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Vortioxetine improves gastrointestinal motility and reduces intestinal
inflammation in a cuprizone-induced multiple sclerosis model in mice
Ayse Ozkan a, ,∗, Pelin Koca b,

aİzmir Bakırçay University, Faculty of Medicine, Department of Physiology, İzmir, Türkiye
bİzmir Bakırçay University, Faculty of Medicine, Department of Pharmacology, İzmir, Türkiye
*Corresponding author: ayse.ozkan@bakircay.edu.tr (Ayse Ozkan)

MAIN POINTS

• Vortioxetine treatment significantly
improved gastrointestinal motility in
cuprizone-induced demyelinated mice, as
evidenced by increased fecal pellet output
and wet fecal weight, restoring values
close to controls.

• Intestinal and colonic pro-inflammatory
cytokine levels (TNF-α, IL-1β) elevated
by cuprizone exposure were markedly
reduced with vortioxetine adminis-
tration, demonstrating its peripheral
anti-inflammatory effects.

• These findings suggest that vortioxetine
may have therapeutic potential for gas-
trointestinal dysfunction associated with
demyelinating and neuroinflammatory con-
ditions.

Cite this article as: Ozkan A, Koca P. Vortioxetine
improves gastrointestinal motility and reduces
intestinal inflammation in a cuprizone-induced
multiple sclerosis model in mice. Ann Med
Res. 2026;33(5):192--198. doi: 10.5455/an-
nalsmedres.2025.08.231.

ABSTRACT

Aim: To investigate the effects of vortioxetine on gastrointestinal motility and intesti-
nal inflammation in a cuprizone-induced demyelination model in mice by evaluating pro-
inflammatory cytokine responses.
Materials and Methods: Twenty-one C57Bl/6 mice (8 weeks old) were randomly allo-
cated into three groups: Control, cuprizone, and cuprizone + vortioxetine (n = 7/group).
Demyelination was induced by oral gavage of cuprizone (10mg/kg) every other day for
5 weeks. Vortioxetine (10mg/kg/day) was administered intraperitoneally for 5 weeks.
Gastrointestinal motility was assessed by 24-hour fecal pellet count andwet fecal weight.
At the end of the protocol, TNF-α and IL-1β levels in the stomach, intestine, and colonwere
measured by ELISA.
Results: Cuprizone administration significantly reduced fecal pellet output and wet fecal
weight compared with controls (p<0.0001). Vortioxetine treatment restored both para-
meters toward control levels (p<0.01). Intestinal TNF α and IL 1β levels were markedly
increased in the cuprizone group (p<0.0001) and were significantly decreased following
vortioxetine treatment, reaching near-control values. Similar reductions were observed
in colonic cytokine levels, whereas gastric cytokines were largely unaffected.
Conclusion: Vortioxetine improves gastrointestinal motility and attenuates intestinal
and colonic pro-inflammatory cytokine expression in a cuprizone-induced demyelination
model in mice. These findings suggest that vortioxetine has the potential to exert bene-
ficial effects on the gastrointestinal function and highlight its potential as an adjunctive
therapy for gastrointestinal comorbidities in multiple sclerosis.

Keywords: Cuprizone, Vortioxetine, Demyelination, Gastrointestinal motility,
Inflammation

Received: Sep 09, 2025 Accepted: Nov 19, 2025 Available Online: May 22, 2026

Copyright © 2026 The author(s) - Available online at annalsmedres.org. This is an
Open Access article distributed under the terms of Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License.

INTRODUCTION

Multiple sclerosis (MS) is a chronic demyelinating disorder
of the central nervous system (CNS), characterized by im-
mune cell infiltration, myelin loss, and axonal damage, re-
sulting in both neurological and systemic complications [1].
Beyond its classical neurological manifestations, there is in-
creasing evidence suggesting that MS causes disturbances in
the gut–brain axis, including gastrointestinal (GI) dysmotil-
ity and alterations in inflammatory signaling [2]. Shared ge-
netic risk factors, immune dysregulation, and chronic low-
grade inflammation have been reported between MS and in-
flammatory bowel disease (IBD), with comorbidity between

these conditions consistently documented [3,4].
The cuprizone model of demyelination is extensively utilized
as an experimental model to study MS physiopathology. It
induces oligodendrocyte loss, demyelination, microglial acti-
vation, and astrocytosis. Notably, cuprizone exposure elicits
systemic and peripheral inflammatory responses, character-
ized by alterations in gut permeability, immune signaling, and
gastrointestinal motility [5-7]. Consequently, this model fa-
cilitates the investigation of gut-related changes secondary to
CNS demyelination, making it highly relevant for exploring
gut–brain axis interactions in neuroinflammatory diseases.
In addition to immune-mediated demyelination, mood dis-
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turbances and depression are common comorbidities in MS.
There is growing recognition that pro-inflammatory cy-
tokines (e.g., TNF-α, IL-1β, IL-6) contribute not only in
pathogenesis of MS but also to the development of depres-
sion and GI dysfunction through immune-mediated mech-
anisms [8-10]. Vortioxetine, a multimodal serotonergic an-
tidepressant, has been shown to modulate serotonergic sig-
naling both centrally and peripherally, polarize macrophages
towards an anti-inflammatory phenotype, and positively in-
fluence gut microbiota composition [11-13]. Given that the
majority of serotonin in the body is localized within the gas-
trointestinal tract, serotonergic antidepressants may directly
affect gut motility and immune balance [14,15]. However,
the effect of vortioxetine on gastrointestinal function in the
context ofneuroinflammatorydemyelination such that is seen
inMShas not yet been explored. Although the central antide-
pressant and anti-inflammatory actions of vortioxetine have
been characterized, its effect on peripheral gastrointestinal in-
flammation andmotility in demyelinationmodels needs to be
investigated.
Understanding these interactions could provide novel in-
sights into bidirectional communication between the ner-
vous and gastrointestinal systems and identify potential ther-
apeutic targets formanaging comorbid symptoms in neuroin-
flammatory diseases. In this study, we investigated the ef-
fects of vortioxetine onGImotility and pro-inflammatory cy-
tokine expression (TNF-α and IL-1β) in a cuprizone-induced
demyelination model. We hypothesized that vortioxetine,
through its multimodal serotonergic and anti-inflammatory
actions, would improve fecal excretion and attenuate intesti-
nal inflammation in this model, thereby highlighting the con-
tribution of the gut–brain axis to MS-related comorbidities.

MATERIALS ANDMETHODS
Animals and experimental groups
This was an experimental, randomized, controlled, parallel-
group study designed to evaluate the effects of vortioxe-
tine on gastrointestinal and inflammatory parameters in a
cuprizone-induced demyelination model. A total of twenty-
one C57Bl/6 mice (male and female, 8 weeks old, 19–21 g)
were used in this study (Figure 1). Animals were randomly as-
signed to experimental groups using a simple randomization
method based on a computer-generated random number se-
quence to ensure unbiased allocation (n = 7/group):

• Control: 1% methylcellulose solution (10 mg/kg, oral
gavage) every other day for 5 weeks.

• Cuprizone (CUP): Cuprizone (10 mg/kg, oral gavage)
dissolved in 1%methylcellulose solution, every other day
for 5 weeks.

• Cuprizone (CUP) + Vortioxetine (VOR): Cuprizone
(10 mg/kg, oral gavage, every other day for 5 weeks)
plus vortioxetine (10mg/kg/day, intraperitoneally) for 5
weeks, prepared in 5% 2-hydroxypropyl-β-cyclodextrin.

Only healthy C57Bl/6 mice with normal feeding and stool
consistency were included in the study. Mice showing signs
of gastrointestinal illness, dehydration, injury, or abnormal
behavior prior to the experiment were excluded. During the
experimental period, any animal exhibiting severe weight loss
(>15% of initial body weight), persistent diarrhea, or signs of
distress was removed from the study and excluded from sub-
sequent analyses.
Animals were housed under controlled environmental con-
ditions (21–24°C; 55–65% humidity; 12 h light/dark cycle)
with ad libitum access to food andwater. All procedures com-
plied with the European Directive 2010/63/EU on the pro-
tection of animals used for scientific purposes and were ap-
proved by the Institutional Animal Care andUse Committee
of Ege University (Approval No: 2024-017, Date: 2024-03-
27). The study was conducted in accordance with the AR-
RIVE 2.0 (Animal Research: Reporting of In Vivo Experi-
ments) guidelines.
All behavioral evaluations and biochemical analyses were per-
formed by investigatorswhowere blinded to the experimental
group assignments to minimize observer bias.
Sample size was calculated using G*Power 3.1 software based
on a One-way ANOVA model, with an effect size of 0.8, α =
0.05, and a statistical power (1–β) of 0.90. This analysis indi-
cated that a minimum of seven animals per group would be
sufficient to detect significant intergroup differences.

Induction of demyelination with cuprizone
Acute demyelination was induced by administering cupri-
zone (400 mg/kg/day) mixed in 1% methylcellulose and vor-
texed into a homogeneous suspension, given by oral gavage
for 5 weeks, as previously described [16]. This experimental
model produces prominentdemyelination in the corpus callo-
sum. Control andvortioxetine-only animals received the same
vehicle without cuprizone.

Vortioxetine administration
Vortioxetine was dissolved in 5% 2-hydroxypropyl-β-
cyclodextrin and administered intraperitoneally at 10mg/kg
daily for 4weeks. This dose was selected based on pre-
vious studies on cognitive and depression-like behavior
[17]. The vehicle (5% 2-hydroxypropyl-β-cyclodextrin) was
administered to control and cuprizone group.

Measurement of fecal excretion
To evaluate gastrointestinal motility, mice were individually
placed in a 40 × 40 × 40 cm open field for the final 3 days of
the experiment to acclimate. On the last day, fecal pellets
produced during a 24-h period were collected, counted, and
weighed (wet and dry weights) as previously described [18].

Tissue collection and biochemical analyses
At the end of the 5-week protocol, mice were anesthetized
via a high-dose intraperitoneal injection of ketamine (80–100
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Figure 1. Experimental procedure. (A) Cuprizone (400 mg/kg/day) or vehicle was administered intraperitoneally. All murine tissues were extracted
from the stomach, intestines, and colon. (B) Vortioxetine was administered intraperitoneally for 4 weeks, while cuprizone was administered intragas-
trically for 5 weeks. Upon completion of the experimental period, pro-inflammatory cytokines were assessed in all gastrointestinal tissues, and fecal
excretion was quantified.

Figure 2. Fecal excretion analysis. (A) Number of pellets (24h) (F (2, 18) = 31.51 ; P<0.0001). (B) Fecal wet weight (g) (F (2, 18) = 14.97; P<0.0001).
Values are mean ± SE of n = 7 animals. Statistical analysis was performed using One-way ANOVA followed by Sidak’s post hoc test.

mg/kg) and xylazine (12 mg/kg), followed by cardiac per-
fusion with saline. Stomach, intestine, and colon tissues
were collected, weighed, and homogenized in cold phosphate-

buffered saline (PBS, pH 7.0–7.2). Homogenates were cen-
trifuged at 5000 × g for 5min, and supernatants were stored
for cytokine analyses.
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Figure 3. TNF-α levels in gastrointestinal tract tissues. (A) Antral TNF-α levels (F (2, 18) = 1.28; P>0.05). (B) Intestinal TNF-α levels (F (2, 18) = 38.96;
P<0.0001). (C) TNF-α level in the colon (F (2, 18) = 5.62; P<0.05) Values are mean ± SE of n = 7 animals. Statistical analysis was performed using
One-way ANOVA followed by Sidak’s post hoc test.

Figure 4. IL-1β levels in gastrointestinal tract tissues. (A) Antral IL-1β levels (F (2, 21) = 1.14; P>0.05). (B) Intestinal IL-1β levels (F (2, 21) = 44.35;
P<0.0001). (C) IL-1β level in the colon (F (2, 18) = 5.35; P<0.05) Values are mean ± SE of n = 7 animals. Statistical analysis was performed using
One-way ANOVA followed by Sidak’s post hoc test.

ELISA for TNF-α and IL-1β
Concentrations of TNF-α and IL-1β in the stomach, intes-
tine, and colonweredeterminedusing commercial ELISAkits
(Elabscience, TNF-α: E-EL-M3063; IL-1β: E-EL-M0037)
following the manufacturer’s instructions. Results were ex-
pressed as pg/mg protein.

Statistical analysis
Statistical analysis were performed using GraphPad Prism 9
(Boston, USA). Data were first tested for normality using the
Shapiro–Wilk test and for homogeneity of variances using

Levene’s test. For data that show normal distribution and
equal variances, One-way ANOVA followed by Sidak’s post
hoc test was used to test intergroup differences. All tests were
two-tailed, anddifferenceswere considered statistically signifi-
cant at p<0.05. Results arepresented asmean± standard error
(SE).

RESULTS
Fecal excretion
Quantification of fecal pellets over a 24 hour period showed
a marked reduction in animals exposed to cuprizone com-
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pared with controls (MS: 18.0±1.1 vs. Control: 30.1±0.5;
P<0.0001; Figure 2A). Vortioxetine treatment significantly
increased the number of fecal pellets in theCUP+VORgroup
(27.0±1.4; P<0.0001), approaching values observed in con-
trols.
Similarly, wet fecal weight was significantly reduced in the
cuprizone group (0.19 ± 0.009 g) compared to the control
group (0.35±0.02 g; P<0.0001; Figure 2B). Daily intraperi-
toneal administration of vortioxetine for 5weeks resulted in
a significant increase in wet fecal weight (0.27±0.02 g; P<0.01
vs. cuprizone).

TNF α levels

TNF α concentrations in the gastric antrum did not dif-
fer significantly among the groups (Control: 50.6 ± 2.0;
CUP: 47.8 ± 2.3; CUP+VOR: 45.4 ± 2.5 pg/mg protein; Fig-
ure 3A).
In the intestine, TNF α levels were significantly elevated in the
cuprizone group (70.6±3.7 5 pg/mgprotein) compared to the
control group (42.1±1.4 5 pg/mg protein; P<0.0001). Vor-
tioxetine treatment restored intestinal TNF α concentrations
to near control levels (42.5±2.1 5 pg/mg protein; P< 0.0001
vs. cuprizone; Figure 3B).
In the colon,TNFα levelswere also increased in the cuprizone
group (63.3±2.7 5 pg/mg protein) compared with controls
(50.6±2.5 5 pg/mg protein). Although vortioxetine adminis-
tration reduced colonicTNF α concentrations, this reduction
did not reach statistical significance (P=0.07; Figure 3C).

IL 1β levels

ELISA analysis revealed a significant elevation of IL 1β lev-
els in the gastric antrum of cuprizone-induced dmyeliniza-
tionmodel (22.9±1.63 5 pg/mg protein) compared with con-
trols (17.5±0.43 5 pg/mg protein; P<0.05), whereas vortioxe-
tine treatment did not produce a significant effect at this site
(Figure 4A).
In contrast, intestinal IL 1β levels were markedly increased
in the cuprizone group (16.2±0.9 5 pg/mgprotein) compared
to controls (6.8±0.5 5 pg/mg protein; P<0.0001). Vortioxe-
tine administration significantly decreased intestinal IL 1β by
approximately 50% (8.4±0.5 5 pg/mg protein; P<0.0001 vs.
cuprizone; Figure 4B).
Similarly, colonic IL 1β concentrationswere elevated in cupri-
zone mice (11.6±1.7 5 pg/mg protein) compared to controls
and were significantly reduced following vortioxetine treat-
ment (7.5±0.4 p5 pg/mg protein; P<0.05; Figure 4C).

DISCUSSION
This study demonstrates that cuprizone-induced demyelina-
tion disrupts gastrointestinal motility and increases intestinal
pro-inflammatory cytokines. Importantly, vortioxetine treat-
ment restored fecal output and attenuated TNF-α and IL-1β

levels, suggesting amodulatory effect ongastrointestinal func-
tion and inflammation.

Gastrointestinal motility disorders are common in inflam-
matory and neurodegenerative diseases, particularly IBD and
MS, and significantly affect quality of life [19-21]. Alter-
ations in microbiota, visceral sensitivity, and CNS signaling
contribute to these symptoms [22]. Serotonin which is the
major neurotransmitter in the enteric nervous system, plays a
key role in regulating intestinal motility and immune home-
ostasis [23,24]. The results of our study showed that vortioxe-
tine improvedmotility and fecal consistency and they are sup-
ported by previous clinical observations, including Seddigh-
nia et al. [25] who reported similar improvements in patients
receiving vortioxetine. The majority of serotonin is produced
in enterochromaffin cells of the gut, and specific receptors
such as 5-HT7 and 5-HT3 modulate anti-inflammatory ef-
fects and motility [26,27]. These data suggest that seroton-
ergic antidepressants, particularly multimodal agents such as
vortioxetine, may exert benefits beyond mood regulation.

The gut–brain axis has gained attention as a key link between
the CNS and gastrointestinal function. Experimental mod-
els, including experimental autoimmune encephalomyelitis
(EAE) and cuprizone, have shown that demyelination is
accompanied by gut microbiota changes, gliosis, and loss
of enteric neurons, resulting in slowed intestinal motility
[5,28,29]. Previous studies demonstrated that vortioxetine
canmodulate the gut microbiome and enhance synaptic plas-
ticity [30]. These mechanisms may contribute to the im-
provements in motility observed in the present study.

There is awell-documented bidirectional association between
MS and IBD, supported by shared genetic susceptibilities and
immunemechanisms [3]. Dysregulation of cytokines, partic-
ularly TNF-α and IL-1β, plays a central role in the pathogen-
esis of both diseases [31,32]. Our findings that vortioxetine
reduced intestinal cytokine levels highlight a potential role for
serotonergic modulation in attenuating systemic inflamma-
tion in demyelinating disorders.

Limitations

This study has several limitations. First, histopathological
analyses of gastrointestinal tissues were not performed; there-
fore, structural changes such as mucosal integrity and inflam-
matory cell infiltration could not be evaluated. Also, micro-
biota composition was not assessed, which would have pro-
vided valuable insights into the gut–brain axis. Finally, the
study was limited to biochemical and motility endpoints and
did not include behavioral or functional assessments of gas-
trointestinal activity. Future studies with larger cohorts, de-
tailed histological and microbiome analyses, and additional
behavioral assessments will be required to confirm and extend
these findings.
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CONCLUSION
In conclusion, this study demonstrates that vortioxetine ame-
liorates gastrointestinal dysmotility and attenuates intesti-
nal pro-inflammatory cytokine expression in a cuprizone-
induced demyelination model. These findings highlight the
potential role of serotonergic modulation in restoring gut–
brain axis integrity under neuroinflammatory conditions.
Based on these results, future research should focus on
elucidating the underlying mechanisms through detailed
histopathological, neurochemical, and microbiome analyses.
In addition, studies using larger cohorts, different dosages,
and long-term treatment protocols, as well as behavioral and
functional assessments of gastrointestinal activity, are war-
ranted. Translational studies in patients with multiple sclero-
sis, particularly thosewith gastrointestinal comorbidities, will
be crucial to determine whether vortioxetine can offer thera-
peutic benefit beyond its antidepressant effects.
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MAIN POINTS

• Empathy alterations in tension-type
headache (TTH) patients occur in-
dependently of global cognitive per-
formance.

• Female patients show higher affec-
tive empathy compared to males.

• Age is associated with decreased
cognitive function but increased af-
fective empathy.

• Executive dysfunction is linked to
heightened emotional empathy in
TTH.
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Med Res. 2026;33(5):199--204. doi:
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ABSTRACT

Aim: Tension-type headache (TTH) is the most common primary headache disorder, yet its im-
pact on cognitive and empathic functions remains underexplored. This study investigates the
relationship between cognitive domains and empathy in individuals with TTH, considering de-
mographic influences.
Materials and Methods: A total of 71 TTH patients (49 females, 22 males) underwent cognitive
assessment using the Montreal Cognitive Assessment (MoCA) and Mini-Mental State Examina-
tion (MMSE), alongside the Empathy for Pain Scale (EPS) to evaluate cognitive and affective
empathy. Statistical analyses included independent samples t-tests and Pearson correlation.
Results: No significant differences found were in terms of gender, general cognitive perfor-
mance (MMSE, MoCA). However, females exhibited significantly higher affective distress, vis-
ceral pain empathy, and empathic concern scores. Males showed slower cognitive processing
speed on the Trail Making Test. Age negatively correlated with cognitive function but positively
with affective distress and empathic concern. Education was positively associated with cog-
nitive scores but not with empathy measures. Executive dysfunction correlated with increased
emotional empathy.
Conclusion: The findings reveal distinct gender-related differences in empathy among TTH pa-
tients, independent of global cognition, and highlight the complex interplay between executive
function, age, education, and empathic processing. These insights underscore the need for in-
tegrative biopsychosocial approaches in TTH management.

Keywords: Headache, Cognitive impairment, Empathy, Pain
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INTRODUCTION

Tension-type headache (TTH) is the most prevalent primary
headache disorder worldwide, characterized by bilateral, non-
pulsating discomfort of mild to moderate intensity [1]. The
etiology of TTH is considered multifactorial, involving a
complex interplay between genetic predispositions and envi-
ronmental influences [2]. For instance, Akcali et al. [3] sug-
gested that polymorphisms in the serotonin transporter gene
may be linked to TTH. Furthermore, musculoskeletal ten-
sion can be exacerbated by environmental stressors, poor ur-
ban living conditions, and suboptimal posture—all of which
can prolong or aggravate headache symptoms [4, 5]. these
multidimensional factors underscore the complex neurobio-

logical and psychosocial underpinnings of TTH, highlight-
ing the necessity of understanding how such influences af-
fect higher-order psychological functions, including cogni-
tion and empathy.

While several studies have examined the cognitive and emo-
tional consequences of migraine and neuropathic pain, TTH
has received relatively little attention, particularly regarding its
impact on empathic processes. This research gap may be at-
tributed to a traditional focus on more debilitating headache
forms, such as migraine, and the often-unrecognized long-
term burden of TTH. Empathy is a critical social-cognitive
ability that has been shown to be disrupted in various chronic
pain conditions, potentially because pain-induced alterations
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in cognitive processing interfere with these socio-emotional
capacities [6].
In addition to these factors, the role of negative cognition—
and the associated dysfunction of the anterior insula—is sig-
nificant. Distorted thinking patterns, such as catastrophiz-
ing, hopelessness, and overgeneralization, are central to the
cognitive domain of negative cognitions. Research suggests
that such negative cognitions may generate as much dis-
tress as the subjective experience of chronic pain itself, em-
phasizing a profound emotional and cognitive dysregulation
[7]. Although cognitive empathy is distinct from affective
empathy—involving the mental construction or representa-
tion of another’s experience—our study posits that disrup-
tions to cognitive empathymay exist in TTH, potentially me-
diated by these maladaptive cognitive patterns.
Based on these findings, the present study aims to system-
atically explore the association between cognitive functions
and empathy in individuals diagnosedwithTTH.Specifically,
we seek to determine whether alterations in executive func-
tions, attention, andmemory contribute to differences in cog-
nitive and affective empathy compared to healthy controls.
This study addresses the research problem that the cognitive–
emotional interplay underlying TTH remains poorly under-
stood, which may hinder the development of holistic treat-
ment approaches. We hypothesize that: (1) individuals with
TTHwill demonstrate reduced cognitive empathy compared
to controls; (2) these differences will be associated with im-
pairments in specific cognitive domains; and (3) maladap-
tive cognitive patterns may mediate the relationship between
headache severity and empathy performance.
Consequently, this study investigates the relationship be-
tween key cognitive domains—including executive function-
ing, attention, and memory—and types of empathy (cogni-
tive and affective) using the Empathy for Pain Scale in TTH
subjects [8]. By identifying potential cognitive mediators of
empathy alterations in this population, we aim to broaden the
understanding of TTHbeyond its somaticmanifestations to-
ward a more comprehensive biopsychosocial model of care.

MATERIALS ANDMETHODS
Study design and participants
This is a prospective observational study. We included 71
patients diagnosed with tension-type headache (TTH) who
were followed up at the Neurology Department of Alanya
Training and Research Hospital between February 2023
and May 2024. The study was approved by the Ethics
Committee of Alanya Alaaddin Keykubat University (ethics
no: 16072023/289) and conducted in accordance with the
Declaration of Helsinki and the guidelines outlined in the
STROBE statement [9].

Diagnosis and grouping procedure
The diagnosis of TTHwas established in accordancewith the
International Classification of Headache Disorders, 3rd edi-

tion (ICHD-3) criteria. Specifically, patients were required to
present with bilateral location, a pressing or tightening (non-
pulsating) quality, mild-to-moderate intensity, and a lack of
aggravation by routine physical activity [10]. To ensure high
diagnostic accuracy andminimize variability, all patients were
evaluated by a neurology specialist with a minimum of five
years of experience. This process involved structured clinical
interviews and the application of standardized symptom cri-
teria.
As this was an observational study, no randomization proce-
dures were utilized for participant allocation; instead, all eli-
gible patients meeting the predefined inclusion criteria were
consecutively enrolled. Furthermore, blinding (masking) was
not implemented, as the study design did not involve an inter-
ventional protocol or a specific control group comparison.

Assessment tools

The study employed the Montreal Cognitive Assessment
(MoCA) [11] and the Mini-Mental State Examination
(MMSE) [12] to evaluate global cognitive functioning. Both
tools are well validated and frequently used in chronic pain
populations to assess cognitive impairment [13].
As part of the visuospatial/executive subscale of the MoCA,
the Trail Making Test Parts B (TMT) was administered to as-
sess executive function, visual attention, and cognitive pro-
cessing speed. Lower performance on the TMT reflects re-
duced mental flexibility and diminished executive control,
which are often affected in patients with chronic pain or at-
tentional deficits.
In addition, the Empathy for Pain Scale (EPS) was used to as-
sess pain-specific cognitive and affective empathy [14]. Spe-
cific cognitive domains assessed included visual reconstruc-
tion, attention, sentence repetition, delayed recall, orienta-
tion, verbal fluency, naming, and abstract thinking [14,15].
Data related to age and educational status were recorded to
control for potential confounding effects on cognitive and
empathy outcomes [16]. State empathy, need-to-help, and
compassion questions were used to evaluate empathic con-
cern (EC), whereas affective distress (AD) was assessed using

Table 1. Demographic characteristics of patients.

Percentage (%)

Age (Mean ± SD Range) 19-67 years (40.5 ± 13.2)

Gender

Male 22 30.9
Female 49 69

Education Status

Primary School 24 33.8
Middle School 9 12.6
High School 21 29.5
University 17 23.9

200 https://doi.org/10.5455/annalsmedres.2025.08.243

https://doi.org/10.5455/annalsmedres.2025.08.243


Aylak U. et al. Original Article AnnMed Res 2026;33(5):199–204

Table 2. Summary of the analyses empathy and cognitive parameters according to gender.

Parameter Female (Mean ± SD) Male (Mean ± SD) Levene’s Test (p) t-Test (p)

MMSE 28.6 ± 2.52 29 ± 1.57 0.201 0.508
MOCA 21.6 ± 4.53 23.5 ± 3.19 0.016 0.073
Visceral Pain 20 ± 10.8 11.4 ± 4.83 < 0.001 < 0.001
Affective Distress 86.2 ± 23.91 62.5 ± 13.84 0.014 < 0.001
Empathic Concern 50 ± 8.64 43.40 ± 10.7 0.162 0.007
Trail Making Test 0.59 ± 0.49 0.86 ± 0.35 < 0.001 0.024
Visuospatial 3.06 ± 1.10 3.45 ± 1.05 0.607 0.280
Naming 2.42 ± 0.67 2.50 ± 0.51 0.089 0.162
Attention 5.16 ± 1.10 5.54 ± 0.59 0.325 0.251
Sentence repetition 0.81 ± 0.83 0.77 ± 0.86 0.682 0.217
Verbal Fluency 0.61 ± 0.49 0.63 ± 0.49 0.694 0.126
Abstract Thinking 1.06 ± 0.82 1.18 ± 0.73 0.398 0.205
Memory 1.79 ± 1.51 2.63 ± 1.46 0.979 0.385
Orientation 5.71 ± 0.61 5.77 ± 0.68 0.672 0.163
This table presents mean and standard deviation values for neuropsychological test scores (MMSE, MOCA,MoCA subdomains), visceral pain, affective distress, and
empathic concern between female and male participants. Levene’s Test was used to assess homogeneity of variances, and the independent samples t-test was used to evaluate
between-group differences. Values of p < 0.05 were considered statistically significant.

items addressing fear, distress, discomfort, disgust, restless-
ness, avoidance, and visceral sensations.

Primary outcome measures

The primary outcome variables were global cognitive scores
(MoCA and MMSE) and empathy scores (EPS total, cogni-
tive empathy, and affective empathy subscales). Secondary
outcomes comprised Trail Making Test (TMT) scores, uti-
lized as indicators of executive processing speed and cognitive
flexibility, alongside the associations among these cognitive
domains and various empathy parameters.

Statistical analysis

Statistical analyses were conducted using Jamovi software
(version 2.3.28; GNUGeneral Public License). Prior to anal-
ysis, all datawere rigorously screened for completeness and ac-
curacy. The normality of distribution for numerical variables
was evaluated using the Shapiro–Wilk test. Continuous vari-
ables are presented as mean ± standard deviation (SD), while
categorical variables are reported as frequencies and percent-
ages.
For hypothesis testing, the independent samples t-testwas em-
ployed to comparemean values between groups (e.g., gender),
contingent upon the assumptions of normal distribution and
homogeneity of variances, the latter of which was assessed via
Levene’s test. Pearson’s correlation analysis was performed to
examine the associations between empathy scores and cogni-
tive measures. For all statistical evaluations, a p-value < 0.05
was established as the threshold for significance.
To validate the study’s findings, a post hoc power analysis was
conducted using G*Power (version 3.1.9.3, Universität Düs-
seldorf, Germany). With an alpha level of 0.05 and a large
effect size (Cohen’s d = 0.8), the analysis yielded a statistical
power of 0.97, confirming that the sample size was sufficient
to detect large effects with high reliability.

RESULTS
A total of 71 patients diagnosed with tension-type headache
(TTH) were included in the study, comprising 49 females
(69.0%) and 22 males (30.9%). The mean age of the partici-
pants was 40.5 ± 13.2 years (range: 19–67 years). Educational
distributionwas as follows: 33.8%were primary school gradu-
ates, 12.6%middle school, 29.5% high school, and 23.9% uni-
versity graduates (Table 1).

Gender differences
Independent samples t-tests revealed significant gender-
related differences in several empathy and executive parame-
ters (Table 2). Before applying the t-tests, variance homogene-
ity was confirmed using Levene’s test, ensuring that group
comparisons met the assumption of equal variances.
Females demonstrated significantly higher Affective Distress
(AD) scores (86.2 ± 23.91 vs. 62.5 ± 13.84, p < 0.001), higher
Visceral Pain (VP) scores (20.0 ± 10.8 vs. 11.4 ± 4.83, p <
0.001), and greater Empathic Concern (EC) (50.0 ± 8.64 vs.
43.4 ± 10.7, p = 0.007) compared with males.
No significant gender differences were found in global cog-
nitive performance, as measured by MMSE (p = 0.508) or
MoCA (p = 0.073). However, a significant difference was
detected in TMT scores, with males exhibiting higher mean
values (0.86 ± 0.35) compared to females (0.59 ± 0.49, p =
0.024), suggesting slower executive processing in females.
No statistically significant differences were observed in other
cognitive subdomains, including visuospatial ability (p =
0.280), naming (p = 0.162), attention (p = 0.251), sentence
repetition (p = 0.217), verbal fluency (p = 0.126), abstract
thinking (p = 0.205), memory (p = 0.385), and orientation
(p = 0.163) (Table 2).

Correlation analysis
As presented in Table 3, age demonstrated a negative correla-
tion with both MoCA (r = −0.406, p < 0.001) and MMSE
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Table 3. Correlation between parameters such as education year, age,
cognitive tests and empathic parameters.

According to Sociodemographic Variables

Variable 1 Variable 2 r p

Age MOCA -0.406 < .001
Age MMSE -0.250 0.035
Age Tracking Test -0.363 0.002
Age Visuospatial -0.226 0.058
Age Naming -0.027 0.825
Age Attention -0.202 0.091
Age Repeat Sentences -0.235 0.049
Age Verbal Fluency -0.073 0.546
Age Abstract Thinking -0.315 0.007
Age Memory -0.412 < .001
Age Orientation -0.229 0.055
Age AD 0.285 0.016
Age EC 0.290 0.014
Age VP 0.126 0.297
Education MOCA 0.596 < .001
Education MMSE 0.347 0.003
Education Tracking Test 0.369 0.002
Education Visuospatial 0.585 < .001
Education Naming 0.348 0.003
Education Attention 0.327 0.005
Education Repeat Sentences 0.346 0.003
Education Verbal Fluency 0.478 < .001
Education Abstract Thinking 0.388 < .001
Education Memory 0.361 0.002
Education Orientation 0.221 0.063
Education AD -0.135 0.260
Education EC -0.098 0.417
Education VP -0.119 0.323

According to Cognitive and Empathic Scores

Variable 1 Variable 2 r p

MOCA MMSE 0.684 < .001
MOCA AD -0.148 0.218
MOCA EC 0.104 0.386
MOCA VP −0.244 0.040
MMSE Tracking Test 0.373 0.001
MMSE Visuospatial 0.462 < .001
MMSE Naming 0.298 0.012
MMSE Attention 0.667 < .001
MMSE Repeat Sentences 0.326 0.006
MMSE Verbal Fluency 0.294 0.013
MMSE Abstract Thinking 0.237 0.046
MMSE Memory 0.284 0.017
MMSE Orientation 0.799 < .001
MMSE AD -0.249 0.036
MMSE EC 0.104 0.388
MMSE VP −0.293 0.013
Tracking Test AD -0.382 0.001
Tracking Test EC -0.211 0.077
Tracking Test VP −0.425 <.001
*MOCA:Montreal Cognitive Assessment Scale, MMSE: Minimental State
Examition, AD: Affective Distress, VP: Visceral Pain, EC: Emphatic Concerne r:
correlation coefficient.

(r = −0.250, p = 0.035) scores, indicating that cognitive per-
formance declined with advancing age. Conversely, age corre-
lated positively with Affective Distress (r = 0.285, p = 0.016)
and Empathic Concern (r = 0.290, p = 0.014), reflecting in-
creased emotional empathy in older individuals.

Education level was positively associated with cognitive test

performance, including MoCA (r = 0.596, p < 0.001) and
MMSE (r = 0.347, p = 0.003), but not significantly related
to empathy parameters (p > 0.05).
Cognitive-executive measures showed inverse associations
with emotional empathy: TMT scores correlated negatively
with Affective Distress (r = −0.382, p = 0.001) and Visceral
Pain (r = −0.425, p < 0.001), indicating that lower executive
efficiency was associated with stronger emotional reactivity.
Subgroup analyses further suggested that lower education in-
tensified the relationship between cognitive impairment and
empathic distress (Table 3).

DISCUSSION
This study investigated the relationships among empathy,
cognition, and demographic factors in patients with Tension-
type headache (TTH), revealing significant gender-based dis-
parities, age-related patterns, and the moderating effects of
education. Regarding empathic dimensions, female partici-
pants scored significantly higher in Vicarious Pain (VP), Af-
fective Distress (AD), and Empathic Concern (EC). These
findings align with previous literature suggesting that females
generally demonstrate higher emotional responsiveness and
empathic concern [8, 17]. Decety and Jackson [17] proposed
a social-neuroscience framework wherein empathy integrates
cognitive and affective processes, while Christov-Moore et al.
[8] provided empirical evidence for gender-related variations
in both neural activity and behavioral expression. Together,
these perspectives suggest that while empathy relies on shared
neurobiological systems, it is modulated by sex-dependent
mechanisms.
Hormonal influences may also play a role; estrogen has
been linked to enhanced emotional processing through
prefrontal–limbic modulation [18], whereas testosterone
may attenuate empathic distress [19]. Interestingly, while
gender differences in empathy were pronounced, they did
not extend to global cognitive performance as measured by
MMSE and MoCA. However, males demonstrated superior
performance on the Trail Making Test (TMT), reflecting
more efficient executive processing speed and flexibility.
Age emerged as another significant influential factor in our
cohort. Older participants exhibited higher AD and EC but
lower MMSE and MoCA scores, aligning with findings that
affective empathy tends to remain stable or even increase with
age, whereas cognitive functions typically decline [20]. The
inverse association between cognitive scores and empathy ob-
served here suggests a potential trade-off, possibly reflecting
diminished prefrontal regulation of emotional responses in
older populations. The finding that reduced executive func-
tioning was associated with heightened affective empathy fur-
ther supports the hypothesis that decreased cognitive control
may enhance emotional reactivity. Consequently, interven-
tions such as cognitive training or mindfulness-based prac-
ticesmay be beneficial in regulating empathic distress inTTH
populations [21].

202 https://doi.org/10.5455/annalsmedres.2025.08.243

https://doi.org/10.5455/annalsmedres.2025.08.243


Aylak U. et al. Original Article AnnMed Res 2026;33(5):199–204

Furthermore, educational attainment correlated positively
with cognitive outcomes but not with empathy, support-
ing the cognitive reserve hypothesis, which suggests that
higher education mitigates the impact of cognitive decline
on broader social cognition [22]. From a neurobiologi-
cal perspective, empathy involves the mirror neuron system
and the prefrontal cortex [23]. These systems may be al-
tered in TTH due to functional connectivity changes within
pain-processing networks [24]. Chronic pain may further
modulate the hypothalamic–pituitary–gonadal (HPG) axis,
thereby influencing empathic behavior through specific neu-
roendocrine pathways.
The clinical implications of these findings are substantial. En-
hancing cognitive flexibility and executive control through
structured cognitive or empathy-focused interventions may
mitigate empathic distress and improve emotional regula-
tion in patients with TTH. Programs such as Cognitive-
BehavioralTherapy (CBT),Mindfulness-Based StressReduc-
tion (MBSR), or compassion training could alleviate the psy-
chosocial burden associated with chronic pain. Addition-
ally, psychoeducation regarding empathy regulation may as-
sist patients in developing adaptive coping strategies, ulti-
mately improving quality of life. Future research should
utilize larger, more diverse cohorts and employ longitudi-
nal designs to establish causal relationships. Incorporating
hormonal assays and neuroimaging assessments is warranted
to further elucidate the underlying neurobiological mecha-
nisms, and intervention-based studies are needed to test the
efficacy of cognitive and empathic training protocols in TTH
populations.

Limitations
This study has several limitations that should be acknowl-
edged. First, the relatively small sample sizemay limit the gen-
eralizability of the findings to broader populations. Second,
the cross-sectional design precludes the ability to draw causal
inferences regarding the relationships between cognitive and
empathic measures. Third, while validated instruments were
utilized, the reliance on self-report scales introduces the po-
tential for reporting bias and social desirability bias.
Furthermore, comorbid psychiatric symptoms—such as de-
pression, anxiety, and other affective disorders—were not
specifically assessed or statistically controlled in this study.
Given that these conditions are known to influence both em-
pathy and cognitive performance, their omission represents a
potential confounding factor. Finally, hormonal fluctuations
and medication use were not systematically monitored; these
variables could further influence emotional and cognitive out-
comes and should be considered in future research.

FUTURE DIRECTIONS
Future studies shouldovercome this by includinghealthy con-
trols and employing a longitudinal design to track the fluc-
tuation of empathy and cognition. Advanced neuroimaging

techniques and hormonal profiling could give furthermecha-
nistic insights. Further, investigating the role of culture and
psychosocial modulation may yield valuable perspectives in
empathic responses.
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MAIN POINTS

• A ResNet50-based deep learning model
was developed to automatically classify 7
macular diseases using only OCT images,
achieving a high overall accuracy of 95%.

• The model demonstrated strong interclass
discrimination, especially distinguishing
with high precision between morphologi-
cally similar conditions such as DME, RVO,
and RAO.

• Grad-CAM heat maps were used to visual-
ize the decision-making areas of themodel,
enhancing the transparency and clinical in-
terpretability of the AI system.

• The system is highly effective in correctly
identifying normal OCT scans (99.5%),
which is crucial for community screening
and reducing unnecessary clinical work-
load.

• Themodel showed promising performance
in detecting surgically managed diseases
such as vitreomacular interface disor-
ders (VIDs), supporting its integration into
triage and referral systems.

Cite this article as: Firat M, Tuncer Firat I,
Tuncer T. Explainable deep learning for the
automated classification of macular diseases in
OCT images. Ann Med Res. 2026;33(5):205--214.
doi: 10.5455/annalsmedres.2025.07.206.

ABSTRACT

Aim: Optical coherence tomography (OCT) is a widely used, noninvasive, rapid, and high-
resolution imaging technique for diagnosing and monitoring macular diseases. Despite
its clinical value, OCT image interpretation is time-consuming and requires expert knowl-
edge, which may lead to inconsistencies in diagnosis. The objective of this study is to
create an AI-based model that reliably and effectively categorizes macular diseases from
OCT images, offering a workable solution in environments with restricted access to oph-
thalmology specialists.
Materials and Methods: A convolutional neural network model based on ResNet50 archi-
tecture was developed to classify OCT images into seven categories: age-relatedmacular
degeneration (AMD), diabetic macular edema (DME), epiretinal membrane (ERM), reti-
nal artery occlusion (RAO), retinal vein occlusion (RVO), vitreomacular interface disease
(VID), and normal (NO) controls. Grad-CAM was employed to enhance the interpretability
of the model and support clinical usability.
Results: The model’s macro-averaged precision, recall, and F1-score were 0.943 (95%
confidence interval [CI]: 0.941--0.960), 0.940 (95% CI: 0.941--0.960), and 0.940 (95% CI:
0.941--0.960), respectively, with an overall accuracy of 0.950 (95% CI: 0.941--0.960).
Grad-CAM visualizations confirmed the model’s focus on relevant retinal regions, thus
supporting diagnostic reliability and interpretability.
Conclusion: The explainable model demonstrated strong diagnostic performance and
potential as a clinical decision-support tool, especially in environments with limited re-
sources. The integration of explainable AI techniques, such as Grad-CAM, enhances trust
in automated decision-making and offers significant potential in supporting non-expert
users and early detection strategies.

Keywords: Retinal diseases, Artificial intelligence, Optical coherence tomography,
Maculopathy
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INTRODUCTION

Thediagnosis and follow-upof retinal diseases inophthalmol-
ogy practice requires a high level of expertise and time. Dur-
ing this process, specialists frequently utilize various imag-
ing techniques, including visual acuity measurement, biomi-
croscopy, fundus photography, fundus fluorescein angiogra-
phy (FFA), fundus autofluorescence (FAF), optical coherence
tomography (OCT), and OCT angiography (OCTA) [1,2].

However, the clinical interpretation of these methods is time-
consuming and creates a significant workload for specialists
working under high patient volumes. Reducing the burden
on specialists through preliminary assessment systems is cru-
cial for the early and accurate diagnosis of RDs. To achieve
this, we need reliable, easily trainable, and accessible diag-
nostic support systems that can be used by general physi-
cians. Such systems, which offer high accuracy, do not re-
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quire advanced expertise, and are low-cost, have become pos-
sible through AI-based approaches [3,4,5]. This has led to a
growing interest in automated classification systems that aim
to reduce specialist dependency and increase diagnostic relia-
bility and speed. AI-based decision support systems stand out
for their potential to standardize the process and alleviate the
diagnostic burden, especially in regionswith limited specialist
access [6]. Today, optical coherence tomography (OCT) im-
ages have become one of the gold standardmethods for assess-
ing retinal diseases and play a critical role in macular disease
diagnosis [7]. AI-based OCT data analysis improves clinical
performance andoffers large-scale applicability in community
screening and remote monitoring scenarios. Recently, diag-
nostic support systems based on ML algorithms have been
proposed for identifying retinal diseases [8, 9]. These stud-
ies employed classical algorithms, such as support vector ma-
chine (SVM), k-nearest neighbor (K-NN), decision tree (DT),
and ensemble model (EM), by manually extracting features
from fundus or OCT images. However, because manual fea-
ture extraction is time-consuming, labor-intensive, and has
limited generalization capacity, deep learning-based decision
support systems that perform automatic feature extraction
and classification have become more popular.

Numerous studies have focused on the detection of diseases
such as diabetic retinopathy, glaucoma, and age-relatedmacu-
lar degeneration. Choudhary et al. used a VGG19-based clas-
sifier to distinguish choroidal neovascularization, drusen, and
diabetic macular edema (DME) from normal OCT images.
Their study achieved 99.17% accuracy with 84,568 OCT im-
ages [10]. Kabataş et al. used 1397 fundus images to dis-
tinguish DR and macular hole (MH) from normals. They
achieved the highest accuracy of 93.97% with the ResNet50,
InceptionV3, and Xception models [11]. Sunil et al devel-
oped a computer-aided diagnosis (CAD) systemusing fundus
images for the diagnosis of DR stages. The proposed CNN
model achieved an accuracy of 98.33% [12]. In a study involv-
ing 29,800OCT images, Eghtedar et al. achieved 97.6% accu-
racy using a deep neural network (DNN) [13]. Rajan et al
used 3 different models—OctDeepNet, OctDeepNet1, and
OctDeepNet2—to classify normal, CNV,DME, and drusen.
They achieved 98% accuracy by adjusting the model architec-
ture for factors such as the number of layers, kernel size, and
pooling [14]. Wang et al classified 8 retinal diseases using the
ViT model and compared the results with those of existing
methods, such as ResNet, VGG, DenseNet, and MobileNet.
The ODIR-2019 dataset consists of fundus images and has a
class imbalance. Therefore, the F1 score andAUCvalueswere
examined, and 0.932 ± 0.06 and 0.950 ± 0.03 were obtained,
respectively [15]. Laouarem et al. combined the strengths of
CNNs and visual transformers to classify 7 retinal diseases.
They achieved accuracies of 99.40%, 97.00%, and 99.77% on
the OCT-2017, OCT-C8, and OCT-2014 datasets, respec-
tively [16]. To distinguish CNV, drusen, DME, and nor-
mal samples from OCT images, Akça et al. used the Vi-

sionTransformer (ViT), Token-to-TokenVisionTransformer
(T2T-ViT), andMobile Vision Transformer (Mobile-ViT) al-
gorithms. Accuracy rates of 95.14%, 96.07%, and 99.17%was
achieved with the ViT, T2T-ViT, andMobile-ViTmodels, re-
spectively [17].

Maculopathies and OCT findings
Age-related macular degeneration (AMD) is one of the most
common degenerative pathologies affecting themacula and is
the primary cause of central vision loss, particularly in individ-
uals aged >50 years. AMDdevelops because of the disruption
of the interaction between the RPE, Bruch’s membrane, and
the choroid. In the dry form, drusen accumulate beneath the
RPE, gradually weakening macular function. Abnormal ves-
sels originating from the choroid (choroidal neovasculariza-
tion) migrate into the subretinal space in the wet form, caus-
ing bleeding and fluid leakage [18]. This condition can be
observed in OCT images as subretinal and intraretinal fluid
accumulation, PED, RPE irregularities, and increased retinal
thickness [19].
The macula is highly susceptible to edema, degeneration,
and ischemic processes due to its high metabolic activity
and structural characteristics. Macular edema develops due
to increased capillary permeability, particularly in diabetic
retinopathy and retinal vein occlusions. Edema affects the
macula more severely than the peripheral retina due to its
higher photoreceptor density and different vascular struc-
ture. DME is the most important complication of diabetic
retinopathy, leading to vision loss. On OCT, it is character-
ized by increasedmacular thickness, cystic spaces, hyperreflec-
tive areas indicating exudate in the inner retinal layers, and
sometimes subretinal fluid [20]. RVO, which is associated
with hypertension and systemic vascular disease, is the second
most common retinal vascular disease. Macular edema is the
primary cause of vision loss. OCT reveals macular edema, in-
creased retinal thickness, and intraretinal cystic spaces [21].
RAO is one of the most severe forms of retinal ischemia and
is often associated with embolic events. OCT reveals marked
hyperreflectivity and thickening of the inner retinal layers in
the early stage and atrophy in the late stage [22].
Disruptions in the interactions between the vitreous cortex
and the retinal surface cause vitreoretinal interface diseases
(VIDs). Abnormally tight adhesions, incomplete vitreous
separation, and the resulting fibroglial proliferation charac-
terize these pathologies [23]. Examples of these conditions
include VMT, VMA, macular hole, and epiretinal mem-
brane (ERM). The most common complaints in these condi-
tions include decreased visual quality, metamorphopsia, and
blurred vision. OCT findings may reveal persistent adhesion
of the vitreous cortex to the macula (vitreomacular adhesion)
or traction (vitreomacular traction), as well as full-thickness
(full-thicknessmacular hole) or partial (lamellarmacular hole)
defects in themacula [24]. ERM, a condition of this group of
diseases, is characterized by the formation of a fibroglialmem-
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brane on the inner surface of the retina. OCT imaging reveals
a hyperreflectivemembrane, flattening of the inner retinal lay-
ers, and macular distortion [25].
Contributions of this study to the literature:

• Reduces inter-expert interpretation differences,

• It reduces the burden of manual evaluation,

• It enables the differentiation of multiple diseases,

• Provides explainable and interpretable disease informa-
tion.

In this study, we developed an explainable ResNet50-based
OCT classifier that simultaneously distinguished 7 macular
conditions and provided Grad-CAM visualizations to sup-
port clinical interpretability.

MATERIALS ANDMETHODS
OCTis a valuable tool for creatingdetailed retinalmicrostruc-
ture images and diagnosing ocular conditions. This study
used an open-access dataset consisting of 2064 OCT images
labeled by experts according to retinal pathology, with prede-
fined disease classes that eliminate the need for additional sub-
jective clinical interpretation [26]. This dataset was published
to provide researchers with access to a large set of labeled im-
ages that contribute to the development and improvement of
algorithms for automatedprocessing and analysis ofOCT im-
ages for the early diagnosis and monitoring of eye diseases.
Thedataset consists of seven classes and includesOCT images
of age-relatedmacular degeneration, diabetic macular edema,
epiretinal membrane, retinal artery occlusion, retinal vein oc-
clusion, vitreomacular interface disease, and normal macula.
The dataset exhibits an imbalanced class distribution. To ad-
dress this issue, each image in the classes with fewer samples
(DME, ERM,RAO,RVO,VID, and normalmacula) was ro-
tated 3° to the left and right, and symmetry operations were
applied. As a result, in each minority class, the final sample
sizewas simply determined bymultiplying the original sample
size by the fixed augmentation scheme, which reduced but did
not completely eliminate the original class imbalance. This
yielded an augmented dataset of 3 824 images (original n =
2 064). Table 1 shows the class distributions of the resulting
dataset. After random augmentation, the dataset was divided
into 2 parts: 80% training and 20% testing.

Explainable ResNet50 model

TheResNet50model was chosen for the classification of reti-
nal diseases in this study because of its ability to recognize
complex patterns and reduce overfitting, particularly in small
and detailed medical datasets. Heat maps generated by the
Grad-CAM method were used to better understand the ob-
tained results, facilitate the interpretation of OCT images
in the clinical setting, and increase the explainability of the

Table 1. Class distribution of the dataset.

Class Original Augmented

Age-related macular degeneration 1231 1231
Diabetic macular edema 147 441
Epiretinal Membrane 155 493
Normal 332 996
Retinal artery occlusion 22 132
Retinal venous occlusion 101 303
Vitreomacular Interface Disease (VMID) 76 228

model’s decisions. The details of the model are provided be-
low.
ResNet50 is a residual architecture with a depth of 50 layers.
Its primary layers are convolution, max pooling, sequential
residual blocks, global average pooling, and a fully connected
layer. Taking an X∈RH×W×3 image as input, the ResNet50
model uses a residual network structure to address the degra-
dation problem (vanishing gradient). In this residual network
block, the input information x is passed through the convolu-
tion → batch normalization → ReLU chain and combined
with x again via the shortcut connection (Eq. 1).

y = F (x, {Wi}) + x (1)

In the model, (R2048→Rc) was used instead of the original
fully connected layer (R2048→R1000) to represent the num-
ber of classes c. The difference between the model’s output
probabilities and the true labelswas calculated using the cross-
entropy loss function. The model output z = f(x, θ) ∈ Rc

was used to calculate the softmax classification probabilities
and the loss function (eq.2 and 3).

ŷi =
ezi∑c
j=1 e

zj
(2)

L = −
c∑

i=1

yi log(ŷi) (3)

Here, yi ∈ {0, 1} is one-hot coded.
Gradient-weighted Class Activation Mapping (Grad-CAM)
was used to ensure the model’s explainability of the classifi-
cation results. In ResNet50, the activation maps in the final
convolutional layer, which have the highest-level features for
class distinction, were used for Grad-CAM. Activations indi-
cate the pixel’s importance in the classification.
For class c, weights are calculated as in Equation 4 using yc =
fc(x), the activationmapAk ∈ Ru×v obtained from the last
convolution layer, and the gradients (∂yc)

(∂Ak)
obtained by back-

propagation.

αc
k =

1

Z

∑
i,j

∂yc

∂Ak
i,j

(4)
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Figure 1. Training and validation of accuracy/loss curves across epochs
for the ResNet50 model. These curves demonstrate the learning behav-
ior and generalization performance of the model throughout the training
process.

Figure 2. Confusion matrix summarizing the performance of the model
across all 7 disease classes. Diagonal values indicate correct classifica-
tions, whereas off-diagonal values indicate misclassifications, enabling
a visual analysis of class-wise accuracy.

Using the weights, the Grad-CAM heat map to be superim-
posed on the image is calculated as in eq.5.

Lc
Grad-CAM = ReLU

(∑
k

αc
kA

k

)
(5)

RESULTS
A computer environment with an Intel(R) Core(TM) i7-
9750H CPU @ 2.60 GHz (2.59 GHz), 8 GB RAM, and
Python programming language was used to train and test the
ResNet50 model. The random seed was fixed to 42 in all ex-
periments; the same seed was used for Python/NumPy/Py-
Torch, and data splitting and shuffling were performed with

Figure 3. ROC curves for each class, illustrating the trade-off between
sensitivity and specificity. AUC values provide a comparative metric for
class-level performance.

Figure 4. Examples of OCT images correctly classified with Grad-CAM--
based attention heat maps. These visualizations demonstrate that the
model accurately focuses on disease-relevant anatomical regions when
making accurate predictions.

torch. Generator().manual_seed(42), CuDNNwas set to de-
terministic and benchmark=False. Model performance pa-
rameters were analyzed using the accuracy, F1 score, preci-
sion, and sensitivity parameters obtained from the confusion
matrix (eq.6-9). Additionally, ROC-AUC was used to de-
termine model performance due to class imbalance in the
dataset.

Accuracy =
TP + TN

TP + FP + TN + FN
(6)

Precision =
TP

TP + FP
(7)

Recall =
TP

TP + FN
(8)

F1 =
2TP

2TP + FN + FP
(9)
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Table 2. Training parameters.

Parameter Value Definition

Pretrained True ImageNet loaded pre-trained weights
Num Classes 7 Outputs equal the number of classes in the dataset
Loss Function CrossEntropyLoss Suitable for multiclass classification
Optimizer Adam The Adam optimization algorithm
Learning Rate 1e-4 Initial learning rate (%)
Epochs 15 Total number of training cycles
Batch Size 32 Training and validation
Train/Test Split 80%/20% Splitting the ratio into training and test sets
Input Size (224, 224) All images were resized to this size.
Grad-CAM Layer model.layer4[-1] Final convolution layer used for the Grad-CAM
Grad-CAM: Gradient-weighted Class ActivationMapping.

Table 3. Precision, recall, and F1 score by class.

Class Precision Recall F1 Score

AMD 0.995 0.947 0.970
DME 0.932 0.922 0.927
ERM 0.867 0.914 0.890
NO 0.943 0.995 0.969
RAO 0.911 0.969 0.940
RVO 1.000 0.921 0.959
VID 0.952 0.909 0.930
AMD: Age-related Macular Degeneration, DME: Diabetic Macular Edema, ERM:
Epiretinal Membrane, NO: Normal, RAO: Retinal Artery Occlusion, RVO: Reti-
nal Vein Occlusion, VID: Vitreomacular Interface Disease.

Figure 5. Examples of misclassified OCT images with Grad-CAM--based
attention heat maps These cases illustrate the difficulty of the model in
identifying subtle or ambiguous features and highlight the importance
of explainability in evaluating model limitations.

Table 2 shows the parameters used for training the model.
The dataset was first classified using the Vision Transformer,
a widely used model in the literature, to demonstrate the su-

periority of the proposed model. Classification accuracy and
f1-score values were 92.15% and 92%, respectively. Figure
1 shows the accuracy and loss function changes for training
and validation as a result of the classification performed with
ResNet50, Figure 2 shows the confusion matrix, and Figure
3 shows the ROC change.

The accuracy and loss graphs show that the loss value and ac-
curacy are stable after the eighth epoch. This change indi-
cates that the training process was successful. Furthermore,
the receiver operating characteristic (ROC) curve was used
to determine the discriminatory power of the model for each
class. Since the change in all classes is close to the upper
left corner, the model performed well and distinguished be-
tween classes. The AUC 95% confidence interval values were
as follows: AMD, 0.996–1.000; DME, 0.994–1.000; ERM,
0.976–1.000; NO, 0.996–1.000; RAO, 0.991–1.000; RVO,
0.993–1.000; and VID, 0.969–1.000. The precision, recall,
and F1 score values obtained from class after the elimination
of the relative class imbalance are shown in the Table 3. The
F1 score of 0.94, which is particularly relevant for class imbal-
ance, indicates that themodel successfully learned the dataset.

Heatmaps (Grad-CAM) are created to visualize the regions to
which the deep learning model pays attention during classifi-
cation. This makes the decision-making process of the model
more transparent and contributes significantly to clinical val-
idation and explainability. Warm colors (red, orange, and yel-
low) represent diagnostically important regions during classi-
fication, whereas cool colors (blue tones) represent areas that
the model ignores or deems unimportant for classification.
Figures 4 and 5 present the correctly classified and misclassi-
fied images by the model, respectively, along with their corre-
sponding heat maps of attention.

As shown in Figure 4, the Grad-CAM attention maps in cor-
rectly classified cases focused on the pathological regions. In
the correctly classified DMEOCT image, which is character-
ized by small cystic spaces and increased thickness due to fluid
accumulation in the inner layers of the retina, the attention
map is concentrated in the central and thickened inner lay-
ers of the retina. In the OCT image of a correctly classified
macular hole, which is a type of VID characterized by a full-
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Table 4. Comparison of AI-based studies using OCT images to classify macular disease.

Reference Model Disease Dataset Performance

Wang et al, 2016 [27] SMO Dry AMD (n =15), 3 000+ OCT images Accuracy: 0.993
DME (n =15),

and NO (n = 15)

Li et al, 2019 [28] ResNet50 CNV, DME, Drusen, 15 573 OCT images Accuracy: 0.973
and NO (n = 2 796) AUC: 0.995

Sensitivity: 0.963
Specificity: 0.985

Li et al, 2019 [29] VGG-16 CNV, DME, Drusen, 109 312 OCT images Accuracy: 0.986
and NO Sensitivity: 0.978

Specificity: 0.994
AUC: 1.000

Kuwayama et al, 2019 [30] CNN (Caffe) Wet AMD (n = 136), 1 200 OCT images Precision/recall:
DR (n = 104), ERM (n = 90), Wet AMD 1.000/0.770;

NO (n = 570), DR 0.780/1.000;
and other diseases (n = 19) ERM 0.750/0.750;

NO 0.850/0.970

Bhatia et al, 2020 [31] VGG-16 Dry AMD, wet AMD, 5 588 OCT volumes AUC: ≥0.980
DME, and NO (162 721 B-scans) AUC of dry AMD: 0.850--0.990

Wet AMD area under the curve: 0.860--0.980
DME AUC: 0.930--0.990

Esfahani et al, 2023 [32] CNN Drusen, CNV, 3 133 OCT images Accuracy: 0.987
DME, and NO Precision: 0.99

Recall: 0.962
F1: 0.971

Choudhary et al, 2023 [10] VGG-19 CNV, DME, 84 568 OCT images Accuracy: 0.992
Drusen, and NO Specificity: 0.995

Sensitivity: 0.990

Kayadibi et al, 2023 [33] FD-CNN CNV, DME, 84 495 OCT images Accuracy: 0.996 (UCSD)
Drusen, NO (n = 4696) (Duke + UCSD) Accuracy: 0.975 (Duke)

Proposed Method ResNet50 AMD, DME, 3 824 OCT images Accuracy: 0.950;
ERM, RAO, RVO, (after augmentation; original n= 2 064) Precision: 0.943;
VID, and NO Recall: 0.940;

SMO: Sequential Minimal Optimization, AMD: Age-relatedMacular Degeneration, DME: Diabetic Macular Edema, CNV: Choroidal Neovascularization, DR: Diabetic
Retinopathy, ERM: Epiretinal Membrane, VID: Vitreomacular Interface Disease, RAO: Retinal Artery Occlusion, RVO: Retinal Vein Occlusion, NO: Normal, OCT:
Optical Coherence Tomography, AUC: Area Under the Curve, CNN: Convolutional Neural Network, FD-CNN: Fully Dense Convolutional Neural Network, UCSD:
University of California San Diego, F1: F1 Score, ROC: Receiver Operating Characteristic, VGG: Visual Geometry Group, ResNet50: 50-layer Residual Network.

thickness defect in the central fovea, the attentionmap focuses
on VMT and the central defect. Significant hyperreflectivity
and thickening of the inner retinal layers are observed in the
OCT image of a correctly classifiedRAO. The attentionmap
focuses on retinal thickening. In the correctly classified ERM
example, the foveal contour is flattened. The attention map
focuses on the flattened foveal contour.

Notably, there are mild cases where the features of the mis-
classified images are not evident. Mild cystic changes in the
inner retinal layers typical of DME are observed at the cen-
ter of the macula in the DME case that was misclassified as
VID. It is noteworthy that there is slight retinal thickening.
The attention map is shifted to the peripheral retinal regions.
In the ERM OCT image that was misclassified as a normal
macula, a thin hyperreflective line was observed adjacent to
the inner retinal surface. The attention map is focused on
the vitreous over the retina. In the OCT image of AMD that
was misclassified as a normal macula, a slightly irregular RPE

structure is observed, consistent with AMD. The attention
map focuses primarily on the inner retinal layers. In the RVO
OCT image that was misclassified as a normal macula, irreg-
ularity and mild retinal thickness increase are present in the
inner retinal layers affecting the nasal fovea due to RVO. Cys-
toid macular edema was not evident. The attention map fo-
cuses on the peripheral lines rather than the central patholog-
ical area. In the VID OCT image that was misclassified as a
normalmacula, the vitreous cortex has a very small base, caus-
ing mild macular shrinkage, resulting in VID. The attention
map focused on the adherent vitreous cortex but was misclas-
sified. In the OCT image of a healthy macula that was mis-
classified as AMD, the optic disc was mistakenly evaluated as
a sign of AMD. In the OCT image of an RAO case, hyper-
reflectivity and minimal thickening of the inner retinal layers
are observed. Themodel successfully focused on retinal thick-
ening but still misclassified it as normal.
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DISCUSSION
The ResNet50 model demonstrated high performance
in distinguishing 7 different macular diseases using
only OCT images. The model achieved an overall ac-
curacy of 0.95 (95% CI: 0.9408–0.9600), an F1-score
of 0.94 (95% CI: 0.9405–0.9600), a precision of 0.943
(95% CI: 0.9408–0.9600), and a recall of 0.94 (95% CI:
0.9405–0.9600). These consistently high values across all
metrics highlight the model’s strong inter-class discrimina-
tion capability and its potential for clinical decision support
system integration.
Unlike many previous studies in the literature that focused
primarily on common retinal pathologies, our study includes
a broader classification spectrum by incorporating less fre-
quently addressed conditions, such as RAO, RVO, and VID.
Although early studies, such as those by Wang et al. [27]
and Li et al. [28, 29], achieved high accuracy with limited
disease classes, their clinical applicability remains restricted.
Kuwayama et al. [30] and Bhatia et al. [31] expanded class
diversity but faced limitations in sample size or reliance on
commercial systems, which may reduce generalizability. Sim-
ilarly, Choudhary [10], Esfahani [32] and Kayadibi [33] re-
ported high accuracy but were limited to more balanced and
prevalent disease classes. In contrast, our study offers a more
comprehensive approachby successfully classifying seven reti-
nal conditions using real-world data, achieving robust perfor-
mance (accuracy: 0.95, F1 score: 0.94), and demonstrating
compatibility with clinical scenarios—highlighting its origi-
nality and practical relevance. We extend the typical four-
class OCT taxonomy by adding RAO, RVO, and VID, re-
sulting in a seven-class scheme that is aligned with clinical re-
ferral and optimized for triage. We also implemented a ViT
baseline; although the ViT study (17) reported 99.17% ac-
curacy on the four-class OCT2017 benchmark, our seven-
class, referral-oriented task—including RAO/RVO/VID—is
inherently harder, and ourmodel achieves Accuracy 0.95 and
F10.94. Furthermore, considering theprevalence of these dis-
eases [34-36], providing early diagnosis opportunities with a
low-cost and accessible AI-based screening system could of-
fer significant gains for public health [37]. Previous studies
similar to ours are summarized and presented in Table 4 for
comparison.
In terms of model architecture, while many existing works
employed VGG-16/19 or custom-built architectures (e.g.,
FD-CNN) [10, 29, 33], we utilized the ResNet50 model,
which balances network depth, generalizability, and compu-
tational efficiency through residual connections. Further-
more, the integration of Grad-CAM–based visual explana-
tions enhances interpretability and supports clinical trust in
the model’s outputs—an aspect often lacking in other stud-
ies [27,32]. Compared with related work, our model per-
forms reliably even with imbalanced datasets, offers trans-
parent decision-making through explainable AI, and uses an
open-source architecture that promotes practical implemen-

tation. Collectively, these features position our model as a
technically robust and clinically applicable contribution to
the current literature.
The 99.5% accuracy of normal samples is a critical advantage,
particularly for community screening and preliminary assess-
ment systems. Low false-positive rates in normal individuals
increase patient confidence and prevent unnecessary burden
on the health care system. This supports the utility of AI-
based systems as triage tools. Additionally, high precision in
detecting normal cases can improve system efficiency in large-
scale screening programs by reducing the number of cases re-
ferred for unnecessary specialist evaluation.
AMD detection with 94.67% accuracy is highly valuable for
early diagnosis and timely intervention. Early-stage vitamin
supplementation, risk factor management, and timely ini-
tiation of anti-vascular endothelial growth factor therapies,
which can be applied in wet cases, are key to reducing vision
loss [38]. This aligns with global efforts to reduce preventable
vision impairment due to AMD through earlier therapeutic
interventions.
The ability of the model to distinguish morphologically
similar vascular pathologies such as DME (92.22%), RVO
(96.67%), andRAO(96.88%) is crucial for triage systems. De-
spite the structural similarities between DME and RVO on
macular OCT, the model’s misdiagnosis of these 2 diseases is
only 2.0%. This is a particularly valuable distinction in clin-
ical decision-making processes, such as anti-VEGF treatment
planning and systemic assessment differentiation [39]. The
model may aid in prompt therapeutic direction by providing
automated differentiation of these pathologies, especially in
settings with limited retinal specialists.
The ability of the model to distinguish VID with 90.91%
accuracy is a significant achievement from both technical
and clinical perspectives. The VID class includes patholo-
gies, such as VMT, VMA, ERM, and macular hole, that
may require surgical management. The correct identification
of these cases is essential for timely surgical referral, poten-
tially preventing irreversible visual deterioration in progres-
sive cases.
The ERM, a subtype of the VID class, was classified by the
model with 91.4% accuracy. This result demonstrates that
ERM is highly successful in identifying cases with isolated
ERM, as it frequently accompanies other groups [24].
The most significant difference between VID and other mac-
ular diseases is that many cases are managed surgically rather
than medically. In particular, macular holes and advanced
ERM require vitreoretinal surgery, such as vitrectomy [40].
Accurate identification of VID can reduce time lost not only
in terms of disease diagnosis but also by directing patients to
the appropriate specialist (vitreoretinal surgeon). This can
minimize unnecessary examinations, re-evaluations, and sur-
gical interventions. Therefore, the model’s VID performance
may improve referral efficiency and reducing time to interven-
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tion.
Attention heat maps visually represent the OCT image re-
gions that the model focuses on when making classifica-
tion decisions. The model was found to effectively identify
anatomical regions with disease-specific structural abnormal-
ities in correctly classified examples. In misclassified cases, the
pathologies that reveal class characteristics in the OCT im-
ages were subtle, and the attention maps were generally con-
centrated in scattered or irrelevant regions. Beyond low dis-
ease severity, attenuation of acute signs over time (e.g., suba-
cute/chronic phases) may also hinder feature extraction from
a single B-scan, and weak cues can divert attention toward ar-
tifacts, extramacular structures (such as vitreous hyperreflec-
tivity), or disk-containing slices, as illustrated by the Grad-
CAM examples. Methodologically, these errors could be mit-
igated by incorporating phase metadata (acute vs. chronic),
applying lesion-centric attention regularization with penal-
ties for off-target regions, re-weighting borderline cases via fo-
cal loss, and enforcing slice quality control (excluding peri-
papillary, tilted, or low signal-to-noise scans). These obser-
vations that ambiguous or borderline findings may challenge
the generalizability of the model, emphasizing the potential
role of human-AI collaboration to improve diagnostic safety
in such cases. Consistent with these observations, misdiag-
noses in our cohortmainly arose from confusion between dis-
eased classes with overlappingOCTappearances (particularly
DME, ERM, VID, and RVO), rather than between diseased
and normal eyes, and were exacerbated by the limited sample
size of some categories.

Limitations

However, certain limitations must be explicitly acknowl-
edged. First, this studyused a single-center dataset, whichmay
limit the model’s generalizability across different populations
and imaging devices. Second, the retrospective nature of the
dataset could introduce selection bias, as the data may not re-
flect the full clinical spectrum of MDs. Third, class imbal-
ance in the dataset may still impact model sensitivity in un-
derrepresented disease groups, although partially addressed
through augmentation. Accordingly, prospective validation
using multicenter, balanced datasets is necessary to confirm
performance across diverse settings. In addition, we did not
perform calibration analysis (e.g., ECE, Brier score, and relia-
bility diagrams) or ablation analyses, which limited our assess-
ment of probability calibration and component effects. Fi-
nally, the study did not incorporate multimodal data or clin-
ical parameters, which could further enhance classification
accuracy and clinical relevance in future models. Moreover,
because data augmentation was performed before the train–
test split, augmented variants of the same original image may
have been present in both sets, potentially leading to a slight
overestimation of test performance. Therefore, future work
with larger, more balanced multicenter datasets, multimodal
inputs, and class-balanced or cost-sensitive training strategies

may help reduce such errors.

CONCLUSION
In this study, the ResNet50 model was evaluated as an effec-
tive AI approach for the high-accuracy classification of mac-
ular diseases from OCT images. In particular, the accurate
identification of normal individuals, successful differentia-
tion of common diseases such as AMD, and effective clas-
sification of VID requiring surgical intervention hold great
potential for clinical decision-making. The high interclass
discrimination power of the model enabled selective results
even among diseases with similar OCT morphology. To the
best of our knowledge, our seven-class design—addingRAO,
RVO, and VID—goes beyond four-class OCT benchmarks
and better mirrors referral-driven workflows, enabling triage
and timely surgical referral. These findings support the utility
of AI-supported systems in population-based screening, pri-
mary care, and clinical triage. Future studies should test the
model’s generalizability and clinical applicability with larger
and more heterogeneous datasets.
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MAIN POINTS

• Sleeve gastrectomy reduced Fram-
ingham cardiovascular risk score by
52.7% at one year, independent of
BMI change magnitude.

• HDL cholesterol demonstrated a
paradoxical biphasic pattern with
initial decrease followed by in-
crease above baseline levels.

• Age was a strong negative predictor
of risk reduction, emphasizing the
importance of optimal surgical tim-
ing.

• Patients with higher baseline car-
diovascular risk achieved greater
absolute risk reduction.

• The lack of correlation between BMI
change and cardiovascular risk re-
duction suggests benefits beyond
simple weight loss.

Cite this article as: Gundogdu A,
Abdullah S, Basdogan MK, Ozkaya G,
Aydin I. One-year cardiovascular risk
assessment after laparoscopic sleeve
gastrectomy: A retrospective cohort
study. Ann Med Res. 2026;33(5):215--221.
doi: 10.5455/annalsmedres.2025.08.239.

ABSTRACT

Aim: Bariatric surgery effectively reduces cardiovascular risk, though the mechanisms remain
incompletely understood. This study aimed to evaluate changes in Framingham cardiovascular
risk scores and identify predictors of risk reduction following sleeve gastrectomy.
Materials and Methods: This retrospective cohort study included 111 patients (73% female;
median age, 33 years [range 18--63]; median BMI, 43 kg/m² [range 35--77]) who underwent la-
paroscopic sleeve gastrectomy between January 2021 and June 2024. Framingham 10-year
cardiovascular disease risk scores were calculated at baseline and 12 months postoperatively.
Multivariable linear regression identified independent predictors of absolute risk reduction.
Results: The Framingham risk score decreased from 6 (-10--25) to 3 (-9--26) at 12 months
(p<0.001), representing a 50% relative risk reduction. BMI decreased from 43 (35--77) to 29
(21--55) kg/m² (p<0.001). Notably, change in BMI was not correlated with cardiovascular risk
reduction (r = 0.032, p = 0.735). HDL cholesterol demonstrated a biphasic trend---initially de-
creasing at 3 months, then exceeding baseline values at 12 months (p<0.001). In multivariable
analysis, age (β = -0.223, p<0.001); baseline Framingham score (β = 0.532, p<0.001); and HDL
change (β = 0.279, p = 0.047) were independent predictors of the absolute risk reduction. Inter-
estingly, an increase in HDL showed a negative association in univariable analysis but a positive
association in multivariable analysis.
Conclusion: Sleeve gastrectomy achieved a significant reduction in cardiovascular risk indepen-
dent of the magnitude of weight loss. The HDL paradox and age-dependent response suggest
that complex mechanisms beyond simple weight reduction are involved. These findings support
incorporating cardiovascular risk assessment, not just BMI, when determining surgical indica-
tions.

Keywords: Sleeve gastrectomy, Framingham risk score, Cardiovascular risk, HDL paradox,
Bariatric surgery, Weight loss
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INTRODUCTION

Obesity has become a major global health problem and is rec-
ognized as an independent risk factor for cardiovascular dis-
ease (CVD) [1, 2]. The prevalence of obesity continues to
rise worldwide; in the United States, it increased from 30.5%
to 42.4% between 2000 and 2018, while severe obesity nearly
doubled from 4.7% to 9.2% [2]. Obesity is strongly associated
with metabolic disorders such as hypertension, diabetes, and
dyslipidemia, thereby contributing to increased CVD mor-
bidity and mortality [2, 3].

The effects of obesity on the cardiovascular system are mul-
tifactorial. Increased adipose tissue elevates metabolic de-
mand, blood volume, and cardiac workload, potentially lead-
ing to left ventricular hypertrophy and diastolic dysfunction
[2]. Moreover, obesity promotes endothelial dysfunction
via oxidative stress and the release of pro-inflammatory cy-
tokines [3].

Laparoscopic sleeve gastrectomy is one of the most widely
used and effective bariatric procedures for morbid obesity.
In addition to significant weight loss, this surgery has been
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shown to improve cardiovascular risk factors [4]. According
to Framingham data, each 1-unit increase in BMI is associ-
ated with a 5% higher risk of heart failure in men and a 7%
higher risk in women [5]. A recent study found that sleeve
gastrectomy reduces visceral adiposity, improves retinal mi-
crovascular parameters, and significantly decreases the Fram-
ingham Risk Score [6].
The aim of this study was to investigate changes in the Fram-
ingham cardiovascular risk score and its determinants follow-
ing sleeve gastrectomy. Understanding these changes may
contribute to the development of personalized treatment
strategies in bariatric surgery.

MATERIALS ANDMETHODS
Study design and population
This single-center, retrospective cohort study evaluated
changes in cardiovascular risk amongpatientswhounderwent
laparoscopic sleeve gastrectomy between January 2021 and
June 2024. Only patients with at least 12 months’ follow-up
were included. Data were extracted from electronic medical
records at baseline, 3, 6, and 12 months postoperatively.
This study was approved by the Ethics Committee of San-
caktepe Şehit Prof. Dr. İlhan Varank Training and Research
Hospital (Decision No: 2025/263, Date: 18.07.2025).

Inclusion and exclusion criteria
Inclusion criteria

• Age 18–65 years, BMI≥ 40 kg/m² or≥ 35 kg/m² with
obesity-related comorbidities

• Underwent primary laparoscopic sleeve gastrectomy

• Complete 12–month follow-up data available.

Exclusion criteria

• History of cardiovascular disease (CAD,MI, revascular-
ization, stroke, TIA, PAD)

• Previous or revision bariatric surgery

• Incomplete baseline or 12–month laboratory/blood
pressure data

• Additional procedures beyond sleeve gastrectomy

• Inability to calculate Framingham risk score.

Data collection
• Demographics: Age, sex

• Anthropometrics: BMI at baseline and 12 months

• Biochemistry: Total cholesterol, HDL cholesterol at all
time points

• Cardiovascular: Systolic blood pressure at baseline, 3,
and 12 months; antihypertensive use

• Lifestyle: Smoking status at all visits.

Cardiovascular risk assessment

The primary endpoint was the change in the Framingham
10–year CVD risk score [7]. Absolute and relative risk reduc-
tions were calculated.

Surgical technique

A standardized laparoscopic sleeve gastrectomy was per-
formed using a 36–38-French bougie, starting 4 cm from the
pylorus, with complete fundus mobilization. Staple line rein-
forcement and leak testing were routinely performed.

Statistical analysis

All statistical analyses were performed using IBMSPSS Statis-
tics version 25.0 (Armonk, NY: IBM Corp.). Continuous
variables were expressed as median (min–max) and categor-
ical variables as n (%). Between-group comparisons of con-
tinuous and categorical variables were performed using the
Mann–Whitney U test and the chi-square test, respectively.
Within-group comparisons between two time points were an-
alyzed using the Wilcoxon signed-rank test, while compar-
isons across three or more time points were evaluated with
the Friedman test followed by Bonferroni-adjusted post hoc
pairwise comparisons. Changes in binary outcomes, such as
smoking status, were assessed using Cochran’s Q test with
Bonferroni-adjustedMcNemar tests where applicable.
Correlations between continuous variables were assessed us-
ing Spearman’s rank correlation coefficient (ρ). Indepen-
dent predictors of absolute cardiovascular risk reductionwere
determined through multivariable linear regression analysis.
Model assumptions—including linearity, independence, and
homoskedasticity—were verified through residual plots, Q–
Q plots, and the Shapiro–Wilk test. Heteroskedasticity-
robust (HC3) standard errors were applied, and multi-
collinearity was assessed using the variance inflation factor
(VIF < 2.5). Model performance was reported with R² and
adjusted R² values.
As this was a retrospective study that included all eligible pa-
tients during the study period, no a priori sample size calcula-
tionwas performed. However, an exploratory post hoc power
analysis for themultivariable regressionmodel was conducted
using G*Power version 3.1.9.2 (Universität Düsseldorf, Ger-
many). Based on the observedmodel fit (R² = 0.413, Cohen’s
f² ≈ 0.70), with n = 111, k = 5, and α = 0.05, the achieved
power (1–β) was estimated to be to exceed 0.90, indicating ad-
equate statistical power to detect large effects.
A two-tailed p-value < 0.05 was considered statistically signif-
icant.

RESULTS
Baseline characteristics

A total of 111 patients [81 females (73%) and 30males (27%)]
were included in the final analysis. The median age of the
studypopulationwas 33 years (range, 18–63), and themedian
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Table 1. Baseline patient characteristics and differences between groups.

Characteristic All Patients Female Male p-value

Age (years) median (min--max) 33 (18--63) 34 (18--57) 30 (19--63) 0.705
BMI (kg/m²) median (min--max) 43 (35--77) 43 (35--77) 43 (36--53) 0.651
Total cholesterol (mg/dL) median (min--max) 191 (127--316) 191.5 (127--305) 191 (160--316) 0.700
HDL cholesterol (mg/dL) median (min--max) 46 (26--70) 46 (26--66) 44.5 (27--70) 0.735
Systolic blood pressure (mmHg) median (min--max) 120 (80--170) 120 (80--170) 110 (90--160) 0.799
Antihypertensive use n(%) 22 (19.8) 18 (22.2) 4 (13.3) 0.297
Current smoking n(%) 53 (47.7) 39 (48.1) 14 (46.7) 0.890
Framingham score (%) median (min--max) 6 (-10--25) 6 (-8--23) 6 (-10--25) 0.239
Values are presented as median (min–max) or n (%); BMI:body mass index; HDL: high-density lipoprotein; p < 0.05 was considered statistically significant;
†Mann–Whitney U test was used for continuous variables and Chi-square test for categorical variables.

Table 2. Temporal changes in cardiovascular risk parameters.

Parameter Preop 3 months 6 months 12 months p-value

BMI (kg/m²) median (min--max) 43 (35--77) 29 (21--55) <0.001**†
Total cholesterol (mg/dL) median (min--max) 191 (127--316)a,b 187 (110--320)e 183(114--300) 178 (124--337) <0.001**‡
HDL cholesterol (mg/dL) median (min--max) 46 (26--70) 44 (26--65) 48 (28--72) 50 (33--70) <0.001**‡
Blood pressure (mmHg) median (min--max) 120 (80--170) 110 (80--140) <0.001**†
Framingham score (%)median (min--max) 6 (-10--25) 3 (-9--26) <0.001**†
Current smoking n(%)median (min--max) 53 (47.7) 42 (37.8) 35 (31.5) 34 (30.6) <0.001**§

a: Preop–3 months; b: Preop–6 months; c: Preop–12 months; d: 3–6 months; e: 3–12 months; f: 6–12 months; †Wilcoxon signed-rank test; §Cochran’s Q test;
‡Friedman test with Bonferroni-adjusted post hoc analysis; Values are presented as median (min–max) or n (%); p < 0.05 was considered statistically significant.

Table 3. Gender-based comparison of bmı and framingham risk score changes.

Parameter Female (n=81) Male (n=30) p-value

BMI measurements

Preoperative BMI (kg/m²) (kg/m²), median (min--max) 43 (35--77) 43 (36--53) 0.651
Postoperative 12-month BMI (kg/m²), median (min--max) 29 (21--55) 28.5 (26--37) 0.338
BMI change (kg/m²), median (min--max) 15 (4--23.6) 14.55 (10--19) 0.963
BMI change (%), median (min--max) 31.8 (10--52.91) 32.9 (27.03--40.43) 0.106

Framingham risk score

Preoperative score (%), median (min--max) 6 (-8--23) 3.5 (-10--25) 0.239
Postoperative 12-month score(%) median (min--max) 3 (-8--19) 2 (-9--26) 0.724
Absolute risk reduction(%)‡ median (min--max) 3 (-9--15) 2 (-7--8) 0.159
Relative risk reduction(%)δ median (min--max) 37.4 (-128.57--500) 14.4 (-500--500) 0.105
‡Absolute risk reduction = Preoperative – 12-month value, δRelative risk reduction = (Absolute reduction / Preoperative value) × 100. †Mann–Whitney U test, Values are
presented as median (min–max), p < 0.05 was considered statistically significant.

preoperative BMI was 43 kg/m² (range, 35–77). The median
baseline Framingham 10-year cardiovascular risk score (FRS)
was 6% (range: -10 to 25). There were no significant differ-
ences in baseline characteristics between genders (p>0.05; Ta-
ble 1).

Changes in cardiovascular risk parameters
At 12months, significant improvementswere observed across
all cardiovascular risk parameters (Table 2). BMI decreased
from 43 (35–77) to 29 (21–55) kg/m² (p<0.001), systolic
blood pressure from 120 (80–170) to 110 (80–140) mmHg
(p<0.001), and total cholesterol.
The values progressively declined from191 (127–316)mg/dL
at baseline to 178 (124–337) mg/dL at 12months (p<0.001).
HDL cholesterol demonstrated a biphasic response, decreas-
ing to 44 (26–65)mg/dL at 3months and subsequently rising

above baseline to 50 (33–70) mg/dL at 12months (p<0.001).

Framingham risk score changes
The FRS decreased significantly from 6 (-10–25) preopera-
tively to 3 (-9–26) at 12 months (p < 0.001; Table 2). When
analyzedby gender, no significant differenceswere observed in
absolute risk reduction between females and males: females,
3% (−9–15); males, 2% (−7–8); p = 0.159 (Table 3). The tem-
poral trajectory of risk reduction is shown in Figure 1.

Predictors of risk reduction
In the correlation analysis, absolute risk reduction was nega-
tively associated with change in HDL (r = -0.235, p = 0.013)
and positively associated with reduction in systolic blood
pressure (r = 0.399, p<0.001), but not associated with change
in BMI (r = 0.032, p = 0.735) (Table 4). As shown in Figure
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Table 4. Univariable and multivariable analyses of predictors of absolute cardiovascular risk reduction

(a) Univariable analysis of factors associated with absolute risk reduction.

Variable Correlation with Absolute Risk Reduction
r p

Change in BMI (kg/m²) 0.032 0.735
Change in HDL cholesterol (mg/dL) -0.235* 0.013
Change in systolic blood pressure (mmHg) 0.399** <0.001

Antihypertensive discontinuation Median (min - max)
Discontinued (n=104) 6 (-9--15) 0.738Continued (n=7) 11 (-4--10)

(b)Multivariable linear regression analysis for predictors of absolute risk reduction.

Variable
Unstandardized Standardized

t pCoefficients Coefficients
Β Se β

(Constant) 4.598 2.692 1.708 0.091
Age -0.223 0.045 -0.519 -4.926 <0.001**
Gender -0.856 0.865 -0.075 -0.990 0.325
Preoperative Framingham score 0.532 0.068 0.848 7.835 <0.001**
Change in HDL cholesterol (mg/dL) 0.279 0.139 0.154 2.006 0.047*
Change in systolic blood pressure (mmHg) -0.073 0.046 -0.119 -1.575 0.118

Table 4a: BMI, body mass index; HDL, high-density lipoprotein; r, Spearman’s correlation coefficient. **p<0.05; **p<0.01. Mann-Whitney U test was used for antihyperten-
sive discontinuation comparison.
Table 4b: HDL, high-density lipoprotein; SE, standard error. **p<0.05; **p<0.01. Model summary: R²=0.413, Adjusted R²=0.385, F(5.105)=14.769, p<0.001.

Figure 1. Clustered boxplot illustrating Framingham 10-year cardiovascular risk scores at the preoperative and 12-month postoperative timepoints,
stratified by gender (female = blue; male= red). Boxes represent medians and interquartile ranges; whiskers indicate the full range; circles denote
outliers.

2, BMI reductionwas not significantly correlatedwith cardio-
vascular risk reduction. Multivariable linear regression analy-
sis (R² = 0.413, Adjusted R² = 0.385, F = 14.769, p<0.001)
identified independent predictors of absolute risk reduction:

• Age (β= - 0.223, p<0.001) - older age associatedwith less
risk reduction.

• Baseline FRS (β = 0.532, p<0.001) - higher baseline risk
associated with greater absolute reduction.

• Change in HDL cholesterol (β = 0.279, p = 0.047).

Gender (β = -0.856, p = 0.325) and change in systolic blood
pressure (β= -0.073, p=0.118)werenot significant predictors
in the multivariable model.

Smoking cessation

Smoking prevalence decreased from 47.7% (n=53) at baseline
to 30.6% (n=34) at 12 months (p<0.001).
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Figure 2. Scatter plot showing the relationship between BMI change and absolute cardiovascular risk reduction. Each point represents an individual
patient (female = blue; male = red). The solid line represents the linear regression model with its 95% confidence band.

DISCUSSION
In this retrospective cohort study, thefindings fromaone-year
follow-up of 111 patients who underwent laparoscopic sleeve
gastrectomy highlight the need to re-evaluate the cardiovas-
cular effects of bariatric surgery. Although the 50% reduction
in the Framingham cardiovascular risk score is clinically sig-
nificant, one of the most striking observations is that this im-
provement did not correlatewith the 31.8% reduction inBMI
(r = 0.032, p = 0.735). This suggests that the reduction in car-
diovascular riskmayoccur independently of themagnitude of
weight loss. Moreover, multivariable analysis identified age,
baseline Framingham score, and changes in HDL cholesterol
as independent predictors, indicating that the cardiovascular
benefits of sleeve gastrectomy are mediated throughmultifac-
torial mechanisms rather than weight loss alone.
The lack of correlation between BMI change and cardiovas-
cular risk reduction is consistent with recent literature em-
phasizing the complexity of the obesity–cardiovascular dis-
ease relationship. The joint position statement of the World
Obesity Federation and the World Heart Federation under-
scores that this link is mediated by metabolic, endocrinolog-
ical, immunological, structural, humoral, and hemodynamic
mechanisms [8]. In their large cohort, Katsoulis et al. also
demonstrated that the effect of weight loss on cardiovascular
outcomes is nonlinear and varies by BMI category [9]. Our
findings, showing risk reduction despite the absence of corre-
lation with BMI change, support the notion that sleeve gas-
trectomy confers benefits beyond adipose tissue loss.
The biphasic HDL cholesterol pattern observed in our study
has been previously described in the bariatric literature [10-
12]. HDL typically shows an early postoperative decline, fol-
lowed by recovery to levels above preoperative levels. In our
series, HDL levels decreased to 44 mg/dL at 3 months, then

increased to 50 mg/dL at 12 months. Interestingly, univari-
able analysis showed a negative correlation between HDL in-
crease and risk reduction (r = -0.235, p = 0.013), this associa-
tion became positive in the multivariable model (β = 0.279, p
= 0.047).

This paradoxical finding, which may be termed the “HDL
paradox”, supports the hypothesis that bariatric surgery alters
HDL functionality rather than simply its quantity [11,12].

Age was identified as a strong negative predictor in our study
(β = -0.223, p<0.001), consistent with reports that metabolic
plasticity decreases with age. Athanasiadis et al. reported that
younger patients achieved greater weight loss and resolution
of comorbidities [13], and Tabasi et al. similarly observed
greater reductions in BMI in younger cohorts [14]. Our find-
ings in a population with a median age of 33 years (range,
18–63) underscore the importance of early surgical interven-
tion. Although older patients also experienced significant risk
reduction, the greater adaptive capacity of younger patients
underscores the importance of optimal timing for surgery.

Additionally, patients with higher baseline Framingham
scores experienced greater absolute risk reduction (β = 0.532,
p<0.001). This aligns with van Veldhuisen et al.’s meta-
analysis, which reported a 41% reduction in cardiovascular
mortality after bariatric surgery [15], and with El Ansari et
al., who observed Framingham score reductions of up to 32%
in high-risk patients [16]. These findings suggest that surgical
indications should incorporate cardiovascular risk assessment
alongside BMI.

In our cohort, no statistically significant sex differences were
found in cardiovascular risk reduction after sleeve gastrec-
tomy, although women showed a numerically greater im-
provement. This supports prior evidence that bariatric
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surgery provides cardiometabolic benefits largely indepen-
dent of sex [17-19]. Despite the underrepresentation of
men in bariatric cohorts, accumulating evidence—including
our results—indicates that short- andmid-term outcomes are
comparable across sexes. Consistent with this, we observed
significant improvements in systolic blood pressure, from120
(80–170) to 110 (80–140) mmHg, in total cholesterol, from
191 (127–316) to 178 (124–337) mg/dL, as well as a reduc-
tion in smoking prevalence from 47.7% to 30.6%. Although
smoking cessation was not an independent predictor in mul-
tivariable analysis, its potential long-term contribution to car-
diovascular outcomes remains important.

Limitations

This study has several limitations. The retrospective design
precludes causal inference, and the 12-month follow-up may
not capture long-term cardiovascular events. Medication use
and HbA1c levels, which could influence the Framingham
score, were not systematically assessed. The relatively small
proportionofmen (27%) limited statistical power for sex com-
parisons, and lifestyle factors such as dietary compliance and
physical activity were not measured. Despite these limita-
tions, our findings provide valuable insights into the complex
interplay among bariatric surgery, HDL dynamics, and car-
diovascular risk.

CONCLUSION

Sleeve gastrectomyproduced a significant reduction in cardio-
vascular risk, independent of the magnitude of weight loss.
Change in BMI was not correlated with improvements in
the FraminghamRisk Score, indicating that weight loss alone
does not confer cardiovascular benefit. The HDL paradox—
negative in univariable analysis but positive in multivariable
modeling—suggests that functional changes in HDLmay be
more important than absolute concentrations in mediating
cardiovascular protection after bariatric surgery.
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MAIN POINTS

• Intradetrusor botulinum toxin A (BTX-A) is
a minimally invasive option for pediatric
patients with medically refractory neuro-
genic bladder and can reduce storage-
phase detrusor pressure.

• Achieving safe storage pressures (30--35
cmH2O) is essential for upper urinary tract
preservation, yet the response to BTX-A is
heterogeneous.

• At 6 months after intradetrusor BTX-A, the
reduction in pressurewasmodest, and only
a minority of patients reached safe storage
thresholds.

• Higher baseline p_det and preserved re-
nal function (eGFR) were associated with a
clinically meaningful response, defined as
a decrease of≥10 cmH2O.

• Baseline p_det demonstrated fair discrimi-
nation in predicting response (AUC 0.72),
which may support pressure-guided can-
didate selection (external validation is re-
quired).

Cite this article as: Yayla D. Baseline detrusor
pressure and renal reserve as determinants of bo-
tulinum toxin a response in pediatric neurogenic
bladder. Ann Med Res. 2026;33(5):222--229. doi:
10.5455/annalsmedres.2025.11.336.

ABSTRACT

Aim: Pediatric neurogenic bladder (NB) represents a challenging condition that jeop-
ardizes both lower and upper urinary tract integrity. This study aimed to evaluate the
pressure-lowering efficacy of intradetrusor botulinum toxin A (BTX-A) in children with
spinal-origin NB and to identify clinical and urodynamic predictors of treatment response.
Materials and Methods: In this retrospective cohort study, 38 pediatric patients with
spinal-origin NB who received 100 IU of BTX-A between October 2023 and December
2024 were analyzed. BTX-A was injected cystoscopically at 20 detrusor sites, sparing
the trigone. The primary outcome was the 6-month change in storage-phase detrusor
pressure (Δp_det), calculated as p_det = p_ves − p_abd per ICCS standards. Secondary
outcomes included an exploratory responder endpoint (≥10 cmH2O reduction in stor-
age pressure) and attainment of guideline-based safe storage thresholds (<30 and <35
cmH2O). Associations with demographic, functional, and renal parameters were exam-
ined using correlation, multivariable regression, and ROC analyses.
Results: Mean baseline storage-phase detrusor pressure was 59.9 ± 21.2 cmH2O, de-
creasing to 52.5 ± 19.7 cmH2O at six months (Δp_det = −7.4 ± 12.5 cmH2O; P < 0.05). A
≥10 cmH2O reduction in pressure was observed in 26.3% (10/38) of patients, and 10.5%
and 13.2% achieved storage pressures <30 cmH2O and <35 cmH2O, respectively. In ex-
ploratory logistic regression, higher baseline p_det (OR = 1.05; P = 0.039) and preserved
renal function (eGFR; OR = 1.04; P = 0.042) were associated with a≥10 cmH2O reduction,
whereas etiology and age showed non-significant trends.
Conclusion: Intradetrusor BTX-A produced a modest but statistically significant re-
duction in storage-phase detrusor pressure, with only a minority of patients reaching
guideline-defined safe storage thresholds. These findings support BTX-A as a clinically
relevant pressure-lowering option within a multimodal, pressure-guided strategy --- par-
ticularly in children with high baseline pressures and preserved renal reserve --- rather
than as a uniformly transformative stand-alone therapy.

Keywords: Pediatric neurogenic bladder, Botulinum toxin A, Detrusor pressure,
Renal function, Spinal dysraphism
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INTRODUCTION

Neurogenic bladder (NB) in children is a chronic disor-
der that simultaneously threatens lower urinary tract func-
tion and upper urinary tract integrity, often leading to long-
term morbidity when inadequately controlled. Contempo-
rary guidelines highlight the central role of urodynamic as-
sessment for diagnosis, risk stratification, and monitoring,
recommending standardized terminology and methodology

established by the International Children’s Continence Soci-
ety (ICCS) [1–3]. The principal therapeutic objective is to
maintain safe storage pressures (<30–35 cmH2O) and ade-
quate bladder compliance to preserve renal function [1,4]. In
this study, the term “spinal-origin neurogenic bladder” refers
to neurogenic bladder dysfunction secondary to surgically
treatedmyelomeningocele or other spinal dysraphism–related
or spinal neurogenic conditions (including tethered cord, di-
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astematomyelia, and traumatic spinal lesions).

Conservative management—including clean intermittent
catheterization (CIC), antimuscarinic agents, and behavioral
therapy—remains first-line treatment. Yet approximately
one-third of patients remain refractory, exhibiting persis-
tently high storage pressures or poor compliance despite op-
timal conservative measures [1]. For these cases, intradetru-
sor botulinum toxin A (BTX-A) has emerged as a minimally
invasive, reversible, and repeatable therapeutic option. By in-
hibiting acetylcholine release at the neuromuscular junction,
BTX-A decreases detrusor overactivity and storage pressure,
and improves bladder compliance and capacity [5,6].

Clinical studies and meta-analyses consistently demonstrate
significant reductions inΔp_det and improvements in blad-
der compliance and capacity within 3–6 months after BTX-
A, with excellent safety and tolerability [5–8]. Repeated in-
jections have been reported to maintain efficacy without cu-
mulative adverse effects [9,10].

Despite these encouraging outcomes, heterogeneity persists
in injection protocols, dosing regimens, concomitant thera-
pies, and follow-updurations. Recent systematic reviews reaf-
firmoverall efficacy but emphasize the importance of identify-
ing predictors of response, particularly the effects of elevated
baseline storage-phase pressure and preserved renal function
on treatment success [7,11,12].

Accordingly, the present study aimed to evaluate the six-
month effects of intradetrusor BTX-A on Δp_det in chil-
dren with NB secondary to spinal pathology, to determine
clinically meaningful response rates (≥10 cmH2O reduction
and/or attainment of safe storage thresholds), and to explore
baseline urodynamic predictors of outcome.

MATERIALS ANDMETHODS

Study design and setting

This retrospective cohort study included consecutive pedi-
atric patients diagnosed with neurogenic bladder (NB) who
underwent intradetrusor botulinum toxin A (BTX-A) injec-
tions at a tertiary pediatric urology center between October
2023 and December 2024. A total of 38 children were in-
cluded (mean age: 7.8 ± 4.0 years); 20 were female (52.6%)
and 18 were male (47.4%). The etiology of NB was oper-
ated myelomeningocele (MMC) in 25 patients (65.8%) and
other spinal pathologies (diastematomyelia, tethered cord syn-
drome, or traumatic spinal lesions) in 13 patients (34.2%).
Functionally, 17 children (44.7%) were ambulatory, and 21
(55.3%)were non-ambulatory. Themean estimated glomeru-
lar filtration rate (eGFR) was 118.0 ± 33.2 mL/min/1.73 m²,
and the mean age at initiation of clean intermittent catheteri-
zation (CIC) was 5.1 ± 4.0 years (see Table 1 for demographic
characteristics).

Inclusion and Exclusion criteria
Inclusion criteria

• NB secondary to operated MMC or other spinal
pathologies (diastematomyelia, tethered cord syndrome,
or spinal cord injury) with CIC for≥ 6 months;

• Availability of complete pre-procedure and 6-month
follow-up clinical and urodynamic data.

Exclusion criteria

History of major urological reconstructive surgery (e.g., blad-
der augmentation or ureteral reimplantation) and/or missing
baseline data.

Intervention (BTX-A protocol)
All procedures were performed under general anesthesia by
the same pediatric urology team. A total of 100 IU of on-
abotulinumtoxinA (Botox®,Allergan Inc., Irvine, CA,USA)
diluted in 10 mL of normal saline was injected intradetruso-
rally under cystoscopic guidance at 20 evenly distributed sites
over the bladder dome, anterior, and lateral walls, sparing the
trigone. Injection depth was standardized to 2–3 mm using
a 4-mm injection needle. No intraoperative or postoperative
complications (e.g., hematuria, fever, or urinary retention)
were observed. All patients continued their baseline CIC and
antimuscarinic regimens as clinically indicated.
All patients received a fixed dose of 100 IU of onabotulinum-
toxinA, diluted in 10 mL of normal saline, and injected into
20 sites. This fixed-dose regimen reflects our institutional pro-
tocol, which is largely shaped by national reimbursement con-
straints: botulinum toxin A for the treatment of pediatric
neurogenic bladder is not reimbursed by the social security
system; therefore, families must cover the full cost. To limit
the financial burden and to allow single-vial use across a broad
weight range (10–35 kg), individual dose titration based on
weight or capacity was not routinely feasible.

Variables and definitions
Urodynamic variables: Δp_det (cmH2O) measured before
and 6 months after BTX-A injection, cystometric bladder ca-
pacity, and bladder volume at 40 cmH2O.
Detrusor pressure (p_det): Intravesical pressure (p_ves) and
abdominal pressure (p_abd) were recorded simultaneously
during urodynamic testing. Storage-phase detrusor pressure
(p_det) was calculated, in accordance with ICCS standards,
as the difference between the two measures (p_det = p_ves
− p_abd). Throughout the study, the parameter previously
referred to as “storage-phase detrusor pressure” represents
storage-phase detrusor pressure (p_det). In pediatricNB, per-
sistent storage-phase p_det > 40 cmH2O is associated with
vesicoureteral reflux, renal scarring, and progressive loss of re-
nal function; accordingly, storage-phase p_det was selected as
the primary urodynamic endpoint for evaluating bladder dy-
namics and treatment outcomes.
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Clinical/cohort variables: age, sex, ambulation status, etiology
(operated MMC vs. other spinal pathology), and renal func-
tion (eGFR).
Renal function: eGFR was calculated using the updated
Schwartz formula, adjusted for age, sex, and height, expressed
in mL/min/1.73 m². Values below age-specific reference
ranges were considered indicative of renal impairment.
Treatment-related variables: use and type of antimuscarinic
medication, duration of CIC, and age at initiation of CIC.

Outcomes

Primary outcome: the change in storage-phase detrusor pres-
sure (Δp_det = p_det,6-month − p_det,baseline).
Secondary outcomes: Secondary outcomes included (i) a re-
duction in storage pressure of ≥10 cmH2O and (ii) attain-
ment of guideline-based safe storage thresholds (<30 and <35
cmH2O). The≥10 cmH2O cut-off is not a universally stan-
dardized value in the literature; rather, it was chosen a priori
as a pragmatic, exploratory threshold to facilitate categorical
interpretation of treatment response alongside the more clin-
ically relevant pressure.

Statistical analysis

All statistical analyses were performed using IBMSPSS Statis-
tics version 29.0 (IBM Corp., Armonk, NY, USA). The
normality of continuous variables was assessed using the
Shapiro–Wilk test. Paired comparisons between pre- and
post-treatment values were performed using the paired t-
test or Wilcoxon signed-rank test, as appropriate. Continu-
ous variables were reported as means ± standard deviations
(SDs), 95% confidence intervals (CIs), and effect sizes (Co-
hen’s dᶻ). Associations betweenΔp_det and continuous co-
variates were evaluated with Pearson or Spearman correlation
coefficients. Group comparisons were conducted using the
Mann–Whitney U test for two-group comparisons and the
Kruskal–Wallis test for multi-group analyses. Multivariable
linear regression was used to identify independent predictors
ofΔp_det, whereas binary logistic regression was applied to
determine predictors of a clinically significant reduction in
pressure (≥10 cmH2O). Receiver Operating Characteristic
(ROC) curve analysiswas used to determine the optimal base-
line pressure cutoff for predicting a favorable response. A
two-sided P < 0.05 was considered statistically significant. Be-
cause the continuous outcome (Δp_det) and the binary re-
sponder outcome (≥10 cmH2O reduction) capture differ-
ent aspects of treatment response, predictors may show diver-
gent associations across models. Given the limited number of
events (10 responders), logistic regression was prespecified as
an exploratory analysis. The events-per-variable (EPV) ratio
was below the recommended threshold; therefore, the logis-
tic model may be unstable and prone to overfitting. These
limitations were acknowledged when interpreting the results.

Figure 1. Distribution of storage-phase detrusor pressure change
(Δp_det) following BTX-A injection. Most patients experienced a reduc-
tion in pressure, while a minority showed paradoxical increases.

Figure 2. Detrusor pressure change (Δp_det) according to neurogenic
bladder etiology (spinal vs. MMC). A greater reduction was observed in
the spinal group, but the difference was not statistically significant (P >
.05).

Figure 3. Detrusor pressure change (Δp_det) stratified by anticholiner-
gic medication (0 = None, 1 = Oxybutynin, 2 = Tolterodine, 3 = Propiver-
ine). No significant differences were detected between the groups.
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Table 1. Patient demographics and clinical characteristics.

Parameter Value

Age (years) 7.8 ± 4.0
Sex Female: 20 (52.6%), Male: 18 (47.4%)
Etiology of neurogenic bladder Operated MMC: 25 (65.8%), Other spinal pathology: 13 (34.2%)
Ambulatory status Ambulatory: 17 (44.7%), Non-ambulatory: 21 (55.3%)
eGFR (mL/min/1.73m²) 118.0 ± 33.2
Age at initiation of CIC (years) 5.1 ± 4.0
Values are presented as mean ± standard deviation (SD) or number (percentage). Abbreviations: MMC, myelomeningocele; eGFR, estimated glomerular filtration rate;
CIC, clean intermittent catheterization.

Table 2. Urodynamic findings.

Parameter Value

Baseline intravesical pressure (cmH2O) 59.9 ± 21.2
Post-BTX-A intravesical pressure (cmH2O) 52.5 ± 19.7
Δ Pressure (cmH2O) −7.4 ± 12.5
Patients with≥10 cmH2O reduction (%) 10/38 (26.3%)
Patients achieving storage pressure <30 cmH2O (%) 4/38 (10.5%)
Patients achieving storage pressure <35 cmH2O (%) 5/38 (13.2%)
Values are presented as mean ± standard deviation (SD) or number (percentage). Abbreviations: BTX-A, botulinum toxin A; cmH2O, centimeters of water.

Table 3. Multivariable linear regression analysis (predictors ofΔP).

Variable β coefficient 95% CI P value

Baseline pressure −0.43 −0.69→ −0.17 .002
Bladder volume at 40 cmH2O +5.59 −0.80→ +11.98 .084
Other covariates NS -- >0.1
β = standardized regression coefficient; CI = confidence interval; NS = not signif-
icant. Abbreviations: ΔP, change in intravesical pressure; cmH2O, centimeters of
water.

Table 4. Univariable correlation analyses.

Variable Pearson r P value

Baseline pressure −0.41 .011
CIC duration −0.03 .84
Age at CIC initiation −0.18 .28
Bladder capacity −0.08 .63
Bladder volume at 40 cmH2O −0.06 .72
eGFR +0.05 .75
Age +0.03 .86
Pearson’s correlation coefficients between intravesical pressure change (ΔP) and
clinical variables. Abbreviations: CIC, clean intermittent catheterization; eGFR,
estimated glomerular filtration rate; cmH2O, centimeters of water.

Table 5. Logistic regression analysis (predictors of ≥10 cmH2O reduc-
tion).

Variable OR 95% CI

Baseline pressure 1.05 1.00--1.10 .039
Etiology (MMC) 0.29 0.04--2.16 .227
Antimuscarinic use 1.28 0.49--3.33 .617
Age 1.34 0.99--1.81 .055
eGFR 1.04 1.00--1.09 .042
OR = odds ratio; CI = confidence interval; P < .05 was considered statistically sig-
nificant. Abbreviations: MMC, myelomeningocele; eGFR, estimated glomerular
filtration rate.

Figure 4. Correlation between baseline storage-phase detrusor pressure
and pressure change (Δp_det) after BTX-A injection. Higher baseline
pressures were associated with greater reductions (r = --0.41, P = .011).

RESULTS

Primary outcome

Themean baseline p_det was 59.9 ± 21.2 cmH2O, decreasing
to 52.5 ± 19.7 cmH2O at 6 months, corresponding to an av-
erage change ofΔp_det = −7.4 ± 12.5 cmH2O (median −5;
range −48 to+15 cmH2O) (Tables 1 and 2). Most patients ex-
hibited a post-treatment pressure reduction, although a small
subset demonstrated minimal or paradoxical increases (Fig-
ure 1).

Secondary outcomes

A clinically significant response, defined as a≥10 cmH2O re-
duction in storage pressure, was observed in 26.3% (10/38) of
patients, andonly 10.5% and13.2% achieved storage pressures
<30 cmH2O and <35 cmH2O, respectively. Taken together,
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these findings indicate a modest overall pressure-lowering ef-
fect of BTX-A in this cohort, with a relatively small propor-
tion of patients reaching guideline-recommended safe storage
thresholds.

Subgroup and correlation analyses

Etiology: Themean pressure reduction was greater in patients
with non-MMC spinal pathologies (−8.5 cmH2O) than in
those with myelomeningocele (MMC) (−5.3 cmH2O); how-
ever, this difference was not statistically significant (P > .05)
(Figure 2).
Under antimuscarinic therapy,Δp_det did not differ by drug
type or treatment duration (P > .05; Figure 3). Although
variable responses were observed within the propiverine sub-
group, no clear superiority over other agents was demon-
strated.
Functional status and CIC: Ambulatory children showed a
larger mean reduction (−9.9 vs.−5.4 cmH2O), which did not
reach statistical significance (P = .19). Neither CIC duration
nor age at initiation of CIC correlated withΔp_det (both P
> .05).
Filling parameters: Δp_det was not significantly correlated
with cystometric capacity (r = −0.08, P = .63) or bladder vol-
ume at 40 cmH2O (r = −0.06, P = .72).
Renal function: No significant association was observed be-
tween baseline eGFR and Δp_det in univariable analysis (P
> 0.05). Comprehensive univariable correlation results are
summarized in Table 4.

Multivariable models

Linear regression (Δp_det as continuous outcome): Baseline
storage-phase detrusor pressure emerged as an independent
inverse predictor ofΔp_det (β = −0.43, P = .002).
Bladder volume at 40 cmH2O showed a borderline associa-
tion (P = .084), while other covariates were not significant.
Themodel explained 36% of the variance (R² = 0.36; Table 3).
Logistic regression (≥ 10 cmH2O reduction): Higher baseline
storage-phase pressure (OR = 1.05; 95% CI 1.00–1.10; P =
.039) and higher eGFR (OR = 1.04; 95% CI 1.00–1.09; P
= .042) were independent predictors of a clinically signifi-
cant response. MMC etiology and age showed nonsignificant
trends (Table 5).

ROC analysis

To predict a≥10 cmH2O pressure reduction, baseline p_det
yielded anAUCof 0.72, with an optimal cutoffof 58 cmH2O
(sensitivity 70%, specificity 65%) (Figure 4).

DISCUSSION
Overall efficacy

Intradetrusor botulinum toxinA (BTX-A) therapy produced
a mean reduction of 7.4 cmH2O in storage-phase detrusor

pressure in childrenwith neurogenic bladder (NB).This find-
ing is consistent with previous systematic reviews and meta-
analyses demonstrating significant short- and mid-term de-
creases in detrusor pressure after BTX-A injection [5–9, 12].
However, the magnitude of reduction in our cohort was
smaller than the ~20–25 cmH2O decreases reported in larger
pediatric series. This difference may be attributed to our
limited sample size, a high proportion of myelomeningocele
(MMC) cases, and relatively low baseline pressures. Addi-
tional contributors likely include variations in injection tech-
nique, dose distribution, and concomitant antimuscarinic
regimens [6, 9, 10].
Another factor that may have contributed to the modest
and heterogeneous pressure response in our cohort is the
use of a fixed 100-IU dose across a relatively wide weight
range (10–35 kg). Due to national reimbursement restric-
tions and requirements for out-of-pocket payments, individ-
ualized weight- or capacity-based dose adjustments were not
feasible in our setting. Prospective studies comparing fixed
and weight-adjusted dosing protocols are warranted to better
define the optimal BTX-A regimen in pediatric neurogenic
bladder.
Although BTX-A significantly reduced storage-phase detru-
sor pressure at the group level, themagnitude of benefit in our
series wasmodest, and only aminority of patients achieved ei-
ther the predefined responder criterion (≥10 cmH2O reduc-
tion) or the guideline-based safe storage threshold (<30–35
cmH2O). In this context, our data support BTX-A as a clin-
ically relevant but limited pressure-lowering option, rather
than a universally transformative intervention for pediatric
neurogenic bladder. The relatively low responder rate, com-
pared with larger pediatric series, may reflect our small sam-
ple size, the predominance of myelomeningocele cases, rela-
tively lowbaseline pressures, and the use of a fixed100 IUdose
across a broad weight range. Overall, these observations sug-
gest that BTX-A provides a limited yet meaningful reduction
in storage pressure in this high-risk cohort, and its role should
be viewed as part of a multimodal, pressure-guided manage-
ment strategy rather than as a definitive, stand-alone solution.

Response by etiology
Histopathological studies have shown that fibrotic remod-
eling of detrusor smooth muscle may attenuate BTX-A ef-
ficacy in MMC-related NB [11,12]. Although histologi-
cal data were unavailable in our series, this explanation ac-
cords with prior evidence. In contrast, greater pressure re-
ductions have been documented in patients with non-MMC
spinal dysraphism or with traumatic etiologies [13]. Our co-
hort demonstrated a similar trend toward a greater reduction
among non-MMC cases, although statistical significance was
not achieved due to limited power. Multicenter studies have
likewise indicated that underlying etiology influences BTX-A
responsiveness [14,15].
A small subset of patients exhibited paradoxical increases in
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storage pressure after BTX-A injection. Several mechanisms
may account for this phenomenon. First, detrusor–sphincter
dyssynergia may increase outlet resistance during bladder fill-
ing, thereby elevating storage-phase detrusor pressure despite
detrusor chemodenervation. Second, transient inflamma-
tory changes or mucosal edema following injection may tem-
porarily augment storage pressures. Third, in patients with
spinal dysraphism, autonomic dysreflexia–related hyperten-
sive bladder responses may contribute to abrupt physiologic
pressure surges. Finally, insufficient intradetrusor diffusionof
BTX-A in severely fibrotic or poorly compliant bladders may
limit therapeutic effect and even provoke compensatory over-
activity. These mechanisms may collectively explain the para-
doxical findings observed in this cohort and should be consid-
ered when interpreting individualized treatment response.

Clinically meaningful outcomes and pressure targets

Maintaining safe storage pressures (<30–35 cmH2O) remains
the principal determinant of upper urinary tract preserva-
tion [1,4]. In our series, the rate of clinically meaningful
response—defined as a≥10 cmH2O reduction—was 26.3%.
This is slightly lower than the 30–50% response rates reported
in prior meta-analyses [4–9, 12], likely reflecting the small
sample size, MMC predominance, and relatively low baseline
pressures. Differences in injection techniques and adjunctive
medications could also play a role.
Multivariable analysis identified higher baseline p_det as an
independent predictor of greater pressure reduction, thereby
supporting earlier BTX-A intervention in high-risk patients
[10,11,14].
Our ROC analysis confirmed that a baseline pressure ≥58
cmH2O predicted a clinically meaningful (≥10 cmH2O) re-
sponse with anAUCof 0.72, a sensitivity of 70%, and a speci-
ficity of 65%. This threshold may serve as a pragmatic marker
for selecting optimal BTX-A candidates within the pediatric
NB population with elevated baseline pressures.
AlthoughΔp_det was analyzed as a continuous variable, we
also reported a ≥10 cmH2O reduction as a clinically inter-
pretable categorical endpoint. Nevertheless, aligned with
EAU/ESPU and ICCS guidelines, the primary therapeu-
tic goal remains to achieve safe storage pressures (<30–35
cmH2O) (1–4). Attaining this threshold has been associ-
ated with reduced renal scarring and better preservation of
glomerular filtration rate (eGFR) [15]. In our cohort, no re-
nal deterioration was observed among children who achieved
safe storage levels, further underscoring the clinical impor-
tance of pressure-targeted management.

Renal function

Although univariable analysis revealed no direct correlation
between eGFR andΔp_det, multivariable logistic regression
identified preserved renal function as an independent pre-
dictor of a clinically meaningful response. eGFR was con-

sistently calculated using the Schwartz formula, thereby en-
suring methodological reliability. These findings suggest that
preserved renal reserve may enhance responsiveness to BTX-
A.Consistentwith this, Gillon et al. demonstrated that BTX-
A helpedmaintain renal function inmulticenter pediatric co-
horts [15]. Hence, renal function may represent not only an
outcome but also a determinant of treatment success.
Although baseline eGFR did not correlate with Δp_det in
univariable analysis, it emerged as a significant predictor in the
exploratory logistic regression model. This discrepancy likely
reflects the analytical difference between modeling a contin-
uous change (Δp_det) versus a binary responder outcome
(≥10 cmH2O reduction). Additionally, the logistic model
was constrained by a low events-per-variable ratio (10 events
per variable), increasing the risk of instability and overfitting.
Therefore, the association between preserved renal function
and categorical response should be interpreted cautiously and
considered hypothesis-generating rather than confirmatory.

Antimuscarinic therapy and combination regimens

We foundno significant association between the type or dura-
tion of antimuscarinic therapy andΔp_det, consistent with
previous pediatric data showing no superiority among agents
[16]. Current EAU/ESPU guidelines emphasize tolerability
and side-effect profiles rather than efficacy differences when
selecting antimuscarinics [4]. Thus, BTX-A responsiveness
appears largely independent of prior or concurrent antimus-
carinic use.

Comparison with existing literature

Large observational series [4–6, 9–13] and meta-analyses
[7–9, 12,14] provide robust evidence supporting the effi-
cacy of BTX-A in pediatric NB. However, long-term re-
nal outcomes and repeat-injection protocols remain under-
investigated. Zhou et al. [14] reported that repeated BTX-A
injections can sustain a therapeutic benefit, albeit with dimin-
ishing magnitude over time. Other multicenter studies have
shown that early BTX-A use in high-risk patients may aid up-
per tract preservation [15]. Collectively, these findings em-
phasize the importance of etiology, baseline pressure, and in-
tervention timing in determining both short- and long-term
outcomes.

General interpretation

Taken together, our results confirm that BTX-A significantly
and safely reduces storage-phase detrusor pressure in pediatric
NB. The magnitude of benefit varies according to baseline
pressure, renal reserve, and underlying etiology, with patients
with non-MMC spinal dysraphism showing a trend toward
a greater response. These observations underscore the rele-
vance of risk-stratified, pressure-targeted, and individualized
management strategies, which constitute the cornerstone of
contemporary pediatric neuro-urological care [1,10,15].
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Clinical implications
BTX-A is a safe and effective option for reducing storage-
phase detrusor pressure in pediatric patients with neurogenic
bladder.
Children presenting with higher baseline storage pressures
and preserved renal function are more likely to achieve clin-
ically meaningful improvement, highlighting the importance
of these parameters for treatment timing and patient selection
[10–15].
The observed trend toward greater responsiveness in non-
MMC spinal dysraphism than in MMC suggests that
etiology-specific management strategies may optimize thera-
peutic outcomes [11–14].
Incorporating BTX-A into the pediatric neurogenic bladder
treatment algorithm can help restore safe storage pressures,
preserve upper urinary tract integrity, and delay or even pre-
vent the need for reconstructive surgery [1,4,15].
These findings reinforce the importance of a pressure-
targeted, risk-stratified, and individualized approach in ac-
cordance with ICCS and EAU/ESPU guidelines and empha-
size the role of standardized urodynamic assessment and early
identification of high-pressure bladders to improve long-term
renal and functional outcomes [1–4].
In the present study, we additionally reported the proportion
of patients achieving a reduction of ≥10 cmH2O as an ex-
ploratory categorical endpoint. This cut-off was not derived
from formal consensus or guideline recommendations, but
was selected as a pragmatic threshold to reflect a clearly per-
ceptible change in storage pressure and to allow comparison
with previous pediatric BTX-A series that reported similar
magnitudes of decrease. Nevertheless, in line with ICCS and
EAU/ESPU guidelines, our primary clinical interpretation
remains focused on achieving safe storage pressures (<30–35
cmH2O), which are more directly linked to upper urinary
tract protection.

Limitations
This study has several limitations that warrant consideration.
The retrospective, single-center design introduces inherent
risks of selection and information bias, limiting causal infer-
ence. The sample size (n = 38) restricts the statistical power
of subgroup analyses, particularly regarding etiology and re-
nal outcomes. The follow-up duration (6 months) captures
short-term efficacy but may not reflect the sustained effects
observed in longer-term studies [4–9, 14]. Histopathological
data were unavailable to clarify biological mechanisms under-
lying differential responses between MMC and non-MMC
etiologies [11–13]. Lastly, although all procedures followed
standardized ICCS criteria, variability in injection distribu-
tion and concurrent medical regimens could have introduced
confounding effects. Future multicenter prospective stud-
ies with extended follow-up, larger cohorts, and additional
urodynamic parameters (compliance, capacity, electromyog-
raphy, lesion level) are needed to refine predictive models and

establish evidence-based algorithms for BTX-A use in pedi-
atric NB [3,7,10,14].

CONCLUSION
Intradetrusor BTX-A significantly reduced the storage-phase
detrusor pressure over six months in children with neuro-
genic bladder (Δp_det = −7.4 ± 12.5 cmH2O). Treatment
response was independently associated with baseline p_det
and renal reserve; etiology exhibited a nonsignificant trend
favoring spinal dysraphism over MMC. None of the follow-
ing correlatedwith outcomes: a history of antimuscarinic use,
clean intermittent catheterization parameters, or cystometric
capacity. These findings reinforce the role of BTX-A as a cor-
nerstone in pressure-guided, individualized, and risk-adapted
management of pediatric NB [3–5, 7–10, 14–16]. By target-
ing high-pressure bladders before irreversible detrusor fibrosis
and renal injury occur, BTX-A offers a minimally invasive yet
effective strategy to protect upper urinary tract integrity and
improve long-term urological prognosis.
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MAIN POINTS

• Transcatheter arterial embolization (TAE)
achieved a high technical success rate
(97.9%) and a low complication rate (6%) in
patients with non-variceal gastrointestinal
bleeding refractory to endoscopic therapy.

• Rebleeding occurred in 30% of patients
and was significantly associated with co-
morbidity status, multi-vessel emboliza-
tion, and negative endoscopic findings.

• In-hospital mortality was associated with
higher Rockall scores and lower platelet
counts, whereas overall mortality during
follow-up was associated with elevated
INR and higher Rockall scores.

• Length of hospital stay was independently
associated with comorbidity burden, trans-
fusion requirements, delayed emboliza-
tion, and lower baseline hemoglobin.

• These findings underscore the prognostic
importance of comorbidity and the role
of preprocedural optimization in improving
TAE outcomes for refractory gastrointesti-
nal bleeding.

Cite this article as: Karatoprak S, Bilgili M,
Aslan O, Turk G, Karatoprak NB, Omurca F.
Transcatheter arterial embolization for refrac-
tory non-variceal gastrointestinal bleeding:
Outcomes and prognostic indicators. Ann Med
Res. 2026;33(5):230--237. doi: 10.5455/an-
nalsmedres.2025.10.306.

ABSTRACT

Aim: Transcatheter arterial embolization (TAE) is increasingly used as second-line ther-
apy for non-variceal gastrointestinal bleeding (NVGIB) when endoscopic hemostasis
fails. This study investigated factors influencing rebleeding, mortality, and length of hos-
pital stay (LOS) following TAE.
Materials and Methods: We retrospectively analyzed 50 patients (mean age 64.8 years;
72% male) who underwent TAE for acute NVGIB between April 2023 and April 2025.
Demographic variables, comorbidities, laboratory values, endoscopic/angiographic find-
ings, embolic materials, and outcomes were reviewed. Primary outcomes were rebleed-
ing and in-hospital mortality; secondary outcomes were LOS and overall mortality.
Results: Technical success was 97.9%. Rebleeding occurred in 30% (15/50) of cases,
predominantly within the first week. Risk was higher with malignancy (45.5%), systemic
disease or bleeding disorders (29.4%), multivessel embolization (66.7% vs. 21.1%), and
negative endoscopic findings (75% vs. 25.6%) (all p < 0.05). In-hospital mortality was
32% (16/50) and was associated with higher Rockall scores (p = 0.001) and lower platelet
counts (p = 0.037). Overall mortality reached 52% (26/50) at a median follow-up of 16
months and was significantly associated with elevated INR (p = 0.005) and Rockall score
(p = 0.032). Among survivors, mean LOS was 15.5 days and was correlated with co-
morbidity burden, transfusion requirements, and delayed embolization; lower baseline
hemoglobin predicted longer stays. Complications occurred in 6% of patients: two minor
access-site hematomas and one ischemic event.
Conclusion: TAE is a safe and effective treatment for NVGIB that is refractory to endo-
scopic therapy and is associated with high technical success and low complication rates.
Mortality and rebleeding are primarily influenced by comorbidities, disease severity, and
procedural complexity rather than by embolic technique, emphasizing the importance of
individualized risk assessment and multidisciplinary management.

Keywords: Transcatheter arterial embolization, Gastrointestinal bleeding,
Non-variceal hemorrhage, Rebleeding, Mortality, Prognostic factors
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INTRODUCTION

Gastrointestinal (GI) bleeding is a potentially life-threatening
clinical emergency with significant morbidity, mortality, and
healthcare costs worldwide [1]. Non-variceal upper gastroin-
testinal bleeding (NVUGIB) is most commonly caused by
peptic ulcer disease, erosive gastritis,Mallory–Weiss tears, and

malignancies [2]. Lower gastrointestinal bleeding (LGIB),
on the other hand, is frequently caused by diverticulosis, an-
giodysplasia, ischemic colitis, colorectal neoplasia, or hemor-
rhoids [3,4].

Endoscopy and colonoscopy remain the first-line diagnostic
and therapeutic approaches, enabling hemostasis in most pa-
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tients with NVUGIB or LGIB [1,5]. Despite advances in en-
doscopic technologies, a subset of patients still experiences re-
fractory or recurrent bleeding for which endoscopic manage-
ment either fails or is technically infeasible [5].
Historically, surgery was the next line of therapy. Yet, surgical
intervention in acute GI bleeding is associated with substan-
tial morbidity and mortality, particularly among elderly pa-
tients and those with comorbidities [2,6]. Over the past few
decades, transcatheter endovascular therapy, especially tran-
scatheter arterial embolization (TAE), has emerged as awidely
adopted salvage treatment, with its safety and efficacy for
NVUGIB well documented in systematic reviews and clini-
cal series [7–9].
In this context, we present our single-center experience with
the endovascularmanagement of patientswithNVUGIB and
LGIB refractory to endoscopic or colonoscopic therapy.

MATERIALS ANDMETHODS
This studywas designed as a retrospective, single-center study
and was approved by the Non-Interventional Clinical Re-
search Ethics Committee of Kayseri City Hospital (Approval
No: 548).

Patient selection

This retrospective study included 50 patients with acute non-
variceal upper or lower gastrointestinal bleeding who under-
went transcatheter arterial embolization (TAE) at our institu-
tion between April 2023 and April 2025. Patients were eli-
gible if bleeding could not be controlled endoscopically or if
endoscopy was not feasible (e.g., gastrectomy). In such cases,
TAE was performed prior to surgery when massive transfu-
sion was required (more than four units of packed red blood
cells [pRBCs] within a 24-hour period) or when hemody-
namic instability was present, defined as hemorrhagic shock,
systolic blood pressure of < 100 mmHg, or heart rate exceed-
ing 100 beats per minute.
For each patient, demographic variables, presenting symp-
toms, medication histories, comorbidities, and previous
gastrointestinal bleeding episodes were documented. Pre-
embolization laboratory values (hemoglobin, INR, platelet
count, lactate), pre-embolization transfusion requirements,
prior imaging findings, Rockall scores, Forrest classification
(if applicable), bleeding location, time from symptom onset
to embolization, angiographic findings, type of embolic ma-
terial used, and number and identity of occluded vessels were
also recorded.

Embolization procedure

All angiographic procedures were performed by interven-
tional radiologists with at least five years of experience. Vascu-
lar access was obtained via the common femoral artery in all
cases. Procedures were typically performed under local anes-
thesia, with additional conscious sedation or general anesthe-

sia administered when clinically required. A 6-French vascu-
lar sheath was introduced, and selective catheterization of the
celiac trunk and the superior mesenteric artery was routinely
performed using various 5-French diagnostic catheters (Taha
Medical, Turkey; Cordis Medical, USA); the inferior mesen-
teric artery was catheterized when indicated. Iodinated con-
trast medium was used for all angiographic injections.
A coaxial microcatheter system (Carnelian, Tokai Medical,
Japan) with a diameter of 1.9F–2.7F, selected according to
the target vessel caliber was then advanced through the diag-
nostic catheter to perform selective angiography of the sus-
pected bleeding site. When necessary, cone-beam computed
tomography (CBCT) was performed either through the di-
agnostic catheter or selectively via the microcatheter to bet-
ter localize the bleeding source. All procedures were per-
formed with a digital subtraction angiography system (Artis
zee, Siemens Healthcare, Forchheim, Germany) under stan-
dard fluoroscopic guidance.
Angiographic findings were categorized as direct or indirect
signs of bleeding. Direct findings included contrast extrava-
sation and pseudoaneurysm formation. Indirect findings in-
cluded vascular irregularity, vasospasm, and abnormal mu-
cosal or tumoral blush. Embolization was performed when
there was direct evidence of active bleeding or indirect signs
suggestive of ongoing hemorrhage. In addition, when no
angiographic signs of bleeding were identified, empiric em-
bolization was performed if supported by complementary
findings from endoscopy, colonoscopy, computed tomogra-
phy angiography (CTA), or red blood cell scintigraphy.
Embolic agents used in this study included detachable coils
(Prestige Plus, Balt, France), calibrated microspheres (Embo-
sphere, Merit Medical, USA), and a mixture of n-butyl-2-
cyanoacrylate (NBCA; Histoacryl, B. Braun, Germany) and
Lipiodol (Lipiodol Ultra Fluid, Guerbet, France). Coils were
selected according to the vessel anatomy and diameter. Mi-
crospheres were generally preferred in patients with tumoral
blush to achieve distal embolization, whereasNBCAwas cho-
sen in cases of vasospasm or massive hemorrhage requiring
rapid occlusion. NBCA was mixed with lipiodol in ratios
ranging from 1:4 to 1:8, determined by the vessel diameter
and whether proximal or distal embolization was intended.
Technical success was defined as the successful emboliza-
tion of the intended target vessel or vascular territory, with
achievement of the planned angiographic endpoint; this def-
inition included empiric embolization of the arterial supply
to the suspected bleeding site when supported by preproce-
dural localization. Clinical success was defined as immediate
hemostasis and the absence of rebleeding during follow-up.

Definitions of clinical outcomes
The primary outcomes of this study were rebleeding and in-
hospital mortality. Rebleeding was defined as the recurrence
of hematemesis, melena, or hematochezia after initial stabi-
lization, associated with either a decrease in hemoglobin of
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≥2 g/dL or the need for an additional transfusion or urgent
intervention within 30 days. Secondary outcomes included
length of hospital stay and overall mortality during follow-
up. Procedure-related complications were also assessed and
classified according to the Society of Interventional Radiol-
ogy (SIR) guidelines as minor or major adverse events.

Statistical analysis

Statistical analysis was performed using SPSS Statistics soft-
ware version 24.0 (IBMCorp., Armonk, NY, USA). Contin-
uous variables were summarized as mean ± standard devia-
tion, median, and minimum–maximum values, whereas cat-
egorical variables were presented as counts and percentages.
The Shapiro–Wilk test was used to assess normality and the
Levene test to evaluate homogeneity of variances. For com-
parisons between groups, an independent-samples t-test was
used for normally distributed variables, whereas the Mann–
Whitney U test was used for non-normally distributed vari-
ables. Associations between categorical variables were ana-
lyzed using Pearson’s chi-square test, and effect sizes were
quantified using the Phi coefficient for 2×2 contingency ta-
bles or Cramér’s V for larger contingency tables. Correlations
between continuous variables were assessed with Pearson’s or
Spearman’s correlation coefficients, depending on distribu-
tional assumptions. A p-value <0.05 was considered statisti-
cally significant for all tests.
Because this retrospective cohort included all consecutive pa-
tients undergoing TAE within the study period, no a priori
sample size calculation was performed. Post hoc power analy-
ses were conducted. These analyses were based on observed
effect sizes obtained from the dataset and were performed
using two-sided tests with an α level of 0.05. Power values
were calculated for categorical comparisons (Chi-square tests)
and for continuous variables (correlation analyses) to assess
whether the major associations investigated had adequate sta-
tistical power.

RESULTS
Patient characteristics

The study cohort consisted of 14 women and 36 men, with
a mean age of 64.8 ± 16.7 years (median, 64.5 years; range,
15–92 years). Seven patients (14%) presented with lower gas-
trointestinal bleeding, while 43 patients (86%) had upper gas-
trointestinal bleeding (Table 1).
The most frequent symptom was melena, observed alone
(n=23, 46%), in combination with hematemesis (n=9, 18%),
or with hematochezia (n=7, 14%). Isolated hematemesis oc-
curred in 6 patients (12%) and isolated hematochezia in 3 pa-
tients (6%). In addition, bleeding was detected in the surgical
drains of two patients (4%).
Eleven patients (22%) had no comorbid conditions. Malig-
nancy was present in 22 patients (44%); 12 had gastrointesti-
nal malignancies and 10 had non-gastrointestinal malignan-

cies. Fourteen patients (28%) had systemic diseases, includ-
ing diabetes mellitus, hypertension, coronary artery disease,
chronic kidneydisease, liver cirrhosis, and cerebrovascular dis-
ease. In addition, three patients (6%) had bleeding disorders
(immune thrombocytopenic purpura or vonWillebrand fac-
tor deficiency). Nineteen patients had one comorbidity; nine
had two comorbidities; nine had three comorbidities; one had
four comorbidities; and one had five comorbidities.
Regarding medication history, 12 patients (24%) were receiv-
ing antiplatelet or anticoagulant therapy, and 9 (18%) were
undergoing chemotherapy. 25 patients (50%) had no regular
medications, while 4 patients (8%) were receiving other medi-
cations, including steroids, anti-HIV therapy, and antiparkin-
sonian medications.

Pre-procedural laboratory values and transfusion

Mean pre-procedural hemoglobin, platelet count, and INR
were 7.2 ± 1.3 g/dL (range: 4.2–10.5), 166 ± 90 ×109/L
(range: 29–428), and 1.28 ± 0.18 (range: 1.05–1.81), re-
spectively. The median lactate level was 1.1 mmol/L (range:
0.4–16.0). Themediannumber of units of pRBCs transfused
prior to the procedure was 6.5 (range: 1–26); the mean was
8.3 ± 5.6 (Table 2). The mean interval between symptom on-
set andTAEwas 4.7±3.7 days (median: 4.0 days, range: 0–15
days).

Endoscopic evaluation and risk stratification

Except for the twopatientswhopresentedwith bleeding from
surgical drains andonepatientwith aprior gastrectomy, all pa-

Table 1. Baseline demographic and clinical characteristics

Variable Value

Age (years) 64.8 ± 16.7
(median 64.5; range 15-92)

Sex
- Male 36 (72%)
- Female 14 (28%)

Bleeding site
- Upper GI 43 (86%)
- Lower GI 7 (14%)

History of GI bleeding
- No 35 (70%)
- Yes 15 (30%)

Comorbidity count
- 0 11 (22%)
- 1 19 (38%)
- 2 9 (18%)
- 3 11 (22%)

Medication
- None 25 (50%)
- Antiplatelet/anticoagulant 12 (24%)
- Chemotherapy 9 (18%)
- Other (steroid, anti-HIV, anti-parkinsonian) 4 (8%)

GI: Gastrointestinal.
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Table 2. Pre-procedural laboratory values and diagnostic work-up.

Variable Value

Pre-procedural Hb (g/dL) 7.2 ± 1.3 (range 4.2-10.5)
Pre-procedural Plt (×10³/µL) 166 ± 90 (range 29-428)
Pre-procedural INR 1.28 ± 0.18 (range 1.05-1.81)
Pre-procedural lactate (mmol/L) 1.8 ± 2.4 (range 0.4-16.0)
Blood transfusion requirement (units of pRBCs) 8.3 ± 5.6 (median 6.5; range 1-26)

Endoscopy/colonoscopy
-Not performed 2 (4%)
-Positive findings 44 (88%)
-Negative findings 4 (8%)

Rockall score 5.0 ± 1.8 (range 2-9)

Forrest classification 37
-1a 8
-1b 16
-2 10
-3 3

CTA/red blood cell scintigraphy
-Not performed 25 (50%)
-Positive findings 16 (32%)
-Negative findings 9 (18%)

Hb: Hemoglobin; Plt: Platelet count; INR: International Normalized Ratio; pRBCs: packed Red Blood; Cells; CTA: Computed Tomography Angiography.

Table 3. Procedural findings, embolization details and outcomes.

Variable Value

Time from symptom onset to DSA (days) 4.7 ± 3.7 (median 4; range 0-15)

DSA/CBCT
- Positive findings

• extravasation 18 (36%)
• blush 13 (26%)
• vasospasm 4 (8%)
• pseudoaneurysm 2 (4%)
• vascular irregularity 1 (2%)

- Negative findings 12 (24%)

Embolic agents
-None 3 (6%)
-Coils 31 (62%)
-Microspheres 9 (18%)
-NBCA 7 (14%)

Number of embolized vessels
-None 3 (6%)
-1 38 (76%)
-≥2 9 (18%)

Periprocedural complications
-Minor 2 (4%)
-Major 1 (2%)
DSA: Digital Subtraction Angiography; CBCT: Cone-beam Computed Tomography; NBCA: N-butyl-2-cyanoacrylate.

tients underwent either an upper endoscopy or a colonoscopy
prior to angiography.

Endoscopic findings were negative in 4 patients (8%). Among
the patients with ulcer bleeding (n=37), Forrest classification
revealed that the majority were classified as Ib (43.2%), fol-
lowed by Ia (21.6%); the remainder were distributed across
IIa, IIb, IIc, and III categories. The mean Rockall score for
the entire cohort was 5.0 ± 1.8 (median, 5; range, 2–9) (Ta-
ble 2).

Procedural findings

Angiographic evaluation revealed contrast extravasation (Fig-
ure 1) in 17 patients (34%) and tumoral blush (Figure 2) in
12 patients (24%); these were the most frequent angiographic
findings. No angiographic abnormalitywas detected in 14 pa-
tients (28%); however, cone-beamCT demonstratedmucosal
blush or extravasation in two of these patients.
Embolization was not performed in 3 patients (6%): in 2 pa-
tients (4%) because there was no bleeding and therefore no
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Table 4. Outcomes.

Outcome

Rebleeding 15 (30%)

Comorbidity status: p=0.035
-Malignancy (45.5%)
-Systemic or bleeding disorders (29.4%)
-None (0%)
Multivessel embolization: p=0.006
Negative endoscopic findings: p=0.035

Management of rebleeding
-Conservative 6 (12%)
-Repeat embolization 6 (12%)
-Surgery 4 (8%)

In-hospital mortality 16 (32%) Rockall score: p=0.001
Plt count(inversely correlated): p=0.037

Overall mortality 26 (52%) Rockall score: p=0.032
INR: p=0.005

Length of hospital stay (days) * 15.5 ± 8.1 (median 14; range 1-43)

Number of comorbidities: p=0.019
Transfusion requirement: p<0.001
Bleeding to TAE time: p<0.001
Hb (inversely correlated): p=0.042

Plt: Platelet count; INR: International Normalized Ratio; Hb: Hemoglobin. * The length of hospital stay was calculated after excluding patients who died during the index
hospitalization.

indication for empiric embolization, and in 1 patient (2.1%)
because catheterization of the left gastric artery failed (techni-
cal failure). Accordingly, the overall technical success rate was
97.9% (47/48). Among the 47 patients who underwent em-
bolization, 38 (81%) underwent single-vessel embolization,
while 9 (19%) underwent embolization of multiple vessels
(≥2). Coils were the most frequently used embolic material,
applied in 31 patients (66%). Microspheres were used in 9 pa-
tients (19%) and NBCA-lipiodol mixture was used in 7 pa-
tients (15%).
Three patients (6%) experienced periprocedural complica-
tions. Minor complications consisted of two femoral access-
site hematomas, both of which were managed conservatively.
Onemajor complicationwas non-target embolization that led
to ischemia in a patient who subsequently required surgery
because hemostasis could not be achieved.

Rebleeding
Rebleeding occurred in 15 patients (30%)within 30 days after
the index procedure. The majority of rebleeding episodes (12
of 15, 80%) occurred during the first week.
When patients were stratified by comorbidity status, no re-
bleeding was observed in those without comorbidities (0/11,
0%). Rebleeding occurred in 10 of 22 patients (45.5%) with
malignancy, the majority of whom (9 patients) had underly-
ing gastrointestinal cancers. Among 17patientswith systemic
diseases or bleeding disorders, rebleeding was observed in 5
(29.4%). This association was statistically significant (χ²(2)
=6.705, p =0.035), with a moderate effect size (φ/Cramér’s
V = 0.370).
Rebleeding was also significantly associated with the num-
ber of embolized vessels. Rebleeding occurred in 8 of 38

patients (21.1%) who underwent single-vessel embolization,
compared with 6 of 9 patients (66.7%) in the multiple-vessel
group. This differencewas statistically significant (Fisher’s ex-
act test, p = 0.006) and had a moderate-to-strong effect size
(Phi = 0.444).
Furthermore, patients with negative endoscopic or colono-
scopic findings prior to embolization (n = 4) had a markedly
higher rate of rebleeding (3/4, 75%) comparedwith thosewith
positive endoscopic findings (11/43, 25.6%). This associa-
tion was statistically significant (χ²(1)=4.437, p=0.035), with
a moderate effect size (Phi=0.304).
No significant associations were found between rebleeding
and pre-procedural laboratory values (hemoglobin, INR,
platelet count, lactate), age, sex, time from symptom onset to
procedure, Forrest classification, Rockall score, or the type of
embolic agent used (all p > 0.05).
Among the 15 patients who developed rebleeding, 6 were
managed conservatively (1 in-hospital death), 5 underwent re-
peat TAE (1 in-hospital death), and 4 required surgery (3 in-
hospital deaths).

Mortality

In-hospital mortality occurred in 16 patients (32%). A signif-
icant association was observed between the Rockall score and
in-hospital mortality (p = 0.001). In addition, pre-procedural
platelet levels were significantly lower in patients who died in
the hospital (128 ± 73 vs. 184 ± 92 ×10³/µL, p = 0.037). No
significant associations were found with other laboratory pa-
rameters (hemoglobin, INR, lactate).
Whenmedicationgroups (chemotherapy, antiplatelet/antico-
agulant therapy, andno regularmedication)were analyzed, no
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statistically significant association between medication group
and in-hospital mortality was found (p = 0.209).
In-hospital mortality was higher in patients with comorbidi-
ties than in those without (36% vs. 18%; odds ratio approxi-
mately 2.5), although the difference was not statistically sig-
nificant (p = 0.266). When stratified by comorbidity bur-
den, mortality rates were 18.2% for no comorbidities, 36.8%
for one comorbidity, 22.2% for two comorbidities, and 45.5%
for three or more comorbidities. While these findings suggest
a trend toward increased mortality with higher comorbidity
burden, the association did not reach statistical significance
(p = 0.479).
Overall mortality was 52% (26/50) during follow-up, which
ranged from 4 to 28 months (median 16 months). Both pre-
procedural INR (p = 0.005) and Rockall score (p = 0.032)
were significantly associated with overall mortality, whereas
other baseline laboratory and demographic parameters were
not significantly associated (all p>0.05). Mortality was 27.3%
in patients without comorbidities, compared with 54.5% in
thosewithmalignancies and 64.7% in thosewith systemic dis-
eases or bleeding disorders. Similarly, overall mortality varied
by comorbidity burden: 63.2% in patients with one comor-
bidity, 55.0% in those with two or more, and 27.3% in those
without comorbidities. Although these findings suggest a
clinically relevant trend toward higher overall mortality in pa-
tients with comorbidities, the differences did not reach statis-
tical significance (p = 0.146 for type; p = 0.156 for count).

Length of stay

Length of hospital stay (LOS)was analyzed for the 34 patients
discharged alive; patients with in-hospital mortality were ex-
cluded. Themean LOSwas 15.5 ± 8.1 days, with amedian of
14 days (range: 1–43 days).
A significant positive correlation was also found between the
number of comorbidities and LOS (r=0.399, p=0.019). Sim-
ilarly, LOS was positively correlated with units of pRBCs
transfused (r = 0.593, p<0.001) and with the time interval
between symptom onset and embolization (r = 0.636, p <
0.001). Pre-procedural hemoglobin levels were inversely cor-
related with LOS (r = -0.350, p = 0.042), indicating that pa-
tients with lower baseline hemoglobin had longer hospital
stays.
No significant associations were found between LOS and age,
sex, platelet count, INR, Rockall score, Forrest classification,
angiographic findings, or the type of embolic agent used (all
p>0.05).
Procedural findings and outcomes are summarized in Tables
3 and 4.
Post hoc power analyses demonstrated that the associationbe-
tween multivessel embolization and rebleeding (χ2 = 9.08, w
≈ 0.44, N = 47) had statistical power of approximately 0.85.
The correlation between length of stay and transfusion re-
quirement (r = 0.59, n=34) showed apower of approximately

0.98. For moderate correlations, such as the relationship be-
tween length of stay and comorbidity count (r≈0.40; n=34),
the achieved power was approximately 0.70. Smaller effect
sizes yielded correspondingly lower power levels.

DISCUSSION
In our study, TAE demonstrated a high technical success rate
and acceptable clinical outcomes, consistent with previously
published reports. While the efficacy and safety of TAE have
been well documented in both upper and lower GI bleed-
ing, considerable variability persists across studies with regard
to rebleeding, mortality, and complication rates. Therefore,
placing our results in the context of current evidence pro-
vides valuable insights into patient selection, procedural fac-
tors, and outcome predictors. Moreover, current interna-
tional guidelines recommend TAE as the preferred second-
line therapy after failed endoscopy, reserving surgery for re-
fractory cases [10,11].
Our rebleeding rate of 30% falls within the broad range of
9–56% reported in prior studies [12–15]. Importantly, our
findings underscore specific risk factors for recurrence. Re-
bleedingwas significantlymore common in patients withma-
lignancy (particularly gastrointestinal cancers), in those un-
dergoingmulti-vessel embolization, and in those in whom no
bleeding source was identified endoscopically prior to TAE.
These factors have also been highlighted in previous reports.
Dablan et al., focusing exclusively on non-variceal upper GI
bleeding, identified multi-vessel embolization and comorbid-
ity as predictors of recurrence [16], while Yu et al., in a meta-
analysis of lower GI bleeding, found malignancy and coagu-
lopathy to be significant risk factors [17]. In addition, Lee et
al. reported a rebleeding rate of 37.3% in a mixed cohort of
upper and lower GI bleeding, with coagulopathy and massive
transfusion independently associated with recurrence [15].
Extrat et al. similarly reported an early rebleeding rate of 25%
and identified the units of pRBCs as themain predictor of re-
currence [18]. By contrast, we observed no significant associ-
ation between rebleeding and demographic variables, baseline
laboratory parameters, or embolic material. Taken together,
our results suggest that rebleeding after TAE is determined
more strongly by underlying disease burden, procedural com-
plexity, and the adequacy of bleeding source localization than
bydemographic characteristics or the choice of embolic agent.
In-hospital mortality was 32, and overall mortality during
follow-up was 52%. These rates are relatively high compared
with those in the most recent series, in which 30-day mortal-
ity has been the primary outcome. Ozen et al. [13] reported
a 30-day mortality rate of 22%; Lee et al. [15] reported a rate
of 18.6%; and Loffroy’s meta-analysis reported a wide range
from 4% to 46% [12]. Dablan et al. [16] reported a 30-day
mortality rate of 48.2%, which is broadly comparable to that
observed in our population. Extrat et al. observed a 30-day
mortality rate of 22.1%, with hyperlactatemia (≥2 mmol/L)
emerging as the strongest predictor of early mortality [18].
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We identified higher Rockall scores and lower platelet counts
as predictors of in-hospital mortality, while elevated INR and
Rockall scores were associated with overall mortality. The
finding that INR was not predictive of short-term mortality
butwas predictive of long-termoutcomes is particularly note-
worthy because it may reflect the influence of subclinical co-
agulation abnormalities, frailty, and the cumulative burden of
comorbidities beyond the acutehemodynamicphase ofbleed-
ing.
Rockall score, by contrast, consistently correlated with both
in-hospital and overall mortality, as expected given its estab-
lished prognostic value. Compared with prior studies, our re-
sults partially diverge; Yu et al. [17] highlighted coagulopathy,
malignancy, and massive transfusion as predictors of mortal-
ity,whileLee et al. [15] identified coagulopathy as a significant
factor.
In our series, malignancy and transfusion burden were not
statistically significant, though clinically relevant trends were
observed. Another important observation is that overall
mortality rates substantially exceeded in-hospital mortality
rates, underscoring the long-term vulnerability of this pa-
tient group, particularly those with malignancy and systemic
disease. This emphasizes the need for structured long-term
follow-up and multidisciplinary management, including on-
cology, internal medicine, and supportive care teams [19].
Themean length of stay (LOS) was 15.5 days, calculated only
for patients discharged alive to avoid spuriously shortened
LOSvalues due to early in-hospital deaths. This survivor-only
approach provides a more accurate reflection of the hospital-
ization burden, yet it makes direct comparisons with prior
studies difficult, as LOS has rarely been systematically re-
ported inTAEcohorts. Among the few that did report,Nykä-
nen et al. [20] documented a median LOS of 7 days (range,
1–91) after TAE for lower GI bleeding, which is considerably
shorter than that observed in our series. Extrat et al. [18]
similarly reported a median LOS of around 12 days follow-
ing TAE, while Twene et al. [21], in a comparative analysis,
demonstrated that patients treatedwithTAEhad shorter hos-
pitalizations than those undergoing surgery. Our finding of a
longer LOS likely reflects, in our cohort, the higher comor-
bidity burden, greater transfusion requirements, delayed em-
bolization, and lower baseline hemoglobin levels. These as-
sociations are consistent with prior observations that disease
severity, massive transfusion, and low hemoglobin are more
influential than procedural variables in determining resource
utilization after TAE. Taken together, our results suggest that
prolonged LOS in this setting primarily reflects underlying
disease complexity and delayed presentation rather than the
embolization procedure itself, underscoring the importance
of early referral and optimization of preprocedural status.
Procedure-related complications occurred in three patients
(6%), consisting of two minor femoral access-site hematomas
and one major event that was identified intraoperatively in a
patient who underwent surgery for persistent bleeding. This

rate is at the lower end of the spectrum reported in the liter-
ature, where complication rates vary widely from 0% to 26%
[12]. Extrat et al. observed peri- and post-procedural compli-
cations in nearly 30% of cases, with ischemia being the most
frequent adverse event, andNykänen et al. reported a compli-
cation rate of 36% in lower GI bleeding [18,20]. Compared
with these findings, our series demonstrates a relatively low
complication burden, which may reflect the use of superse-
lective techniques. Importantly, consistent with previous re-
ports, we foundno significant difference between empiric and
selective embolization with respect to complications or clin-
ical outcomes [22,23]. This supports current evidence that
empiric embolization,whenguidedby reliable pre-procedural
findings, is a safe and effective option for carefully selected pa-
tients. Overall, TAE offers an acceptable safety profile and re-
mains a less invasive and safer option compared with surgery
for refractory gastrointestinal bleeding.

Limitations

This study has several limitations that should be acknowl-
edged. First, its retrospective and single-center design may
introduce selection bias and limit the generalizability of our
findings. Second, the sample size was relatively small, which
may have reduced the statistical power to detect associations
for some variables and may partly explain the discrepancies
with previous reports. Third, although we analyzed both up-
per and lower gastrointestinal bleeding together to reflect real-
world practice, this heterogeneity may have influenced the
outcome measures, because prognostic factors can differ be-
tween these populations. Fourth, variations in embolic ma-
terials and empirical versus selective embolization techniques
were determined by clinical context rather than by random al-
location, which may have introduced procedural bias. And
finally, non-significant associations with small-to-moderate
effect sizes should be interpreted with caution, as post-hoc
power analyses indicated limited statistical power for detect-
ing weaker effects.

CONCLUSION
Transcatheter arterial embolization (TAE) is a safe and effec-
tive option for non-variceal gastrointestinal bleeding refrac-
tory to endoscopic therapy, offering high technical success
rates and low complication rates. Rebleeding was primarily
linked tomalignancy, multi-vessel embolization, and negative
endoscopic findings, while mortality correlated with Rockall
score, platelet count, and INR. These results emphasize that
outcomes are mainly determined by comorbidity burden and
disease severity rather than procedural technique. Overall,
TAE remains a less invasive and reliable alternative to surgery.
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MAIN POINTS

• In our cohort, atypical antipsy-
chotic poisonings were predomi-
nantly mild to moderate in severity,
and no fatalities occurred.

• Risperidone exposure was the
most common, and risperidone-
associated extrapyramidal
symptoms were resolved with
biperiden.

• The prognosis was favorable with
symptom-directed supportive care,
and patients achieved complete re-
covery.
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ABSTRACT

Aim: This study aimed to describe the clinical features, exposure characteristics, management,
and outcomes of pediatric atypical antipsychotic poisonings treated in a single tertiary pediatric
intensive care unit (PICU) and to contextualize findings using the Poisoning Severity Score (PSS).
Materials and Methods: We conducted a retrospective, descriptive review of children and ado-
lescents (1 month--18 years) managed for single-agent atypical antipsychotic ingestion at the
PICU of Ağrı Training and Research Hospital between January 2018 and January 2023. De-
identified electronic records were abstracted for demographics, implicated agent (amisulpride,
aripiprazole, quetiapine, olanzapine, risperidone, ziprasidone), dose (mg and mg/kg), time from
ingestion to presentation, decontamination (gastric lavage, activated charcoal), treatments (in-
cluding biperiden), clinical/laboratory findings, and outcomes. Severity was classified according
to PSS (0--4). Continuous data are reported as median (IQR); categorical data are reported as n
(%). A two-sided p<0.05 was considered significant.
Results: Forty-one pediatric cases were included. The most frequent agent was risperidone
(46.3%). Decontamination included gastric lavage in 43.9% and activated charcoal in 46.3%.
Tachycardia, hypokalemia, confusion, extrapyramidal symptoms (EPS), and drowsiness were
common findings. The PSS distribution was none 14.6%, minor 43.9%, moderate 36.6%, and
severe 4.9%; no deaths occurred (therefore, no PSS grade 4). In a risperidone subgroup analysis
(n = 19), biperiden was administered to 6 patients for acute EPS; time to presentation tended
to be longer in those given biperiden (median 9.0 vs 4.0 h; p = 0.08). Ordinal logistic modeling
indicated higher PSS categories in the biperiden group (odds ratio [OR], 68.11; 95% confidence
interval [CI], 3.59--1291.68; p = 0.005).
Conclusion: In this cohort, pediatric atypical antipsychotic poisonings were predominantly mild
to moderate with no fatalities. Risperidone exposures were the most common and frequently
associated with EPS, which resolved with biperiden. These data support a generally favorable
prognosis with timely supportive care and targeted symptomatic management.
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INTRODUCTION

Atypical (second-generation) antipsychotics are increasingly
prescribed not only in adults but also in pediatric popula-
tions for conditions such as autism spectrum disorders, bipo-
lar disorder, and schizophrenia. As a result, thesemedications
havebecomemoreprevalent inhouseholds, increasing the risk
of pediatric exposures through accidental ingestion or inten-
tional overdose [1]. Atypical antipsychotics include risperi-
done, quetiapine, olanzapine, aripiprazole, ziprasidone, and
amisulpride. Each of these agents carries a risk of toxicity in
children, with clinical manifestations related to their pharma-

cologic profiles. In overdose, central nervous system (CNS)
depression and cardiovascular effects are prominent across
this class [2]. In contrast, risperidone and ziprasidone, which
have potent dopamine D2 receptor antagonism and less anti-
cholinergic activity, tend to produce less sedation but can pre-
cipitate extrapyramidal symptoms (EPS) such as acute dysto-
nia, especially in pediatric patients [3].

This study aimed to characterize the presentation, manage-
ment (including biperiden use), and outcomes (PSS-based
severity) of pediatric atypical antipsychotic poisonings and
compare these patterns with recent pediatric reports.
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MATERIALS ANDMETHODS
The study was designed as a retrospective, descriptive review
of cases of atypical antipsychotic poisoning in the Pediatric
Intensive Care Unit of Ağrı Training and Research Hospi-
tal between January 2018 and January 2023. The study
was approved by the Ağrı İbrahim Çeçen University Scien-
tific Research Ethics Committee (approval date: May 25,
2023; approval number: 2023/132). Cases were identified
through daily PICU admission logs and electronic health
record queries using drug intoxication diagnosis codes. In-
stitutional electronic records were deidentified and processed
under the study identifiers.
The inclusion criteria were:

• Pediatric age (1 month–18 years)

• Single-drug exposure

• Exposure to an atypical antipsychotic at a known in-
gested dose.

The exposure was confirmed by the caregiver’s history, cor-
roborated by pill counts/packaging or medication lists, and
the formulation was recorded (immediate vs. extended-
release; drops vs. tablets; route of exposure). Demographic
variables (age in months, sex, body weight); the implicated
agent (amisulpride, aripiprazole, quetiapine, olanzapine,
risperidone, ziprasidone); total dose (mg); circumstance of
exposure (unintentional/therapeutic error/intentional/un-
known); time from exposure to presentation (hours); de-
contamination procedures (activated charcoal, gastric lavage);
patients’ vital signs; and laboratory results (glucose, serum
electrolytes, renal function tests, liver function tests, creatine
kinase) were abstracted retrospectively from patient charts,
alongwith administered treatments (biperiden). Time to pre-
sentation was defined as the interval from reported ingestion
to first medical contact. Organ-system domains coded clini-
cal effects, and overall poisoning severity was determined ac-
cording to the Poisoning Severity Score (PSS) developed by
the International Program on Chemical Safety and the Euro-
pean Association of Poison Center and Clinical Toxicologists
(IPCS/EAPCCT). The severity grades were as follows: none
(0), minor (1), moderate (2), severe (3), and fatal (4).

Statistical analysis

Analyses were performed in IBMSPSS Statistics, version 27.0
(Armonk, NY: IBM Corp.). Continuous variables are sum-
marized asmedian (IQR) owing to non-normal distributions;
when approximately normal, mean ± SD is also presented.
Categorical variables are expressed as n (%). Normality was
assessed using the Shapiro–Wilk test. Between-group com-
parisons were performed using the Mann–Whitney U test
for 2 groups. Categorical comparisons were performed us-
ing the chi-square test or Fisher’s exact test when the expected
counts were <5. For severity graded by the Poisoning Severity

Score (0–3), proportional-odds (ordinal logistic)models were
additionally fitted to estimate common odds ratios (ORs)
with 95% confidence intervals for prespecified contrasts (e.g.,
biperiden use vs no use), checking the proportional-odds as-
sumption (test of parallel lines). All tests were two-sided,
and p<0.05 was considered statistically significant. No a pri-
ori sample size calculation was conducted; using a two-sided
α=0.05 and the observed effect size (commonOR 68.11; 95%
CI 3.59–1291.68), the post-hoc power achieved was approxi-
mately 0.80 (80%).

RESULTS

The analysis included 41 pediatric cases of atypical antipsy-
chotic intoxication. The median age was 163 months (IQR
51–198), and 56.1% of the participants were female (Table
1). The implicated agents were risperidone (46.3%), queti-
apine (22.0%), olanzapine (19.5%), aripiprazole, ziprasidone,

Table 1. Patients’ characteristics.

Age (month), median, (25-75p) 163 (51-95)

n %

Sex

Female 23 56.1
Male 18 43.9

Drugs

Risperidone 19 46.3
Quetiapine 9 22
Olanzapine 8 19.5
Aripiprazole 2 4.9
Ziprasidone 2 4.9
Amisulpride 1 2.4

Decontamination

Gastric lavage 18 43.9
Activated charcoal 19 46.3

Table 2. Symptoms and signs.

n %

Hypokalemia 10 24.4
Tachycardia 9 22
Confusion 7 17.1
Extrapyramidal symptoms 7 17.1
Drowsiness 4 9.8
Metabolic acidosis 4 9.8
Hyperthermia 3 7.3
Agitation 2 4.9
Dizziness 2 4.9
Vomiting 2 4.9
Hallucinations 2 4.9
Hypoglycemia 1 2.4
Transaminase elevation 1 2.4
Rhabdomyolysis 1 2.4
AV block (I) 1 2.4
Nausea 1 2.4
Hypotension 1 2.4
Coma 1 2.4
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Table 3. Poisoning severity and ingested dose.

n (%) Dose range (mg/kg), median IQR (25--75p)

Total

• None 6 (14.6)
• Minor 18 (43.9)
• Moderate 15 (36.6)
• Severe 2 (4.9)

Risperidone

• None 2 (10.5) 0.10--0.16, 0.13 (0.12--0.15)
• Minor 10 (52.6) 0.07--0.45, 0.28 (0.15--0.32)
• Moderate 6 (31.6) 0.12--0.35, 0.25 (0.20--0.27)
• Severe 1 (5.3) 0.33

Quetiapine

• None 2 (22.2) 0.7-3.5, 2.1 (1.4-2.8)
• Minor 4 (44.5) 2.5-33.3, 7.5 (2.65-17.55)
• Moderate 3 (33.3) 2.2-28.5, 5.7 (3.95-17.10)

Olanzapine

• None 1 (12.5) 0.5
• Minor 2 (25) 1.2-2.6, 1.90 (1.55--2.25)
• Moderate 5 (62.5) 1-15.8, 1.7 (1.5-2.9)

Aripiprazole

• None 1 (50) 1
• Minor 1 (50) 1.25

Ziprasidone

• Minor 1 (50) 1
• Severe 1 (50) 8

Amisulpride

• Moderate 1 (100) 25

Table 4. Clinical characteristics by Biperiden use.

Biperiden not administered Biperiden administered p

n (%) 13 (68.4) 6 (31.6)

Age (month) 180 (46-213) 57 (25-182) 0.059

Sex

• Female 9 (69.2) 4 (66.7) 1.00
• Male 4 (30.8) 2 (33.3)

Time to presentation 4 (2-6) 9 (5.8-10) 0.08

Decontamination

• Gastric lavage 6 (46.2) - 0.11
• Activated charcoal 8 (61.5) 1 (16.7) 0.14

Dose (mg) 10 (5-17) 5 (4.5-6.75) 0.21
Dose (mg/kg) 0.26 (0.15-0.32) 0.25 (0.2-0.27) 0.93

and amisulpride. Decontamination consisted of gastric lavage
of 43.9% of the samples and activated charcoal in 46.3%.

Clinical findings (Table 2) were as follows: hypokalemia,
24.4%; tachycardia, 22.0%; confusion, 17.1%; extrapyrami-
dal symptoms, 17.1%; drowsiness, 9.8%; metabolic acidosis,
9.8%; hyperthermia, 7.3%; agitation, 4.9%; dizziness, 4.9%;
vomiting, 4.9%; hallucinations, 4.9%; and single instances
(2.4% each) of hypoglycemia, transaminase elevation, rhab-

domyolysis, first-degree AV block, nausea, hypotension, and
coma.
The PSS distribution was as follows: none 14.6%, minor
43.9%, moderate 36.6%, and severe 4.9%. No deaths were
recorded; therefore, no fatal (grade 4) intoxication occurred.
Dose ranges by drug and severity are presented in Table 3.
Biperiden (Table 4)wasmore frequently used among younger
patients, although the difference was not statistically signif-
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icant (p = 0.059). The time to presentation tended to be
longer in the biperiden group (9 vs. 4 h; p = 0.08). All other
comparisons—sex distribution, gastric lavage, activated char-
coal, and dosemetrics (mg andmg/kg)—showed no between-
group differences (p≥0.05). Biperiden administrationwas as-
sociatedwith a higher commonodds of being in amore severe
category (OR 68.11, 95% CI 3.59–1291.68; p = 0.005) in an
ordinal logistic model for PSS 0–3.

DISCUSSION
In this 5-year retrospective series of pediatric atypical an-
tipsychotic poisonings, we identified 41 cases managed in the
PICU, with no fatalities and universally good outcomes. The
children in our study ranged from infancy to late adolescence
(approximately 1 year to 17 years old), reflecting two primary
exposure scenarios: accidental ingestion in toddlers/young
children and intentional overdose in adolescents. This age
distribution is similar to patterns reported in the literature,
where unintentional poisonings predominate in children and
adolescent cases often involve deliberate self-harm or misuse
[4]. Risperidone was the single most commonly used agent.
This reflects the widespread use of risperidone in pediatric
psychiatry. Our finding agrees with prior reports; for exam-
ple, data from the U.S. poison center (2005–2013) showed
that risperidonewas responsible for thousands of pediatric ex-
posures [1].
Despite being drawn from an intensive care population, the
clinical severity of poisonings in our cohort was generally
low to moderate. Using the PSS, over half of the patients
(≈59%) had either no symptoms or only mild effects (PSS
0–1), and about one-third (37%) experienced moderate ef-
fects (PSS 2). Only two patients (4.9%) were classified as hav-
ing severe poisoning (PSS 3), and none had fatal outcomes
(PSS 4). These findings reinforce the favorable prognosis
of single-agent atypical antipsychotic ingestion in children.
They closely parallel the experience reported inotherpediatric
studies: for instance, Meli et al. observed no deaths and only
two severe cases out of 106 young children (<6 years) exposed
to risperidone, olanzapine, quetiapine, or clozapine [5]. Sim-
ilarly, Stassinos and Klein-Schwartz, analyzing >16,000 U.S.
cases in children <6, found that central toxicity was under 1%
and there were no deaths [1]. All patients in our series made a
full recovery, consistentwith extensive pediatric studies show-
ing that—absent polypharmacy—atypical antipsychotic poi-
sonings rarely cause lasting harm; the lack of mortality in
our cohort further indicates that, with appropriate support-
ive care, even children who develop severe symptoms can be
successfully managed [6].
Several patients in our PICU had minimal or no symptoms
despite significant reported ingestions. For example, some
adolescents taking highdoses of quetiapine or risperidonehad
a PSS of 0 or 1. This aligns with the observations of Lofton
et al, who reported that adolescents can sometimes tolerate
very high aripiprazole doses with only transient or minor ef-

fects [7]. In contrast, younger children in our study tended to
manifest more noticeable toxicity from comparatively minor
ingestions. The only two severe cases we encountered illus-
trate this point: a 19-month-old child who ingested ziprasi-
done (PSS: 3) and a 46-month-old who ingested risperidone
(PSS: 3). In both cases, the patients were infants/toddlers,
and the severity of their presentations was disproportionate
to the doses that an older child or adult would tolerate. This
age-related vulnerability has been well documented. Young
children have immature physiology and often ingest doses per
kilogram that far exceed therapeutic levels. For example, the
pediatric case reported by Fasano et al. shows that ingestion
of a single ziprasidone tablet in a 30-month-old child resulted
in coma and respiratory depression, underscoring that severe
toxicity canoccur from lowdoses at a young age [8]. Ourfind-
ings concur that younger pediatric patients are at higher risk
of severe central nervous system (CNS) depression and other
effects, reinforcing the need for aggressive management and
observation in that age group.
Risperidone was used in nearly half of our cases, and it exhib-
ited a fairly characteristic clinical profile. Most risperidone-
ingested children in our cohort developed mild CNS de-
pression and sinus tachycardia, which is consistent with the
known effects of risperidone. Acute dystonic reactions have
emerged as a salient issue in risperidone poisoning. Intra-
venous treatmentwith biperiden, which led to complete reso-
lution of the dystonic symptoms. Acute anticholinergic treat-
ment was is needed in more than a quarter nearly one-third
of our risperidone cases. Previous pediatric studies have re-
ported varying incidence rates of EPS. For example, Meli et al
observed extrapyramidal symptoms in only 1% of <6-year-old
cases [5]. In the study conducted byVial et al., extrapyramidal
findings were detected in 16.8% (n= 17) of the patients, and
EPS was reported in only one patient aged 5 years [9]. Our
higher rate reflects the inclusion of older children and adoles-
cents (whomay bemore prone to EPS at higher doses) as well
as intentional cases with higher doses ingested. Fortunately,
these reactions were benign and rapidly reversible with the
appropriate use of anticholinergic agents, though frightening
for the patient and caregivers. In our series, no child suffered
airway compromise due to dystonia, and none had recurrent
EPS after treatment.

CONCLUSION
In conclusion, our discussion highlights that when appro-
priately managed, pediatric atypical antipsychotic poisonings
have a low incidence of severe morbidity. PICU care was
crucial for the handful of severe cases, and supportive mea-
sures were uniformly successful. With vigilant monitoring
and symptomatic treatment, pediatric patients who ingest
psychotropic medications can be expected to fully recover.
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A 36-year-old man with relapsed IgG-kappa multiple
myeloma presented with bilateral lower extremity weakness
and ptosis. He had previously undergone two autologous
hematopoietic stem cell transplantations following multiple
chemotherapy regimens. Contrast-enhanced T1-weighted
brainMRI demonstrated linear thickening and enhancement
of bilateral oculomotor (III), trochlear (IV), trigeminal (V),
facial–vestibulocochlear (VII–VIII), glossopharyngeal–vagal
(IX–X), and the right abducens (VI) nerve at the level of the
brainstem. The enhancement pattern was predominantly
linear without nodular mass formation or foraminal widen-
ing. No diffusion restriction or abnormal FLAIR signal
was observed. Spinal MRI revealed nodular leptomeningeal
involvement of the conus medullaris and cauda equina nerve
roots (not shown here). Consistent with laboratory findings
and systemic relapse, the imaging features were attributed
to progression of multiple myeloma in the central nervous
system. The linear cranial nerve enhancement, together with
nodular involvement of the cauda equina, was radiologically
consistent with leptomeningeal dissemination. Cranial
nerve involvement in multiple myeloma is rare and typically
associated with leptomeningeal spread [1, 2]. Differential
diagnoses include leptomeningeal metastasis, infectious
neuritis, and inflammatory cranial neuropathies.
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Figure 1. Contrast-enhanced thin-slice (1 mm) axial T1-weighted im-
ages demonstrate linear enhancement of bilateral oculomotor (III) (a),
trochlear (IV) (b), trigeminal (V) (c), right abducens (VI) (d), bilateral
facial--vestibulocochlear (VII--VIII) (e), and glossopharyngeal--vagal (IX--
X) (f) nerves (arrows).
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In the article by Keser S, et al., entitled “An examination of the ocular surface parameters of patients with non-
exophthalmic Graves disease” published in Ann Med Res. 2023;30(5):607--610, the authors informed us that the
year “2022” had been inadvertently included in the description of the study period in the Abstract and Materials
and Methods sections.
Following editorial evaluation, it was deemed necessary to amend the study period to 2023 to ensure clarity and
consistency throughout the manuscript.
This correction does not affect the results, statistical analyses, or conclusions of the study. However, we believe
that this minor revision improves the overall clarity and consistency of the manuscript.
The relevant sections have been corrected accordingly. You can access the updated article
PDF via the following link:
https://annalsmedres.org/index.php/aomr/article/view/4438
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