebra (arrows) with the loss of height; B and C: T2W and STIR sequence show the retropulsed bone fragment and narrowing of the spinal canal (arrows).

Figure 5 Translation-dislocation fracture. A 52-year old male who jammed under debris about 12 hours. A: Sagittal reformat computed tomography (CT)
image reveals the translation type of L4 vertebra fracture (arrow), extending into the right facet joint. B: Axial CT image of the same patient reveals the right
transverse process fracture of L4 extending into the right facet joint.

limitations, the study's strengths lie in its comprehensive analysis of vertebral fractures among earthquake victims, partic-
ularly its focus on the thoracolumbar junction and the correlation between injury patterns and trauma mechanisms.

CONCLUSION

In the classification of damages from the earthquakes in Turkey on February 6, 2023, it was found that the injuries were
predominantly crush-related rather than escape-related. Observations revealed that patients frequently sustained damage
to the thoracolumbar regions due to prolonged fetal positioning under debris. It was determined that a significant portion
of patients with spinal canal injuries had damage consistent with the thoracolumbar junction.
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Abstract

BACKGROUND

Retinal microcirculation alterations are early indicators of diabetic microvascular
complications. Optical coherence tomography angiography (OCTA) is a nonin-
vasive method to assess these changes. This study analyzes changes in retinal
microcirculation in prediabetic patients during short-term increases in blood
glucose using OCTA.

AIM
To investigate the changes in retinal microcirculation in prediabetic patients
experiencing short-term increases in blood glucose levels using OCTA.
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METHODS

Fifty volunteers were divided into three groups: Group 1 [impaired fasting glucose (IFG) or impaired glucose
tolerance (IGT)], Group 2 (both IFG and IGT), and a control group. Retinal microcirculation parameters, including
vessel density (VD), perfusion density (PD), and foveal avascular zone (FAZ) metrics, were measured using OCTA.
Correlations between these parameters and blood glucose levels were analyzed in both the fasting and
postprandial states.

RESULTS

One hour after glucose intake, the central VD (P = 0.023), central PD (P = 0.026), and parafoveal PD (P < 0.001) were
significantly greater in the control group than in the fasting group. In Group 1, parafoveal PD (P < 0.001) and FAZ
circularity (P = 0.023) also increased one hour after glucose intake. However, no significant changes were observed
in the retinal microcirculation parameters of Group 2 before or after glucose intake (P > 0.05). Compared with the
control group, Group 1 had a larger FAZ area (P = 0.032) and perimeter (P = 0.018), whereas Group 2 had no
significant differences in retinal microcirculation parameters compared with the control group (P > 0.05).
Compared with Group 1, Group 2 had greater central VD (P = 0.013) and PD (P = 0.008) and a smaller FAZ area (P
= 0.012) and perimeter (P = 0.010). One hour after glucose intake, Group 1 had a larger FAZ area (P = 0.044) and
perimeter (P = 0.038) than did the control group, whereas Group 2 showed no significant differences in retinal
microcirculation parameters compared with the control group (P > 0.05). Group 2 had greater central VD (P =
0.042) and PD (P = 0.022) and a smaller FAZ area (P = 0.015) and perimeter (P = 0.016) than Group 1. At fasting,
central PD was significantly positively correlated with blood glucose levels (P = 0.044), whereas no significant
correlations were found between blood glucose levels and OCTA parameters one hour after glucose intake.

CONCLUSION
A short-term increase in blood glucose has a more pronounced effect on retinal microcirculation in prediabetic
patients with either IFG or IGT.

Key Words: Prediabetes; Blood glucose; Optical coherence tomography angiography; Retinal microcirculation; Central vessel
density; Impaired fasting glucose; Impaired glucose tolerance
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Core Tip: Explore prediabetes-related retinal microcirculation changes with Optical coherence tomography angiography.
Categorizing volunteers into Impaired fasting glucose (IFG), impaired glucose tolerance (IGT), and controls, our study
reveals postprandial shifts in vessel density, perfusion density (PD), and foveal avascular zone (FAZ) metrics. Noteworthy
findings include increased FAZ circularity in IFG/IGT, larger FAZ area/perimeter in IFG, and positive correlation of fasting
PD with blood glucose. This novel analysis provides insights into the nuanced impact of short-term blood glucose elevation
on retinal microcirculation in prediabetes. Clinicians and researchers, stay tuned for potential clinical implications!
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INTRODUCTION

Diabetes is a common chronic metabolic disease, and its incidence continues to rise with improvements in living
standards and changes in eating habits[1,2]. The disease mainly manifests clinically as typical symptoms such as
polydipsia, polyuria, polydipsia, and weight loss, which have a serious impact on health[3,4]. The main complications of
diabetes include diabetic retinopathy (DR), nephropathy, and neuropathy[5]. Among these, DR involves pathological
changes in the retinal microcirculation and is the leading cause of blindness in most developing countries[6]. During the
transition from the high-risk stage to the diagnosis of diabetes, patients experience the prediabetes stage, which is charac-
terized by impaired fasting glucose (IFG) and impaired glucose tolerance (IGT), as determined through oral glucose
tolerance tests (OGTTs). IFG is defined as a fasting blood glucose level greater than 5.6 mmol/L, with a blood glucose
level of less than 7.8 mmol/L two hours after the administration of an oral glucose solution; the other is IGT, which is
defined as a level of blood glucose greater than 7.8 mmol/L but less than 11.1 mmol/L two hours after the administration
of an oral glucose solution[7,8]. A short-term increase in blood sugar may cause insulin resistance[9]. In patients with
prediabetes, it is necessary to observe changes in the retinal microcirculation for early diagnosis, intervention and
prevention of DR and other complications of diabetes.

WIR | https://www.wjgnet.com 408 September 28,2024 | Volume16 | Issue9 |

Jaishideng®


https://www.wjgnet.com/1949-8470/full/v16/i9/407.htm
https://dx.doi.org/10.4329/wjr.v16.i9.407

Hu K et al. Prediabetic retinal microcirculation changes

Optical coherence tomography angiography (OCTA) has emerged as a novel, noninvasive imaging technology that
visualizes the microvascular structures of the retina and choroid[10-12]. This method provides detailed images of the
retinal and choroidal vasculature without the need for dye injections, making it a safer and more convenient alternative to
traditional angiographic techniques[13]. In recent years, as an auxiliary examination, OCTA has been widely used in
systemic diseases that cause pathological manifestations in the eyes[14,15]. It can be employed to quantify relevant
indicators of the fundus, including vessel density (VD), perfusion density (PD), and the area, perimeter and circularity of
the foveal avascular zone (FAZ). Studies have suggested that OCTA can diagnose a significant proportion of diabetic
patients with fundus microvascular abnormalities overlooked by other ocular tests, indicating its importance in the early
diagnosis of diabetes[16]. However, most research has focused on patients with type 2 diabetes, whose retinal microcircu-
lation are affected by factors such as age, hypertension, and coronary heart disease[17,18]. Additionally, older diabetic
patients may face issues such as unclear refractive media, poor examination coordination, and susceptibility to OCTA
motion artifacts, which can affect measurement accuracy[19,20].

Prediabetic patients, primarily those who are young or middle-aged, generally exhibit greater examination tolerance
and fewer ocular and systemic diseases, leading to more reliable OCTA results. However, the literature on retinal
microcirculation changes in prediabetic patients remains limited[21-23]. This study aimed to explore the effects of short-
term blood glucose increases on retinal microcirculation in the macular area of prediabetic patients, emphasizing the
importance of early detection and intervention.

MATERIALS AND METHODS

Basic information

In this prospective study, 50 patients underwent OGTTs at the Laboratory of the Endocrinology Department of the First
Affiliated Hospital of Chongqing Medical University. All participants were informed, and their consent was obtained.
The experimental data were collected from September 1 to November 30, 2020, and patients were divided into a control
group (22 patients, 22 eyes), a group with either IFG or IGT (14 patients, 14 eyes, Group 1), and a group with both IFG
and IGT (13 patients, 13 eyes, Group 2). After the subjects signed the informed consent form, their basic information,
including sex, age, history of systemic diseases, and best corrected visual acuity, was collected. Then, OGTTs were
performed after fasting blood glucose levels were recorded. To conduct the OGTTs, we dissolved 75 g of glucose powder
in 200 mL of warm water, mixed it well, and instructed the patients to take it within 5 minutes, after which their blood
sugar levels were recorded 1 and 2 hours after oral intake of the glucose solution. This study was approved by the Ethics
Committee of The First Affiliated Hospital of Chongqing Medical University, with approval No. 2021-648 and an
approval date of December 30, 2024.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) Aged 20-60 years; (2) Best-corrected visual acuity of 0.8 or above; (3) The
refractive media of both eyes is transparent under slit lamp examination; (4) Normal intraocular pressure; and (5) No
history of ocular trauma or surgery.

The exclusion criteria were as follows: (1) The subject was diagnosed with other ophthalmological diseases, such as
glaucoma, high myopia (= -6.0 DS), uveitis, hypertensive retinopathy, etc.; (2) The signal strength of OCTA image
scanning was less than 6 (total signal strength was 10); (3) The patient poorly cooperated, and the OCTA image had
obvious artifacts; or (4) The patient had been diagnosed with diabetes, had recently used glucose-controlling drugs, or
had been diagnosed with malignant tumors, autoimmune system diseases, or blood system diseases.

Image acquisition

All images were collected independently by two experienced ophthalmologists from the entire study group, and the
average of their results was used as statistical data. All images were collected using the Zeiss OCTA (Cirrus HD-OCT,
5000, Germany) in angiography 3 mm x 3 mm mode. Each region was scanned three times to ensure data validity, and
images with a signal strength greater than 6 were selected. The built-in Forum software automatically identified and
displayed indicators of the superficial retina in the macular area. The OCTA images revealed four layers: The choroidal,
choriocapillaris and retinal nerve epithelium layers and the vitreoretinal interface. We analyzed data from the avascular
layer, deep retinal layer, superficial retinal layer, and color depth encoding map. This study focused on the superficial
retinal layer, with the scanning area divided on the basis of ETDRS standards into concentric circles centered on the fovea
(1 mm and 3 mm in diameter). The retina was segmented into a 1 mm circular area, a 1 mm to 3 mm annular area, and a 3
mm circular area. The VD and PD were calculated for each area. The quantitative parameters included the VD, PD, and
the area, perimeter, and circularity index of the FAZ. VD was the ratio of vessel length to area[24], PD was the ratio of
vascular coverage to area, and the FAZ circularity index ranged from 0 (no circularity) to 1 (perfect circle), indicating the
impact of disease on FAZ morphology. We collected data from the same eye (left eye) for each subject, as a literature
review indicated that most OCTA measurements analyze data from the same eye for consistency[25,26]. Each subject
underwent measurements at two time points: Fasting and one hour after oral glucose solution intake. Each time, three
measurements were taken, and the average of these measurements was used for statistical analysis.
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Statistical analysis

SPSS 23.0 software was used for statistical analysis and processing. Fisher’s exact test was used for the statistical analysis
of categorical data. Normality and homogeneity of variance tests were used on continuous data. According to the results,
a one-way analysis of variance or the Kruskal-Wallis H test was performed for group comparisons, and Bonferroni
correction was used for pairwise comparisons. The data are expressed as the means and standard deviations. The
comparison between patients before and after the OGTT was performed via paired ¢ tests; otherwise, the paired Wilcoxon
signed-rank test was used. According to the normality of the data, Pearson’s or Spearman’s correlation analysis between
blood glucose and OCTA indicators was used. A P value < 0.05 indicated that the difference was statistically significant.

RESULTS

General information

The average ages of the normal control group (CN), Group 1 and Group 2 were 29.57 + 3.92, 30.79 + 6.92 and 34.15 + 8.53
years, respectively. The male-to-female ratios of these three groups were 2:21, 1:13 and 2:11, respectively (Table 1). There
were no statistically significant differences in age (P = 0.248) or sex (P = 0.707) between the control group, Group 1 and
Group 2.

Comparison of OCTA indices in the superficial retina between fasting conditions and after one hour of OGTT

In the control group, the central VD and PD increased one hour after the subjects consumed the glucose solution (P =
0.023, P = 0.026). One hour after the oral intake of the glucose solution in Group 1, the FAZ circularity was greater than
that in the fasting condition (P = 0.023). In Group 2, there were no significant changes in the retinal microcirculation one
hour before or after the OGTT (P > 0.05; Table 2). Detailed data on the vascular density, perfusion density, and FAZ
under fasting conditions and after one hour of glucose intake can be found in Supplementary Table 1.

Comparison of OCTA indices in the superficial retinal layer among the three groups during fasting

The FAZ area and perimeter were greater in Group 1 than in the control group (P = 0.032, P = 0.018). There was no
significant difference in the retinal microcirculation indices between the control group and Group 2 (P > 0.05). The central
VD and PD of Group 2 were greater (P = 0.013, P = 0.008) than those of Group 1, while the FAZ area and perimeter were
smaller (P = 0.012, P = 0.010; Table 3).

Comparison of OCTA indices in the superficial retinal layer among the three groups after one hour of OGTT

One hour after oral intake of the glucose solution, the FAZ area and perimeter of Group 1 were greater than those of the
control group (P = 0.044, P = 0.038), whereas there was no significant difference between the retinal microcirculation
indices of the control group and those of Group 2 (P > 0.05). The center VD and PD of Group 2 were greater (P = 0.042, P
= 0.022) than those of Group 1, while the FAZ area and perimeter were lower (P = 0.015, P = 0.016; Table 4). Typical
examples of VD and PD changes in a 30-year-old female from the control group, a 23-year-old female from Group 1 and a
33-year-old female from Group 2 under fasting conditions and one hour after the OGTT are shown in Figure 1.

Correlations between blood glucose levels and OCTA indices in the superficial retina

Under fasting conditions, the central PD and blood glucose of the three groups were significantly positively correlated (r
=0.286, P = 0.044), while the other OCTA indices were not significantly correlated with blood glucose (all P > 0.05). There
was no significant correlation between the blood glucose level one hour after the OGTT and the OCTA metrics (all P >
0.05; Table 5).

DISCUSSION

This study aimed to investigate the changes in retinal microcirculation in prediabetic patients during short-term blood
glucose elevation. Our study subjects were divided into three groups: The CN, the group with IFG or IGT (Group 1), and
the group with both IFG and IGT (Group 2).

In the control group, the blood glucose level peaked one hour after the OGTT. Therefore, we examined blood glucose
levels and performed OCTA examinations at this time point for all participants. One hour after the administration of the
glucose solution, the central VD and PD in the macular area of the retina in the control group were significantly greater
than those in the fasting group. This increase may be attributed to the relatively stable and normal function of the
vascular endothelial cells in the control group. These cells can respond to short-term changes in blood glucose levels by
increasing microvascular blood flow and oxygen-carrying capacity, demonstrating a stress response to glycemic variation
[26,27]. When blood glucose levels rise, as observed one hour after glucose intake, these endothelial cells can respond
promptly and efficiently. The increased central VD and PD in the CN are likely due to the ability of these endothelial cells
to produce nitric oxide (NO) and other vasodilatory substances in response to elevated glucose levels, thereby increasing
blood flow and perfusion in the retinal microcirculation. This response helps ensure adequate oxygen and nutrient
delivery to retinal tissues during short-term glucose fluctuations. In Group 1, which was characterized by prediabetes
with either IFG or IGT, FAZ circularity was greater one hour after the OGTT than during fasting. This could be due to the
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Table 1 The average ages and male-to-female ratios of the control group, group 1, and group 2 were not significantly different (P > 0.05)

Group Control (CN) Group 1 (IFG or IGT) Group 2 (IFG and IGT) Pvalue
Average age (years) 29.57 £3.92 30.79 £ 6.92 34.15 £ 8.53 0.248
Male to female ratio 2:21 1:13 2:11 0.707

CN: Control group; IFG: Impaired fasting glucose; IGT: Impaired glucose tolerance.

Table 2 Correlations between blood glucose levels and optical coherence tomography angiography indicators in the superficial retinal

layer of the three groups

Fasting After OGTT
Index

Coefficient P value Coefficient P value
Central VD 0.264 0.064 -0.145 0.314
Lateral VD 0.093 0.520 0.020 0.891
Full VD 0.148 0.306 -0.038 0.793
Central PD 0.286 0.044 -0.137 0.344
Lateral PD 0127 0.379 0.038 0.792
Full PD 0.231 0.106 -0.016 0.915
FAZ area -0.190 0.187 0.147 0.308
FAZ perimeter 0216 0.131 0.162 0.261
FAZ circularity 0.049 0.734 -0.079 0.586

ICorrelations between blood glucose level and optical coherence tomography angiography metrics via Spearman’s correlation analysis; the others were
evaluated via Pearson’s correlation analysis.
OGTT: Oral glucose tolerance test; VD: Vessel density; PD: Perfusion density; FAZ: Foveal avascular zone.

Table 3 Comparison of optical coherence tomography angiography indices in the superficial retina between fasting conditions and one

hour after the oral glucose tolerance test

CN (n=23) Group 1 (n=14) Group 2 (n=13)
Index P value P value P value
Fasting Postprandial Fasting Postprandial Fasting Postprandial
Central VD 9214235  9.74+261 0.023 758+282  7.81+2.9 0.464 1049+250 10.37+2.15 0.733
Lateral VD 2144+1.07 21.71+1.29 0.268 2135+1.16 21.75+1.03 0.321 2144+170 21.90+1.21 0.722"
Full VD 2006+1.02 20.38+1.28 0.186 19.79+117  20.15+1.12 0.347 2021+1.65 20.59+1.14 0.807"
Central PD 015004  0.16+0.04 0.026 0134005  0.13+0.05 0.662 018004  0.18+0.04 0.616
Lateral PD 038+0.02  0.38+0.02 0.270 038+0.02  0.39+0.02 0.306 0384003  0.39+0.02 0.649"
Full PD 035002  0.36+0.02 0.231 035002  0.36+0.02 0.741 036+0.03  0.36+0.02 0.834'
FAZ area 031011 032011 0.207 0414013  041+0.13 0.716 0.28+0.09  0.29+0.09 0.357
FAZ perimeter 235+038  234+038 0.581" 273+044 269 +045 0.232 2264038  225+0.36 0.509
FAZ 0.70+0.08  0.71+0.07 0.602 0.69+0.06  0.72+0.05 0.023 0694006  0.71+0.08 0.162

circularity

IComparison between fasting conditions and one hour after the oral glucose tolerance test via the paired Wilcoxon signed-rank test; the other tests were
paired ¢ tests.

Group 1 comprised patients with either impaired fasting glucose (IFG) or impaired glucose tolerance (IGT); Group 2 comprised patients with both IFG and
IGT. CN: Control group; VD: Vessel density; PD: Perfusion density; FAZ: Foveal avascular zone.
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Table 4 Comparison of optical coherence tomography angiography indicators in the superficial retinal layer among the three groups

during fasting

Group1(n=  Group2(n=

Index CN (n=23) 14) 13) Statistics value P value P1 P2 P3
Central VD 9.21+235 7.58 +2.82 10.49 + 2.50 4525 0.016' 0.188 0.455 0.013
Lateral VD 2144+1.07  2135+1.16 21.44 £1.70 0.026 0.974!

Full VD 2006+1.02  19.79+1.17 20.21 +1.65 2,652 0.266

Central PD 0.15 £ 0.04 0.13 £0.05 0.18 £ 0.04 4.999 0.011" 0.280 0.218 0.008
Lateral PD 0.38 £ 0.02 0.38 £0.02 0.38+£0.03 0.775 0.679>

Full PD 035 £ 0.02 0.35 £ 0.02 0.36 £ 0.03 2.078 0354

FAZ area 031+0.11 041013 0.28 £0.09 5312 0.008" 0.032 1.000 0.012
FAZ perimeter 235+0.38 273 +0.44 2.26+0.38 5.804 0.006' 0.018 1.000 0.010
FAZcircularity ~ 0.70 £ 0.08 0.69 £ 0.06 0.69 £ 0.06 0.257 0.775"

IComparisons among groups were performed via one-way analysis of variance.

“Comparisons among groups were performed via the Kruskal-Wallis H test.

P1: Comparisons between the control group (CN) and group 1; P2: Comparisons between the CN and group 2; P3: Comparisons between group 1 and
group 2. All P values were adjusted with the Bonferroni correction. Group 1 comprised patients with either impaired fasting glucose (IFG) or impaired
glucose tolerance (IGT); Group 2 comprised patients with both IFG and IGT. CN: Control group; VD: Vessel density; PD: Perfusion density; FAZ: Foveal

avascular zone.

Table 5 Comparison of oral glucose tolerance test indicators in the superficial retinal layer among the three groups after one hour of

oral glucose tolerance test

Group1(n=  Group2(n=

Index CN (n=23) Statistics value P value P1 P2 P3
14) 13)

Central VD 9.74 +2.61 7.81£2.96 10.37 £ 2.15 3.706 0.032 0.101 1.000 0.042
Lateral VD 21714129  21.75+1.03 21.90 +1.21 0.106 0.899

Full VD 2038+128  20.15+1.12 2059 £1.14 0.449 0.641

Central PD 0.16 +0.04 0.13 £0.05 0.18 £ 0.04 4.271 0.020 0.092 1.000 0.022
Lateral PD 0.38 +0.02 0.39 £0.02 0.39 £0.02 0.093 0911

Full PD 0.36 + 0.02 0.36 £ 0.02 0.36 £ 0.02 0.241 0.787

FAZ area 032+0.11 041013 0.29 £0.09 4.963 0.011 0.044 1.000 0.015
FAZ perimeter 2.34£0.38 2.69 £0.45 2.25+0.36 4.967 0.011 0.038 1.000 0.016
FAZcircularity ~ 0.71£0.07  0.72£0.05 0.71+0.08 0.115 0.891

P1: Comparisons between the control group (CN) and Group 1; P2: Comparisons between the CN and Group 2; P3: Comparison between Group 1 and
Group 2. All P values were adjusted with the Bonferroni correction. Group 1 comprised patients with either impaired fasting glucose (IFG) or impaired
glucose tolerance (IGT); Group 2 comprised patients with both IFG and IGT. P: Comparisons among groups were performed via one-way analysis of
variance. CN: Control group; VD: Vessel density; PD: Perfusion density; FAZ: Foveal avascular zone.

partial insulin resistance present in these individuals. Although insulin efficiency in promoting glucose uptake and
utilization is reduced, the body compensates by secreting more insulin[28,29]. This compensatory mechanism may still
allow some level of glucose regulation, enabling a stress response to short-term glucose changes, thereby maintaining a
more regular FAZ shape. Conversely, in Group 2, which included individuals with both IFG and IGT, no significant
changes were observed in retinal microcirculation indicators one hour after glucose intake. This lack of response may be
attributed to severe and persistent insulin resistance in these patients. Specifically, insulin resistance impairs the ability of
endothelial cells to produce NO and other vasodilatory substances in response to elevated glucose levels[30].
Additionally, chronic hyperglycemia can cause endothelial dysfunction through increased oxidative stress and inflam-
mation, further compromising the ability of retinal blood vessels to adapt to short-term changes in blood glucose[31].
Consequently, the microvasculature in the retina becomes less responsive to acute fluctuations in blood glucose. This
diminished capacity for vascular adaptation may lead to a consistent state of poor blood flow regulation and reduced
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Postprandial perfusion density

Figure 1 Comparison of central vessel density in fasting state and one hour after oral glucose solution intake across different glycemic
groups. A: The central vessel density (VD) in the fasting state of the normal control group; B: The central VD in the fasting state of the impaired fasting glucose or
impaired glucose tolerance group; C: The central VD in the fasting state of the group with both impaired fasting glucose and impaired glucose tolerance; D: The
central perfusion density (PD) in the fasting state of the normal control group; E: The central PD in the fasting state of the impaired fasting glucose or impaired
glucose tolerance group; F: The central PD in the fasting state of the group with both impaired fasting glucose and impaired glucose tolerance; G: The central VD one
hour after oral glucose solution intake in the normal control group; H: The central VD one hour after oral glucose solution intake in the impaired fasting glucose or
impaired glucose tolerance group; I: The central VD one hour after oral glucose solution intake in the group with both impaired fasting glucose and impaired glucose
tolerance; J: The central PD one hour after oral glucose administration in the normal control group; K: The central PD one hour after oral glucose administration in the
impaired fasting glucose or impaired glucose tolerance group; L: The central PD one hour after oral glucose administration in the group with both impaired fasting
glucose and impaired glucose tolerance.

nutrient and oxygen delivery to retinal tissues.

Both under fasting conditions and one hour after the oral intake of the glucose solution, the FAZ area and perimeter of
Group 1 were larger than those of the control group. Al-Sheikh et al[32] reported that during the nonproliferative DR
period, the VD of the superficial blood vessels of the affected eye was lower than that of the control eye, and the FAZ area
of the superficial capillary plexus in the early stage of DR was larger than that of the deep capillary plexus[32]. Moreover,
macular ischemia is a typical feature of DR. In patients who have not been diagnosed with diabetes but tend to develop
the disease, the FAZ area can be used as a sensitive indicator of microcirculation changes. Relevant studies have
confirmed that the area of the FAZ expands as the condition of diabetic patients worsens[33,34], which is consistent with
our experimental results. However, compared with those of Group 1, the central VD and PD of Group 2 were greater, and
the FAZ area and perimeter were smaller. This may be due to severe insulin resistance in patients with both IFG and
abnormal glucose tolerance, which entails an insignificant response to blood sugar fluctuations. Given the effect of
diabetes on fundus microcirculation, increased expression of adhesion molecules such as intercellular adhesion molecule-
1 and vascular cell adhesion molecule-1 in the retina occurs when blood sugar levels are elevated. These molecules play
crucial roles in mediating leukocyte adhesion and infiltration, contributing to local inflammation. This inflammatory
response can lead to blood-retinal barrier damage and microvascular endothelial cell injury, causing stenosis, occlusion,
and atrophy or degeneration of the capillary lumen. The chronic increase in glucose levels can activate several signaling
pathways, including the NF-kB pathway, further amplifying the expression of these adhesion molecules and exacerbating
retinal vascular pathology[32]. The inflammatory response under elevated blood sugar conditions causes monocytes and
granulocytes to block retinal capillaries[35], which also affects the formation of capillaries. In addition, increases in blood
sugar may also destroy the neurovascular self-regulatory mechanism, resulting in a decrease in retinal VD[36]. In fasting
patients, the blood glucose level was significantly positively correlated with central PD, indicating that PD may be more
sensitive to changes in blood glucose than the VD- and FAZ-associated metrics.

In OCTA imaging, the scan size of the image is inversely proportional to its resolution, implying that the image
resolution in the scope of 3 mm x 3 mm is the highest; thus, it was chosen as the scanning scope of this study[37]. Kim et
al[23] reported that the superficial capillary plexus of the retina was less prone to delamination errors than the deep
capillary plexus, the blood VD of the superficial capillary plexus was a sensitive vascular indicator for early DR, and the
superficial retinal blood vessels were thicker than the deep ones were[24]. Considering that microvascular changes in
early diabetic patients may first appear in the superficial retina[24,38], this study measured the data through OCTA of the
superficial capillary plexus of the retina.

This study has the following limitations: (1) The sample size is small, which may affect the representativeness and
reliability of the results. Future studies should consider increasing the sample size for more robust data and conclusions;
(2) The study was only conducted in the 3 mm x 3 mm area of the superficial retina in the macular region. While this area
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is significant for visual function, this limitation may restrict the applicability of the results to larger areas and deeper
retinal microcirculation; and (3) Blood glucose levels and microcirculation indices (through OCTA) were measured before
and one hour after the OGTT. However, there was no long-term follow-up of the fundus condition of the patients, which
may reveal chronic or cumulative changes in microcirculation rather than just immediate responses.

This study demonstrated that a short-term increase in blood glucose had a more significant effect on central retinal
microcirculation in patients with either IFG or IGT. Specifically, we found that in the control group, central VD and PD
increased significantly one hour after glucose intake. In Group 1, the circularity of the FAZ increased, whereas no
significant changes were observed in Group 2. Additionally, under fasting conditions, the FAZ area and perimeter of
Group 1 were greater than those of the control group, and Group 2 presented greater central VD and PD and a smaller
FAZ area and perimeter than Group 1. These findings suggest that OCTA can be a valuable tool for monitoring retinal
microcirculation changes in the macular area of prediabetic patients. This study provides insights into the early
alterations in the retinal microvasculature associated with prediabetes, which could help in the early detection, inter-
vention, and prevention of diabetes and DR. Future research should focus on larger sample sizes and long-term follow-up
to validate these findings and further explore the utility of OCTA in predicting and managing the progression of diabetes
and its complications.

CONCLUSION

This study demonstrated that a short-term increase in blood glucose had a more significant effect on central retinal
microcirculation in patients with either IFG or IGT. Specifically, we found that in the control group, central VD and PD
increased significantly one hour after glucose intake. In Group 1, the circularity of the FAZ increased, whereas no
significant changes were observed in Group 2. Additionally, under fasting conditions, the FAZ area and perimeter of
Group 1 were greater than those of the control group, and Group 2 presented greater central VD and PD and a smaller
FAZ area and perimeter than Group 1. These findings suggest that OCTA can be a valuable tool for monitoring retinal
microcirculation changes in the macular area of prediabetic patients. This study provides insights into the early
alterations in the retinal microvasculature associated with prediabetes, which could help in the early detection, inter-
vention, and prevention of diabetes and DR. Future research should focus on larger sample sizes and long-term follow-up
to validate these findings and further explore the utility of OCTA in predicting and managing the progression of diabetes
and its complications.
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Abstract

BACKGROUND

Anti-vascular endothelial growth factor (anti-VEGF) therapy is critical for
managing neovascular age-related macular degeneration (nAMD), but under-
standing factors influencing treatment efficacy is essential for optimizing patient
outcomes.

AIM
To identify the risk factors affecting anti-VEGF treatment efficacy in nAMD and
develop a predictive model for short-term response.

METHODS

In this study, 65 eyes of exudative AMD patients after anti-VEGF treatment for >1
mo were observed using optical coherence tomography angiography. Patients
were classified into non-responders (n = 22) and responders (n = 43). Logistic
regression was used to determine independent risk factors for treatment response.
A predictive model was created using the Akaike Information Criterion, and its
performance was assessed with the area under the receiver operating charac-
teristic curve, calibration curves, and decision curve analysis (DCA) with 500
bootstrap re-samples.
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RESULTS

Multivariable logistic regression analysis identified the number of junction voxels [odds ratio = 0.997, 95%
confidence interval (CI): 0.993-0.999, P = 0.010] as an independent predictor of positive anti-VEGF treatment
outcomes. The predictive model incorporating the fractal dimension, number of junction voxels, and longest
shortest path, achieved an area under the curve of 0.753 (95%CI: 0.622-0.873). Calibration curves confirmed a high
agreement between predicted and actual outcomes, and DCA validated the model's clinical utility.

CONCLUSION
The predictive model effectively forecasts 1-mo therapeutic outcomes for nAMD patients undergoing anti-VEGF
therapy, enhancing personalized treatment planning.

Key Words: Vascular endothelial growth factor; Macular degeneration; Neovascularization; Age-related macular degeneration;
Choroidal neovascularization; Optical coherence tomography angiography; Nomogram

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

Core Tip: This study developed a predictive model using optical coherence tomography angiography to identify factors
affecting the effectiveness of anti-vascular endothelial growth factor treatment in neovascular age-related macular
degeneration (nAMD). The number of junction voxels emerged as an independent predictor of positive treatment outcomes.
Integrating several parameters, the predictive model demonstrated strong performance in forecasting 1-mo therapeutic
outcomes, providing a valuable tool for personalized treatment planning in nAMD patients.

Citation: Huang ZH, Tu XZ, Lin Q, Tu M, Lin GC, Zhang KP. Nomogram for predicting short-term response to anti-vascular
endothelial growth factor treatment in neovascular age-related macular degeneration: An observational study. World J Radiol 2024;
16(9): 418-428

URL: https://www.wjgnet.com/1949-8470/full/v16/i19/418.htm

DOI: https://dx.doi.org/10.4329/wjr.v16.i9.418

INTRODUCTION

The global rise in the incidence of age-related macular degeneration (AMD)[1,2] is emerging as the primary cause of
irreversible vision loss in individuals aged 50 and above. Neovascular AMD (nAMD) is a particularly severe form that
can result in blindness if not adequately treated[3,4]. The intravitreal administration of anti-vascular endothelial growth
factor (anti-VEGF) agents is emerging as the primary therapeutic approach[5], substantially improving the condition of
eyes with nAMD. The response to this therapy is suboptimal in many patients, as they often experience persistent
intraretinal, subretinal, or subretinal pigment epithelial fluid and ongoing or new hemorrhages, along with progressive
lesion fibrosis[6].

To customize treatment plans, clinicians often prioritize reducing exudative symptoms such as intraretinal cystoid
fluid, subretinal fluid, and fluid or hemorrhage beneath the retinal pigment epithelium (RPE) layer[7]. These approaches
often vary significantly among patients due to differences in baseline clinical characteristics and choroidal neovascular-
ization (CNV) lesions[8]. Optical coherence tomography angiography (OCTA) provides a non-invasive, high-resolution
imaging technique that offers both qualitative and quantitative assessment of CNV[9]. While OCTA-measured CNV
parameters, such as the growth of macular neovascularization (MNV)[10], vessel junction density[11], the change in most
excellent vascular caliber[12], and vessel density[1], have demonstrated effectiveness in monitoring changes in CNV due
to anti-VEGF therapy, the ability of these parameters to predict treatment outcomes remains a topic of ongoing debate.

Considering the complexities and diverse responses to anti-VEGF therapy among individuals, the primary objective of
this study was to identify potential biomarkers that can predict treatment response in nAMD patients following anti-
VEGEF therapy based on baseline clinical characteristics and OCTA-measured parameters. Subsequently, we constructed a
predictive model through logistic regression analysis and filtered variables based on the Akaike Information Criterion
(AIC) to develop individualized, precision-based treatment plans, thereby maximizing the efficacy of nAMD inter-
ventions and potentially improving the quality of life for affected individuals.

MATERIALS AND METHODS

Participants

The study received approval from the Medical Ethics Committee of our hospital and followed the principles outlined in
the Declaration of Helsinki. Written consent was not required due to the retrospective nature of the study. Eighty-three
patients with unilateral nAMD who had not undergone any prior treatment were included in this study. They were
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followed up for at least 1 mo using OCTA from January 2020 to September 2023. However, 18 patients were excluded
based on the following exclusion criteria: (1) nAMD with prior anti-VEGF injection treatment or intraocular surgery other
than cataract surgery (n = 9); (2) Lack of clinical history (1 = 1); (3) Absence of follow-up using OCTA for at least 1 mo (n
=1); (4) Poor-quality images obtained by OCTA (n = 2); and (5) Macular neovascularization caused by high myopia (=
-6.00 diopters), glaucoma, diabetic retinopathy, uveitis, or endophthalmitis (1 = 5). Consequently, the study comprised 65
eyes from 65 eligible patients (20 females and 45 males; median age: 68 years; age range: 51-87 years) experiencing
unilateral nAMD. A flow chart of the enrollment process is shown in Figure 1.

Grouping of response to antiVEGF therapies

Three initial loading doses of intravitreal anti-VEGF injections were administered for treatment-naive eyes with exudative
AMD, followed by achieving the first remission, defined as a dry macula on optical coherence tomography. Once
remission was achieved, a pro re nata or treat-and-extend regimen was implemented for recurrent exudation.

Patients were classified into response and non-response groups according to their OCTA follow-up outcomes after a
month-long loading phase of anti-VEGF therapy. Specifically, the response group comprised 43 individuals, while the
non-response group included 22. According to the criteria established by Amoaku et al[3], patients in the response group
demonstrated an improvement in visual acuity of > 5 ETDRS letters, a reduction in central retinal thickness of > 25%, or a
decrease in subretinal or intraretinal fluid and cysts. In the non-response group, patients failed to meet these criteria. In
case of classification disagreements between two evaluators, a third evaluator was consulted to reach a consensus.

Collection of clinical data and analysis of OCTA imaging features

The hospital's electronic medical record management system was utilized to systematically collect comprehensive clinical
data of patients, including information on age, gender, hypertension, diabetes mellitus, alcohol consumption, and
smoking habits. CNV lesions were captured using a high-quality 3 mm x 3 mm OCTA scanning device (Heidelberg
Engineering, Heidelberg Germany) at baseline and during each subsequent visit. The OCTA device's built-in software
automatically segmented the en-face images of the CNV complex based on two horizontal lines extending from the inner
plexiform layer/inner nuclear layer to enhance visualization.

The morphology of the CNV complex was classified as (Figure 2): (1) "Medusa" or "sea fan," which is characterized by
central feeder vessels with main vascular trunks and numerous tiny capillaries radiating from the center; (2) "Long linear
vessels," which lack prominent capillary ramifications; and (3) "Indistinct network," which is defined by the visualization
of only main vascular trunks and thin branches without detectable feeder vessels. Quantitative features of the CNYV,
including area, fractal dimension, branch number, junction number, the number of end-point voxels, the number of
junction voxels, the number of slab voxels, average branch length, maximum branch length, and longest shortest path,
were assessed using Image] software on the segmented OCTA images. Two masked retina specialists independently
evaluated both qualitative and quantitative parameters. In cases of interpretive disagreement, a consensus was reached
through open adjudication involving others.

Predictive model construction

Using univariate and multivariate logistic regression analyses, clinical data and OCTA imaging characteristics were
collected to identify independent risk factors associated with the response of patients diagnosed with nAMD following
anti-VEGF therapy. Odds ratios (OR) and 95% confidence intervals (CI) were employed as effect measures. Variables
demonstrating a P value < 0.2 in the univariate logistic regression analysis were included in subsequent multivariate
logistic regression analysis, which was further refined based on AIC for selection. AIC measures goodness-of-fit for
statistical models, selecting the model that best interprets data while containing minimal free parameters among n
models. For predictive model construction, the multivariate logistic regression analysis included variables selected
through AIC refinement, with all identified variables entered into the regression equation.

The discrimination efficacy of the predictive model was assessed by calculating the area under the receiver operating
characteristic (ROC) curve (AUC) using 500 bootstrap re-samples. The DeLong test was used to compare AUC values
among different models. In addition, integrated discrimination improvement (IDI) was used to measure how much better
average sensitivity was compared to other models while maintaining average specificity. The agreement between
predicted outcomes from predictive models and actual responses was evaluated using calibration plots with 500
bootstrap re-samples and the Hosmer-Lemeshow test's application. Decision curve analysis (DCA) with 500 bootstrap re-
samples was conducted to examine this predictive model's clinical utility and effectiveness.

Statistical analysis

The statistical analyses were conducted utilizing IBM SPSS Statistics 22 software and R software (version 4.2.0). A two-
tailed P value < 0.05 was considered statistically significant. Continuous variables are described as the mean + SD or
median with interquartile range, and group comparisons were made using the Student's f-test or Wilcoxon test.
Categorical variables are presented as counts and percentages, with group comparisons performed using the y? test or
Fisher's exact test. The sample size estimation was based on the multivariate regression analysis requirements, where the
recommended sample size is 15 to 20 times the number of variables. The sample size was increased by 10% to account for
potential data loss.
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From January 2020 to September 2023, nAMD patients who received their first
anti-VEGF injection treatment were consecutively included and followed up for
at least one month using OCTA (7= 83)

Excluded (n= 18)
nAMD with prior anti-VEGF injection treatment or intraocular
surgery other than cataract surgery (7= 9)

Without clinical history (7= 1)
Without follow-up using OCTA for at least one month (7 = 1)

Poor-quality images obtained by OCTA (n= 2)
MNV caused by high myopia (= —6.00 diopters), glaucoma,
diabetic retinopathy, uveitis, or endophthalmitis (7 = 5)

A 4

A total of 65 eyes from 65 eligible patients with unilateral nAMD were included

| !

Non-response group (17 = 22) Response group (17 = 43)

Figure 1 Flowchart of study cohort selection. NAMD: Neovascular age-related macular degeneration; anti-VEGF: Anti-vascular endothelial growth factor;
OCTA: Optical coherence tomography angiography.

RESULTS

Clinical and OCTA characteristics of the study cohort

The age and gender distributions did not differ significantly between the non-response and response groups (P = 0.792
and 0.878, respectively). Personal and medical histories, including smoking habits, alcohol consumption, hypertension,
and diabetes mellitus, also showed no statistically significant disparities (P = 0.378-1.000). No significant variations were
observed in the morphology of the CNV complex between the non-response and response groups (P = 1.000). The
baseline quantitative features of the CNV demonstrated no substantial discrepancies between the non-response and
response groups (P = 0.050-0.368).

Risk factors related to response to antiVEGF therapies

Univariate and multivariate logistic analyses were conducted to identify independent risk factors associated with the
response to anti-VEGF agents, as presented in Table 1. Variables with a P value < 0.2 in the univariate logistic regression
analysis, including fractal dimension, branch number, junction number, and the number of junction voxels, were further
screened using multivariate logistic regression analysis, which demonstrated a significant correlation between the
response to anti-VEGF therapies and the number of junction voxels (OR = 0.997, 95%CI: 0.993-0.999, P = 0.010).

Performance of the predictive model

The predictive model, depicted by a nomogram in Figure 3, used AIC to screen variables and ultimately included fractal
dimension, the number of junction voxels, and the longest shortest path (Figure 4). Mathematically represented as Y =
31.901 - 16.294 x fractal dimension - 0.002 x the number of junction voxels + 0.003 x the longest shortest path, this model
enables precise evaluation of treatment on the risks and probabilities of adverse response. The discriminatory capacity of
the predictive model was evaluated using a ROC curve. The pooled AUC (95%CI) of 0.753 (0.622-0.873) demonstrates a
moderately good performance for the predictive model (Figure 5A and B). The predictive model showed an accuracy of
0.723 (95%ClI: 0.717-0.729), a sensitivity of 0.744 (95%CI = 0.614-0.875), and a specificity of 0.682 (95%CI = 0.487-0.876) at a
threshold value of 0.709. Figure 5C shows that the AUC values of the variables screened using AIC were not statistically
different from the AUC of the nomogram (P = 0.078 for fractal dimension vs nomogram, P = 0.181 for the number of
junction voxels vs nomogram, and P = 0.083 for the longest shortest path vs nomogram).

The inclusion of fractal dimension [IDI (95%CI) = 0.613 (0.059-0.267), P = 0.002], the number of junction voxels [IDI
(95%CI) = 0.136 (0.049-0.223), P = 0.002], and the longest shortest path [IDI (95%CI) = 0.204 (0.089-0.319), P= 0.001]
significantly enhanced the predictive value of the model compared to variables selected using AIC. The calibration curves
of the nomogram (Figure 5D), based on 500 bootstrap re-samples, demonstrated a significant correlation between the
predicted probability by the model and the reference line (Hosmer-Lemeshow test: y* = 7.320 P = 0.604), indicating robust
alignment. Figure 5E shows the calibration curves of different models for predicting anti-VEGF therapy response. The
application of DCA has demonstrated the potential to enhance net benefits and exhibit a diverse range of threshold
probabilities (Figure 5F and G).
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Table 1 Univariate and multivariate analyses of clinical and optical coherence tomography angiography characteristics associated with

response to anti-vascular endothelial growth factor therapy

Univariate Multivariate
Characteristic
OR (95%Cl) P value OR (95%Cl) P value

Age (years) 0.997 (0.947-1.049) 0.901

Gender (male) 0.777 (0.237-2.356) 0.663

Hypertension 1.920 (0.649-6.229) 0.252

Diabetes mellitus 0.650 (0.13-3.571) 0.596

Smoking habits (active and former smoker) 0.602 (0.198-1.852) 0.368

Alcohol consumption (active and former drinker) 0.917 (0.292-3.072) 0.883

Morphological feature (long linear vessels) 1.029 (0.190-5.409) 0.973

Morphological feature (indistinct network) 1.187 (0.271-4.694) 0.810

Area (mm?) 0.448 (0.053-3.733) 0.444

Fractal dimension 0.000 (0.000-6.103) 0.093 0.000 (0.000-486.4) 0.195
Branch number 0.999 (0.998-1.000) 0.171 1.004 (0.995-1.014) 0.362
Junction number 0.997 (0.991-1.001) 0.179 1.013 (0.977-1.056) 0.489
Number of end-point voxels 1.000 (0.999-1.001) 0.517

Number of junction voxels 0.999 (0.999-1.000) 0.047 0.997 (0.993-0.999) 0.010
Number of slab voxels 1.000 (0.999-1.000) 0.214

Average branch length (mm) 1.000 (0.998-1.001) 0.601

Maximum branch length (mm) 1.000 (0.999-1.001) 0.575

Longest shortest path (mm) 1.000 (0.999-1.000) 0.555

OR: Odds ratio; CI: Confidence interval.

DISCUSSION

This study identified the number of junction voxels as a critical predictor of positive treatment outcomes in patients with
nAMD undergoing anti-VEGF therapy. The developed predictive model, incorporating the fractal dimension, number of
junction voxels, and longest shortest path, demonstrated high accuracy in forecasting 1-mo therapeutic responses. This
model offers a valuable tool for personalized treatment planning in nAMD patients.

There is significant inter-individual variability in terms of disease progression and response to anti-VEGF therapy
among patients with nAMD. Consequently, the challenge lies in tailoring precise, individualized treatment for each
patient. Even though qualitative analysis of morphological CNV findings using OCTA can offer direct insights into the
disease stage and activity status of CNV and hold clinical significance for treatment and prognosis[13-16], its application
in clinical practice is subject to significant limitations. Indeed, our study revealed no significant correlation between the
morphology of CNV on OCTA and the response to anti-VEGF treatment. Therefore, this study aimed to assess the
vascular architecture of CNV using quantitative OCTA parameters at baseline to identify potential predictors of
treatment response. Subsequently, this study aimed to construct a predictive model that provides insights into the risks
and probabilities of adverse responses 1 mo after treatment.

The present study aimed to develop and evaluate a nomogram that integrates fractal dimension, the number of
junction voxels, and the longest shortest path for predicting response to anti-VEGF therapy. Our comprehensive
evaluation, encompassing ROC analysis, calibration curve assessment, and DCA, demonstrated satisfactory predictive
accuracy and discriminative ability.

The fractal dimension represents a geometric index that delineates the complexity of vascular anatomy (normal range:
0-2; a higher fractal dimension value indicates a more complex vascular network structure). Al-Sheikh et al[13] postulated
that active CN'V had a higher fractal dimension. Similar results were reported by Faatz et al[17], suggesting that the fractal
dimension serves as a valuable parameter for assessing the activity of CNV, with a higher fractal dimension being
positively associated with increased CNV activity. Furthermore, they concluded that the baseline fractal dimension of
CNV can serve as a predictive factor for the response to anti-VEGF therapy. However, Coscas et al[16] showed conflicting
results, suggesting that active CNV had a lower fractal dimension. A study conducted by Serra et al[18] also showcased
that the fractal dimension could be helpful in objectively assessing the activity status of CNV and highlighted that a
significantly lower fractal dimension characterized active CNV. As previously hypothesized by Carnevali et al[19], the
fractal dimension was associated with the absence of core vessels, which likely indicates a more complex vascular
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Figure 2 Morphological findings of choroidal neovascularization evaluated through qualitative analysis of optical coherence tomography
angiography. A: A 51-year-old female patient with a "medusa" or "sea fan" pattern of choroidal neovascularization (CNV) in the oculus sinister; B: An 85-year-old
male patient with a "long linear vessels" pattern of CNV in the oculus dexter; C: A 65-year-old female patient with an "indistinct network" pattern of CNV in the oculus
sinister; D-F: Corresponding B-scan images showing the segmentation lines; G-I: Corresponding B-scan images with flow signals.

structure and may be considered a protective factor against exudative activity, thereby enhancing the effectiveness of
anti-VEGF therapy. The fractal dimension was identified as a significant predictor in our study's univariate logistic
regression analysis; however, it did not demonstrate independent significance as a risk factor for predicting response to
anti-VEGF therapy in the multivariate logistic regression analysis, contrary to findings from previous studies. Different
studies have yielded partially inconsistent results, which may be attributed to variations in sample size or discrepancies
between observers across various studies. Although fractal dimension was not a significant predictor in multivariate
logistic regression analysis, the final predictive model had the best diagnostic performance when it was included in the
model.

The OCTA images of type 1 CNV have been previously described as exhibiting "sea fan," "medusa," or "tangled"
patterns[20,21], while type 2 CNV has been characterized by a branching network of densely packed smaller caliber
vessels radiating from the main trunk with a distinct demarcation[22,23]. The study by Suzuki et al[24] revealed that
patients with type 1 CNV tend to develop resistance to anti-VEGF therapy, which can be attributed, at least partially, to
the preserved barrier function of the RPE, impeding the rapid penetration of anti-VEGF drugs. The study conducted by
Nakano et al[11], demonstrated that the mean vessel junction density of type 2 CNVs (8.69 + 2.05/mm) was significantly
higher than that of type 1 CNVs (7.30 + 2.40/mm, P = 0.008). This finding suggested that type 1 CNVs exhibited a more
significant presence of mature vessels and indicated their potential resistance against anti-VEGF therapy. Therefore, it
could be inferred that vessel maturation contributed to the anti-VEGF resistance observed in type 1 CNVs. In line with
this assumption, the study conducted by Kuehlewein et al[25] observed a higher incidence of large mature neovascular
complexes in eyes with type 1 CNV compared to those with type 2 CNV, indicating an increased likelihood of poor
responses to anti-VEGF treatment. Similarly, Jia et al[12] and Mettu et al[6] have identified that the specific subtype of
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Figure 3 The constructed nomogram for predicting response to anti-vascular endothelial growth factor therapy. VEGF: Vascular endothelial
growth factor.

Figure 4 A 74-year-old female patient with an "indistinct network" pattern of choroidal neovascularization in the oculus dexter. A: 3 mm x 3
mm en-face optical coherence tomography angiography image showing the dense small vessels after removal of projection artifacts; B: Corresponding en-face
choriocapillaris images were imported into ImageJ software for quantitative measurement of choroidal neovascularization parameters, including fractal dimension; C:
End-point voxels in blue, slab voxels in orange, and junction voxels in purple; D: Longest shortest path in red.

CNV was significantly associated with the response to anti-VEGF therapy, suggesting that type 2 CNV exhibited a more
favorable response to anti-VEGF treatment. Nevertheless, the response to long-term treatment may vary, particularly in
cases of type 2 CNV. Daniel et al[26] and Daniel et al[27] revealed that patients with type 2 CNV exhibited an elevated risk
of experiencing a suboptimal response to anti-VEGF therapy after five years of treatment compared to patients with other
CNV subtypes, regardless of the specific drug or treatment regimen employed.

Three-dimensional skeletonization has been developed as an Image] plugin[28]; the plugin performs voxel
segmentation in a skeleton image, accurately identifying junctions, triple and quadruple points, and branches while
measuring their average and maximum length. Each voxel is classified into one of three types based on its neighboring
voxels: (1) End-point voxels with less than two neighbors; (2) Junction voxels with more than two neighbors; and (3) Slab
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Figure 5 Area under the receiver operating characteristic curve, calibration curve, and decision curve analysis for the model predicting
anti-vascular endothelial growth factor therapy response. A: Receiver operating characteristic (ROC) curve for the predictive model; B: ROC curves
based on 500 bootstrap re-samples; C: ROC curves comparing different models; D: Calibration curves based on 500 bootstrap re-samples; E: Calibration curves
comparing different models; F: Decision curve analysis based on 500 bootstrap re-samples; G: Decision curve analysis comparing different models.

voxels with precisely two neighbors. The resulting classifications are displayed in a new window, where a unique color
represents each classification. Note that, according to this notation, the number of junction voxels may differ from the
number of junctions due to potential voxel adjacency. Despite previous studies explaining the seemingly superior anti-
VEGF responses in type 2 CNV cases, controversy remains. Our research not only observed an independent association
between the number of junction voxels and predicting anti-VEGF response but also discovered that eyes with fewer
junction voxels were more likely to exhibit a favorable response to anti-VEGF therapy, aligning with Daniel et al's and
Daniel et al's findings suggesting poor anti-VEGF response in type 2 CNV cases characterized by dense vessel branching
networks[26,27]. The variation in follow-up duration may account for the difference from most previous studies.
Although this study's univariate and multivariate analyses showed that the longest shortest path was not a significant
and independent risk factor for anti-VEGF response, this study included the longest shortest path in the final prediction
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model according to AIC screening variables. To our knowledge, the longest shortest path refers to the maximum distance
that the shortest paths within the skeleton can cover in skeletal structure analysis. By comparing the longest and shortest
paths of skeletal structures in different images, researchers can identify which structures are larger, more complex, or
more interconnected. The longest shortest path offers information about the size and extent of the skeletal structure, with
longer shortest paths typically indicating larger structures or longer branches. Complex structures often exhibit longer
shortest paths due to multiple branches and junctions. If the shortest path is exceptionally long, it may indicate that
certain parts of the structure are not interconnected through short paths, potentially indicating isolated or separate
regions within the structure.

Our study has some limitations. On the one hand, the single-center study with a limited sample size had inherent
selection biases. In order to mitigate this concern, we conducted 500 bootstrap re-samples to generate additional virtual
samples from the original dataset, thereby increasing the sample size and mitigating the impact of sampling bias on the
statistical power of the analysis. On the other hand, external data have not validated the risk prediction model, and its
generalization performance remains unclear. Therefore, future studies should include external validation using larger
datasets from other centers that can reliably predict outcomes.

CONCLUSION

In summary, the findings of our study suggest that the number of junction voxels is an independent predictor of the
response to anti-VEGF therapy. The predictive model was established in combination with OCTA-measured parameters
of CNV vascular architecture (including fractal dimension, the number of junction voxels, and the longest shortest path),
demonstrating moderately good predictive efficacy and can assist clinicians in selecting individualized treatment for
nAMD by predicting outcomes.
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Abstract

BACKGROUND

Global and regional cerebral blood flow (CBF) changes in patients with unilateral
internal carotid artery occlusion (ICAO) are unclear when the dual post-labeling
delays (PLD) arterial spin labeling (ASL) magnetic resonance imaging (MRI) te-
chnique is used. Manual delineation of regions of interest for CBF measurement is
time-consuming and laborious.

AIM
To assess global and regional CBF changes in patients with unilateral ICAO with
the ASL-MRI perfusion technique.

METHODS

Twenty hospitalized patients with ICAO and sex- and age-matched controls were
included in the study. Regional CBF was measured by Dr. Brain's ASL software.
The present study evaluated differences in global, middle cerebral artery (MCA)
territory, anterior cerebral artery territory, and Alberta Stroke Program Early Co-
mputed Tomography Score (ASPECTS) regions (including the caudate nucleus,
lentiform nucleus, insula ribbon, internal capsule, and M1-M6) and brain lobes
(including frontal, parietal, temporal, and insular lobes) between ICAO patients
and controls at PLD 1.5s and PLD 2.5 s.

RESULTS

When comparing CBF between ICAO patients and controls, the global CBF in
ICAO patients was lower at both PLD 1.5 s and PLD 2.5 s; the CBF on the occ-
luded side was lower in 15 brain regions at PLD 1.5 s, and it was lower in 9 brain
regions at PLD 2.5 s; the CBF in the contralateral hemisphere was lower in the
caudate nucleus and internal capsule at PLD 1.5 s and in M6 at PLD 2.5 s. The
global CBF in ICAO patients was lower at PLD 1.5 s than at PLD 2.5 s. The ip-
silateral CBF at PLD 1.5 s was lower than that at PLD 2.5 s in 15 regions, whereas
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the contralateral CBF was lower at PLD 1.5 s than at PLD 2.5 s in 12 regions. The ipsilateral CBF was lower than the
contralateral CBF in 15 regions at PLD 1.5 s, and in M6 at PLD 2.5 s.

CONCLUSION
Unilateral ICAO results in hypoperfusion in the global and MCA territories, especially in the ASPECTS area. Dual
PLD settings prove more suitable for accurate CBF quantification in ICAO.

Key Words: Arterial spin labeling; Internal carotid artery occlusion; Ischemic stroke; Cerebral blood flow; Hemodynamic
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Core Tip: In this study, the dual post-labeling delays (PLD) arterial spin labeling (ASL) technique was used for cerebral
blood flow (CBF) imaging in unilateral internal carotid artery occlusion (ICAO) patients. Intelligent ASL analysis software
was used for rapid quantification of regional CBF, including the Alberta Stroke Program Early Computed Tomography
Score (ASPECTS) regions. A comparison with the controls suggests that unilateral ICAO resulted in hypoperfusion in the
global and middle cerebral artery territory, affecting most of the ASPECTS area on the occluded side and a small part of the
ASPECTS area on the nonoccluded side. The dual PLD settings are more suitable for accurate CBF quantification in ICAO.

Citation: Zhang GR, Zhang YY, Liang WB, Ding D. Cerebral perfusion in patients with unilateral internal carotid artery occlusion by
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INTRODUCTION

Internal carotid artery occlusion (ICAO) is less common but still significant for the etiology of transient ischemic attack
(TIA) and cerebral infarction[1]. Atherosclerosis is the major contributing etiology[2]. ICAO diminishes the perfusion
pressure on the occluded side, potentially leading to blood redistribution from the contralateral ICA or posterior
circulation, along with collateral blood flow towards the affected hemisphere[3]. ICAO patients exhibit ischemic sy-
mptoms involving the middle cerebral artery (MCA) and/or anterior cerebral artery (ACA) territories in the anterior
circulation[4]. Therefore, assessing changes in global and regional cerebral blood flow (CBF) within the ACA and MCA
territories is crucial.

Previous studies have predominantly used single post-labeling delay (PLD) or manual region-of-interest selection for
CBF measurement, but these approaches are time-consuming and labor-intensive. Leveraging advances in artificial
intelligence, Dr. Brain's software enables the automatic calculation of global and anatomical regional CBF. This facilitates
easier adoption of advanced magnetic resonance imaging (MRI) technology for patient diagnosis and monitoring,.

The Alberta Stroke Program Early Computed Tomography Score (ASPECTS) serves as a straightforward and reliable
qualitative scoring system widely used to assess early ischemic cerebral infarction severity. It plays a critical role in
decision-making in endovascular treatment (EVT)[5-8], assisting in treatment prediction and prognosis. However, a no-
table gap in perfusion research focused on ASPECTS regions remains.

This retrospective study aims to analyze global and regional CBF changes in unilateral atherosclerotic ICAO patients
with the aforementioned tools.

MATERIALS AND METHODS
Subjects

The hospital ethics committee approved the current retrospective study, and informed consent was obtained from all the
participants. Between September 2021 and March 2024, patients who were diagnosed with unilateral ICAO confirmed by
digital subtraction angiography and who underwent dual PLDs ASL imaging were included. The exclusion criteria were
as follows: (1) Moderate or severe stenosis (= 50%) in contralateral vessels; (2) Poor image quality or ASL with single or
other PLD; and (3) Brain injury, a history of brain surgery, psychiatric disorders, or other conditions affecting brain
function. The patient enrolment process is illustrated in Figure 1.

Finally, twenty functionally independent ICAO patients (three women and seventeen men; mean age: 57.50 + 10.841
years) and sex- and age-matched control subjects were examined.

All stroke patients had an ASPECTS score of 8-10 on diffusion weighted imaging (DWI), and the infarctions were
located in the MCA territory. All stroke patients had subcortical watershed infarctions, 2 of them had cortical infarctions,
and one of which with a basal area infarction. None of the patients presented infarct lesions exceeding 30 mm in diameter
in the territory ipsilateral to the ICA occlusion.
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Subjects 7 = 60 (ICAO = 40,
control = 20) Excluded subjects :
« Contralateral vascular stenosis > 50%(10 subjects)
CCA 2,ICA 4, MCA 2, ACA2
« With brain disease (2 subjects)
Epilepsy 1
History of brain surgery 1
« Unsuitable PLD (8 subjects)
Single PLD=1.5s 5
Single PLD=2.0s 2
Subjects 77 = 40 (ICAO = 20, Single PLD=2.5s 1
control = 20)

Figure 1 Study enrollment showing exclusion criteria. CCA: Common carotid artery; ICA: Internal carotid artery; MCA: Middle cerebral artery; ACA:
Anterior cerebral artery; ICAO: Internal carotid artery occlusion; PLD: Post-labeling delay.

MRI

The ASL and DWI sequences were scanned with a 3.0T scanner (HDxt Signa; GE Healthcare) outfitted with an 8-channel
head coil for signal acquisition. A three-dimensional pseudo-continuous ASL (PCASL) sequence was used for the whole
brain. The parameters of ASL were as follows: Repetition time (TR) 4599 ms (PLD 1525 ms), TR5294 ms (PLD 2525 ms),
echo time (TE) 10.86 ms, labelling duration 1500 ms, field of view (FOV) 24 cm % 24 c¢m, layer thickness 4.0 mm, 36 slices,
with background suppression. The parameters of DWI were as follows: TR, 5500 ms; TE, 75 ms; FOV, 22 cm x 22 cm; and
layer thickness, 5.0 mm.

Statistical analysis

The original ASL sequence data (PLD 1.5 s and PLD 2.5 s were anonymized and uploaded to the Dr. Brain software ASL
module (YIWEI Medical Technology, China). The Buxton hemodynamic model was processed with blood T1 and brain
tissue T1 constants set at 1650 and 11665 ms, respectively. Figure 2 depicts the processing flow diagram and schematic for
brain region segmentation.

This study evaluated differences in regional CBF across several areas: Global, MCA territory; ACA territory; ASPECTS
regions (including the caudate nucleus, lentiform nucleus, insula ribbon, internal capsule, and M1-M6); and brain lobes
(including the frontal, parietal, temporal, and insular lobes). This analysis compared CBF differences between the ipsi-
lateral and contralateral hemispheres to the occlusion and control subjects at PLD 1.5 s and PLD 2.5 s.

Owing to the absence of differences in CBF between the left and right hemispheres in control subjects, the CBF values
for these hemispheres were averaged for analysis.

The Statistical Package for the Social Sciences for Windows, Version 21.0 (SPSS, Chicago), was used for statistical ana-
lysis in this study. All measurement data were tested for normality via the Shapiro-Wilk test. Data that conformed to a
normal distribution and exhibited homogeneous variance are presented as the means + SD; otherwise, the data are
presented as medians (quartile ranges). As the data conformed to a normal distribution and the variance was homoge-
neous, paired sample or two independent sample ¢ tests were used for intergroup comparisons; otherwise, nonparametric
Wilcoxon (W) or Mann-Whitney U tests were used. Differences were considered significant when P < 0.05.

RESULTS

The fundamental features of the ICAO patients are shown in Table 1. Regional CBF data are shown in Table 2.

Differences in regional CBF between ICAO and control group
The global CBF of ICAO patients was significantly lower than that of the control group at PLD 1.5 s (24.152 + 4.517 vs
30.194 + 7.164 mL/min/100 g, P = 0.011) and PLD 2.5 s (28.904 + 4.564 vs 34.028 + 6.730 mL/min/100 g, P = 0.024).

Compared with that of the control subjects, the CBF in the occluded hemisphere was significantly lower in 15 brain
regions at PLD 1.5 s (P < 0.05), but no differences were found in the ACA territory (P > 0.05) (as shown in Table 3). The
CBEF in the occluded hemisphere was lower in the MCA territory, insula ribbon, M2, M3, M4, M5, M6, parietal lobe (P <
0.05), and temporal lobe at PLD 2.5 s (P < 0.05), but no differences were found in the ACA territory, caudate nucleus, len-
tiform nucleus, internal capsule, M1, frontal lobe, or insular lobe (P > 0.05) (as shown in Table 3).

Compared with that of the control subjects, the CBF in the contralateral hemisphere was significantly lower in the
caudate nucleus and internal capsule at PLD 1.5 s (P < 0.05), but no differences were found in the other 14 brain regions (
P > 0.05) (as shown in Table 3). The CBF in the contralateral hemisphere was lower in M6 at PLD 2.5 s (P < 0.05), but no
differences were found in the other 15 brain regions (P > 0.05) (as shown in Table 3).

Differences in regional CBF between PLD 1.5 s and PLD 2.5 s
The global CBF at PLD 1.5 s was significantly lower than that at PLD 2.5 s (24.152 + 4.517 vs 28.904 + 4.564 mL/min/100 g,
P =0.000).
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Table 1 Patient characteristics of internal carotid artery occlusion

Patient Age Symptoms/Onset . Occlusion Occlusion Contralateral Collateral flow
Sex . Imaging . . .
Number  (year) time side site side pathway
1 47 Female Headache/1 month R Initial ACoA
2 51 Male Neuro-deficiency/5 Stroke R Ophthalmic ACoA
days
8 50 Male Neuro-deficiency/1 Stroke R Ophthalmic ACoA + PCoA
week +L
4 57 Male Neuro-deficiency/1 Stroke IL Initial ACoA + PCoA
week +OA
5 58 Male TIA/4 days R Initial CCA 20% ACoA +L+O0A
6 55 Male Neuro-deficiency/2 Stroke R Clinoid OA
weeks
7 82 Male TIA/1 month L Initial ICA 20% ACoA + PCoA
8 67 Male Neuro-deficiency/4 Stroke IL Initial ICA 20% ACoA
days
9 66 Male Neuro-deficiency/2 Stroke R Initial ICA 20% PCoA
weeks
10 61 Female Headache/2 months L Ophthalmic ACoA +PCoA
+L
11 56 Male Dizziness/1 month Stroke R Initial MCA 20% ACoA + PCoA
+0OA
12 57 Male Dizziness/3 years L Communicating ICA 20% PCoA
13 42 Male Dizziness/3 days L Ophthalmic ACoA +PCoA
14 59 Male TIA/1 week R Initial ICA 20% ACoA + PCoA
+OA+L
15 35 Male Neuro-deficiency/2 Stroke R Terminal New vessels + L
months
16 70 Male Neuro-deficiency/2 Stroke R Ophthalmic ICA 20%-30% ACoA +PCoA
months
17 46 Female Neuro-deficiency/5 Stroke R Ophthalmic ACoA
days
18 62 Male TIA/3 days L Initial ICA 40% OA
19 71 Male Neuro-deficiency/10 Stroke L Initial ICA 40%
days
20 58 Male Neuro-deficiency /3 Stroke L Ophthalmic ICA 20% ACoA

days

CCA: Common carotid artery; TIA: Transient ischemic attack; ICA: Internal carotid artery; MCA: Middle cerebral artery; ICA: Internal carotid artery; MCA:
Middle cerebral artery; ACA: Anterior cerebral artery; ACoA: Anterior communicating artery; PCoA: Posterior communicating artery; OA: Ophthalmic

artery; L: Leptomeningeal.

When comparing PLD 1.5 s with PLD 2.5 s, the CBF on the occluded side was significantly lower in 15 brain regions (P
< 0.05), but no differences were found in the internal capsule (P > 0.05) (as shown in Table 3). The CBF of the nonoccluded
side was significantly lower in 12 brain regions (P < 0.05), but no differences were found in the caudate nucleus, lentiform
nucleus, insula ribbon, or M2 region (P > 0.05) (as shown in Table 3).

Differences in regional CBF between ipsilateral and contralateral to the ICAO
At PLD 1.5 s, the CBF in 15 brain regions ipsilateral to the ICAO was significantly lower than that in the contralateral
hemisphere (P < 0.05), but no differences were found in the ACA territory (P > 0.05) (as shown in Table 3).

At PLD 2.5 s, the CBF in the M6 region ipsilateral to the ICAO was significantly lower than that in the contralateral

hemisphere (P < 0.05), but no differences were found in the other 15 brain regions at PLD 2.5 s (P > 0.05) (as shown in
Table 3).
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Table 2 The regional cerebral blood flow value, mean * SD/ Median (quartile)

Variables brain Ips-CBF at PLD  Ips-CBF atPLD Con-CBF atPLD Con-CBF atPLD HC CBFatPLD HC CBF at PLD
region 1.5 25 1.5 25 1.5 25

Anterior 27.968 +7.941 32.687 +7.409 29.728 + 4.828 32.24 (11.3) 33.353 +7.966 38.226 + 6.900
Middle 18.818 + 6.485 29.09 (6.93) 27.504 + 4.243 30.71 (4.05) 31.687 +7.907 35.710 + 7.602
Caudate nucleus 17.57 £ 4.573 21.67 + 5.603 22175 + 3.355 23.714 + 5.898 26.442 + 4,510 31.393 + 5.603
Lentiform nucleus 19.812 +7.299 25.054 + 5.531 28.816 + 4,572 27.412 +4.750 33.222 +6.785 29.205 + 6.178
Insula ribbon 24313 +8.122 31.186 + 5.886 33.001 + 3.984 32.176 + 3.502 38.537 + 8.69 36.881 + 8.136
Internal capsule 24.464 +3.627 24.449 + 4.307 20.248 +5.343 23.861 + 5.089 29.292 + 4,519 24.958 + 4.429
M1 19.764 + 6.796 28.01 (5.47) 27.172 +4.373 29,05 (4.35) 31.417 +7.361 33.463 + 7.962
M2 19.735 +9.102 28.088 +7.164 31.633 + 4.568 32.085 (5.61) 37.329 +9.097 36.49 % 8.590
M3 20.208 +7.954 29.376 +7.442 29.249 + 6.268 33.245 + 5.028 32575 (7.83) 38.132 +9.422
M4 19.293 + 6.837 29.59 (9.53) 25.399 + 4,554 29.64 (5.81) 28.413 +7.149 35.048 + 6.726
M5 16.271 + 7.443 25.099 + 7.604 25,688 + 5.449 29.03 (4.48) 26.45 (4.22) 33.933 + 6.944
M6 15.902 + 6.986 24.869 +7.918 25,057 + 5.284 30.209 + 3.750 29.28 (5.58) 36.683 + 7.377
Frontal lobe 19.933 + 6.746 29.98 (7.99) 27.238 +4.513 30.21 (4.62) 30.712 + 7.051 34.558 + 7.166
Parietal lobe 19.471 + 6.988 26.906 +7.273 26.378 +5.135 30.42 (2.81) 28.698 (4.82) 36.092 + 6.995
Temporal lobe 19.931 +7.940 28.557 +7.084 29.646 + 5311 32.257 + 4.582 33.393 + 8.285 36.518 + 8.837
Insular lobe 25.732 + 6.496 32.083 +7.257 30.485 + 4.243 32.29 (6.4) 34.371 + 7.031 35.689 + 6.415

Ips: Ipsilateral to internal carotid artery occlusion; Con: Contralateral to internal carotid artery occlusion; HC: Health control; PLD: Post-labeling delay.

DISCUSSION

ASL and dynamic susceptibility contrast (DSC) MRI perfusion imaging are commonly used to measure CBF; DSC re-
quires intravenous bolus administration of gadolinium, while ASL is performed without exogenous contrast and uses
arterial blood water as an endogenous diffusible tracer. Owing to current concerns about the use of contrast agents in pa-
tients with poor kidney function, an alternative approach with no harmful effects would be highly beneficial. ASL has
become the most widely used perfusion imaging sequence in the clinic. ASL labelling approaches include continuous and
pulsed labelling, and PCASL provides superior labelling efficiency and is compatible with modern body coil radiofre-
quency transmission hardware that is recommended for clinical imaging[9].

The labeling duration and PLDs are the most important information that can be used to interpret (quantify) CBF
images[10]. ASL permits noninvasive estimation of CBF but relies upon the arterial transit time (ATT)[11]. While ATT is
well defined for healthy vasculature, it can clearly differ in disease states, potentially making conventional single PLD
ASL techniques unsuitable[12]. Owing to the formation of collateral blood flow, the transit time is prolonged in cerebral
artery steno-occlusive diseases, which restricts the accurate measurement of CBF by ASL[12-14]. However, the use of a
solitary traditional PLD results in an underestimation of CBF[9,12], which can be partially mitigated by using long PLD
[2]. In addition to the PLD of 1.5 seconds, we employed a relatively longer PLD of 2.5 seconds, as seen in previous
studies. Akiyama et al[11] reported the efficacy of using dual PLDs with 1.5- and 2.5-second techniques to evaluate the
slow collateral blood flow that sustains the cerebrovascular reserve (CVR) in stenotic or occlusive ICA conditions[11,15].

Compared with those in the control group and contralateral hemisphere, the current findings indicate that nonacute
unilateral atherosclerotic ICAO results in decreased CBF in the global, MCA territory and across most ASPECTS areas of
the ipsilateral hemisphere at both PLD 1.5 s and PLD 2.5 s. ICAO leads to the interruption of blood flow on the occluding
side. Owing to its anatomical characteristics, the MCA territory is most affected, and the ASPECTS area is located in the
MCA territory, so it is also affected. This finding is consistent with previous research; for example, Jeroen Hendrikse's
study demonstrated reduced CBF in the grey matter of the ipsilateral MCA territory[16]. Bokkers et al[17] reported
significantly decreased CBF in the frontal and frontal parietal regions on the occluded side of the ICA[17]. Furthermore,
studies using contrast-enhanced perfusion imaging have consistently shown reduced CBF in both grey and white matter
of the occluded hemisphere of the ICA[18-20].

The CBF in the ACA territory was not affected in this study, which is inconsistent with previous research. Hartkamp et
al[3] reported that in patients with ICAO, the CBF was significantly lower in the ACA and MCA territories on the
occluded side of the ICA than in control subjects[3]. This may be related to the fact that 70% of the ICAO patients in-
cluded in this study had anterior communicating artery compensation, and primary collateral circulation can quickly
compensate for CBF.
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Table 3 Statistical result

Variables brain region P value P value P value P value P value P value P value P value
Anterior 0.088 0.054 0.147 0.095 0.001° 0.000' 0.454 1.000
Middle 0.000° 0.009" 0.083 0.078 0.000° 0.002° 0.000° 0.175
Caudate nucleus 0.000° 0.176 0.008° 0.715 0.001° 0.191 0.003° 0.323
Lentiform nucleus 0.000" 0.073 0.050 0.393 0.000° 0.117 0.001% 0.206
Insula ribbon 0.000° 0.041° 0.068 0.073 0.001° 0.267 0.003% 0.567
Internal capsule 0.004" 0.762 0.000° 0.557 0.988 0.003" 0.0148 0.727
M1 0.000° 0.063 0.068 0.137 0.000° 0.006° 0.001% 0.546
M2 0.000° 0.009° 0.246 0.098 0.000° 0.577 0.0018 0.061
M3 0.001° 0.011° 0.286 0.088 0.000° 0.006° 0.001% 0.095
M4 0.002° 0.014" 0.185 0.070 0.000° 0.000' 0.006° 0.291
M5 0.002° 0.004° 0577 0.099 0.000° 0.000° 0.000° 0.090
M6 0.000° 0.000" 0.086 0.005" 0.000° 0.001" 0.000% 0.035"
Frontal lobe 0.000° 0.070 0.124 0.286 0.000° 0.000" 0.0018 0.291
Parietal lobe 0.002° 0.002° 0.178 0.051 0.000° 0.000° 0.003° 0.152
Temporal lobe 0.000° 0.014° 0.157 0.109 0.000° 0.036" 0.0008 0.090
Insular lobe 0.002° 0.184 0.080 0.286 0.000° 0.042° 0.0028 0.985

4P < 0.01, ipsilateral vs control at post-labeling delay 1.5 s.

PP < 0.05, ipsilateral vs control at post-labeling delay 2.5 s.

P < 0.01, contralateral vs control at post-labeling delay 1.5 s.

4P < 0.01, contralateral vs control at post-labeling delay 2.5 s.

P < 0.001, ipsilateral post-labeling delay 1.5 s vs post-labeling delay 2.5 s.
fP < 0.05, contralateral post-labeling delay 1.5 s vs post-labeling delay 2.5 s.
8P < (.05, ipsilateral vs contralateral at post-labeling delay 1.5 s.

hp < 0.05, ipsilateral vs contralateral at post-labeling delay 2.5 s.

The ASPECTS was originally developed to assess the volume of acute MCA infarction on non-contrast CT scans, but its
applicability extends to multimodal MRI techniques as well. In the present study, all cerebral infarction patients had
ASPECTS values ranging from 8 to 10. A previous meta-analysis revealed that higher ASPECTS values (8-10) are as-
sociated with significantly better outcomes following EVT than lower ASPECTS values[21]. In China, research on acute
large-vessel occlusion in the anterior circulation has demonstrated that patients with larger infarctions (ASPECTS scores
3-5 and infarct volume 70-100 mL) benefit more from endovascular therapy than from medical management alone[22].

ASPECTS can be divided into subcortical (including the caudate nucleus, lentiform nucleus, insula ribbon, and internal
capsule) and cortical regions (including M1-M6)[23]. The findings of the current study indicate that the hypoperfusion
areas in ASPECTS regions are located mainly in the cortex, a detail not previously emphasized. Another study indicated
that a higher baseline cortical ASPECTS was predictive of favorable clinical outcomes in patients with ASPECTS < 6 and
large vessel occlusion treated with EVT[24]. Therefore, the ASPECTS has significant clinical importance, and perfusion
evaluation is necessary.

The CBF at PLD 1.5 s was significantly lower than that at PLD 2.5 s globally, in MCA territories, and in most ASPECTS
areas, and the hypoperfusion areas from PLD 1.5 s to PLD 2.5 s were reduced in the occluded hemisphere. These findings
indicate the existence of slow flow and redistribution to compensate for ischemia in unilateral ICAO. The current results
indicate that the selection of the parameter PLD for ASL can affect the evaluation of CBF correctly because of the presence
of slow flow in ICAO patients, and a shorter PLD of 1.5 seconds may result in an underestimation of regional CBF in
ICAOQ patients. An increase in collateral flow in ICAO patients results in longer blood flow pathways and a prolonged
blood arrival time[25,26]. A shorter delay does not allow the labelled blood water to be fully delivered to the tissue, and a
longer PLD must be included. Our results indicate that dual PLD settings can improve the quantification of CBF in ICAO
patients. Presently, many clinical studies have been performed utilizing several PLDs with ATT correction to improve
accurate quantification of CBF[12,14,25,26], and the latest work has shown a multi-PLD technique that gauges CBF and
ATT, building regional ATT parametric maps to better display pathological tissue[27]. Single-PLD ASL is often sufficient
for rapid evaluation of steno-occlusive disease hemodynamics, whereas multi-PLD potentially increases CBF accuracy
and provides regional ATT information, and the ATT artefacts can be corrected[10].

Previous studies have shown various findings regarding CBF patterns in the contralateral hemisphere of ICAO
patients. For example, one study reported no significant difference in grey matter CBF within the MCA territory between
the hemisphere contralateral to the ICAO and a matched control group[16]. Conversely, Bokkers et al[17] reported
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Figure 2 Data processing flow chart and brain segmentation diagram. A: Dr Brain's software arterial spin labeling module processing flow diagram; B: Segmentation brain structure of regions of interest. ASL: Arterial spin labeling; PDWI:
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significantly lower CBF in the anterior frontal region of the nonoccluded hemisphere in ICAO patients than in controls
[17]. Additionally, Hartkamp et al[3] demonstrated that the CVR was significantly lower in the ACA and MCA territories
of the nonoccluded hemisphere in ICAO patients than in control subjects[13]. Given these discrepancies in previous
findings, the results of our current study hold particular significance. We found that the CBF was significantly lower in
some ASPECTS areas, such as the lower CBF in the caudate nucleus and internal capsule at PLD 1.5 s and in M6 at PLD
2.5 s, than in the control subjects. Furthermore, we observed that the CBF at PLD 1.5 s was significantly lower than that at
PLD 2.5 s. The difference in CBF between PLD 1.5 s and PLD 2.5 s in the contralateral hemisphere represents the existence
of slow flow and redistribution to compensate for ischemia. Occlusion of an artery results in a decrease in pressure in that
territory, and this pressure gradient will cause blood to flow from healthy arteries to the territory of the occluded artery.
Because the collateral blood flow path is long, when the blood flow arrives late, it cannot be detected with a short PLD,
and the CBF measured with a long PLD can truly reflect cerebral perfusion. These findings suggest that unilateral ICAO
not only affects the occluded side but also triggers regional redistribution of CBF in the contralateral hemisphere to
compensate for cerebral ischemia. This finding was not recognized in the past because of the lack of detailed seg-
mentation of brain regions.

In our current study, patients with internal ICAO presented with a spectrum of clinical manifestations ranging from
asymptomatic to TIA to small infarcts within the MCA territory. Despite similar vascular occlusions, outcomes vary
significantly on the basis of the ability to recruit collateral pathways that restore blood flow to the ischemic region during
the minutes and hours after an acute event[9,11]. Collateral blood flow plays a crucial role in steno-occlusive ICA disease
by preventing irreversible ischemic damage[3]. All patients in this study received collateral compensation, either through
the primary pathway of the circle of Willis or secondary pathways involving the leptomeningeal and ophthalmic arteries
or through neovascularization. Different clinical manifestations indicate that the quality of collateral status varies widely
in patients with ICAO. A previous study suggested that the collection of secondary collateral is related to more severe
damage, and its existence might be viewed as a marker of insufficiency of the primary collateral routes[28,29]. Owing to
the limited sample size in this study, we were unable to explore collateral circulation extensively or assess differences in
CBF according to symptoms, which will be a critical direction for future research.

Due to the limited sample size in our study, caution is warranted when interpreting and generalizing the current
results to other populations. Future studies will continue to accumulate larger samples to increase the robustness and
applicability of the findings. The CBF measured in our study primarily reflects a combination of regional brain grey and
white matter. It is known that CBF values differ between grey and white matter, with generally lower CBF values ob-
served in white matter than in grey matter[11]. Therefore, the CBF values reported in our study may be lower than those
reported in previous studies that focused predominantly on grey matter[16]. However, this difference does not
compromise the reliability of our findings. Nevertheless, our results hold clinical significance by providing a foundational
understanding for further research and informing clinical therapeutic strategies.

CONCLUSION

In conclusion, unilateral ICAO results in hypoperfusion in the global and MCA territories, affecting most ASPECTS areas
on the occluded side. The ACA territory was not significantly affected. Perfusion deficits were also observed in some
ASPECTS areas on the nonoccluded side. Using a single PLD of 1.5 seconds underestimates regional CBF; dual PLD
settings prove more suitable for accurate CBF quantification in ICAO cases.
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Abstract

BACKGROUND

Factor XIII (FXIII) deficiency is a rare yet profound coagulopathy. FXIII plays a
pivotal role in hemostasis, and deficiencies in this factor can precipitate un-
checked or spontaneous hemorrhaging. Immunological assays for detecting FXIII
inhibitors are indispensable for diagnosing acquired FXIII deficiency; however,
the availability of suitable testing facilities is limited, resulting in prolonged
turnaround times for these assays.

CASE SUMMARY

In this case study, a 53-year-old male devoid of significant medical history
presented with recurrent intracranial hemorrhages and a hematoma in the right
hip. Subsequent genetic analysis revealed a homozygous mutation in the ACE
gene, confirming the diagnosis of acquired FXIII deficiency.

CONCLUSION
This case underscores the significance of considering acquired deficiencies in
clotting factors when evaluating patients with unexplained bleeding episodes.

Key Words: Factor XIII deficiency; Hematoma; Spontaneous; Bleeding disorder;
Intracranial hemorrhages; Case report
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Core Tip: Factor XIII (FXIII) deficiency is a rare yet profound coagulopathy. FXIII plays a pivotal role in hemostasis, and
deficiencies in this factor can precipitate unchecked or spontaneous hemorrhaging. Immunological assays for detecting FXIII
inhibitors are indispensable for diagnosing acquired FXIII deficiency; however, the availability of suitable testing facilities is
limited, resulting in prolonged turnaround times for these assays. In this case study, a 53-year-old male devoid of significant
medical history presented with recurrent intracranial hemorrhages and a hematoma in the right hip. Subsequent genetic
analysis revealed a homozygous mutation in the ACE gene, confirming the diagnosis of acquired FXIII deficiency. This case
underscores the imperative of contemplating acquired coagulopathies in individuals experiencing unexplained and recurrent
hemorrhagic episodes. Furthermore, it underscores the value of thorough genetic analysis in uncovering uncommon
coagulation anomalies, which can substantially influence patient care and prognosis. Subsequent investigations could delve
into elucidating the pathophysiological mechanisms underpinning mutations in the ACE gene and their interplay with
coagulation pathways. Acquired FXIII deficiency, albeit uncommon, warrants consideration in individuals presenting with
inexplicable hemorrhagic episodes. Genetic testing emerges as pivotal in the diagnosis and therapeutic approach to such
instances.

Citation: Wang L, Zhang N, Liang DC, Zhang HL, Lin LQ. Acquired factor XIII deficiency presenting with multiple intracranial
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INTRODUCTION

Factor XIII (FXIII) deficiency represents an uncommon and frequently overlooked congenital hemorrhagic disorder
typified by compromised fibrin stabilization, leading to an elevated predisposition to spontaneous and recurrent
hemorrhagic episodes[1]. Although FXIII deficiency is acknowledged for its correlation with intracranial hemorrhages,
the simultaneous occurrence of bleeding in diverse anatomical locales, such as the cranium and hip, remains a clinical
rarity[2].

Presented is a case involving a 53-year-old male exhibiting recurrent intracranial hemorrhages and a right hip
hematoma, devoid of notable medical antecedents, ultimately diagnosed with acquired FXIII deficiency. The deficit of
FXIII, a pivotal clotting factor in the terminal phases of the coagulation cascade, presents distinctive hurdles in both
diagnosis and management owing to its rarity and the array of clinical manifestations it may entail.

In FXIII deficiency, intracranial hemorrhages are extensively documented, frequently resulting in profound
neurological ramifications[3]. Nevertheless, the manifestation of bleeding in extracranial locales, such as the hip, adds
another layer of intricacy to this case[4]. A comprehensive comprehension of the interrelationships among clotting factors
and the ramifications of FXIII deficiency is imperative for elucidating the underlying mechanisms contributing to the
multifocal hemorrhagic incidents observed in this instance.

Delving into this case, our aim is to illuminate the clinical intricacies of FXIII deficiency, underscoring the imperative
for heightened awareness among healthcare providers to promptly diagnose and appropriately manage this rare bleeding
disorder. Furthermore, this report adds to the evolving understanding of the diverse and potentially life-threatening
manifestations of FXIII deficiency, ultimately fostering improved patient outcomes through enhanced diagnostic accuracy
and personalized therapeutic strategies[5].

CASE PRESENTATION

Chief complaints

In February 2023, a 53-year-old male without a medical history of hypertension, diabetes, heart disease, stroke, or renal
disease underwent surgery for a right hip hematoma at a local hospital. The operation, which lasted three hours, resulted
in a blood loss of 100 mL, fluid administration of 2000 mL, and a urine output of 200 mL. The procedure was conducted
under general anesthesia, utilizing fentanyl and propofol for sedation and analgesia. Notably, anticoagulant and
antiplatelet medications were not administered.

History of present illness

In June 2023, he was hospitalized with a fever persisting for 20 days following cerebral hemorrhage surgery. The
admission diagnosis encompassed intracranial infection, postoperative left temporal lobe cerebral hemorrhage,
pulmonary infection, stage 2 high blood pressure (very high risk), postoperative right hip hemorrhage, and right hip skin
infection.

History of past illness

The patient denied having a history of high blood pressure, diabetes, heart disease, stroke or kidney disease.
Immunization history: Vaccinations have been administered in full compliance with national guidelines. The patient
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denies any history of hypersensitivity to food or medications. Anticoagulant and antiplatelet agents were not utilized.
Underwent inguinal hernia repair over a decade ago. The patient denies any history of trauma, blood transfusion,
poisoning, or chronic medication use. There is no history of addictive substance use. The patient also reports no other
medical conditions, including anemia, epistaxis, gingival or dental bleeding, or ecchymosis.

Personal and family history

Despite the absence of a family history of genetic disorders and no reported similar cases among other family members,
the patient's routine blood tests, morphology, coagulation profile, liver and kidney functions, platelet aggregation,
antiphospholipid antibodies, and thromboelastography revealed no significant abnormalities (Table 1).

Physical examination

The patient is alert and fully responsive. Nutritional status is robust, with normal developmental progress. There are no
indications of anemia, jaundice, cyanosis, or edema. Vital signs are as follows: Body temperature 36.8 °C, pulse rate 72
beats per minute, respiratory rate 18 breaths per minute, and blood pressure 120/75 mmHg. No evidence of dyspnea or
palpitations is observed.

Laboratory examinations

Notably, FXIII antigen testing indicated levels below the normal range (49.2%, reference range 75.2%-154.8%). Following
informed consent from the spouse, peripheral venous blood samples from the patient, his brother, and son were
submitted to Di’an Medical Laboratory for whole-exome sequencing. This analysis revealed a homozygous mutation in
the ACE gene c.140A>G (p.GIn47Arg), confirmed through sanger sequencing. While the patient exhibited heterozygosity
for this mutation, his brother and son tested negative, indicating an acquired condition (Table 2).

Imaging examinations

On May 24, 2023, a neuro endoscopic evacuation of a left temporal lobe hematoma was performed on the patient.
However, on June 5, 2023, bilateral mydriasis developed, and a head computed tomography (CT) scan revealed
significant brain swelling and midline shift, necessitating an emergency craniotomy for hematoma evacuation and left-
sided decompressive craniectomy. Subsequently, the patient experienced postoperative fever, and lumbar puncture
indicated intracranial infection, which was managed with meropenem and vancomycin. On June 6, a subcutaneous
hematoma emerged, leading to a left temporal extradural hematoma evacuation. Despite the procedure’s repetition on
June 10 due to recurrence, the patient’s consciousness deteriorated on June 16 (Glasgow coma scale score E1V1M3),
exhibiting unequal pupils and sluggish light reflex. A CT scan revealed increased subcutaneous effusion and pronounced
rightward midline shift, indicative of local brain herniation. Another hematoma evacuation was conducted, followed by
ongoing intensive care unit management (Figure 1A).

During hospitalization, a decline in the patient’s hemoglobin levels was observed, and on June 30, swelling at the right
hip incision site was noted. Subsequent CT imaging of the hip revealed a hematoma, while a head magnetic resonance
imaging unveiled new brainstem hemorrhage, subdural/epidural hematoma at the left temporoparietal region, bleeding
in the anterior horn of the left lateral ventricle, and ventricular hemorrhage. Hemostatic and plasma transfusion therapies
were administered to address these conditions (Figure 2 and Figure 3). Following up on July 16, a repeat head CT scan
revealed increased subcutaneous bleeding in the right surgical area and a slight rise in midline shift to the right.
Intermittent transfusions of cryoprecipitate were provided to enhance coagulation (Figure 1B).

FINAL DIAGNOSIS

Given the clinical presentation and genetic analysis results, the diagnosis of acquired FXIII deficiency was established for
the patient.

TREATMENT

As part of the treatment regimen, weekly infusions of 10 units of cryoprecipitate were administered as prophylaxis
against future bleeding episodes. From July 19, 2023, through December 29, 2023.

OUTCOME AND FOLLOW-UP

Subsequently, the patient exhibited improved consciousness, characterized by clear mentation and restored mobility.
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Table 1 Changes in hemostatic parameters throughout time

FXIlIl antigen (%) INR APTT ratio Fibrinogen (mg/dL)

Reference ranges 75.2-154.8 0.80-1.20 24.5-31.7 1.80-4.00
At diagnosis 49.2 1.06 29.6 5.3

Last blood sample 37.7 0.98 273 5.14

FXIII: Factor XIII; INR: International normalized ratio; APTT: Activated partial thromboplastin time.

Table 2 Blood test

Patient Reference ranges
Coagulation-active factor VII (%) 90.8 50-150
Coagulation-active factor VIII (%) 170.7 50-150
Antithrombin IIT activity (%) 100.5 70-125
Fibrinolytic-antifibrinolytic complex (ng/mL) 1.14 <0.85
Thrombin regulatory protein antigen (IU/mL) 12.08 3.82-13.35
Platelet count (x10°/L) 352 125-350
Protein C activity (%) 104.7 70-140
Protein S Activity (%) 1135 55-130
IgG (mg/dL) 9.63 8.60-17.40
IgA (mg/dL) 1.94 1.00-4.20
IgM (mg/dL) 0.63 0.30-2.20
C3 (mg/dL) 0.70-1.40 1.1
C4 (mg/dL) 0.10-0.40 0.32

DISCUSSION

Acquired FXIII deficiency originates from the production of FXIII inhibitors by autoantibodies targeting FXIII[6]. This
autoimmune phenomenon typically emerges in individuals of middle to advanced age, with a tendency towards onset in
older individuals and no apparent gender predilection. Patients afflicted with acquired FXIII deficiency, characterized by
the presence of FXIII inhibitors, are predisposed to severe episodes of bleeding. These inhibitors can hinder the activity,
function, or alter the reactivity of fibrin substrates by obstructing the activation of FXI[7]. Consequently, this interference
results in abnormal cross-linking between fibrin monomers, leading to the formation of unstable plasma fibrin clots.
Clinically, this manifests as severe and recurrent spontaneous bleeding, spanning various anatomical sites[8]. Common
presentations encompass bruising of the skin and mucosa, hematoma formation in soft tissues and muscles, visceral
bleeding, postoperative bleeding delays, and, in severe instances, intracranial hemorrhage[9]. The wide array of bleeding
manifestations underscores the intricate nature of acquired FXIII deficiency, underscoring the necessity for clinicians to
exercise vigilance in identifying and managing this condition[10,11]. The profound impact on hemostasis, demonstrated
by the instability of fibrin clots, mandates a multidisciplinary approach for accurate diagnosis, treatment, and ongoing
patient care[12].

This case highlights a distinct occurrence of acquired FXIII deficiency, an uncommon hematological anomaly often
eclipsed by more prevalent coagulation disorders. FXIII serves as a pivotal enzyme in the clotting cascade, crucial for
fibrin cross-linkage and clot stabilization. Deficiency in FXIII can precipitate severe and recurring episodes of bleeding,
mirroring the observations in our patient[13]. The patient’s recurrent intracranial hemorrhages, notably following
surgical procedures, alongside the emergence of a right hip hematoma in the absence of significant medical or familial
bleeding history, presented a diagnostic conundrum. The lack of conventional risk factors such as hypertension, diabetes,
or prior cerebrovascular ailments further added complexity to the clinical scenario. The persistent recurrence of
hemorrhagic events despite surgical interventions and routine postoperative management suggested an underlying
coagulopathic condition[14].

In the context of FXIII deficiency, intracranial hemorrhage poses a particularly grave risk due to its high mortality and
morbidity rates[15]. The patient’s deteriorating neurological status, marked by declining Glasgow coma scale scores and
pupil asymmetry, warranted multiple neurosurgical interventions. The persistence of hemorrhagic events despite these
interventions underscored the necessity for reevaluation of diagnosis and treatment strategies. The definitive diagnosis of
acquired FXIII deficiency was established through genetic analysis, revealing a homozygous mutation in the ACE gene.
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Figure 1 Head computed tomography scan. A: Head computed tomography scan at the time of initial treatment. The left side is a preoperative image. The
right side is head computed tomography scan at rebleeding on day 4; B: Head computed tomography scan during treatment. The left side is a preoperative image.
The right side is a postoperative image.
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Figure 2 Head magnetic resonance imaging scan at rebleeding on day 18. The left side is T1-weighted imaging. The right side is T2-weighted imaging.

Notably, this mutation is not conventionally associated with coagulation disorders, suggesting a unique phenotype or a
secondary mutation influencing FXIII levels. The patient’s heterozygous genotype and the absence of the mutation in his
immediate family members imply an acquired rather than an inherited etiology[16].

The management of acquired FXIII deficiency predominantly revolves around FXIII replacement therapy. Our patient
exhibited a favorable response to prophylactic cryoprecipitate transfusions, which provide a concentrated source of FXIII
[17]. The cessation of hemorrhagic episodes following the initiation of this treatment underscores the critical role of timely
diagnosis and appropriate therapeutic interventions in such clinical scenarios. Additionally, this case prompts critical
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Figure 3 Right hip magnetic resonance imaging scan at rebleeding on day 18. The left side is T1-weighted imaging. The right side is T2-weighted
imaging.

inquiry into the necessity of screening for coagulation disorders in individuals presenting with unexplained intracranial
hemorrhage[18]. Existing guidelines typically do not advocate for routine coagulation factor assessments in the absence of
suggestive clinical history[19]. Nonetheless, this case serves as a poignant reminder that rare coagulopathies may
manifest even in patients lacking significant bleeding antecedents or identifiable risk factors.

Moreover, the treatment of individuals afflicted with acquired FXIII deficiency necessitates a multidisciplinary
strategy, engaging hematologists, neurosurgeons, and critical care experts. Balancing the risk of recurrent hemorrhage,
the prospect of immune-mediated inhibitor formation, and the requirement for sustained prophylactic measures
demands meticulous consideration of the patient's holistic well-being and quality of life[20].

In conclusion, this case underscores the imperative of contemplating acquired coagulopathies in individuals experi-
encing unexplained and recurrent hemorrhagic episodes. Furthermore, it underscores the value of thorough genetic
analysis in uncovering uncommon coagulation anomalies, which can substantially influence patient care and prognosis.
Subsequent investigations could delve into elucidating the pathophysiological mechanisms underpinning mutations in
the ACE gene and their interplay with coagulation pathways[21].

CONCLUSION

Acquired FXIII deficiency, albeit uncommon, warrants consideration in individuals presenting with inexplicable
hemorrhagic episodes. Genetic testing emerges as pivotal in the diagnosis and therapeutic approach to such instances.
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Abstract

BACKGROUND

Cases of myelin oligodendrocyte glycoprotein (MOG) antibody-related disease
have a history of coronavirus disease 2019 infection or its vaccination before
disease onset. Severe acute respiratory syndrome virus 2 (SARS-CoV-2) infection
has been considered to be a trigger of central nervous system autoimmune
diseases.

CASE SUMMARY

Here we report a 20-year male with MOG-associated transverse myelitis after a
SARS-CoV-2 infection. The patient received a near-complete recovery after stan-
dard immunological treatments.

CONCLUSION
Attention should be paid to the evaluation of typical or atypical neurological
symptoms that may be triggered by SARS-CoV-2 infection.

Key Words: Myelin oligodendrocyte glycoprotein antibody-associated encephalomyelitis;
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Core Tip: Here we present a case of myelin oligodendrocyte glycoprotein-associated disease after severe acute respiratory
syndrome coronavirus type 2 (SARS-CoV-2) infection. The patient received a near-complete recovery after standard
immunological treatments. We suggest that attention should be paid to the evaluation of typical or atypical neurological
symptoms that may be triggered by SARS-CoV-2 infection, and focus on the exclusion of coexisting autoimmune reactions
or diseases.

Citation: Zheng JR, Chang JL, Hu J, Lin ZJ, Lin KH, Lu BH, Chen XH, Liu ZG. Myelin oligodendrocyte glycoprotein-associated
transverse myelitis after SARS-CoV-2 infection: A case report. World J Radiol 2024; 16(9): 446-452

URL: https://www.wjgnet.com/1949-8470/full/v16/19/446.htm

DOI: https://dx.doi.org/10.4329/wjr.v16.i9.446

INTRODUCTION

Many cases of coronavirus disease 2019 (COVID-19) have been reported with co-existing neurological symptoms. Several
co-exsiting autoimmune neurological diseases, including central (limbic and brainstem encephalitis, acute disseminated
encephalomyelitis, and myelitis) and peripheral neurological diseases (Guillain-Barré and Miller fisher syndromes), have
been reported[1]. The correlation between COVID-19 and neurological symptoms is yet not clear, with the possible
mechanisms of autoimmunity and inflammation. Currently, the diagnosis standards and treatment options for COVID-
related neurological diseases are ambiguous, leading to a possibly underestimated number of total cases and posing new
challenges for clinical work in the neurological discipline.

Myelin oligodendrocyte glycoprotein (MOG) is a member of the immunoglobulin superfamily[2]. It is specifically
expressed on the membrane surface of oligodendrocytes and the outermost layer of the myelin sheath, and its expression
level usually reflects the degree of myelination. MOG has been proven to be one of the most common antigens in
demyelinating diseases. MOG antibody-related disease (MOG-AD) accounts for 1.2% to 6.5% of all adult demyelinating
syndromes, with acute disseminated encephalomyelitis, optic neuritis and myelitis as the common clinical symptoms[3].

In this case repot, we report a case of rapidly progressing acute myelitis presented with motor sensory disorders of
both lower extremities and urinary retention after severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2)
infection. The patient was further diagnosed with MOG-associated transverse myelitis (TM) after being tested positive for
anti-MOG-IgG in the cerebrospinal fluid (CSF). We also reviewed published cases of MOG-AD associated with SARS-
CoV-2 infection, intending to improve clinicians” understanding of MOG-AD after SARS-CoV-2.

CASE PRESENTATION

Chief complaints
A 20-year-old young male of Asian ethnicity was admitted to our hospital for lower limb weakness and sensory
disturbance and urinary retention for 3 days.

History of present illness

Eight days prior to admission, the patient developed weakness and a fever with chills, and was diagnosed with COVID-
19 after conformation of SARS-CoV-2 infection by a pharyngeal swab reverse transcription-polymerase chain reaction
test. No other symptoms such as cough, sputum, chest tightness, or shortness of breath were present at that time. After 5
days of consistent fever, the patient began to develop symmetrical weakness in lower extremities, accompanied by
symmetrical sensory impairment below the waist, inability to walk by himself, and difficulty in urination.

History of past illness
The patient was previously healthy.

Personal and family history
He had previously received the SARS-CoV-2 adenovirus vaccine before infection and had no symptoms or discomfort at
the time of vaccination.

Physical examination
At administration, the patient had a fever of 38.5 °C. Neurological examination revealed pyramidal tract impairment and
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sensory abnormalities, including decreased muscle strength in both legs (3/5 in medical research council scale of muscle
strength rating system) and diminished tendon reflex, accompanied with hypesthesia below the T9 dermatome level
[modified Rankin scale (mRS) 4 and expanded disability status scale (EDSS) 7.0]. His abdominal wall reflexes were
elicited only at the left T7-T8 plane. And urinary retention resulted in his need for urinary catheterization.

Laboratory examinations

The initial laboratory tests showed an elevated level of white blood cell count (15.69 x 10°/L), C-reactive protein (84.590
mg/L), D-dimer (1.17 mg/L, fibrinogen equivalent units), and erythrocyte sedimentation rate (52 mm/hour), with no
other general examination remarkable. A lumbar puncture was therefore performed. The pressure of the cerebral spinal
fluid was remarkably over 330 mmH,O, with a raised white blood cell count (66 x 10°/L), mononuclear cell percentage
(91%), and elevated protein level (0.26 g/L). Oligoclonal bands were seen in both serum and CSF with the same pattern.
A CSF test was positive for anti-MOG antibody (titration 1:32), while was negative for other antibodies, especially anti-
aquaporin 4 antibodies.

Imaging examinations

A magnetic resonance imaging (MRI) scan of the spinal cord revealed an abnormal signal in the C3-C6, T7-T8 segment
resembling demyelinating lesion (Figure 1), presuming a diagnosis of TM. Neither typical glassy nor solid shadows were
observed in his lung from an immediate chest computerized tomography scan (Figure 2).

FINAL DIAGNOSIS

Based on this patient’s recent history of SARS-CoV-2 infection, clinical presentation, laboratory findings, MRI, and CSF
analysis, the diagnosis of MOG-TM was supported.

TREATMENT

Pulsed methylprednisolone therapy [1000 mg x 3 days; 500 mg x 3 days; 250 mg x 3 days; 120 mg x 3 days followed by 65
mg (1 mg/kg/day) orally] was administered by our medical team.

OUTCOME AND FOLLOW-UP

The patient responded well to steroid treatment with gradual improvements in symptoms. After a one-week of treatment,
the patient’s muscle strength of the lower limbs was restored (4 +/5 in medical research council scale of muscle strength
rating system score). He could walk independently and was mostly self-care, despite slight sensory abnormalities and
mild urinary retention, for which a catheter was still needed. At re-exam in the second week, an MRI scan showed
reduced volume of the abnormal signals compared with the previous scan (Figure 3). At discharge, the mRS score was at
2, and the EDSS score was at 3.5. A prescription of a long-term oral prednisolone until further reevaluation was given,
with a slow tapering plan.

DISCUSSION

With the accumulation of cases affected by the COVID-19 pandemic, studies have found that a range of neurological
complications such as cerebrovascular disease, encephalitis, and myelitis could occur in addition to the respiratory and
cardiovascular symptoms[4-7], which is gaining more attention in clinical practice. COVID-19 related myelitis was first
reported by Zhao et al[8], despite a lack in CSF and spinal MRI findings.

The number of reported MOG-AD cases seems slightly higher than that in the pre-pandemic period of COVID-19, and
its coincidental occurrence should not be neglected[9,10]. COVID-19-associated MOG-AD can occur in patients of all ages,
but is more commonly seen in younger patients. In these patients, myelitis or TM is usually accompanied by encephalitis
(acute disseminated encephalomyelitis) and optic neuritis[10,11]. Our patient presented with typical neurological
symptoms including lower extremity weakness, sensory impairment and urination retention, which is consistent with the
reported cases. Similar to other previously reported cases, in the cross-sectional MRI scans of this reported patient, the
spinal cord lesion showed a typical “cloudy” and “H-shaped” pattern[11-14]. A recent multimodal meta-analysis
exhibited that both structural and functional alterations of right superior temporal gyrus, left insula and right orbito-
frontal cortex have been found in COVID-19 patients compared with healthy persons. This study prompted that the
cortex is more susceptible than the white matter in brain after SARS-CoV-2 infection, which may accordingly make an
explanation why patients with SARS-CoV-2 associated MOG-TM mainly manifest the dysfunction of the grey matter in
spinal cord[15]. However, direct evidence especially the multimodal imaging and autopsy examination of the spinal cord
demonstrating the pathophysiological link, is still lacking to date, and further clinical and preclinical studies are still
needed to reveal the underlying mechanisms of MOG-TM associated with COVID-19.
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Figure 1 A magnetic resonance imaging scan of the thoracic spinal cord of the patient before treatment. A: Sagittal T1WI sequence of the
cervical spine; B: The sagittal T2WI-FS sequence of the cervical spine shows hyperintensity in the long central segment of the spinal cord C3-C6 (arrow); C: Axial
T2WI sequence of the cervical spine shows hyperintensity in the central spinal cord at the C3-C6 level (arrow); D: Sagittal T1WI sequence of the lumbar spine; E:
Sagittal T2WI sequence of the lumbar spine shows hyperintensity from the central long segment of the T7-T8 spinal cord (arrow); F: Axial T2WI sequence of the
lumbar spine shows hyperintensity at the T7-T8 level (arrow).

It is difficult to confirm the causality of SARS-CoV-2 infection and TM. Considering the characteristics of the cases
available so far and the temporal relationship between SARS-CoV-2 infection and MOG-AD, it is very likely that this was
an inflammatory para-infection or post-infection phenomenon, supporting the hypothesis of autoimmune process rather
than viral damage directly. The homologous trimeric spike protein S in SARS-CoV-2 membrane has a receptor binding
domain that recognizes angiotensin-converting enzyme 2 (ACE2) on target cells and the virus can subsequently fuse with
the target cell membrane to complete viral replication and infection[16,17]. Since ACE2 receptors are present on brain
glial cells and neurons, it is suggested that the nervous system is also highly susceptible to SARS-CoV-2[18]. The possible
route for virus infection in the central nervous system may be through the central protrusion of the olfactory cells to the
olfactory bulb or through the disruption of the blood-brain barrier by infecting vascular epithelial cells, which is further
evidenced by the detection of SARS-CoV-2 genetic material in patients’” CSF[19,20]. However, SARS-CoV-2 polymerase
chain reaction test was only positive in the CSF of a very small number of patients presenting with encephalitis or
encephalomyelitis, and is usually negative in patients presenting with simple myelitis for the time being, contradicting
the idea of direct SARS-CoV-2 infection on neuron[1,9]. MOG-AD can also occur secondarily to the infection of other
viruses such as herpes simplex virus and Epstein-Barr virus, suggesting that viral infections may be triggers for the
development of immune-mediated responses, but is not specific to a defined pathogen[3]. Previous study identified

Buissdenge IR | hittps://www.wjgnet.com 449 September 28,2024 | Volume16 | Issue9 |



Zheng JR et al. MOG-associated transverse myelitis after SARS-CoV-2 infection

&2

; |

Figure 2 A chest computerized tomography scan of the patient. Chest computerized tomography showed mild interstitial lesions in both lower lungs
without the typical ground glass-like or solid shadows of severe acute respiratory syndrome virus 2 infection.

Figure 3 Magnetic resonance imaging scan of spinal cord one week after methylprednisolone treatment. A: Sagittal T2WI sequence of the
cervical spine shows a reduced range of long T2 signals in C3-C6 and T7-T8 segments compared with the previous one (arrows); B: Sagittal T2WI sequence of the
lumbar spine: A reduced range of long T2 signals in T7-T8 segments compared with the previous one (arrows); C: Sagittal enhancement sequence of the cervical
spine: No abnormal enhancement was seen; D: Sagittal enhancement sequence of the lumbar spine: No abnormal enhancement was seen.

inflammatory markers [such as C-reactive protein, interleukin (IL)-2R, IL-6, IL-10, tumor necrosis factor-a] are
significantly elevated in patients with severe COVID-19 infection, which underlie the cytokine inflammatory storm which
leads to hyperpyrexia and respiratory failure[21,22]. However, in this reported case, neurological damage is much more
evident than respiratory symptoms, suggesting that anti-MOG antibody activation, rather than inflammation itself, was
playing a pivotal role. In addition, MOG-AD was found to be closely associated with SARS-CoV-2 vaccination. Indeed,
MOG-AD after vaccination may induce more severe symptoms compared to non-vaccine related MOG-AD, represented
by longer focal involvement of segments and even require multiple immunotherapy in some cases[23], while routine lab
tests of CSF could be normal[23,24]. Therefore, according to the currently proposed criteria for a “probable” causal
relationship between SARS-CoV-2 vaccination and neurological complications, SARS-CoV-2 infection or vaccination may
lead to the process of molecular mimicry and epitope spread, which may contribute to the inflammation-associated
MOG-Ig as a non-specific trigger releasing and finally result in MOG-ADI[25].

As for disease regression, in this group of patients, immunotherapy with adequate steroid hormones is most
commonly adopted in clinical practice, and most patients have good response to steroid treatments and are able to
achieve clinical remission[1]. Immunoglobulin and plasma replacement are alternative clinical strategies. As with typical
MOG-AD, patient with MOG-AD after SARS-CoV-2 infection could receive complete or near-complete recovery after
treatments, and relapse cases are rare[1,11]. However, given the specificity of MOG antibodies, the current epidemi-
ological setting of SARS-CoV-2, and the limited follow-up time, and it is recommended that such patients should be
followed up for a longer period of time for assessment or to prevent relapse.
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CONCLUSION

Here we present a case of MOG-AD after SARS-CoV-2 infection and a literature review of available reports. We suggest
that attention should be paid to the evaluation of typical or atypical neurological symptoms that may be triggered by
SARS-CoV-2 infection, and focus on the exclusion of coexisting autoimmune reactions or diseases. We suggest that SARS-
CoV-2 infection may play a potential role in triggering and driving inflammation in the pathogenesis of MOG-AD, but
direct pathophysiological evidence is still lacking. More prospective studies are needed to elucidate this possible
association.
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Abstract

BACKGROUND
Extralobar pulmonary sequestration (ELS) with torsion is extremely rare, con-
sequently, the diagnosis of ELS with torsion in children presents a challenge for
clinicians. Herein, we report four cases of ELS with torsion that presented with
abdominal pain, and further review the relevant literature to summarize the
clinical features.

CASE SUMMARY

Four children presented to our department with abdominal pain. All underwent
chest computed tomography, which revealed an intrathoracic soft tissue mass
with pleural effusion. All four children underwent thoracoscopic resection of the
identified pulmonary sequestration, and the vascular pedicle was clipped and
excised. None of the patients experienced any postoperative complications.

CONCLUSION
Clinicians should consider the possibility of ELS with torsion in children presen-
ting with abdominal pain as the chief complaint.

Key Words: Extralobar pulmonary sequestration; Abdominal pain; Torsion; Children; Case
report
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Core Tip: Extralobar pulmonary sequestration (ELS) with torsion is relatively rare, and typically occurs in the left
hemithorax. It generally presents in children; however, there is a high probability of misdiagnosis or missed diagnosis
because of its atypical symptoms. As such, clinicians need to be more aware of the possibility of torsion of an ELS.
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INTRODUCTION

Pulmonary sequestration (PS) is a rare congenital lung malformation, which can be classified as either intralobar PS, or
extralobar PS (ELS), based on the presence or absence of visceral pleura covering the lung parenchyma. Currently, the
pathogenesis and etiology of PS remain unclear, while the clinical manifestations of ELS lack specificity. Asymptomatic
children can be identified incidentally; however, some are not identified until they suddenly develop non-specific
symptoms such as cough, sputum production, fever, hemoptysis, chest pain, chest tightness, shortness of breath, fatigue,
and abdominal pain. Thus, missed and misdiagnosis of ELS with torsion are common because of its atypical symptoms.
Herein, we report four pediatric cases of abdominal pain caused by ELS torsion. All patients underwent thoracoscopic
resection of the PS, following which postoperative pathological examination confirmed ELS with hemorrhagic infarction.

CASE PRESENTATION

Chief complaints
Case 1: A 3-year-old boy admitted to our hospital with abdominal pain for 7 days and fever for 5 days.

Case 2: A 7-year-old boy admitted to our hospital with abdominal pain and vomiting for 2 days.
Case 3: A 6-year-old girl admitted to our hospital with abdominal and chest pain for 10 days.

Case 4: A 10-year-old girl admitted to our hospital with abdominal pain for 4 days, and chest pain and fever for 3 days.

History of present illness

Case 1: The patient had a history of presentation to another hospital with abdominal pain and fever. Computed
tomography (CT) of the abdomen revealed no intra-abdominal abnormalities; however, left-sided pleural effusion was
observed. Subsequently, chest CT revealed a left-sided hyperdense opacity with pleural effusion, after which the patient
was transferred to our hospital.

Case 2: The patient presented to our hospital with abdominal pain and vomiting.

Case 3: The patient had a history of presentation to another hospital with abdominal and chest pain. CT of the abdomen
and chest revealed a mass with pleural effusion in the right chest, after which the patient transferred to our hospital.

Case 4: The patient presented to our hospital with abdominal and chest pain and fever.

History of past illness

All of the patients were previously healthy, and had no history of recurrent respiratory tract infection. All had been
vaccinated with the tuberculosis (TB) vaccine, and denied any history of exposure to TB. Further, none had any history of
eating contaminated or raw food.

Personal and family history
Case 1: The patient's grandfather had nasopharyngeal cancer.

Cases 2-4: These patients had no remarkable personal or family history.

Physical examination
Case 1: The patient had decreased breathing sounds and voice tremors at the left lung base.

Cases 2-4: Physical examination was unremarkable.
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Laboratory examinations

Case 1: Laboratory examinations at admission revealed no abnormalities in blood cell count, blood biochemistry, or
coagulation function. Tumor marker levels [carcinoembryonic antigen (CEA) and alpha-fetoprotein (AFP)] were
unremarkable, while cytological analysis of the pleural fluid yielded negative results for malignancy, and pleural fluid
culture showed no growth of infectious organisms.

Case 2: Routine blood analysis revealed an elevated leukocyte count of 18.62 x 10°/L, with 87.5% neutrophils and 5.0%
lymphocytes; eosinophils were within the normal range. Tumor marker levels [CEA, AFP, neuron-specific-enolase (NSE),
human chorionic gonadotropin (HCG), and urinary vanillylmandelic acid (VMA)] were unremarkable. No abnormalities
were identified in other parameters related to blood biochemistry or coagulation.

Case 3: Tumor marker levels (CEA, AFP, NSE, HCG, and urinary VMA) were unremarkable. No abnormalities were
identified in other laboratory tests results upon admission.

Case 4: Routine blood analysis revealed 82.4% neutrophils and 9.3% lymphocytes; the leukocyte count was 14.23 x 10°/L;
eosinophils were within the normal range. Tumor marker levels (CEA, AFP, NSE and HCG) were unremarkable. No
abnormalities were identified in other laboratory tests upon admission.

Imaging examinations
Chest CT revealed an intrathoracic soft tissue mass shadow with pleural effusion in all cases (Figure 1). Abdominal
imaging showed no signs indicative of masses in the abdominal cavity.

FINAL DIAGNOSIS

Based on the postoperative pathological examination findings, the final diagnosis of ELS with torsion was confirmed in
all four cases.

TREATMENT

All patients underwent planned thoracoscopic resection of PS. Grayish-brown or purplish-dark masses with congestion
and necrosis were observed during surgery, accompanied by bloody pleural effusion. The feeding arteries were identified
and clipped.

OUTCOME AND FOLLOW-UP

None of the children experienced any intra- or postoperative complications; their symptoms were relieved after surgery,
and they have reported no discomfort since discharge.

DISCUSSION

ELS is characterized by the presence of non-functional lung tissue encased in its own visceral pleura, with little or no
communication with the tracheobronchial tree. The supply artery normally originates from the thoracic or abdominal
aorta, while the venous drainage primarily reaches the inferior vena cava, azygos vein, or hemiazygos vein. ELS is
commonly associated with other congenital abnormalities, of which congenital diaphragmatic hernia is the most common
[1,2]. This is inconsistent with the 13 cases reported in the English literature (Table 1). None of the 17 reported patients,
including our four, had other congenital malformations; indeed, all were previously healthy and did not undergo routine
examination. As a result, ELS was not detected until symptom onset. Most congenital anomalies in children are
diagnosed and surgically treated in the neonatal period. One study characterized the epidemiology of PS in a Chinese
population, extracted from a nationwide database from 2010 to 2019. The authors found that 90.25% of children with PS
were identified by prenatal ultrasound. Although the majority of the PS cases could be diagnosed prenatally, a few mild,
asymptomatic cases of PS or complex syndrome may be missed, particularly in rural areas, which may be related to the
diagnostic capacity of the examiners, location of the mass, socioeconomic status, and prenatal health care services[3].

In the present study, we searched the PubMed, CNKI, Wanfang, and VIP databases from their inception to October
2021 for literature on ELS in children with abdominal pain as the primary manifestation. This search identified 13 cases of
ELS with torsion previously reported in the literature (Table 1). The patients’” ages ranged from 4 to 15 years, and all were
previously healthy. All patients presented with abdominal pain, while other symptoms include chest pain, vomiting, and
fever. Except for the identification of a mass that was found in the left lower abdomen of one child[4] and massive consol-
idation accompanied by pleural effusion on chest radiography in another child[5], chest CTs of the other 11 children
revealed a low-density soft tissue mass shadow in a triangular, oval, or round shape, and the ratio of the left and right
parts of the lesion was 11:2. Only 2 of the 13 patients did not show pleural effusion[4,6]. Only 1 patient was diagnosed
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Table 1 Summary of all previously-reported cases of extralobar pulmonary sequestration in children with abdominal pain

Published  Age . . Pleural S
No. Ref. g Sex Main symptoms Location . Imaging findings
year (year) effusion
1 Shihetal[4] 1990 8 F Abdominal pain Left - Contrast-enhanced abdominal CT revealed a thin-
abdomen walled mass in the left retroperitoneum
2 Mammenet 1994 8 F Abdominal and Right + Chest radiographs revealed a right-side pleural
al[5] chest pain effusion with collapse and consolidation of the right
middle and lower lobes
3 Yokotaetal 2019 15 M  Abdominal pain  Right - Contrast-enhanced chest CT revealed a soft tissue
[6] and coughing density mass adjacent to the vertebral body at the
posterior mediastinum
4 Limaetal[7] 2010 11 F Abdominal pain ~ Left + Chest CT revealed a paraspinal mass in the inferior
portion of the left chest
5 Walcuttetal 2021 13 M  Abdominal and Left + Contrast-enhanced chest CT revealed a hyperdense
[8] vomiting polygonal mass in the inferior medial left pleural
space
6 Kirkendall et 2013 13 M  Abdominal and Left + Chest CT revealed a paraspinal soft tissue mass in the
al[10] chest pain inferior portion of the left chest
7 Chenet al[11] 2011 13 M  Abdominal pain  Left iz Chest CT revealed a well-defined posterior
and vomiting mediastinal soft tissue mass
8 Shah et al[13] 2010 11 F Abdominal and Left + Contrast-enhanced Chest CT revealed an ovoid soft-
chest pain tissue density shadow
9 Uchidaetal 2010 4 M  Abdominal pain  Left 1 Contrast-enhanced Chest CT revealed an oval-
[14] shaped mass in the posteromedial left lower chest
10  Sonetal[l5] 2020 13 B Abdominal and Left + Chest CT revealed amass-like lesion in left
chest pain hemithorax
11  Choe and 2015 10 M  Abdominal pain  Left Sz Chest CT revealed well-defined hypodense soft
Gool[17] and fever tissue lesion in the left pleural space
12 Zuckeretal 2013 6 M  Abdominal pain  Left iz Contrast-enhanced chest CT revealed an oval-shaped
[18] and chest pain mass in the left lower chest
13 Gawlitzaetal 2014 11 M  Abdominal and Left + Contrast-enhanced chest CT revealed a mass with
[19] vomiting intermediate density in the left chest

M: Male; F: Female; CT: Computed tomography.

with two left ELS, of which one had torsion[7]. All children underwent surgical treatment. Based on postoperative
pathological examination findings, a final diagnosis of ELS with torsion was confirmed in all cases. All patients were
cured after surgery, with favorable outcomes and no deaths.

The ELS usually attaches to the mediastinal side of the pleural cavity only through the vascular pedicle and lower
pulmonary ligament, while torsion of the ELS can easily occur during vigorous exercise, resulting in infarction,
hemorrhage, and necrosis[6,8]. In addition, pleural effusion, which is usually bloody, can be attributed to the blockage of
the draining venous and lymphatic vessels by torsion of the vascular pedicle. ELS is a rare congenital malformation
characterized by acute onset and rapid progression. In adulthood, ELS most commonly presents as chest pain or
discomfort[9]. In contrast, the most common clinical symptom in children is abdominal pain, which may be accompanied
by vomiting and fever; thus, the initial evaluation generally focuses on abdominal diseases, such as acute abdomen([5,6,
10] and neurogenic tumors[4,11]. Among the previously reported cases, one patient was preoperatively diagnosed with
neuroblastoma with negative chest radiography findings and elevated urinary VMA, which is suggestive of tumors of
neural crest origin[4].

The four children with ELS with torsion hospitalized in our institution all had abdominal pain as the first or primary
symptom, while accompanying symptoms included fever, chest pain, and vomiting. Further, in all patients, chest CT
revealed an intrathoracic soft tissue mass shadow between the lower lobe of the lung and the diaphragm, combined with
pleural effusion. The preoperative differential diagnoses of ELS include tumor, diaphragmatic herniation, and unusual
infections such as TB infection, parasitic infection, and unclear disease. We progressively excluded these differential
diagnoses based on the following findings: (1) All patients had received the TB vaccine, and denied a history of exposure
to TB; (2) None of the patients had any history of eating contaminated or raw food; and (3) Tumor marker levels (CEA,
AFP, NSE, HCG, and urinary VMA) were unremarkable, while routine blood analysis revealed normal levels of
eosinophils.

As mentioned, abdominal pain is one of the common symptoms of ELS in children. Abdominal pain in children has
many potential causes, which can be broadly categorized into intra-abdominal disease, extra-abdominal, and systemic
disease; further, thoracic diseases such as pneumonia, pleurisy, pulmonary infarction, and pericarditis can cause
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Figure 1 Exemplar chest contrast-enhanced computed tomography results in case 2 (a 7-year-old boy), showing an approximately 52.9
mm x 40.5 mm x 40.8 mm-sized oval lesion at the level of the 9*-10* thoracic vertebra (orange arrow), with a pleural effusion (white
arrow) and pneumonia (yellow arrow). No obvious enhancement was observed.

abdominal referred pain. The pathogenesis of abdominal pain is divided into visceral abdominal pain[12], somatic
abdominal pain, and referred pain. The ELS is usually located between the lower lobe of the lung and the diaphragm. In
all 17 reported cases, including our own, imaging evaluation revealed a soft tissue lesion located between the diaphragm
and lower lobe. In our 4 cases, the mass was densely adherent to the chest wall and diaphragm at operation. However, at
present, literature reports on ELS in children with abdominal pain as the main manifestation are rare, and most of those
that have been published are retrospective case reports. The mechanism of abdominal pain is not clear and requires
further exploration. The causes of abdominal pain caused by ELS with torsion could be: (1) Pneumonia or pleurisy caused
by the torsion of ELS causes referred pain; (2) ELS is generally located between the diaphragm and the lower lobe, and
abdominal pain could be attributed to irritation to the diaphragm caused by torsion of the ELS; (3) ELS can be found
infra- diaphragmatically, representing an extremely rare type of PS. In such cases, peritonitis or peritoneal effusion
caused by the torsion of this kind of ELS causes abdominal pain.

Currently, chest imaging examination is the key method for establishing a correct diagnosis of ELS when a feeding
artery arising from the systemic circulation into the isolated lung tissue is identified. Chest imaging tests should be
performed as early as possible to exclude ELS with torsion when school-age children present with abdominal pain, while
chest imaging should range from the lower thorax to the level of the pulmonary veins[13], with the entire chest ideally
being examined. Routine chest radiography or chest CT without contrast-enhanced imaging may reveal a mass shadow in
the lung; however, it has a high rate of misdiagnosis. Particularly in the early stage of the disease, it may be missed or
misdiagnosed as atelectasis[10,14]. Son et al[15] indicated that an image might be misdiagnosed as a tumorous or
infectious condition, if an inflammatory reaction occurs. Contrast-enhanced CT with 3D reconstruction is more effective
at diagnosing ELS, as it provides more information about the mass, such as the degree of enhancement of the mass and
the vascular shadow of the lesion, which makes it easier to distinguish pulmonary cystic lesions, consolidation,
atelectasis, and mass shadow. However, torsion of the vessels can hinder the visibility of the blood supply, while
contrast-enhanced CT may not identify an abnormal blood supply. Ou et al[16] Previously reported the clinical character-
istics of 48 cases (including 30 confirmed and 18 suspected cases) of PS in children. Among them, only 16 were confirmed
by imaging preoperatively, including four cases by chest CT-enhanced scanning, nine cases by enhanced CT combined
with three-dimensional reconstruction, and three cases by digital subtraction angiography; the misdiagnosis rate was
36.7%, and the missed diagnosis rate was 10%. Torsion of the ELS prevents the blood supply from being filled with
contrast medium, resulting in unrecognizable blood supply vessels and atypical imaging findings. This leads to difficulty
in diagnosing ELS with torsion. As such, it is also difficult to identify the abnormal supply artery of the ELS with torsion
using contrast-enhanced CT combined with three-dimensional reconstruction, which requires radiologists to pay close
attention to it to avoid missing diagnoses. Of the 13 reported cases, a feeding artery was identified on MRI in only one
case[17]. Shah et al[13], Zucker et al[18] and Gawlitza et al[19] all indicated that torsion of the PS could be considered, even
if the classic findings of a vascular pedicle were not identified on imaging examinations.

Most cases of ELS are diagnosed antenatally, and are treated aggressively with surgery, even if asymptomatic.
However, some pediatric ELS are not identified during prenatal examination; such patients are usually in good health,
and may only be admitted to the hospital because of pulmonary infarction and hemorrhage caused by torsion of the
blood vessel pedicle. These patients also require immediate surgery. Currently, thoracoscopic surgery is an important
treatment for ELS associated with torsion, less intraoperative bleeding, and better recovery and prognosis[20].

CONCLUSION

ELS with torsion usually presents in children and adolescents, and is associated with a high risk of missed or misdia-
gnosis because of its atypical symptoms. Clinicians should consider the possibility of ELS with torsion in previously
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healthy school-aged children with chief complaints of abdominal pain, sometimes accompanied by chest pain, vomiting,
and fever. Chest imaging should also be performed as early as possible, particularly in cases with remarkable findings on
physical examination of the lungs suggestive of ELS with torsion. A high index of suspicion for ELS with torsion should
be maintained when contrast-enhanced chest CT reveals a soft tissue mass shadow with no or mild enhancement,
accompanied by bloody pleural effusion, unclear blood supply arteries, and other characteristic changes. As such,
thoracoscopic ELS resection should be performed immediately.
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Abstract

BACKGROUND

Behcet's disease (BD) is an inflammatory disorder known for various symptomes,
including oral and genital ulcers and ocular inflammation. Panuveitis, a severe
eye condition, is rare as the first sign of BD.

CASE SUMMARY

We present an unusual case of a 30-year-old man who developed panuveitis after
receiving the mRNA-based coronavirus disease 2019 (COVID-19) vaccine
(Moderna). Laboratory tests ruled out infections, but he had a positive HLA-B51
result and a history of genital ulcer and oral ulcers, leading to a BD diagnosis.
Treatment with corticosteroids improved his condition. Interestingly, he had
another episode of panuveitis after the second mRNA vaccine dose, which also
responded to corticosteroids.

CONCLUSION

This case highlights the rare onset of BD following mRNA COVID-19 vaccination,
suggesting a potential link between these vaccines and BD's eye symptoms,
emphasizing the importance of quick treatment in similar cases.
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Core Tip: This case report highlights a rare instance of panuveitis as the first manifestation of Behcet's disease in a 30-year-
old man following mRNA-based coronavirus disease 2019 vaccination (Moderna). The patient developed recurrent uveitis
after both doses of the vaccine. This case suggests a potential link between mRNA vaccines and ocular inflammation in
genetically predisposed individuals, particularly those with HLA-BS51. It underscores the importance of considering Behcet's
disease in patients presenting with panuveitis post-vaccination and calls for further research to confirm this association and
understand the underlying mechanisms.
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INTRODUCTION

Uveitis, a term used to describe inflammation of the uvea, can lead to significant vision loss if not diagnosed promptly
and managed appropriately[1]. It can be triggered by various causes, including infections, autoimmune diseases,
malignancies, and possibly, vaccines[2]. This array of etiologies highlights the complexity and the importance of
recognizing the presenting symptoms of uveitis to guide effective management.

Behcet's disease, an inflammatory disorder of unknown cause, is one of the systemic diseases that can lead to uveitis
[3]. The disease is characterized by recurrent oral and genital ulcers, skin lesions, and uveitis. Genetic predisposition,
particularly the presence of HLA-B51, has been associated with Behcet’s disease[4]. With the ongoing global coronavirus
disease 2019 (COVID-19) pandemic, the focus of medical attention has recently been on vaccines, particularly mRNA
vaccines, as a potential trigger for uveitis[5]. These vaccines, including the mRNA-1273 severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) vaccine (Moderna), have proven to be highly effective in combating the spread of
the SARS-CoV-2. However, a handful of cases have reported the onset or recurrence of uveitis following the adminis-
tration of these vaccines. In this article, we present a unique case of a 30-year-old Taiwanese male patient who
experienced recurrent uveitis following administration of the mRNA-1273 vaccine. The case provides an opportunity to
explore and elucidate potential links between COVID-19 vaccination and the onset or exacerbation of uveitis.

CASE PRESENTATION

Chief complaints
A 30-year-old healthy Taiwanese man visited the clinic with a complaint of foggy vision for about 5 d in both eyes.

History of present illness
The patient complained of foggy vision in both eyes approximately 1 wk after receiving his first dose of the mRNA-1273
SARS-CoV-2 vaccine (Moderna).

History of past illness

The patient's medical history was devoid of any conditions, including the absence of other diseases such as hypertension,
diabetes mellitus, heart disease, or tuberculosis. However, since his adulthood, he had recurrent episodes of oral
ulceration occurring approximately every 2 months.

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

Physical examination

At the time of presentation, the patient’s best-corrected visual acuity (BCVA) was 20/25 in the right eye and 20/20 in the
left eye. Intraocular pressures were within the normal range in both eyes. On examination, bilateral fine keratic precip-
itates were observed, along with 3+ cells in the anterior chamber (AC) and 2+ cells in the anterior vitreous body of the
right eye. Additionally, trace cells were noted in the AC, along with 1+ cells in the anterior vitreous of the left eye. In
addition to intraocular inflammation, oral ulcer and genital ulcer were found in this patient.
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Laboratory examinations
Laboratory investigations for infectious and inflammatory causes were all unremarkable, except for a slightly elevated
erythrocyte sedimentation rate (18 mm/h) and a positive result for HLA-B51.

Imaging examinations
Fundus examination revealed prominent vitreous haze of the right eye and disc congestion and venous engorgement in
both eyes (Figure 1A and B).

Optical coherence tomography (OCT) demonstrated prominent bilateral disc edema (Figure 1C and D) and increased
thickness of the inner retina in the macula of the right eye (Figure 1E and F). Fluorescein angiography (FA) revealed
predominant phlebitis with perivascular staining at the periphery in both eyes (Figure 1G-J).

FINAL DIAGNOSIS

According to the international criteria for Behcet's disease, all these features were consistent with a diagnosis of Behcet's
disease.

TREATMENT

The patient was initiated on topical 1% prednisolone acetate suspension, administered four times daily, and oral
prednisolone at a dose of 40 mg per day.

OUTCOME AND FOLLOW-UP

Two weeks after the treatment, the BCVA improved to 20/20 in both eyes. The cells in the AC were reduced to trace in
the right eye and were clear in the left eye. Fundus examination showed resolution of vitreous haze of the right eye and
disc congestion in both eyes (Figure 1K and L). Four weeks after the initial treatment, the BCVA remained at 20/20 in
both eyes. In the right eye, there were trace cells in the AC and anterior vitreous body, while both the AC and anterior
vitreous body in the left eye were clear. Oral prednisolone was gradually tapered to a lower dose. However, as the
patient and his wife were planning to undergo in vitro fertilization, he did not receive immunomodulatory therapy due to
potential teratogenic side effects. Additionally, we delayed administering the patient's second dose of vaccine because the
inflammation within his eye had not completely resolved. The patient was maintained on 7.5 mg of oral prednisolone,
and his eye condition remained stable thereafter.

Unfortunately, 6 mo after the initial episode of uveitis, the patient experienced a recurrence of foggy vision in both
eyes, approximately 1 wk after receiving his second dose of mRNA-1273 SARS-CoV-2 vaccine (Moderna). At the time of
recurrence, his BCVA was 20/30 in the right eye and 20/25 in the left eye. Examination revealed 3+ cells in the AC, 2+
cells in the anterior vitreous body of the right eye, and 1+ cells in the AC and 1+ cells in the anterior vitreous body of the
left eye. The patient was once again treated with topical 1% prednisolone acetate suspension administered four times
daily, along with oral prednisolone at a dose of 40 mg per day. One week after treatment, the BCVA improved to 20/25 in
the right eye and 20/20 in the left eye. The cells in the AC and anterior vitreous body decreased to 1+ in the right eye and
trace in the left eye. Two weeks after treatment, the BCVA in both eyes was 20/20. The cells in the AC and anterior
vitreous body were trace in the right eye, while the AC and anterior vitreous body were clear in the left eye. Oral
prednisolone was tapered gradually to a lower dose.

The patient is currently maintained on a daily dose of 7.5 mg of oral prednisolone, and the condition of both eyes has
remained stable without any recurrence over the following 18 mo. Timeline of the disease course of this patient is
illustrated in Figure 2.

DISCUSSION

This case raises the possibility of an association between mRNA-based COVID-19 vaccines and the development of
panuveitis as the first manifestation of Behcet's disease in susceptible individuals. Behcet's disease is a rare systemic
vasculitis with ocular involvement, typically uveitis, occurring in approximately 50%-70% of patients[6]. Panuveitis is a
more severe form of uveitis, involving inflammation of the entire uveal tract, and is associated with poorer visual
prognosis[7]. The exact etiology of Behcet's disease is unknown, but it is believed to involve genetic and environmental
factors, as well as dysregulation of immune responses. The HLA-B51 allele is strongly associated with Behcet's disease[8],
and it is hypothesized that exposure to certain environmental factors or infections may trigger an immune response in
genetically susceptible individuals, leading to the development of the disease.

The role of vaccines in triggering autoimmune and inflammatory reactions has been previously reported[9]. In our
case, the patient developed panuveitis following two mRNA-based COVID-19 vaccine administrations, suggesting a
potential association. The mRNA vaccines have a novel mechanism of action, as they introduce synthetic mRNA
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Figure 1 Fundus examination. A and B: Fundus photographs revealing disc congestion, venous engorgement, and retinal hemorrhage at periphery (white
arrow) in right eye (A) and left eye (B); C-F: Optical coherence tomography showed prominent bilateral disc edema (C and D) and increased inner retina thickness of
macula in his right eye (E). The thickness of the left macula was unremarkable (F); G-J: Fluorescein angiography disclosed predominant phlebitis with perivascular
staining at periphery in right eye (G and H) and left eye (I and J); K and L: Two weeks after treatment, the fundus of both eyes had cleared up.

encoding the SARS-CoV-2 spike protein, which then leads to the production of the protein and an immune response[10].
It is possible that in genetically predisposed individuals, the immune response to the vaccine could trigger an aberrant
reaction, leading to the development of Behcet's disease and panuveitis. However, the exact mechanism underlying this
association remains unknown. This case report raises several important questions. First, it highlights the need for further
research to determine whether mRNA-based COVID-19 vaccines can trigger panuveitis as the first manifestation of
Behcet's disease in susceptible individuals. Second, it emphasizes the importance of a comprehensive evaluation for
underlying systemic diseases in patients presenting with panuveitis following vaccination. Finally, this case underscores
the need for a tailored approach to the management of Behcet's disease-associated panuveitis, taking into consideration
the potential risks and benefits of immunosuppressive therapy.
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Figure 2 The patient’s timeline. COVID: Coronavirus disease.

In addition to ocular adverse effects, the majority of adverse effects reported following Moderna vaccine adminis-
tration are mild to moderate. Common adverse effects are injection site reactions (pain, swelling, and redness), fatigue,
headache, muscle pain, fever, etc. These effects are generally considered signs of the body's immune response to the
vaccine and are not a cause for significant concern[11]. Some less frequent but notable adverse effects have been reported,
including lymphadenopathy and delayed local reactions[12]. While rare, some serious adverse effects have been
associated with the Moderna vaccine such as anaphylaxis[13], myocarditis and pericarditis[14], and thrombosis with
thrombocytopenia syndrome[15]. Most vaccine-associated adverse effects resolve within days to weeks after treatment.
However, there are also rare side effects that can cause long-term effects. Long post-COVID vaccination syndrome
(LPCVS) is a rare but severe adverse effect, causing patients to develop various neurocognitive symptoms, including
headache, dizziness, and impaired thinking and concentration, and there is no effective treatment so far[16].

CONCLUSION

In summary, we present a unique case of panuveitis as the first manifestation of Behcet's disease following mRNA-based
COVID-19 vaccination. Although the association between mRNA-based COVID-19 vaccines and panuveitis in Behcet's
disease remains to be confirmed, this case highlights the importance of considering such a possibility in the evaluation
and management of patients with similar presentations. Further studies are needed to elucidate the underlying mecha-
nisms and establish a definitive causal relationship between mRNA-based COVID-19 vaccines and the development of
panuveitis in Behcet's disease.
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Abstract

BACKGROUND

Primary hyperparathyroidism is typically caused by a single parathyroid adeno-
ma. Ectopic parathyroid adenomas occur as well, with cases involving various
sites, including the mediastinum, presenting in varying frequencies. Secondary
hyperparathyroidism develops in the context of chronic kidney disease, primarily
due to vitamin D deficiency, hypocalcemia, and hyperphosphatemia. It is fre-
quently diagnosed in patients undergoing dialysis. This article presents a rare
case of hyperparathyroidism involving multiple hyperplastic parathyroid glands
with pulmonary seeding in a 50-year-old female patient undergoing hemodialysis
(HD).

CASE SUMMARY

The patient had a history of parathyroidectomy 10 years prior but developed
recurrent hyperparathyroidism with symptoms of pruritus and cough with
sputum during a period of routine dialysis. Radiographic imaging revealed
multiple nodules in both lungs, with the largest measuring approximately 1.35
cm. Surgical histopathology confirmed the presence of hyperplastic parathyroid
glands within the pulmonary tissue. After tumor resection surgery via video-
assisted thoracic surgery with wedge resection, the patient was discharged in
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stable condition and in follow-up her symptoms showed improvement.

CONCLUSION
This article describes hyperparathyroidism presenting as pulmonary nodules in a patient undergoing post-
parathyroidectomy HD, highlighting diagnostic challenges and a positive outcome from tumor resection surgery.

Key Words: Hypertension; End-stage renal disease; Hyperparathyroidism; Pulmonary nodules; Hemodialysis; Video-assisted
thoracic surgery; Hyperplastic parathyroid glands; Case report

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

Core Tip: This case highlights a rare occurrence of hyperplastic parathyroid gland seeding in pulmonary tissue in a patient
with end-stage renal disease and recurrent hyperparathyroidism. The study underscores the diagnostic challenge posed by
atypical presentations of hyperparathyroidism in patients undergoing dialysis, emphasizing the crucial role of comprehensive
imaging and histopathological examination. Surgical resection proved effective in alleviating symptoms, suggesting its
therapeutic utility in managing such complex cases. Further research is needed to refine management strategies and improve
outcomes for similar clinical scenarios.
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INTRODUCTION

There are many conditions that can cause hyperparathyroidism. In primary hyperparathyroidism, 85% of cases are
caused by a single parathyroid adenoma[1] and are almost always due to benign overgrowth of parathyroid tissue as a
single gland (80% of cases) or as a multiple gland disorder (15%-20% of cases)[2]. Ectopic parathyroid adenomas are
occasionally found in the mediastinum (28% paraesophageal, 26% in the mediastinum, 24% intrathymic, 11% intrathy-
roidal, 9% in the carotid sheath, and 2% in a high cervical position)[3]. In contrast to primary hyperparathyroidism,
secondary hyperparathyroidism develops in chronic kidney disease due to a combination of vitamin D deficiency,
hypocalcemia, and hyperphosphatemia, with most patients diagnosed undergoing dialysis[4]. Tertiary hyperpara-
thyroidism develops as a result of prolonged secondary hyperparathyroidism and is characterized by excessive secretion
of parathyroid hormone after longstanding secondary hyperparathyroidism, in which hypercalcemia has ensued.

Herein, we describe a rare case of a patient undergoing hemodialysis (HD) who was diagnosed with hyperpara-
thyroidism presenting as multiple pulmonary nodules.

CASE PRESENTATION

Chief complaints
A 50-year-old female patient presented with complaints of itchy skin and cough with sputum experienced during routine
HD.

History of present illness

The symptoms of itching skin and cough with sputum had persisted for several months during the routine HD treatment
for pre-existing severe renal failure due to chronic kidney disease, which had been diagnosed decades previously with
dialysis initiated in 1987. The persistence of these symptoms had caused her to seek help at our thoracic medicine
outpatient department. A chest x-ray taken at admission revealed bilateral opacities over her lungs, prompting admission
for further evaluation and treatment.

History of past illness
The patient had a decades-long history of hypertension (the precise start-date was lost to time) and end-stage renal
disease which initiated in 1987. She developed tertiary hyperparathyroidism post-parathyroidectomy under regular HD.

Personal and family history
The patient reported no abnormal past medical or family history.
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Figure 1 Chest computed tomography. Multiple nodules are apparent in the lung area, and 99mTc-methoxyisobutyl-isonitrile scintillation scan showed
accumulation of radioactive isotopes over the lesions.

Physical examination

Skin turgor was normal with no skin rash or ecchymosis. There was no jugular vein engorgement, lymph node
enlargement, or palpable goiter in the neck region. Lung inspection showed symmetrical and full expansion with bilateral
rales detected on auscultation but no wheezing. Overall, no abnormal findings were noted upon physical examination at
admission.

Laboratory examinations

The complete blood count and differential blood count results were normal. Other relevant blood tests revealed the
following abnormal results: (1) Creatinine at 8.4 mg/dL (normal range: 0.5-0.9 mg/dL); (2) Serum parathyroid hormone
at 1891 pg/mL (normal range: 10-69 pg/dL); and (3) Calcium at 10.3 mg/dL (normal range: 8.6-10.2 mg/dL). The
following tests were performed and results were found to be in the normal range: (1) Thyroid stimulating hormone at
0.49 IU/mL (normal range: 0.25-5.00 IU/mL); (2) Free-T4 at 1.12 ng/mL (normal range: 0.89-1.78 ng/mL); and (3)
Thyroglobulin at 20.06 ng/mL (normal range: 0-25.00 ng/mL). These results indicated that the patient had hyperpara-
thyroidism, though the underlying cause had yet to be determined.

Imaging examinations

The chest x-ray revealed several bilateral opacities in the lungs. A contrast-enhanced computed tomography (CT) scan of
the chest identified multiple nodules in both lungs, with the largest nodule measuring approximately 1.35 cm (Figure 1).
A methoxyisobutyl-isonitrile (MIBI) scan was performed and did not reveal any significant abnormalities except for the
presence of multiple pulmonary nodules with dominant MIBI uptake in the lung regions (Figure 1). These findings
suggested the possibility of pulmonary malignancy or metastases. A neck ultrasound revealed a normally sized thyroid
gland with a multinodular goiter (Figure 2). A CT scan of the neck did not clearly identify the parathyroid glands.

FINAL DIAGNOSIS

The tentative diagnosis was multiple pulmonary nodules in bilateral lungs with the nature of the nodules unknown
(Figure 3). Surgical intervention was required to obtain pathological evidence to inform the final diagnosis. After surgery,
the final diagnosis was hyperparathyroidism presenting with multiple pulmonary nodules.

TREATMENT

Video-assisted thoracic surgery [commonly referred to as video-assisted thoracic surgery (VATS)] with wedge resection
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Figure 2 Neck sonography shows right and left lobe thyroid and multinodular goiter. A: Right and left lobe thyroid; B: Right side nodular goiter 0.73
cm x 0.49 cm x 0.71 cm; C: Left side nodular goiter 0.18 cm x 0.14 cm x 0.18 cm; D: Right side nodular goiter 0.30 cm x 0.15 cm x 0.29 cm.

was performed on the right side to remove the ectopic hyperplastic parathyroid gland tissue and to obtain samples for
diagnosis. After the two nodules were resected from the right side, the one nodule on the other side was left intact.

OUTCOME AND FOLLOW-UP

At 14 days after surgery, the patient was discharged from the hospital in stable condition. The 14-day postoperative
recovery was favorable with a noticeable improvement in symptoms, which continued throughout the 3 years of follow-
up. Surgical intervention allowed for the acquisition of valuable tissue samples that contributed to the final diagnosis and
management of her condition. The patient was advised on follow-up care (wound care) and monitoring (outpatient
department blood exams) to ensure continued recovery and to address any further needs as part of her treatment plan.

DISCUSSION

Before surgery, imaging studies were conducted to locate the lesion. A chest x-ray revealed multiple nodules in the lung
area, with the largest measuring approximately 1.35 cm. These nodules appeared round and well-defined. Additionally,
99mTc-MIBI scintillation scans indicated the accumulation of radioactive isotopes in the suspected right lower lobe lung
tumor (Figure 1). Previous studies demonstrated that some lesions such as primary lung cancers show an accumulation of
MIBI[5,6], and others have suggested that 9mTc-MIBI could be useful to differentiate between benign and malignant
lesions for solitary pulmonary nodules[7,8]. Under the impression that the patient had multiple pulmonary bilateral
nodules in the lungs, we arranged VATS with wedge resection of the right lung for pathological confirmation and to
remove the nodule tissue. Surprisingly, the postoperative pathological results were hyperplastic parathyroid gland with
pulmonary seeding. Within 14 days after the operation, the patient’s symptoms subsided.

Differential diagnosis included ectopic parathyroid glands and malignant carcinoma. However, ectopic adenomas are
usually located in the paraesophageal area or mediastinum as a single lesion[9]. To the best of our knowledge, there are
only a few reports of ectopic parathyroid glands in lung tissue[9]. However, it is difficult to make a precise pathological
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Figure 3 Histology of the nodules. A: Hematoxylin and eosin (HE) stain, magnification 100 x. Endocrine cells with blood are visible. Monotonous cells with
round nuclei, occasional small nucleoli and eosinophilic cytoplasm arranged in follicular and landular patterns are apparent; B: HE stain, magnification 400 x.
Homogeneous nucleus and no obvious mitoses are shown; C: Parathyroid hormone immunostain, magnification 400 x; D: Chromogranin A stain, magnification 400 x.

distinction between benign and malignant parathyroid tumors by microscopic appearance alone. To distinguish between
malignant and benign parathyroid nodules, the proliferation marker Ki-67 is widely used in pathology laboratories. A
labeling index > 5% indicates an increased risk for malignancy, as Ki-67 expression is significantly higher in carcinomas
than in adenomas and hyperplasia[10]. In this case, the labeling index was < 2%, and we did not identify any significant
nuclear atypia or surrounding tissue invasion. Taken together, our findings indicated that the nodules were benign.
While not performed in our case, additional tests have been suggested to distinguish between benign and malignant
parathyroid tumors. For example, telomerase reverse transcriptase (WTERT) expression is uniquely limited to parathyroid
carcinoma and not observed in benign tumors[11]. Therefore, it is possible that immunostaining against hTERT could
distinguish parathyroid carcinoma from benign tumors[11]. Moreover, immunohistochemistry for parafibromin or
sequencing of the CDC73 gene can distinguish parathyroid carcinoma from benign tumors. However, these tests are not
widely performed in clinical practice and cannot alone be recommended as a definitive screening method for parathyroid
malignancy. Therefore, a clinical analysis is essential to interpret potential malignancy.

Hyperparathyroidism is characterized by excessive production of parathyroid hormone, which results in elevated
blood calcium levels. It can manifest as primary, secondary, or tertiary forms. Primary hyperparathyroidism arises from
gland cell hyperplasia of unknown etiology, small benign tumors, or parathyroid adenomas. Secondary hyperpara-
thyroidism occurs due to chronic hypocalcemia or reduced vitamin D levels resulting from other diseases or HD, whereas
tertiary hyperparathyroidism develops from prolonged secondary hyperparathyroidism.

As evidenced by this case, surgical resection is an important aspect of treatment for hyperparathyroidism. Parathyroid-
ectomy with bilateral neck exploration has been the standard of care for treating parathyroid hyperplasia[12]. A 10-year
study of surviving patients undergoing HD showed that 64.8% of patients eventually underwent parathyroidectomy due
to hyperparathyroidism[13]. In fact, parathyroidectomy is the only effective treatment for primary hyperparathyroidism
[14]. However, in this case, resection of lesions on the right side only was sulfficient to alleviate the patient’s symptoms. To
the best of our knowledge, there are only a few case reports about parathyroid hyperplasia or adenomas extending to the
lung region. More evidence is needed for the indication of surgical resection of both lesions (Table 1)[15,16].

It was challenging to determine whether our patient's hyperparathyroidism stems from secondary hyperpara-
thyroidism or from parathyroid seeding in the lung. Typically, secondary hyperparathyroidism does not correlate with
elevated blood calcium levels. However, blood tests revealed that our patient had hypercalcemia, suggesting that
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Table 1 Cases of hyperparathyroidism due to parathyroid hyperplasia or adenomas extending to the lungs

Case report title Year Lesion Treatment Outcome
Persistent hyperparathyroidism secondary to ectopic parathyroid adenoma in lung: Case 2022 Right Video-assisted thoracic =~ Symptom
report[15] side surgery improved
Recurrent hyperparathyroidism due to parathyroid and pulmonary tumors showing 2020 Right Surgically removed Symptom
features of parathyroid adenoma[9] side improved
A patient with lung ectopic parathyroid coexistent with primary hyperparathyroidism 2014 Mono- Surgically removed Symptom
and end-stage renal diseases[16] side improved

hyperparathyroidism presenting as multiple pulmonary nodules in a HD patient is likely.

CONCLUSION

In conclusion, we present a rare case of hyperparathyroidism stemming from multiple hyperplastic parathyroid glands
with pulmonary seeding. This underscores the importance of comprehensive evaluation in HD patients presenting with
hyperparathyroidism. Diagnostic measures such as neck ultrasound and chest CT should be employed to assess the
possibility of parathyroid hyperplasia or adenomas extending to the lungs. If there is a chance of hyperplastic
parathyroid glands with pulmonary seeding, surgical removal could be a good option for symptom improvement and to
confirm pathological findings. Moreover, integrating clinical data with imaging findings is crucial for gauging the
malignant potential of tumors, apart from pathological findings. It is important to always keep in mind that patients’
conditions should be followed after treatment.
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Abstract

BACKGROUND

Secondary rectal linitis plastica (RLP) from prostatic adenocarcinoma is a rare and
poorly understood form of metastatic spread, characterized by a desmoplastic
response and concentric rectal wall infiltration with mucosal preservation. This
complicates endoscopic diagnosis and can mimic gastrointestinal malignancies.
This case series underscores the critical role of magnetic resonance imaging (MRI)
in identifying the distinct imaging features of RLP and highlights the importance
of considering this condition in the differential diagnosis of patients with a history
of prostate cancer.

CASE SUMMARY

Three patients with secondary RLP due to prostatic adenocarcinoma presented
with varied clinical features. The first patient, a 76-year-old man with advanced
prostate cancer, had rectal pain and incontinence. MRI showed diffuse prostatic
invasion and significant rectal wall thickening with a characteristic "target sign"
pattern. The second, a 57-year-old asymptomatic man with elevated prostate-
specific antigen levels and a history of prostate cancer exhibited rectoprostatic
angle involvement and rectal wall thickening on MRI, with positron emission
tomography/computed tomography PSMA confirming the prostatic origin of the
metastatic spread. The third patient, an 80-year-old post-radical prostatectomy,
presented with refractory constipation. MRI revealed a neoplastic mass infilt-
rating the rectal wall. In all cases, MRI consistently showed stratified thickening,
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concentric signal changes, restricted diffusion, and contrast enhancement, which were essential for diagnosing
secondary RLP. Biopsies confirmed the prostatic origin of the neoplastic involvement in the rectum.

CONCLUSION
Recognizing MRI findings of secondary RLP is essential for accurate diagnosis and management in prostate cancer
patients.
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Core Tip: This study presents three cases of secondary rectal linitis plastica (RLP) due to prostate cancer, emphasizing the
rarity and diagnostic challenges of this condition. The preservation of mucosa in RLP complicates endoscopic detection,
making magnetic resonance imaging (MRI) crucial for early, accurate diagnosis. MRI findings, including stratified parietal
thickening, restricted diffusion, and contrast enhancement, are pivotal in identifying RLP. Recognizing these patterns is
essential for timely and appropriate management of metastatic rectal involvement, highlighting the need to consider RLP in
patients with a history of prostate cancer.
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INTRODUCTION

Linitis plastica involves circumferential tumor infiltration of a hollow organ, which generates a desmoplastic reaction,
causing stiffness and retraction of its walls[1,2]. The stomach is the most frequently affected organ; however, the small
intestine, colon, and rectum can also be invaded[3,4]. The radiological expression of rectal linitis plastica (RLP) is less well
known and can be confused with other etiologies, mainly of infectious or actinic inflammatory origin[5].

Secondary RLP caused by prostate neoplasia is a rare form of dissemination and has been poorly reported in the
literature[4]. Histologically, it is characterized by an exuberant desmoplastic response, with concentric tumor infiltration
of the submucosal, muscular, and subserosal layers, with the integrity of the mucosa[5], resulting in the normal anatomy
becoming more pronounced, which has been described via magnetic resonance (MR) imaging (MRI) as concentric wall
thickening, determining the "target sign" (Figure 1). The preservation of the rectal mucosa complicates its endoscopic
diagnosis since epithelial lesions suggesting parietal involvement are not usually identified or are of minimal magnitude
[6,7] (Figure 2).

The diagnosis is particularly challenging because these patients are often referred for MRI with a presumptive
diagnosis of either inflammatory rectal disease or prostate cancer, leading to an MRI protocol tailored to these conditions.
Moreover, diffuse involvement of the rectal layers may be easily overlooked if the referral lacks a precise differential
diagnosis. Therefore, recognizing the characteristic MRI findings and understanding the pathways of metastasis from the
prostate to the rectum are fundamental to guiding early and accurate diagnosis of RLP, directing therapeutic mana-
gement to the appropriate stage of secondary pelvic involvement.

Here, we report 3 cases of rectal neoplastic dissemination of the "linitis plastica" type secondary to prostate cancer,
which were diagnosed via MRI with histological and/or functional confirmation. The objective is to demonstrate the
metastatic involvement of the rectum by prostate cancer, with emphasis on the imaging findings on MRI and its routes of
dissemination.

CASE PRESENTATION

Chief complaints
Patient 1: A 76-year-old man presented with rectal pain and fecal incontinence.

Patient 2: A 57-year-old asymptomatic man was found to have elevated prostate-specific antigen (PSA) levels during
routine follow-up.

Patient 3: An 80-year-old man presented with refractory constipation.
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Figure 1 lllustration depicting the concentric "target-like" involvement of the rectal parietal wall due to secondary linitis plastica, with
preservation of the mucosa.

Figure 2 The sigmoidoscopy reveals a narrowing of the rectal lumen accompanied by non-ulcerated underlying mucosa. The preserved
mucosa complicates endoscopic detection, emphasizing the importance of radiological evaluation for accurate diagnosis.

History of present illness
Patient 1: He reported persistent rectal pain and new-onset fecal incontinence.

Patient 2: He presented with no symptoms.

Patient 3: He developed refractory constipation after initial management.

History of past illness
Patient 1: The patient had been diagnosed with locally advanced prostate cancer with a Gleason score of 5 + 3 and was
receiving hormone therapy.

Patient 2: The patient had a history of prostate cancer and was diagnosed via systematic transrectal biopsy (Gleason score
of 4 + 3).

Patient 3: The patient had undergone radical prostatectomy and lymphadenectomy for prostate cancer 12 years prior
(Gleason score of 4 + 3).

Physical examination
Patient 1: The physical examination revealed a hard prostate that was adherent to adjacent tissues.

Patient 2: Physical examination did not reveal any abnormal findings.

Patient 3: Physical examination revealed a 3 cm nodule in the right lobe.

Laboratory examinations
Patient 1: A laboratory study revealed a PSA level of 8.4 ng/mL, with no other relevant findings.

Patient 2: The PSA level was significantly elevated at 100 ng/mL.
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Patient 3: Laboratory examination details were not available.

Imaging examinations

Patient 1: An MRI of the prostate revealed diffuse neoplastic involvement of the prostatic parenchyma in both the
peripheral and transitional zones. The images revealed poorly defined hypointense areas in the T2 sequence, restricted
diffusion in diffusion-weighted imaging (DWI), and early enhancement in the inferior vena cava (IVC) study. Addi-
tionally, significantly stratified parietal thickening of the rectal wall was observed, with concentric areas of intermediate
signal intensity in the T2 sequence, restricted diffusion in DWI, and contrast enhancement in the IVC study, involving
both the submucosal and muscular planes. (Figure 3 and Figure 4).

Patient 2: MRI revealed diffuse neoplastic involvement of the prostatic parenchyma in both the transitional and
peripheral zones, with poorly defined hypointense areas in the T2 sequence, restricted diffusion in DWI, and early
enhancement in the IVC study. Notably, there was involvement of the rectoprostatic angles, infiltration of the right
neurovascular complex, and extension to the rectal wall, characterized by stratified parietal thickening, concentric areas
of intermediate signal intensity in the T2 sequence, restricted diffusion in DWI, and contrast enhancement in the IVC
study, involving both the submucosal, muscular, and subserosal planes, suggestive of a "linitis plastica" pattern (Figure 5
and Figure 6). Positron emission tomography/computed tomography (PET/CT) PSMA confirmed the prostatic origin of
neoplastic infiltration with significant uptake of the radiotracer at the rectal level (Figure 7).

Patient 3: MRI revealed changes following radical prostatectomy, highlighting a neoplastic mass located at the
vesicourethral anastomosis, infiltrating the floor of the bladder wall, and locally extending to the rectal wall with
concentric neoplastic involvement suggestive of a "linitis plastica" pattern, with areas of intermediate signal intensity in
the T2 sequence, restricted diffusion in DWI, and stratified enhancement in the IVC study (Figure 8).

FINAL DIAGNOSIS
Patient 1

To confirm the diagnosis, a colonoscopy was performed, revealing a reduced lumen, increased consistency, and loss of
parietal elasticity, as well as incipient involvement of the mucosa. Biopsies were performed, confirming neoplastic
involvement of the large intestine wall due to prostatic adenocarcinoma (Figure 9).

Patient 2
Biopsy confirmed secondary RLP due to prostatic adenocarcinoma.

Patient 3

Endoscopic biopsy confirmed the presence of poorly differentiated neoplastic infiltrates compatible with prostatic origin.

TREATMENT

The specific treatment details were not available at the time of reporting.

OUTCOME AND FOLLOW-UP

Outcome and follow-up details were not available at the time of reporting.

DISCUSSION

Secondary infiltration of the rectum with a "linitis plastica" pattern is uncommon, and most publications are case reports
[8-10]. A pattern of concentric rings or a "bull's-eye sign" is observed in T2-, T1-, and DWI-weighted MR images, as
confirmed in the presented cases. This pattern is likely caused by an exaggerated growth of normal anatomy due to the
interposition of infiltrating tumor and desmoplastic tissue in the submucosa and around the muscular layer. Some
authors have proposed that subserosal involvement may also exist. A consensus exists in most of the cases described in
the literature that the mucosa is preserved or that its involvement is not related to the extent of parietal involvement[9-
11].

Initially, this radiological pattern was considered exclusive to signet ring cell carcinoma, an advanced stage of a
subtype of primary rectal adenocarcinomal12], which is a very uncommon disease, with an incidence of < 1% among all
colorectal malignancies[11,13]. However, it is now known that rectal infiltration can be secondary to metastasis from
other pelvic organs, such as the prostate or bladder, and even from the metastasis of gastric, vesicle, and lobular breast
carcinomas and, less frequently, to the prostate, as demonstrated in our cases[5-10]. The literature review underscores the
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Figure 3 Magnetic resonance imaging images of case 1 demonstrating advanced prostate adenocarcinoma with rectal involvement. A and
B: The sagittal (A) and Coronal (B) T2 turbo spin echo images reveal diffuse neoplastic involvement of the prostatic parenchyma, with extension into the rectal wall
(arrowhead) and base of the seminal vesicles (arrow).

Figure 4 Magnetic resonance imaging images of case 1 demonstrating concentric "target-like" involvement of the rectal parietal wall due
to secondary linitis plastica. A: The axial images obtained from T2 turbo spin echo sequence; B: Diffusion-weighted imaging (DWI); C: T1 gradient recalled
echo volumetric interpolated breath-hold examination with contrast-enhanced subtraction technique revealed a stratified parietal thickening of the rectal wall. This
thickening displayed concentric areas of intermediate signal intensity on T2-weighted images, restricted diffusion on DWI, and enhancement on contrast-enhanced
images, affecting both the submucosal (arrow) and muscular (arrowhead) layers.

Figure 5 Magnetic resonance imaging images of case 2 demonstrating metastatic prostate adenocarcinoma. A and B: The sagittal (A) and
Coronal (B) T2-weighted turbo spin echo images demonstrate diffuse neoplastic involvement of the prostatic parenchyma, with extension to the rectal wall
(arrowhead), base of the seminal vesicles (green arrow), and external urethral sphincter (white arrow).
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Figure 6 Axial magnetic resonance imaging of case 2. A-C: The imaging findings reveal a stratified parietal thickening of the rectal wall, characterized by
concentric areas of intermediate signal intensity on T2-weighted imaging (A), restricted diffusion on diffusion-weighted imaging (B), and contrast enhancement on
post-contrast T1-weighted volumetric interpolated breath-hold examination imaging with subtraction (C), affecting both the submucosal (green arrow) and
muscular/subserosal planes (arrowhead) resembling a "linitis plastica" appearance. In addition, there is neoplastic involvement of the base of the seminal vesicles
(white arrow).

Figure 7 The positron emission tomography/computed tomography PSMA images in case 2. A and B: Axial FUSION (A) and computed
tomography (B) of abdomen and pelvis with intravenous contrast revealed a stratified parietal thickening of the rectal wall, displaying significant uptake of the
radiotracer, thus confirming the prostatic origin of the neoplastic infiltration (white arrow). Furthermore, concentric impregnation with intravenous contrast (green
arrowhead) was also observed.

rarity of this condition, with most reports documenting only a single case. In contrast, our study consolidates the
experience of three patients who presented at our center, providing a broader perspective on the clinical and radiological
characteristics of secondary RLP caused by prostatic adenocarcinoma. In our series, all patients presented concentric
parietal involvement and thickening of the rectal layers, which is compatible with the findings described in the literature.

There are also nonneoplastic causes that can mimic this pattern on MRI, such as inflammatory bowel diseases,
infections such as cytomegalovirus, and post-radiation pelvic proctitis. Therefore, although the concentric ring pattern is
characteristic of RLP, it is not specific or sensitive and should be interpreted with caution, in accordance with the clinical
and histopathological background of the patients[4].

Patients with RLP secondary to prostate cancer can present asymptomatically or may experience abdominal and/or
rectal pain, alteration of the intestinal rhythm, or rectal bleeding, so the clinical presentation may be confused with
digestive neoplasia and usually includes a lower digestive endoscopy. Endoscopic biopsy, which generally penetrates the
mucosa and part of the submucosa, sometimes does not demonstrate the presence of malignancy because the disease
usually affects the layers of the submucosa and the muscular propria with preservation of the mucosa, so a diagnostic
effort must be made to search for histological confirmation[6]. An example of this is Case No. 1, where the presence of
scarce malignant cells in the submucosal plane and some in the mucosal plane confirmed the diagnosis. Analyzing
similar case reports, in the study by You et al[10], upon suspicion of "linitis plastica" imaging findings and an initial
negative endoscopic biopsy, a full-thickness transanal excision biopsy was performed, which confirmed deep rectal
involvement secondary to metastatic prostate adenocarcinoma. This highlights the importance of recognizing imaging
findings and an adequate interpretation of the clinical background.

The patients varied in age, presented with initial symptoms, and had general conditions. The imaging techniques and
pathological findings were consistent across cases in terms of tumor characteristics; however, the extent and pattern of
involvement differed. All patients were receiving treatment for prostate cancer, but specific options and management
strategies differed on the basis of the stage, extent, and response to prior treatments. This variability in presentation and
treatment highlights the need for a tailored approach to patient care. Additionally, the lack of detailed treatment infor-
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Figure 8 Magnetic resonance imaging findings in case 3. A-C: T2-weighted turbo spin-echo axial imaging (A), diffusion-weighted axial imaging (B), and
T1-weighted volumetric interpolated breath-hold examination imaging with contrast-enhanced subtraction (C). The imaging findings revealed a concentric neoplastic
involvement of the rectal wall, characterized by areas of intermediate signal intensity on T2-weighted imaging (A), as well as restricted diffusion on diffusion-weighted
imaging (correlating with a hypointense region on the apparent diffusion coefficient map, which was not shown; B), and a stratified enhancement pattern on contrast-
enhanced imaging (green arrow; C). Notably, the imaging also showed neoplastic involvement of the vesico-rectal plane (white arrow) and the bladder floor wall
(green arrowhead).

Figure 9 Colonoscopy and histological images of case 1 demostrating advanced metastatic prostate adenocarcinoma. A: Colonoscopy
image showing a reduced rectal lumen with congestive mucosa exhibiting increased consistency and loss of elasticity; B: Histological images of metastatic prostate
adenocarcinoma utilizing Hematoxylin and Eosin staining in conjunction with immunohistochemical evaluation for the NKX marker. Groups of neoplastic cells
arranged in nests and tubular structures. These cells exhibited atypical nuclei with prominent nucleoli and were positive for NKX; a highly specific marker for, albeit
not exclusively indicative of, prostate origin.

mation in some cases underscores the importance of understanding the full therapeutic approach for each patient to
optimize outcomes.

In relation to the dissemination pathways, three proposed routes exist for cases of adenocarcinoma of the prostate
involving the rectum[14] (Figure 10).

Direct extension through the rectoprostatic fascia. Although Denonvilliers' fascia usually prevents the posterior
extension of prostate cancer, direct dissemination may occur and is related to unresected advanced tumors. Cases 2 and 3
probably correspond to this type of dissemination.

Retrograde lymphatic/venous dissemination. Since the prostate and rectum share some drainage routes to pelvic
lymph node groups and venous drainage, this may constitute the dissemination pathway for patient 1[15].

Neoplastic cells were seeded along the route of needle biopsy in the rectal wall or perirectal tissue. These cases are
extremely rare and controversial[16]. However, studies that demonstrate causality are lacking.

Given the rarity of RLP as a metastatic manifestation of prostate adenocarcinoma, early and accurate identification via
MRI is critical not only for distinguishing this condition from primary gastrointestinal malignancies but also for guiding
treatment strategies. Recognizing characteristic imaging patterns, such as concentric wall thickening and the "target sign",
enables clinicians to tailor therapeutic interventions, potentially avoiding unnecessary surgical procedures and focusing
on targeted therapies. Additionally, these findings provide valuable insights into the likely disease course, allowing for a
more informed prognosis. Integrating these radiological insights into a multidisciplinary approach enhances personalized
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Figure 10 Postulated pathways of prostatic adenocarcinoma metastatic dissemination to the rectum. These include direct extension through the
rectoprostatic fascia or Denonvilliers' fascia (A), lymphatic and/or retrograde venous spread (B), and tumoral implantation (C) following transrectal prostate biopsy.

care and ultimately improves outcomes for patients with this complex metastatic disease.

The study acknowledges that the limited number of cases constrains the generalizability of the findings, as the
observed clinical presentations, imaging characteristics, and outcomes may not fully capture the broader spectrum of
secondary RLP caused by prostatic adenocarcinoma. Additionally, the retrospective nature of the study introduces
potential selection bias, as cases were identified and analyzed on the basis of available records, possibly excluding those
with atypical presentations or incomplete data. Recognizing these limitations enhances the transparency of the research
and underscores the need for future studies with larger cohorts and prospective designs to validate the findings and
broaden our understanding of this rare metastatic condition.

As a projection for future research, it is crucial to emphasize the need for larger cohort studies with long-term follow-
up of patients with prostatic neoplasia. Such studies could more accurately determine the incidence of RLP and facilitate
the development of diagnostic algorithms that recognize this condition as a potential manifestation of prostate cancer
dissemination MR. Research aimed at refining imaging techniques or integrating MRI with other modalities, such as
PET/CT, could significantly increase diagnostic accuracy and reduce the risk of misdiagnosis. Addressing these areas in
future research would build upon the valuable insights presented in this study, ultimately improving patient outcomes
and advancing the management of secondary RLP in clinical practice.

CONCLUSION

Metastatic rectal neoplastic dissemination of the "linitis plastica" type is poorly understood and must be included in the
dissemination forms of prostate cancer. Owing to the increasing use of MRI in monitoring rectal and prostate neoplasms,
it is crucial for radiologists to be aware of and master their manifestations on MRI to perform accurate neoplastic staging.
Distinguishing between primary rectal carcinoma and prostate carcinoma metastasis in the rectum is highly important
because of the different treatments and prognoses involved. Proper imaging interpretation and immunohistochemical
study of biopsies can prevent high-morbidity surgical interventions and direct treatments to therapies adapted to the
corresponding dissemination stage.
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Abstract

BACKGROUND

Immune checkpoint inhibitors (ICIs) are therapeutic agents for advanced and
metastatic non-small cell lung cancer (NSCLC) with high clinical antitumor
efficacy. However, immune-related adverse events occur in 20% of these patients
and often requiring treatment with immunosuppressive agents, such as corticost-
eroids. Consequently, this may increase the risk of patients to opportunistic
infections. Pneumocystis jirovecii pneumonia (PJP), a rare but serious opportunistic
infection typically observed in patients with human immunodeficiency virus, can
also occur in cancer patients undergoing long-term glucocorticoid treatment.

CASE SUMMARY

We report a case of a 56-year-old male with squamous NSCLC treated with
triplimab combined with paclitaxel, carboplatin, and radical thoracic radiation
therapy. Following this regimen, he developed acute kidney injury (AKI) with
elevated creatinine levels. After concurrent radical chemoradiotherapy ended, he
developed a grade 3 immune-related AKI. High-dose corticosteroids were admi-
nistered to treat AKI, and renal function gradually recovered. Corticosteroids
were reduced to a dose of 10 mg prednisone equivalent daily eight weeks later;
however, he developed severe pneumonia with spontaneous pneumothorax.
Next-generation sequencing of the bronchoscopic lavage revealed PJP co-infection
with herpes simplex virus 1 and cytomegalovirus. The inflammation was more
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severe in areas exposed to radiation. Piperacillin-tazobactam, acyclovir, sulfamethoxazole, and trimethoprim were
used to control the infection. The patient recovered, and immunotherapy was terminated.

CONCLUSION

PJP is rare but can occur in patients with ICI adverse events and should be differentiated from tumor progression
or immune-related adverse events. Thoracic radiation may increase risk, necessitating careful monitoring and
prevention.

Key Words: Prneumocystis pneumonia; Immunerelated adverse events; Immunotherapy; Thoracic radiotherapy; Acute kidney
injury; Case report

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

Core Tip: A patient with squamous lung cancer was treated with triplimab combined with paclitaxel, carboplatin, and radical
thoracic radiation therapy. Despite the good therapeutic effect, he developed a grade 3 immune-related acute kidney injury,
prompting high-dose corticosteroids treatment. Eight weeks later, the patient developed severe pneumonia with spontaneous
pneumothorax, and was diagnosed with Prneumocystis jirovecii pneumonia (PJP) co-infection with the herpes simplex virus
1 and cytomegalovirus. PJP is rare but might occur in patients with immune checkpoint inhibitor adverse events,
highlighting the need to be differentiated from tumor progression or immune-related adverse events.

Citation: Zheng YW, Pan JC, Wang JF, Zhang J. Pneumocystis pneumonia in stage IITA lung adenocarcinoma with immune-related
acute kidney injury and thoracic radiotherapy: A case report. World J Radiol 2024; 16(9): 482-488

URL: https://www.wjgnet.com/1949-8470/full/v16/i19/482.htm

DOI: https://dx.doi.org/10.4329/wjr.v16.i9.482

INTRODUCTION

Immunotherapy-related adverse reactions have increased owing to the widespread use of immunotherapies. Glucocor-
ticoid therapy is an effective method for inhibiting overactivated immune responses[1]. Long-term glucocorticoid therapy
renders the patient immunocompromised, and more patients with cancer are at risk of opportunistic infections[2].
Pneumocystis jirovecii (P. jirovecii) pneumonia (PJP) is an opportunistic infection caused by P. jirovecii. PJP is prevalent
among patients with human immunodeficiency virus (HIV) infection but rarely in patients with cancer. Patients
presenting with PJP may exhibit fever, cough, dyspnea, and respiratory failure in severe cases.

Here, we report a rare case of PJP with spontaneous pneumothorax in a 56-year-old male patient with advanced non-
small cell lung cancer (NSCLC) who received eight weeks of glucocorticoid therapy to treat an immune-related acute
kidney injury (AKI). Owing to prompt diagnosis and use of sulfamethoxazole, trimethoprim, and other antipathogenic
drugs, the patient recovered fully.

CASE PRESENTATION

Chief complaints
The patient diagnosed with squamous lung cancer 4 months ago presented with sudden dyspnea for the past 3 days.

History of present illness
A 56-year-old man who was a former smoker with an Eastern Cooperative Oncology Group performance status of 0 was
diagnosed with stage IIIA NSCLC (cTabN2MO0, squamous lung cancer, PD-L1 10%; Figure 1A). After multidisciplinary
discussion, including consideration of the patient's will, triplimab (a PD-1 inhibitor) combined with radical chemoradio-
therapy was chosen as the treatment regimen. After one cycle of induction treatment, the patient received triplimab and
concurrent chemoradiotherapy from May 15, 2023, to June 23, 2023. After completing thoracic radiation therapy, AKI was
observed on June 24, 2023. The level of creatinine suddenly increased to 226 ymol/L, increasing further to 358 pmol/L
two days later. Computed tomography (CT) revealed that the volume of the bilateral kidney increased by approximately
20% without hydronephrosis (Figure 1B), and the patient refused a renal biopsy. The patient subsequently received
methylprednisolone (60 mg) twice per day and antibiotics for bacterial infection prevention. The creatinine level
decreased gradually, and methylprednisolone was slowly tapered in tandem (Figure 1C). On July 20, 2023, chest imaging
revealed a partial response without radiation pneumonia. The timeline of treatment is showed in Figure 1D.

In August 2023, the patient was administered prednisone (10 mg) once daily (equivalent to 8 mg of methylpred-
nisolone). On August 24, 2023, he suddenly developed fever and dyspnea, which worsened over three days, and the
patient was urgently admitted to the hospital.
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Figure 1 Time line of treatment. A: Positron emission tomography image at diagnosis; B: Images of acute kidney injury; C: Changes in creatinine and
methylprednisolone levels; D: Treatment timeline.

History of past illness

The patient had no significant medical history.

Personal and family history
No family history of any malignant disease was reported.

Physical examination

Upon admission, his vital signs were unstable: Blood pressure, 138/89 mmHg; body temperature, 38.2 °C; heart rate, 115
beats/minute; and breathing rate, 24 breaths/minute. The oxygen saturation during oxygen inhalation was 95%. Breath
sounds over the right lung were diminished, and moist rales were heard on the left lung.

Laboratory examinations

Blood test results were as follows: White blood cell count: 5.06 x 10°/L; lymphocyte count: 0.65 x 10°/L; C-reactive
protein: 52.58 mg/L; and procalcitonin level: 0.077 ng/mL. The tests for pathogens (traditional laboratory test results)
were negative. Serological test results for Aspergillus were normal.

Imaging examinations

CT showed diffuse lesions in both lungs and right pneumothorax (Figure 2A). After closed drainage of the right thoracic
cavity, diffuse lesions in the right lung became more severe. Bronchoscopy with bronchoalveolar lavage was performed
since no neoplasm was observed, and transbronchial biopsy deemed unnecessary. Bronchoscopy revealed numerous
yellowish-white secretions in the bronchus, bronchial mucosal hyperemia, erosion, and bleeding (Figure 2B).
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Figure 2 Radiographic and tracheoscopy findings. A: The computed tomography image changes before and after PJP treatment. The orange arrow shows
the drainage tube. B: Tracheoscopy findings. C: Tumor irradiation field.

FINAL DIAGNOSIS

PJP infection was suspected, and thus the patient received piperacillin-tazobactam (4.5 g) three times per day combined
with sulfamethoxazole and trimethoprim (TMP-SMX) (1.2 g/0.24 g) three times per day as empiric antibiotic therapy. The
lavage fluid was sent to KingMed Diagnostics for targeted sequencing of multiple respiratory pathogens. Three days
later, the next-generation sequencing of the lavage fluid confirmed PJP, herpes simplex virus 1, and cytomegalovirus.

TREATMENT

Acyclovir (0.25 g) was administered twice a day. One week later, the inflammation and symptoms were alleviated.
Piperacillin-tazobactam and acyclovir were used for two weeks, and TMP-SMX was used continuously. Two months
later, the inflamed bilateral lung was absorbed; however, the area with radiation developed chronic inflammation, with
slight displacement of the mediastinum (Figure 2A and C).

OUTCOME AND FOLLOW-UP

On February 27, 2024, chronic inflammation was absorbed further and TMP-SMX was discontinued. The patient’s daily
activities eventually returned to the previous level. No further immunotherapies were administered. The patient remains
alive without recurrence as of April 01, 2024.

DISCUSSION

PJP is a fungal infection that commonly affects immunocompromised patients and can be life-threatening in severe cases.
The World Health Organization has listed it as one of 19 priority invasive fungal diseases, calling for increased research
and public health action[3]. Typically, at-risk patients are those with underlying disease states that alter host immunity,
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Table 1 Pneumocystis jirovecii pneumonia after steroid use due to immune-related adverse reactions

Age :
< Cancer  Patient AE and .
References Country and . Treatment . . Pathogens Prognosis
type condition immunosuppression
Sex
Schwarz etal Austria 79, NSCLC ECOG Chemotherapy- Immune-related Pneumocystis Died
[23], 2019 Male performance thoracic radiation-  pneumonitis, steroids for 6 jirovecii
status 2, history  nivolumab weeks
of smoking,
COPD
58 NSCLC ECOG Chemotherapy- Immune-related Pneumocystis Died
Male performance thoracic radiation ~ pneumonitis, steroids, and  jirovecii, cytomega-
status 0, history ~ + nivolumab mycophenolate lovirus
of smoking mofetil for 5 weeks
Duarte et al Belgium 68, Melanoma NA Nivolumab- Immune-related hepatitis Preumocystis Recovered
[15], 2020 Male ipilimumab and colitis, steroids for 10 jirovecii
weeks and infliximab
24, Hodgkin's  NA Multi cycle Macrophage-activating Pneumocystis Recovered
Female lymphoma chemotherapy- syndrome, steroids for 6 jirovecii
pembrolizumab months
Arriolaetal  England 69, Melanoma  Chronic Chemotherapy- Immune-related colitis, Pneumocystis Recovered
[24], 2015 Female lymphocytic ipilimumab steroids for 12 weeks, and ~ jirovecii
leukemia infliximab
63, Melanoma  NA Ipilimumab A capillary leak syndrome,  Pneumocystis Recovered
Female steroids for 4 weeks jirovecii

NSCLC: Non-small cell lung cancer; ECOG: Eastern cooperative oncology group; COPD: Chronic obstructive pulmonary disease; AE: Adverse event; NA:
Not available.

such as HIV infection, transplant recipients, or those taking immunosuppressive therapies and medications[4]. The
incidence of PJP in patients with solid tumors was documented at 0.013% (20/151718)[5].

Over the past 20 years, immune checkpoint inhibitors (IClIs) have been widely used[6]. However, these therapies can
result in a variety of immune-related adverse events that can occur in any organ, including the kidneys[7]. AKI is the
most common form of nephrotoxicity and is classically related to acute interstitial nephritis[8]. A noninvasive modality
for the definite diagnosis of ICI-AKI remains unavailable[9,10]; however, CT imaging showed that the volume of the
bilateral kidney increased in our patient. The estimated incidence of AKI directly related to ICI is approximately 3-5%
[11]. Most patients had stage 1 or 2 while 10% had stage 3 AKI[12]. In our case, the patient had stage 3 AKI; fortunately,
efficient and timely glucocorticoid therapy resulted in the recovery of kidney function. However, glucocorticoids can
significantly impact both the innate and adaptive immune responses, and long-term steroid use increases the risk of
opportunistic infections.

Our patient developed PJP and viral infection after receiving glucocorticoids for more than two months. PJP
prophylaxis is recommended for patients expected to receive > 20 mg daily prednisone equivalent for > 4 weeks in the
National Comprehensive Cancer Network guidelines of Management of Immunotherapy-Related Toxicities (Version
1.2024). Additionally, a study by Shah et al[13] highlighted the degree of immunosuppression and the relative risk of
opportunistic infections. In 112 patients who received 20 mg daily of a prednisone equivalent for four weeks to manage
immune-related adverse events, only eight had opportunistic infections; among them, one patient developed PJP[13].
Similarly, Sadek et al[14] revealed that only two PJP cases were found in patients treated with an ICI (480 patients
received ICIs during that period). The incidence of PJP after steroid use due to immune-related adverse reactions is
considerably low, and only six cases have been reported in the literature (Table 1). Considering the relatively common
adverse effects of TMP-SMX at prophylactic doses[4], we wonder whether PJP prophylaxis is efficacious or necessary in
all patients with cancer receiving steroids for immune-related adverse events. Conversely, steroids were frequently used
in patients with cancer for a variety of other reasons. PJP has also been observed in patients with cancer receiving
corticosteroids for malignant spinal cord compression[15] and weight loss[16]. Miyake et al[17] reported that the
incidence of PJP in immunosuppressed non-HIV patients was 0.18% (32/17733), a monthly average dose of > 13.7 mg
daily prednisolone was a significant independent risk factors for PJP, and prophylaxis with > 34.3 mg/day of TMP-SMX
is to be recommended[17].Therefore, further studies are required to determine whether patients with cancer require
precise PJP prophylaxis.

In addition to steroids, multiple other factors, such as lymphocytopenia and radiation to the chest, may contribute to
PJP in patients with solid tumors in a composite manner[3]. In patients with lymphocytopenia, especially those with low
CD4+ T cell counts, P. jirovecii can proliferate, causing a mononuclear cell response with inflammation. McAleese et al[18]
advocated prophylaxis in patients with a lymphocyte count < 0.6 x 10°/L. Fu et al[19] reported seven patients with
thoracic neoplasms experiencing radiation pneumonitis complicated by PJP. Similar to radiation pneumonia, PJP presents
with various atypical radiographic characteristics, including the relationship between photographic findings and the
planning target volume. Similarly, the right side of the lung that received radiation had a more severe infection in our
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case, which resulted in pneumothorax. Pneumothorax is a rare complication of PJP, occurring in only 3% of the HIV-
positive patients with PJP[20]. This finding indicates that thoracic radiation may worsen the risk of PJP.

With the emergence of targeted therapies and immunotherapies, as well as the continuous development of novel
radiotherapies, we have entered an era of novel treatment paradigms for locally advanced NSCLC[21]. The feasibility of
induction with ICIs and chemotherapy before definitive chemoradiotherapy for locally advanced-NSCLC has been
explored[22]. Notably, multiple factors interacted with each other in our case; although radiation pneumonia did not
occur, handling immune-related adverse events leading to opportunistic infections still worsened the lung injury. In
addition, we also differentiated PJP from immune and radiation pneumonia during treatment. Because no sign of inflam-
mation was evident one month before the symptoms, immune and radiation pneumonia were not initially considered. A
short-term reexamination after anti-inflammatory treatments confirmed the validity of our judgment.

CONCLUSION

A special feature of our case was that the patient developed double-lung PJP complicated by viral pneumonia
accompanied by spontaneous pneumothorax during immune-related adverse event treatment. The patient’s prognosis
was good after timely anti-inflammatory treatments. Appropriate chemoprophylaxis to reduce the risk of PJP is necessary
with comprehensive consideration of steroid use, lymphocytopenia, other chemotherapies, immunotherapies, and
radiation therapy.
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Abstract

BACKGROUND

According to the population statistics in 2023, there were 110000 people aged over
100 years in China, and the experience of using Paxlovid (nirmatrelvir/ritonavir)
for centenarians is particularly valuable. This article reports our experience of
using Paxlovid in a centenarian with the novel coronavirus disease 2019 (COVID-
19) infection.

CASE SUMMARY

A 103-year-old female with mild COVID-19 and renal insufficiency was given
sufficient Paxlovid for 2 days and a half dose for 3 days. During treatment, the
patient was complicated with lung infection and heart failure, and nucleic acid
remained positive. After expert consultation, a full dose of Paxlovid was given
again on the 9th day of admission for 2 days and a half dose for 3 days. Mean-
while, anti-heart failure and antibiotics were administered; the heart failure and
pulmonary infection were improved. Finally, on the 33 day of admission, nucleic
acid turned negative, body temperature returned to normal, cough and sputum,
fatigue, poor appetite and other symptoms basically improved. The patient was
given Paxlovid via nasal feeding for 2 courses without deterioration of liver and
kidney function, diarrhea, nausea and vomiting, myalgia, chest tightness and
other side effects, and was discharged from hospital with good recovery.

CONCLUSION

This case suggests that Paxlovid can be used cautiously in centenarians with renal
insufficiency and two courses of treatment can be considered in patients with
persistent positive nucleic acid.
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Core Tip: We report a 103-year-old female with renal insufficiency and a history of hypertension. The patient was treated
with two courses of Paxlovid at a full dose for 2 days and a half dose for 3 days. Although she had lung infection and heart
failure during the treatment, they all improved after treatment and she was discharged from hospital 40 days after admission.
This case suggested that Paxlovid can be applied cautiously in centenarians with coronavirus disease 2019 patients with
renal insufficiency, and but the liver and kidney function of the patient should be closely monitored.

Citation: Zhang YX, Tang J, Zhu D, Wu CY, Liang ML, Huang YT. Prolonged course of Paxlovid administration in a centenarian
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a pandemic virus that has swept the globe in recent years. According to the
World Health Organization (WHO), as of February 21, 2023, the total number of confirmed cases of COVID-19 in the
world had exceeded 750 million, and the death rate exceeded 6.85 million. Although the WHO declared in May 2023 that
COVID-19 no longer constitutes a "public health emergency of international concern", COVID-19 still occur. Paxlovid is
approved by the United States Food and Drug Administration on December 22, 2021 for mild to moderate COVID-19
patients over the age of 12 years and weighing at least 40 kg. Paxlovid is the first oral COVID-19 drug approved in the
United States[1]. We here report a case of a 103-year-old COVID-19 patient who received two courses of Paxlovid, with
good outcome.

CASE PRESENTATION

Chief complaints
A 103-year-old elderly female was admitted to hospital 4 days after being found to have poor mental performance and
poor appetite.

History of present illness
On December 24, 2022, the patient developed poor mental state, fatigue, poor appetite, oliguria, occasional cough and
sputum. Her temperature was not monitored and no special attention was given. On December 27, her family members
developed symptoms of influenza, and a throat swab tested positive for nucleic acid, while the patient was also tested
positive for a throat swab.

History of past illness

She had a history of right femoral neck injury, on a wheelchair for 8 years, hypertension for more than 1 year, and highest
blood pressure of 180/100 mmHg, without any medication, and Alzheimer's disease, and has not been vaccinated against
COVID-19. The patient had no history of smoking, alcohol, drug or food allergies.

Personal and family history
There was no family history of genetic disorders.

Physical examination

Body temperature: 36.6 °C, blood pressure 152/76 mmHg, breathing 24 times /min, blood oxygen saturation at rest state
94%, oxygen inhalation 3 L/min 97%, body weight 50 kg, mental fatigue, shallow coma, uncooperative physical
examination, tingling response, a little dry and wet rale could be heard in the upper lung, low respiratory sound in the
lower right lung. Heart rate 95 beats/min, in the aortic auscultation area 3/6 grade diastolic wind like murmurs could be
heard. Abdominal tenderness, no tenderness, no rebound pain, no edema in lower extremities were observed.

Laboratory examinations

Blood routine examination showed white blood cells 9.93 x 10°/L, neutrophil percentage 80.6%, lymphocyte count 1.21 x
10°/L, sodium 170 mmol/L, chlorine 130.2 mmol/L, creatinine 250 um mol/L, nucleic acid positive, Ct value 29, D-2
polymer 5.0 mg/L, Procalcitonin 0.107 ng/mL, C-reactive protein 20.07 mg/L, N-terminal pro-brain natriuretic peptide
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(NT-proBNP) 1604 pg/mL, interleukin-6 29.19 pg/mL, ferritin 100.58 ng/mL, D2 polymer 5.0 mg/L, blood gas analysis
(after oxygen absorption): PH 7.306, carbon dioxide partial pressure 44.5 mmHg, oxygen partial pressure 164 mmHg,
oxygen saturation 99%, and lactate 2.3 mmol/L. Lactate dehydrogenase, myocardial enzyme, liver function and blood
coagulation routine were all normal. On January 6, 2023, NT-proBNP reached the highest value of 6258 pg/mL, white
blood cells and neutrophils were the highest on the first day of admission, 9.93 x 10°/L and 80.6%, respectively, and
lymphocyte count was the lowest on the 14™ day of admission, 0.56 x 10°/L, as shown in Figure 1. The highest value of
procalcitonin was 0.107 pg/mL at the first check after admission, and the lowest value of epidermal growth factor
receptor (eGFR) was 7.2% at admission and then gradually increased, as shown in Table 1.

Imaging examinations

Upon admission, the patient's chest computed tomography (CT) revealed a mass in the upper lobe of the right lung,
infectious lesions in both lungs, and a small amount of fluid on both sides, mainly on the right side. Upon discharge,
chest CT indicated that inflammation of both lungs was slightly improved, as shown in Figure 2. Heart color ultrasono-
graphy showed ejection fraction 58 %, and the left ventricular wall was slightly thickened (12 mm).

FINAL DIAGNOSIS

According to the therapeutics and COVID-19: Living guideline of WHOI2], the patient was diagnosed with mild-to-
moderate COVID-19 at admission: Pulmonary infection, heart failure, and electrolyte disturbance during hospitalization.

TREATMENT

The hospital organized consultations among experts inside and outside the hospital. On December 28, 2022, 150 mg of
Nirmatrelvir and 100 mg of ritonavir were given for the first time, and on December 31, 300 mg of nirmatrelvir and 100
mg of ritonavir were given every 12 hours, with a full dose for 3 days and a half dose for 2 days. As the patient had
dementia, she had poor cooperation with eating, and a gastric tube was inserted. All food and medication were
administered via the gastric tube. The lowest Ct value of the patient was 19 on December 29, 2022. After Paxlovid and
symptomatic treatment, the patient's mental state, cough, poor appetite and fatigue symptoms were improved sig-
nificantly. Upon admission, the patient was complicated with pulmonary infection and heart failure, and was given
moxifloxacin orally and piperacillin and tazobactam intravenously. The patient's body temperature fluctuated repeatedly,
reaching a maximum of 38.9 °C on the fifth day of admission. After January 12, 2023, the body temperature basically
returned to normal, as shown in Figure 3. NT-proBNP rose to the highest value 6258 pg/mL on January 6, and the
patient's shortness of breath became worse. The patient was successively given sacubitril valsartan sodium, nitroglycerin
and recombinant human brain natriuretic peptide for anti-heart failure. NT-proBNP dropped to 2890 pg/mL on January
19, and the heart failure was improved. After a course of Paxlovid, the nucleic acid Ct value of the patient gradually
increased but remained positive, and the Ct value dropped to 24 on January 9, 2023, which could not rule out the
recovery of COVID-19 and the worsening of heart failure. On January 10, after remote consultation with out-of-hospital
experts and communication with family members, we decided to give the patient another cycle of Paxlovid treatment,
with a full dose for 3 days and a half dose for 2 days again, nucleic acid turned negative on January 31, nucleic acid throat
swabs tested on February 1 and 3 were negative, and the Ct values of COVID-19 throat swabs fluctuated as shown in
Figure 4. Liver and kidney functions were closely monitored during medication, and the indicators were acceptable. The
values of creatinine during hospitalization are shown in Figure 5.

OUTCOME AND FOLLOW-UP

The patient was discharged from hospital on February 8, 2023 with no fever, no obvious cough and sputum, no shortness
of breath, and with mental recovery. Figure 6 shows the comparison in the status of the patient at hospitalization and
discharge. The patient's mental state was fine during a telephone follow-up 3 months after discharge, and she continued
to be fed through a nasal feeding tube.

DISCUSSION

With the development of economy and the improvement of living standards, the number of long-lived people in China is
increasing. According to the population statistics in 2023, there were 110000 people aged over 100 years in China. The
experience of medication for centenarians is particularly valuable. We report a case of a 103-year-old female suffering
from COVID-19. The experience of using Paxlovid for 2 courses in this patient is worth learning. From December 8, 2022
to January 12, 2023, a total of 59938 COVID-19 related deaths were reported[3] in medical institutions across China,
according to the National Health Commission. According to the Xinhua net the majority of COVID-19 deaths were
among the elderly, with an average age of 80.3 years, and 90.1% aged 65 or above, and 56.5% aged 80 or above. The
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Table 1 Changes of various indexes after admission

Date White blood Ratio of white  Lymphocyte count NT-proBNP  Creatinine Creatinine Procalcitonin
cells (x 10°/L)  blood cells (%)  (x 10°L) (pg/mL) (umoLI/L) clearance rate (%) (pg/mL)

December ~ 9.93 80.60% 1.21 250 7.7

28

December 208 9.2

29

December ~ 8.26 78.40% 08 1604 178 10.8 0.107

30

January 1 9.03 76.10% 1.44 142 13.5 0.147

January 3 6.81 73.80% 1.09 134 14.3

January 6  6.94 78.8 0.62 6258 99 19.4 0.095

January 7 102 18.8

January 9 7.31 75.50% 0.76 5992

January 11 5.15 78.40% 0.56 5266 104 18.5 0.113

January 13 5.78 54.40% 1.71 0.091

January 14  4.98 65.10% 1.07 4890 90 21.4 0.1

January 16 539 57.80% 1.26 4201 98 19.6 0.087

January 18 5.49 63.70% 0.94

January 19 5.87 61% 1.1 2890

January 25  6.59 60.70% 1.39

NT-proBNP: N-terminal pro-brain natriuretic peptide.

Changes in blood routine indexes after admission
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10.00

8.00

6.00
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0.00
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—e—White blood cell (*10°/L) —e—Lymphocyte (*10°/L)

Figure 1 Changes in blood routine indexes after admission: High white blood cells in the early stage of admission, and basically normal
in the later stage.

elderly with cardiovascular diseases, obesity, diabetes and weakened immunity, are vulnerable groups[4-6]. The severe
disease rate and death rate in elderly COVID-19 patients are significantly higher than those of the general population. The
mechanism may be related[7] to inflammatory and immune factors in this aging group. The patient reported in this paper
is 103 years old, and has a history of hypertension and belongs to a high-risk COVID-19 patient, which meets the
indications for Paxlovid administration[8-9]. Wiersinga et al[10] reports among patients hospitalized in the intensive care
unit, the case fatality is up to 40%. The "COVID-19 Diagnosis and Treatment Protocol (Trial Version 9)" issued in March
2022 Lists Paxlovid as the first choice for antiviral treatment. The United States Phase III clinical trial showed that
Paxlovid can reduce the hospitalization rate and mortality rate of COVID-19 patients by 89%][1]. Paxlovid is indicated for
the treatment of adults with mild-to-moderate COVID-19 who have a high risk of progression to severe disease, such as
advanced age, chronic kidney disease, diabetes, cardiovascular disease, chronic lung disease and other high risk factors or
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AS

Figure 2 Comparison of lung computed tomography findings. A: Chest computed tomography (CT) findings upon admission on December 29, 2022:
Infectious lesions were present in both lungs with a small amount of fluid on both sides, mainly on the right side; B: Chest CT findings before the patient was
discharged on January 6, 2023.
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Figure 3 Changes in the patient's body temperature after admission: The patient's body temperature reached the highest 38.9 °C on
January 1, 2023, and returned to normal after January 12.

severe disease[11-14]. Lu et al[15] studied 180 patients with an average age of 77 years and an average duration of
treatment of 10 days, suggesting that the key factors leading to the prolonged treatment of elderly patients with COVID-
19 in China are the lack of Paxlovid treatment and the absence of vaccination. All of the above proved that Paxlovid is
effective and safe in the treatment of COVID-19.

There are four lessons worth learning from the use of Paxlovid for the long-lived elderly in this case. The first is the
treatment plan, full dose for 3 days and half dose for 2 days. This dose is based on the antiviral effect of sufficient dose,
and the patient is a long-lived elderly person with low eGFR (less than 30 mL/min), so as to minimize the side effects of
the drug. The second is to use two courses of treatment, the second course of treatment is based on the fact that the
patient's nucleic acid was positive and the Ct value had a downward trend. Considering the rise of viral load or the signs
of the novel coronavirus recurrence, and the drug resistance of centenarians being weaker than that of ordinary people,
the antiviral course may be longer. The obvious increase in Ct value after the second course of treatment also verifies our
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Ct number’s variety of COVID-19 after admission
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Figure 4 Ct values in this coronavirus disease 2019 patient during hospitalization. COVID-19: Coronavirus disease 2019.
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Figure 5 Creatinine changes after admission. The patient's creatinine reached the highest value of 250 pymol/L on December 28, 2022, then gradually
decreased, and basically recovered to normal value on January 14, 2023.

idea. The third is eGFR < 30 mL/min, which is prohibited according to the instructions. Since patient had no previous
history of kidney disease, had low intake of food and fever after infection with COVID-19, and the creatinine increase was
considered to be prerenal, nasal feeding is applied to supply fluid and food and the creatinine was significantly reduced.
This suggests that the use of some drugs is limited by eGFR. However, we should distinguish whether the patient has
underlying kidney disease or renal insufficiency secondary to this disease. If the latter is the case, we can use drugs more
aggressively, but in either case, kidney function needs to be closely monitored. The fourth is the use of nasal feeding, the
use in the drug instructions is oral, patients with Alzheimer's disease have basically lost their ability to eat autonomously,
nasal feeding is the only route to ensure the normal intake of drugs. Although these four drugs are off-label, they are all
appropriate treatments for the patient's condition. They are carried out under the condition of repeatedly informing the
patient's family of the related risks and closely monitoring liver and kidney function, electrolytes and the patient's
condition. The new effects and new use methods of many commonly used drugs in clinical practice are proved by
continuous practice. Although the present patient is an individual case, it still provides us with some experience in the
use of antiviral drugs for centenarians. The centenarians should use antiviral drugs as soon as possible after diagnosis of
COVID-19, which can be given nasally if oral administration is not possible. The course of antiviral drugs may be longer
than that of the general population, and the eGFR limit is not so strict, but the liver and kidney function should be closely
monitored.
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v,

Figure 6 Comparison of the status of the patient during hospitalization and after discharge. A: Indicates the state of the patient at admission:
Mental fatigue; B: Is the state of the patient before discharge: Mental fitness, able to sit and stand for half a day.

CONCLUSION

For centenarians infected with COVID-19, Paxlovid should be used as soon as possible to avoid the development of
severe disease. If oral administration is not possible, nasal feeding can be used. Generally, one course of treatment is
recommended. Due to immune senescence in the elderly, if the nucleic acid has not turned negative, two courses can be
used, and the reference standard for eGFR for centenarians can be appropriately adopted. However, close monitoring of
liver and kidney function is required.
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