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Diagnostic Value of Hematological and Biochemical
Markers in Pediatric Appendicitis: A ROC-Based
Retrospective Evaluation

@ Sevgi Buyukbese Sarsu

University of Health Sciences Turkiye, Gllhane Faculty of Medicine, Gaziantep City Hospital, Department of Pediatric Surgery, Gaziantep,
Tarkiye

Abstract

Aim: Acute appendicitis is the most common surgical emergency in children; however, its diagnosis often remains challenging due to
non-specific clinical features and overlapping laboratory results with other abdominal conditions. We aimed to evaluate the diagnostic
accuracy of routine hematological and biochemical markers as accessible and reliable tools to support early and precise diagnosis of
pediatric appendicitis.

Methods: This retrospective study included pediatric patients aged 0-18 years who were evaluated in the pediatric surgery department
between April and June 2025. Patients were divided into three groups based on clinical, radiological, and histopathological findings:
histopathologically confirmed acute appendicitis (n=63), right lower quadrant pain with appendicitis excluded (n=71), and healthy
controls (n=74). Laboratory parameters analyzed at admission included white blood cell, neutrophils, lymphocytes, neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio, mean corpuscular volume, red cell distribution width, mean platelet volume (MPV),
platelet count, C-reactive protein (CRP), albumin, total bilirubin, direct bilirubin, sodium, and phosphorus. Diagnostic performance was
evaluated using receiver operating characteristic curve analysis and multivariable logistic regression.

Results: Multivariable logistic regression identified seven independent predictors of acute appendicitis: direct bilirubin, albumin,
CRPR MPV, sodium, NLR, and total bilirubin. Among these, direct bilirubin [odds ratio (OR)=8.34, p=0.0006) and albumin (OR=0.42,
p=0.0021) were the strongest independent predictors, while CRP MPV, and sodium also remained significant (p<0.05). Although
NLR and total bilirubin were included in the model, their associations did not reach statistical significance. The final seven-parameter
PediACS model demonstrated excellent discriminative performance (area under the curve=0.903; 95% confidence interval: 0.86-0.94).
Using the optimal cut-off value (0.214) determined by the Youden Index, the model achieved 85.7% sensitivity, 89.7% specificity, and
an overall diagnostic accuracy of 87.9%.

Conclusion: The PediACS model, derived from routine laboratory parameters, reliably distinguishes acute appendicitis from non-specific
abdominal pain in children. It represents a practical, reproducible, and cost-effective diagnostic tool, particularly beneficial when
imaging resources are limited or radiological results are inconclusive.

Keywords: Appendicitis, child, biomarkers, serum albumins, bilirubin, C-reactive protein, logistic models, ROC curve, sensitivity and
specificity, nomograms

Introduction in increased morbidity and prolonged hospital stay (1,2).
In pediatric patients, diagnostic accuracy is often hindered
by atypical clinical manifestations, limited communication
abilities, and non-specific physical findings (3,4). Therefore,
missed diagnoses can lead to serious complications, such prompt and accurate diagnosis is crucial to reduce
as perforation, abscess formation, and peritonitis, resulting complications and avoid unnecessary surgical procedures (5).

Acute appendicitis is one of the most frequent indications
for emergency surgical intervention in children. Delayed or
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Recent studies have explored the diagnostic value
of routinely available laboratory biomarkers in pediatric
appendicitis. Conventional inflammatory indicators such
as white blood cell (WBC) count, C-reactive protein (CRP),
and neutrophil-to-lymphocyte ratio (NLR) are widely used
because they are simple, inexpensive, and accessible (6,7).
Moreover, biochemical parameters including mean platelet
volume (MPV), platelet-to-lymphocyte ratio (PLR), albumin,
bilirubin fractions, and electrolytes such as sodium and
phosphorus have been proposed as complementary
diagnostic tools (8-10). These easily obtainable and cost-
effective markers are especially useful in clinical settings
where imaging resources are limited or radiological
findings remain inconclusive.

We hypothesized that combining hematological
and biochemical parameters would improve diagnostic
accuracy for pediatric acute appendicitis compared with
the use of individual markers. Accordingly, this study
aimed to evaluate the diagnostic performance of routine
laboratory parameters, determine optimal cut-off values
through receiver operating characteristic (ROC) analysis,
and construct a multivariable predictive model—the
PediACS model—based on seven readily available indicators:
direct bilirubin, albumin, CRP MPV, sodium, total bilirubin,
and NLR. By integrating these parameters into a single
scoring system, the PediACS model is expected to serve
as a practical, reliable, and cost-effective decision-support
tool that enhances diagnostic precision and contributes
to improved clinical management, particularly in resource-
limited settings.

Materials and Methods

Compliance with Ethical Standards

This study was conducted in accordance with the
ethical principles outlined in the Declaration of Helsinki.
Ethical approval was obtained from the University of
Health Sciences Turkiye, Gaziantep City Hospital Non-
Interventional Clinical Research Ethics Committee (approval
no.: 243/2025, date: 16.07.2025). Given the retrospective
nature of the study, the requirement for informed consent
was waived by the committee. All patient data were
anonymized prior to analysis.

Study Design

This retrospective cross-sectional study included
pediatric patients aged 0-18 years admitted to the tertiary
pediatric surgery clinic between April and June 2025.
Based on clinical, radiological, and histopathological
findings, the patients were categorized into three
groups: (1) The appendicitis group (n=63), consisting of
children with acute appendicitis confirmed by surgical and
histopathological examination; (2) the abdominal pain
group (n=71), including children presenting with right
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lower quadrant pain in whom appendicitis was clinically
and radiologically excluded; and (3) the healthy control
group (n=74), comprising children with normal clinical
and laboratory findings who presented for routine health
evaluations.

The inclusion criteria included pediatric patients aged
0-18 years who presented with acute abdominal pain.
Eligible participants included those with a preliminary
diagnosis  of acute appendicitis  who underwent
appendectomy and had histopathological confirmation.
Patients with abdominal pain due to other conditions,
such as mesenteric lymphadenitis or gastroenteritis,
managed conservatively during the same period, were
also included. Healthy individuals in the same age range
with complete blood count results and basic biochemical
test results served as the control group. Only cases with
complete medical records, laboratory data, and pathology
reports were included in the final analysis.

Patients older than 18 years; those with incomplete
laboratory data for any of the analyzed hematological
or biochemical parameters (n=6); or those without
histopathological confirmation of acute appendicitis (n=3)
were excluded from the study. In addition, individuals who
underwent surgical procedures other than appendectomy
and patients with chronicsystemic diseases that could affect
biomarker levels (such as malignancy, immunodeficiency,
chronic liver or kidney disease, or systemic infection; n=7)
were excluded. After all exclusions were applied, 208
patients with complete medical and laboratory data were
included in the final analysis. Laboratory inconsistencies
arising from preanalytical or postanalytical errors (n=2)
were also excluded. For patients with repeated admissions
for the same diagnosis, only the first admission was
analyzed.

Demographic characteristics (age, sex) and laboratory
results were obtained from the hospital’'s electronic
medical database. The analyzed hematological and
biochemical parameters included WBC count, neutrophils,
lymphocytes, NLR, PLR, mean corpuscular volume (MCV),
red cell distribution width (RDW-CV), MPV, platelet count,
CRP albumin, total bilirubin, direct bilirubin, sodium, and
phosphorus. Among these parameters, NLR, CRP, albumin,
MPV, sodium, and total and direct bilirubin demonstrated
the strongest diagnostic potential and were incorporated
into the final multivariable diagnostic model, termed
PediACS.

Statistical Analysis

All statistical analyses were performed using IBM
SPSS Statistics version 25.0 (IBM Corp., Armonk, NY,
USA) and MedCalc version 20.0 (MedCalc Software Ltd.,
Ostend, Belgium). Data distribution was assessed using
the Kolmogorov-Smirnov test. Continuous variables were
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expressed as medians (interquartile ranges) and compared
among groups using the Kruskal-Wallis test, whereas
categorical variables were analyzed using the chi-square
or Fisher's exact test, as appropriate. Receiver operating
characteristic curve analysis was performed to evaluate
the diagnostic performance of each parameter. The area
under the curve (AUC) was calculated, and sensitivity,
specificity, and optimal cut-off values were determined
using the Youden Index. Variables showing statistical
significance in ROC analysis were subsequently included
in a multivariable logistic regression model to identify
independent predictors of acute appendicitis. Model
performance was assessed using odds ratios (ORs) with
95% confidence intervals (Cls), the Hosmer-Lemeshow
goodness-of-fit test for calibration, and the AUC for
discrimination.

A diagnostic scoring system, the PediACS model,
was constructed from seven parameters that remained
significant in the multivariable regression analysis (direct
bilirubin, albumin, CRP MPV, sodium, total bilirubin,
and NLR). Each variable was assigned a weighted score
according to its regression coefficient, and a nomogram
was developed to facilitate individualized risk estimation.
The clinical utility of the model was further evaluated
using decision curve analysis (DCA). A two-tailed p-value
<0.05 was considered statistically significant.

Results

Comparison of baseline laboratory parameters
among the study groups revealed statistically significant
differences across multiple hematological and biochemical
variables (Table 1). NLR, CRR and albumin showed the
strongest statistical differences (p<0.001), whereas MPV,
phosphorus, and MCV also differed significantly (p<0.05).

Receiver operating characteristic analysis identified
NLR as the most accurate biomarker (AUC=0.845,
sensitivity=83%, specificity=75%), followed by CRP
(AUC=0.815) and albumin (AUC=0.810) (Table 2).

Multivariable logistic regression identified seven
independent predictors of acute appendicitis: direct
bilirubin, albumin, CRP MPV, sodium, NLR, and total
bilirubin (Table 3). Among these, direct bilirubin (OR=8.34,
p=0.0006) and albumin (OR=0.42, p=0.0021) were
the strongest predictors, while CRR MPV, and sodium
also remained significant (p<0.05). The PediACS model
demonstrated excellent discrimination (AUC, 0.903; 95%
Cl, 0.86-0.94; sensitivity, 85.7%; specificity, 89.7%) (Figure
1). No significant multicollinearity was detected among
the predictors (all variance inflation factors <2.5; Table 4).

A nomogram was generated to visualize the scoring
structure of the PediACS model (Figure 2). Each variable
contributed proportionally to the total diagnostic score
according to its B coefficient, and the relative contribution
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of each variable is illustrated in Figure 3, where direct
bilirubin and albumin accounted for the largest diagnostic
weights.

Table 1. Baseline laboratory parameters showing significant
differences (Kruskal-Wallis test)

Parameter H Statistic p-value
NLR 102.73 p<0.000001
NEU 72.55 p<0.000001
LYM 63.59 p<0.000001
PLR 59.78 p<0.000001
CRP 49.53 p<0.000001
RDW-CV 25.45 ~(0.000003
WBC 25.09 ~ 0.000004
Phosphorus 10.16 ~0.0062
MCV 9.27 ~0.0097
MPV 8.17 0.017
Albumin 72.55 p<0.0001
PLT 6.65 0.036

Statistical tests: Kruskal-Wallis test for continuous variables, chi-square or Fisher’s
Exact test for categorical variables

NLR: Neutrophil-to-lymphocyte ratio, NEU: Neutrophil, LYM: Lymphocyte,
PLR: Platelet-to-lymphocyte ratio, CRP: C-reactive protein, RDW-CV: Red cell
distribution width, WBC: White blood cell count, MCV: Mean corpuscular
volume, MPV: Mean platelet volume, PLT: Platelet count

Table 2. Diagnostic performance of single biomarkers (ROC analysis)

Parameter AUC Cut-off | Sensitivity Specificity
NLR 0.845 2.87 0.83 0.75
CRP 0.815 5.50 0.71 0.81
NEU 0.808 7.00 0.79 0.79
PLR 0.754 13435 | 0.81 0.66
Albumin 0.810 4.15 0.77 0.72
MPV 0.709 7.85 0.68 0.71
Total bilirubin | 0.701 0.80 0.65 0.76

Abbreviations and tests: Table 1 plus ROC analysis for diagnostic accuracy

NLR: Neutrophil-to-lymphocyte ratio, CRP: C-reactive protein, NEU: Neutrophil,
PLR: Platelet-to-lymphocyte ratio, MPV: Mean platelet volume, ROC: Receiver
operating characteristic, AUC: Area under the curve

Table 3. Optimal cut-off and overall model performance
(PediACS model)

Metric Value
AUC 0.903
Optimal cut-off (Youden Index) 0.214
Sensitivity 85.7%
Specificity 89.7%
Accuracy 87.9%
F1 score 0.87

Abbreviations and tests: Same as Table 1 plus ROC and Youden Index analysis
ROC: Receiver operating characteristic, AUC: Area under the curve
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Calibration analysis demonstrated strong agreement
between predicted and observed probabilities (Table 5).
The Hosmer-Lemeshow goodness-of-fit test (p>0.05)
and the calibration curve (Figure 4) confirmed accurate
probability estimation across the entire prediction range.

1.0

0.81

Sensitivity
=
o

o
IS

0.2

0.0 = AUC = 0.903

0.8 1.0

0.0 0.2 0.4 0.6

1 - Specificity

Figure 1. Receiver Operating Characteristic (ROC) Curve for the
PediACS Model

The ROC curve illustrates excellent discrimination between acute
appendicitis and control groups (AUC=0.903, 95% Cl 0.86-0.94).
The optimal cut-off determined by the Youden Index (0.214)
yielded 85.7% sensitivity and 89.7% specificity. The curve
confirms strong diagnostic performance of the model across all
evaluated biomarkers

ROC: Receiver operating characteristic, AUC: Area under the curve, Cl:
Confidence interval

Direct Bilirubin

Albumin

CRP

MPV

Sodium

Total Bilirubin

NLR

40 60
Weighted Score Contribution

80

Figure 2. Nomogram-based scoring algorithm for the PediACS
model (7-parameter model)

Nomogram-based scoring algorithm for the PediACS model
showing the relative contribution of seven laboratory parameters
to the total diagnostic score. Direct bilirubin and albumin had
the highest predictive weights, followed by CRR MPV, and
sodium. The weighted points correspond to each parameter’s
B coefficient derived from the multivariable logistic regression
model

CRP: C-reactive protein, MPV: Mean platelet volume, NLR: Neutrophil-
to-lymphocyte ratio
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The optimal cut-off value determined by the Youden
Index (0.214) yielded a sensitivity of 85.7%, a specificity of
89.7%, an overall diagnostic accuracy of 87.9%, and an F1
score of 0.87. A comparative ROC analysis indicated that
the PediACS model achieved a significantly higher AUC
than that of the best-performing single biomarker, NLR
(AAUC=+0.058, p=0.031; Table 6). Decision curve analysis
(Figure 5) demonstrated greater net clinical benefit across
a broad range of threshold probabilities, confirming the
model’s clinical utility in accurately distinguishing pediatric
appendicitis.

Discussion

The present study assessed the diagnostic performance
and clinical applicability of the PediACS model, a seven-
parameter framework that combines biochemical and
inflammatory markers to improve the diagnostic accuracy
for pediatric acute appendicitis. The model demonstrated
excellent discrimination (AUC=0.903, 95% Cl: 0.86-0.94),
good calibration (Hosmer-Lemeshow p>0.05), and a clear
net clinical benefit across probability thresholds from 0.2
to 0.7 in the DCA. These results indicate that the model
not only performs well statistically but also has significant
potential as a practical tool for supporting individualized
clinical decision-making in pediatric emergency settings.

Each biomarker incorporated into the PediACS model
reflects a distinct physiological mechanism underlying
appendiceal inflammation. Among these, direct
(conjugated) bilirubin was identified as the strongest
independent predictor (OR=8.34). Its increase is most
likely attributable to cytokine-mediated hepatocellular
cholestasis induced by interleukin-6 (IL-6) and tumor
necrosis factor-o. (TNF-a.). These pro-inflammatory cytokines
impair both bile excretion and conjugation during the
early stages of inflammation, thereby interfering with
hepatocellular bile transport processes (11,12). In line with
these observations, several previous studies have reported
significantly elevated serum bilirubin levels in patients
with appendicitis (13-16). Taken together, these findings
support the hypothesis that hepatic metabolic alterations
are closely associated with the systemic inflammatory

response.
Conversely, hypoalbuminemia represents a classic
negative acute-phase response, primarily resulting

from cytokine-mediated suppression of hepatic protein
synthesis and an increase in vascular permeability (17). In
our study, reduced serum albumin levels were significantly
associated with appendicitis and remained an independent
inverse predictor in the multivariable analysis (OR=0.42;
p=0.0021), consistent with its progressive decline under
elevated inflammatory stress.

C-reactive protein is rapidly synthesized by hepatocytes
in response to IL-6 and IL-1f signaling (18,19). Its plasma
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Table 4. Multivariable logistic regression analysis (PediACS 7-parameter model)

Parameter B SE p-value OR (Exp ) 95% Cl (Lower-upper)
Direct bilirubin 2.121 0.613 0.0006 * 8.34 2.51-27.75
Albumin -0.868 0.273 0.0021 % 0.42 0.25-0.73
MPV 0.554 0.257 0.031 % 1.74 1.05-2.87
CRP 0.030 0.012 0.0049 * 1.03 1.01-1.06
Sodium 0.174 0.081 0.028 % 1.19 1.02-1.40
NLR 0.174 0.133 0.181 1.19 0.92-1.55
Total bilirubin 0.385 0.348 0.269 1.47 0.74-2.89
Abbreviations and tests: As above; multivariable logistic regression used for independent predictors; Hosmer-Lemeshow test for model calibration

SE: Standard error, OR: Odds ratio, Cl: Confidence interval, MPV: Mean platelet volume, CRP: C-reactive protein, NLR: Neutrophil-to-lymphocyte ratio

% Statistically significant at the 0.05 level (p<0.05)

Parameters
Direct Bilirubin (26%)
Albumin (21%)

CRP (17%)

MPV (12%)

Sodium (9%)

Total Bilirubin (8%)
NLR (7%)

Total
Score
100% |

i

Figure 3. PediACS nomogram: score contribution distribution
(7-parameter model)

Distribution of the relative contribution of seven laboratory
parameters to the PediACS diagnostic model, expressed as
percentage of total score. Direct bilirubin and albumin accounted
for the highest proportions, followed by CRR MPV, and sodium.
The model composition demonstrates balanced weighting across
inflammatory and biochemical markers

CRP: C-reactive protein, MPV: Mean platelet volume, NLR: Neutrophil-
to-lymphocyte ratio
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Figure 4. Calibration curve for the PediACS model

Calibration curve for the PediACS model showing strong
agreement between predicted and observed probabilities
of acute appendicitis. The blue line represents the model’s
performance, while the dashed gray line indicates perfect
calibration. The model demonstrates excellent calibration with
Hosmer-Lemeshow goodness-of-fit test (p>0.05)
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concentration rises markedly during inflammatory
conditions, thereby making CRP both a key component
of the innate immune response and a clinically valuable
marker for assessing the severity of systemic inflammation
(20-24). The plasma CRP level shows a positive correlation
with the intensity of inflammation, which explains its
widespread clinical use as a non-specific but highly sensitive
biomarker in various infectious and inflammatory diseases
(25,26). Accordingly, the CRP-to-albumin ratio (CAR)
serves as a sensitive indicator of inflammatory intensity
and disease progression. As CRP levels rise and albumin
concentrations decrease during inflammation, an elevated
CAR value reflects a greater systemic inflammatory burden
and has been associated with poorer clinical outcomes
(27).

In appendicitis, hyponatremia is commonly attributed
to the non-osmotic release of antidiuretic hormone
(ADH, vasopressin) triggered by systemic inflammation.
Circulating  pro-inflammatory  cytokines,  including
IL-6 and IL-1B, can cross the blood-brain barrier and
activate the hypothalamic supraoptic and paraventricular
nuclei. This cytokine-mediated stimulation leads to ADH
hypersecretion, excessive renal free-water reabsorption,
and ultimately dilutional or inflammation-related
hyponatremia (28). In our cohort, lower sodium levels
demonstrated a modest but statistically significant
association with appendicitis (OR=1.19), supporting this
proposed pathophysiological mechanism. Consistent with
previous evidence, hyponatremia has also been suggested
as a potential indicator of complicated appendicitis, and
recent reports further reinforce this association (29).

Inflammatory laboratory markers—including CRP NLR,
and MPV—serve as important indicators of the systemic
inflammatory response (6,7). C-reactive protein remains
the primary acute-phase reactant in humans and reliably
reflects the degree of inflammation.

The NLR, derived easily and inexpensively from
routine differential counts, provides additional insight
into subclinical inflammation. By integrating stress-
related neutrophilia with relative lymphopenia, the NLR
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Table 5. Model calibration and multicollinearity assessment
Variable VIF Tolerance
CRP 1.82 0.55
Albumin 1.49 0.67
Direct bilirubin 1.36 0.73
Sodium 1.24 0.80

MPV 1.21 0.82

NLR 2.1 0.47

Total bilirubin 1.40 0.71
Hosmer-Lemeshow p>0.05 Good fit
VIF: Variance inflation factor, CRP: C-reactive protein, MPV: Mean platelet
volume, NLR: Neutrophil-to-lymphocyte ratio

| —e— PediACS Model
——~ Perfect Calibration

1.0

0.81

@
o
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Hosmer-Lemeshow p > 0.05
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Predicted Probability of Appendicitis
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Figure 5. Decision Curve Analysis (DCA) for the PediACS Model
(7-Parameter Version)

Decision curve analysis demonstrates that the PediACS model
(solid line) provides a higher net benefit across a wide range
of threshold probabilities compared with the “treat-all” (dashed
line) and “treat-none” (dotted line) strategies. The model achieves
the greatest clinical benefit between threshold probabilities of
approximately 0.2 and 0.7, supporting its utility for individualized
surgical decision-making in pediatric appendicitis

quantitatively reflects the imbalance between innate and
adaptive immune activity. Through this mechanism, NLR
may contribute meaningful supplementary information
regarding both the onset and severity of appendicitis,
thereby supporting clinical decision-making (30).

Mean platelet volume, an indicator of platelet size and
activation, has frequently been investigated as a biomarker
of systemic inflammation. Previous studies have shown
that MPV correlates with inflammatory burden, and that
elevated MPV levels in complicated appendicitis (e.g.,

241

Table 6. Comparative ROC analysis (best single marker vs PediACS
model)

AAUC vs
Model AUC best single | p-value
marker
Best single marker (NLR) 0.845 - -
PediACS model 0.903 +0.058 0.031

Abbreviations and tests: As in Table 1 plus ROC comparison
between curves (DelLong test). NLR: Neutrophil-to-lymphocyte ratio

perforated or gangrenous cases) may help identify high-
risk patients who require urgent surgical intervention (31).

The elevation of MPV in acute appendicitis can be
explained by the systemic inflammatory response and the
accompanying increase in platelet activation (32). Under
inflammatory conditions, thrombopoiesis accelerates,
resulting in the release of larger, immature platelets into
the circulation. These platelets are metabolically more
active and exhibit greater proinflammatory potential,
which accounts for the higher MPV values observed in
acute inflammation, including appendicitis (33,34). In
complicated forms such as perforated or gangrenous
appendicitis, the inflammatory response is particularly
intense, leading to a more pronounced increase in MPV.
Ishizuka et al. (34) have shown that cytokines—especially
IL-6—play a pivotal role in modulating megakaryocyte
proliferation and platelet activation during severe
inflammation.  This  cytokine-mediated  stimulation
promotes the release of larger platelets, reinforcing
the value of MPV as a marker of inflammatory severity,
particularly in complicated appendicitis.

When considered collectively, these hematologic
and biochemical markers reflect the multidimensional
inflammatory profile underlying appendiceal disease.
Reactive oxygen species play a central role in inflammation-
related tissue injury; free radicals released from
polymorphonuclear leukocytes promote lipid peroxidation,
increase microvascular permeability, and contribute to
cellular damage. Evidence from the literature indicates
that oxidative stress markers—such as malondialdehyde,
thiobarbituric acid-reactive substances, and superoxide
dismutase—are significantly elevated in advanced or
gangrenous appendicitis (35). Overall, these observations
suggest that systemic inflammation and oxidative stress
jointly contribute to appendiceal tissue damage and
metabolic dysregulation, which may further explain the
biochemical alterations observed in bilirubin and albumin
levels within the PediACS model.

The diagnostic potential of classical inflammatory
biomarkers such as WBC count, neutrophil count, and
CRP has been extensively investigated (6). Although these
parameters often demonstrate moderate to high diagnostic
accuracy when assessed individually, they typically lose
independent predictive strength in multivariable analyses.
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This finding underscores the rationale for using multivariate
modeling in the PediACS framework, which integrates
biomarkers with complementary biological relevance.
The early stage of infection is typically characterized by
neutrophilia and relative lymphopenia (36); consequently,
the NLR has recently been proposed as a useful biomarker
for detecting bacterial infections (37). Previous studies have
shown that leukocyte count and NLR are markedly higher
in complicated appendicitis compared to uncomplicated
cases, with particularly elevated NLR values observed in
perforated appendicitis (38).

Although individual biomarkers such as the
(NLR, AUC=0.845), (CRP AUC=0.815), and albumin
(AUC=0.810) demonstrated strong univariate diagnostic
accuracy, their predictive power diminished when
analyzed together, suggesting overlapping biological
variance. This pattern aligns with previous reports in the
literature. Buyukbese and Sarac (6) reported similarly
high diagnostic accuracy for CRP (AUC=0.887) and WBC
count (AUC=0.845), whereas Birben et al. (39) observed
moderate diagnostic performance for bilirubin-based
indices (AUC = 0.77-0.79). Similarly, diagnostic models
based on the NLR have demonstrated high discriminative
ability in pediatric populations, emphasizing the clinical
relevance of inflammatory biomarkers in appendicitis. In
addition, several investigations have suggested that NLR
and bilirubin levels may aid in establishing the diagnosis or
assessing disease severity. However, reported diagnostic
performance varies widely across studies, largely due to
methodological differences and heterogeneity in patient
populations.

While Zhang et al. (8) also identified CRR NLR, and
direct bilirubin as significant biomarkers associated with
complicated appendicitis, our findings further highlight
the pivotal role of direct bilirubin as the most specific and
independently predictive parameter within the multivariate
diagnostic framework.

Beyond classical inflammatory markers such as CRP NLR,
and MPV, the PediACS model also incorporates biochemical
indicators including direct and total bilirubin, sodium,
and albumin, thereby reflecting the multifactorial nature
of appendiceal inflammation. Although CRP and sodium
individually exhibited limited diagnostic discrimination,
their inclusion enhanced the model’s overall diagnostic
accuracy through synergistic interactions between
inflammatory and biochemical pathways. This integrative
structure outperformed the best single biomarker
(AAUC=0.058, p=0.031). In contrast to previous studies
that evaluated isolated parameters such as NLR in small
or heterogeneous pediatric cohorts-which consequently
reported variable diagnostic performance and limited
generalizability (40). The present analysis demonstrates
that combining inflammatory and biochemical markers
yields superior diagnostic performance with robust internal
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calibration. Similarly, earlier studies focusing on a limited
set of biochemical markers, particularly bilirubin and CRP
in selective cohorts with normal WBC counts have shown
inconsistent diagnostic accuracy.

The nomogram visualization further supports these
findings, illustrating how biochemical and inflammatory
markers are integrated into a clinically applicable
framework for individualized risk estimation. This
multivariable synergy reflects the dynamic interaction
between biochemical and inflammatory processes, as
hepatic, hematologic, and electrolyte alterations co-evolve
throughout the course of appendiceal inflammation.
In the nomogram analysis, direct bilirubin showed the
greatest contribution to the overall risk score, whereas low
albumin levels acted as a negative predictor, consistent
with previous biochemical evidence on the suppressive
effects of systemic inflammation on hepatic protein
synthesis (17). Collectively, these findings confirm that the
nomogram effectively captures the integrated diagnostic
value of biochemical and inflammatory parameters.
Among the available inflammatory indicators, MPV is one
of the markers that has shown the greatest variability
across studies. While some investigations have reported
lower MPV values in acute appendicitis, others have
described higher values, resulting in inconsistent diagnostic
performance. These discrepancies limit the utility of MPV
as a reliable standalone biomarker. Nevertheless, when
combined with other hematological and biochemical
parameters that reflect different components of the
inflammatory response, MPV can contribute meaningfully
within a multivariable diagnostic framework.

This pattern is consistent with the findings of our
study: although MPV demonstrated limited independent
diagnostic power, it enhanced the overall performance of
the multivariate PediACS model by complementing other
markers. Similarly, parameters such as total bilirubin and
the NLR may show strong performance in ROC analyses
but lose statistical significance once overlapping biological
pathways are accounted for in multivariable modeling. These
observations highlight the importance of integrating multiple
indicators rather than relying on any single biomarker in the
diagnostic assessment of pediatric appendicitis.

At the Youden-optimized cut-off value of 0.214, the
PediACS score achieved 85.7% sensitivity and 89.7%
specificity, yielding an overall diagnostic accuracy of
87.9%. Decision-curve analysis (Figure 5) demonstrated a
consistent net clinical benefit across threshold probabilities
between 0.2 and 0.7, outperforming both the “treat-all”
and “treat-none” strategies.

In practical terms, when ultrasonography provides
inconclusive results, a high PediACS score may warrant
early surgical consultation or short-interval reassessment,
whereas a low score may support conservative
management and reduce unnecessary imaging.
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Because the model is based solely on routinely available
laboratory parameters, it can be implemented across
diverse clinical environments without additional cost or
specialized training.

Most pediatric studies evaluating bilirubin fractions,
CRP or albumin individually have reported AUC values
between 0.70 and 0.85, often without calibration or
decision-curve validation. By achieving an AUC of 0.903,
the PediACS model demonstrates superior diagnostic
performance and clinical applicability.

Moreover, its nomogram-based visualization provides
a user-friendly framework for estimating patient-specific
risk, thereby bridging the gap between statistical modeling
and bedside decision-making.

Future external validations should explore age-
specific physiological adaptations, taking into account
developmental differences in bilirubin  metabolism,
albumin synthesis, and sodium regulation.

In addition, large-scale multicenter prospective studies
are warranted to assess the model’s ability to reduce
unnecessary imaging and negative appendectomy rates,
particularly when integrated with ultrasonography or
existing clinical scoring systems.

Study Limitations

This study has several limitations. First, its retrospective
and single-center design may limit the generalizability of
the findings to broader pediatric populations. Second,
although the sample size was statistically adequate,
the study period was relatively short; therefore, future
research involving larger, multicenter cohorts is warranted
for external validation. Third, imaging interpretations and
surgical decision-making were based on clinical judgment,
potentially introducing interobserver variability. Finally,
only routinely available laboratory parameters were
analyzed, and the potential diagnostic contribution of
emerging biomarkers or advanced imaging modalities was
not assessed.

Despite these limitations, the study has notable
strengths. It is among the few pediatric appendicitis
investigations to integrate both inflammatory and
biochemical parameters into a unified multivariate
diagnostic model. By relying exclusively on routine, low-
cost laboratory data, the PediACS model enhances clinical
feasibility and accessibility, particularly in resource-limited
settings. Moreover, its excellent discriminatory capacity
(AUC=0.903) and strong calibration (Hosmer-Lemeshow
p>0.05) confirm its reliability as a practical, objective, and
cost-effective decision-support tool for the early diagnosis
of acute appendicitis in children.

Conclusion

The PediACS model, which integrates seven routinely
available biochemical and inflammatory parameters,
demonstrated excellent diagnostic accuracy (AUC=0.903)
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for detecting acute appendicitis in children. Its
multivariable design provides a practical, accessible, and
low-cost clinical decision-support tool, particularly valuable
when ultrasonographic findings are inconclusive. The
model’s strong calibration and high overall performance
underscore its potential for routine implementation in
pediatric emergency settings. Nonetheless, prospective
multicenter studies involving diverse pediatric populations
are needed to confirm and externally validate its diagnostic
reliability and generalizability.
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Abstract

Aim: Acute phase reactants may not always be positive in ankylosing spondylitis (AS). We herein aimed to investigate whether the
neutrophil-to-albumin ratio (NAR) is useful in monitoring AS activity.

Methods: One hundred nineteen patients who were followed up in the internal medicine rheumatology clinic between August 2024
and September 2024 and diagnosed with AS according to the axial spondyloarthropathy classification criteria of the Association for
the Assessment of SpondyloArthritis international Society and the 1984 modified New York criteria were included in our study. The
C-reactive protein (CRP), neutrophil-to-lymphocyte ratio (NLR), NAR and Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)
status of the patients were recorded at two visits, before and 6 months following treatment.

Results: A significant correlation was found between the initial NLR and the NLR values after 6 months, and between the initial and
6-month BASDAI values in both the CRP positive and CRP negative groups (p=0.000 and p=0.017). It was observed that the changes
in individual NAR and NLR values and BASDAI values for each case were parallel (p=0.012).

Conclusion: C-reactive protein values in AS are not always consistent with disease activity, but the NLR may be helpful in such cases.
As for the NA ratio, we found that each patient should be evaluated individually.

Keywords: Ankylosing spondylitis, neutrophil-to-albumin ratio, neutrophil-to-lymphocyte ratio

Introduction lower extremities and limited to the vertebrae. The most
common extra-articular involvement is anterior uveitis.
Other types of involvement include inflammatory bowel
disease, psoriasis, apical pulmonary fibrosis, and aortic
valve insufficiency (2). The disease typically begins in

o } . ) : the third decade of life, and the male/female ratio for
pain is the most important symptom: Morning stiffness radiographic axial spondyloarthritis is two to one, while

in the hip in the second half of the night is quite specific. for non-radiographic axial spondyloarthritis it is one to
Decreased vertebral movements are observed in the  gne The most common genetic association is with human
advanced stages of the disease. Ankylosing spondylitis leukocyte antigen-B27 (HLA-B27) (3). The incidence
can also present as peripheral arthritis, which is often estimates of AS range from 0.05% to 1.4%, while the
oligoarticular and asymmetric, frequently affecting the prevalence estimates range from 0.1% to 1.4% per

Ankylosing spondylitis (AS) is a chronic, systemic
inflammatory disease that primarily affects the
sacroiliac joint and spine. It represents the archetype of
spondyloarthropathies (SpA) (1). Inflammatory low back
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10,000 person-years (4). In Tlrkiye, the overall prevalence
of SpA, including AS, is 1.05% (5).

When treatment is ineffective, this disease can lead
to permanent disability. Scores are calculated to monitor
activity. Among the components of these scores,
erythrocyte sedimentation rate (ESR) and Creactive
protein (CRP) are frequently used (6,7). However, ESR and
other acute phase reactants are not always associated
with disease activity, and changes in ESR are observed in
less than 50% of patients. Interleukin 6 and tumor necrosis
factor can be considered markers of inflammation in AS,
but centers that can routinely test for them are in the
minority (1). For this reason, a search for other acute phase
reactants has been initiated while easily calculable and
cost-effective indicators related to systemic inflammation
have been investigated. Based on the knowledge that
neutrophil and platelet levels increase with inflammation
and lymphocyte levels decrease in autoimmune diseases,
neutrophil, monocyte, lymphocyte, and platelet counts
and indices derived from these, such as the neutrophil-to-
lymphocyte ratio (NLR), monocyte-lymphocyte ratio, and
platelet-lymphocyte ratio, have thus gained prominence (1).
However, rapid changes in these values, especially during
infections, may lead to misleading results independent of
AS activity, as they develop in parallel with their half-lives
(8). Therefore, we aimed to utilize albumin levels, which
have a long half-life and serve as a negative acute phase
reactant associated with chronic inflammation (9) and to
examine changes in neutrophil-to-albumin ratios (NAR) in
AS. In doing so, we used the method of comparison with
the NLR emphasized in the previous studies. Our study
is the first to evaluate the NAR in AS. In this study, we
hypothesized that the NAR may be useful in monitoring
the activity of AS.

Materials and Methods

Compliance with Ethical Standards

The ethics committee application was received from
Erzincan Binali Yildirim University Non-Interventional
Clinical Research Ethics Committee (approval no.: 2024-
09/02, date: 11.07.2024). Our work is in accordance with
the provisions of the Helsinki Declaration (revised in Brazil
in 2013). Informed consent has been obtained in writing
from the patients.

Study Design

One hundred nineteen patients who were followed
up in our hospital’s internal medicine rheumatology clinic
between August 2024 and September 2024 and diagnosed
with AS according to the axial spondyloarthropathy
classification criteria of the Association for the International
Assessment of Spondyloarthritis and the 1984 modified
New York criteria (7) were included in our study.
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The patients selected during these months had applied
to our clinic for the first time 6 months ago and were
newly diagnosed at that time. The criteria for inclusion in
the study also included being at least 18 years old, not
being pregnant, and not breastfeeding. The patients’
gender, age (years), medications, comorbidities, disease
duration (months), and HLA-B27 status were evaluated.
C-reactive protein status, NLR, NAR, and Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) were recorded
at two visits, before and 6 months following treatment.
In this study, it was important that the variations in the
BASDAI score and acute phase reactants varied in parallel
with the BASDAI status, rather than the effectiveness of
the treatment or which treatment the patient received.

Total blood count values were measured by flow
cytometry, albumin values by spectrophotometric
methods, and CRP values by nephelometric methods. NLR
and NAR were calculated with mathematical ratios. For
CRR values of 5 mg/L and above were considered positive,
while values below this were considered negative. The
BASDAI score is obtained by calculating patients’ general
fatigue, neck, back, and hip pain, peripheral arthritis,
tenderness, and morning stiffness on a scale of 0 to 10.
The BASDAI score of 4 and above was considered positive,
while values below this were evaluated as negative. The
BASDAI score positivity, CRP value positivity, and possible
increases in the NLR and the NAR were associated with
inflammation and disease activity.

Statistical Analysis

Patients were grouped as positive and negative based
on their initial CRP values. The initial BASDAI status of
these groups was statistically compared with the initial
median values of NAR and NLR, as well as the BASDAI
status after 6 months with the median values of NAR and
NLR from that same period. Additionally, the initial median
values of NAR and NLR for each case were compared with
the median values 6 months following treatment. Chi-
square, paired t-test, Wilcoxon two-related-samples t-test,
and Kruskal-Wallis test were used with SPSS version 22. A
p-value of 0.05 or below was considered significant. The
study was conducted retrospectively.

Results

Demographic Data

The total number of patients was 119. Sixty-four
patients were male (54%), and 55 patients were female
(46%). The average age of the patients was 41.9+10.3.
The distribution of patients according to the medications
they used is as follows: ten patients using methotrexate
(8.5%), 18 patients using duloxetine (15%), 3 patients
using hydroxychloroquine (2.5%), 84 patients using
sulfasalazine (70.6%), 10 patients using colchicine (8.5%),
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Table 1. Demographic characteristics of patients

Age (year), mean = *SD, (min-max) 41.9+10.3 (19-69)
Female, (n%) 55 (46)

Male, (n%) 64 (54)
Methotrexate using, (n%) 10 (8.5)
Duloxetine using, (n%) 18 (15)
Hydroxychloroquine using, (n%) 3(2.5)
Sulfasalazine using, (n%) 84 (70.6)
Colchicine using, (n%) 10 (8.5)
**NSAID using, (n%) 85 (71.4)
Adalimumab using, (n%) 33(28)

infliximab using, (n%) 15 (12.5)
Certolizumab using, (n%) 7 (6)

Golimumab using, (n%) 13 (11)
Etanercept using, (n%) 11(9)
Secukinumab using, (n%) 8(6.5)

FME (n%) 7 (6)

Behcet's disease, (n%) 4 (3.5)

Uveitis, (n%) 13(11)

Psoriasis, (n%) 1(0.8)

1UC, (n%) 4(3.2)

Crohn's disease, (n%) 2(1.6)

Type 2 DM, (n%) 2(1.6)

HHT, (n%) 2(1.6)
Fibromyalgia, (n%) 39 (33)
Peripheral arthritis, (n%) 81 (68)

8NLR (beginning), median (min-max) 1.970 (0.55-12.44)
$NLR (after 6 months), median (min-max) 1.762 (0.62-6.86)
TINAR (beginning), median (min-max) 0.111 (0.06-2.41)
TINAR (after 6 months), median (min-max) 0.101 (0.01-1.70)
(DrTL\Jirr?-trir?;x)Of disease (month), mean + *SD 56.2455.8 (0-228)
TTBASDAI positive cases, (n%) 107 (90)
TTBASDAI positive cases (after 6 months), (n%) | 46 (31)

***CRP positive cases, (n%) 59 (49)

***CRP positive cases (after 6 months), (n%) 29 (25)
FHLA-B27 positive cases, (n%) 60 (51)

Explore and frequency test were used

*SD: Standard deviation, **NSAIDs: Non-steroidal anti-inflammatory drugs,
*FMF: Familial mediterranean fever, TUC: Ulcerative colitis, TType 2 DM: Type
2 diabetes mellitus, #HT: Hypertension, $SNLR: Neutrophil-to-lymphocyte ratio,
TINAR: Neutrophil-to-albumin ratio, TT/BASDAI: Bath Ankylosing Spondylitis
Disease Activity Index, ***CRP: C-reactive protein, #*HLA-B27: Human leukocyte
antigen-B27

85 patients using non-steroidal anti-inflammatory drugs
(71.4%), 33 patients using adalimumab (28%), 15 patients
using infliximab (12.5%), 7 patients using certolizumab
(6%), 13 patients using golimumab (11%), 11 patients
using etanercept (9%), and 8 patients using secukinumab
(6.5%). Seven patients had familial Mediterranean fever
(6%); 4 patients had Behcet's disease (3.5%); 13 patients
had uveitis (11%); 1 patient had psoriasis (0.8%); 4
patients had ulcerative colitis (3.2%); 2 patients had
Crohn's disease (1.6%); 2 patients had type 2 diabetes
mellitus (1.6%); 2 patients had hypertension (1.6%); 39
patients had fibromyalgia (33%); and 81 patients had
peripheral arthritis (68%) as comorbidities. The initial
NLR median (min-max) was 1.970 (0.55-12.44); the NLR
median after 6 months was 1.762 (0.62-6.86); the initial
NAR median (min-max) was 0.111 (0.06-2.41); and the
NAR median after 6 months was 0.101 (0.01-1.70). The
disease duration was 56.2+55.8 months. At the beginning,
107 patients had positive BASDAI scores (90%), while
6 months later, 46 patients had positive BASDAI scores
(31%). There were 59 patients with positive CRP values at
the beginning (49%), and 6 months later, there were 29
patients with positive CRP values (25%). There were 60
patients (51%) who were HLA-B27 positive (Table 1).

Relation Between Acute Phase Reactants and
BASDAI Scores

Initial CRP positivity was correlated with a high initial
BASDAI score, and CRP positivity after 6 months correlated
with changes in BASDAI score at that time (Table 2).

The relation between the initial NLR values and initial
BASDAI scores and the NLR values and BASDAI scores six
months later was also compared between cases with initial
CRP positive and negative statuses. Both the CRP positive
and CRP negative groups showed that the initial NLR values
changed in correlation with the initial BASDAI scores, and
the NLR values after 6 months changed in correlation
with the BASDAI scores after 6 months. However, when
we analyzed the NAR values, this situation was not valid
for either group (Table 3). In Table 4, the change in acute
phase reactants was examined based on the first and
6-month BASDAI values of each case in groups with initial
CRP values that were positive or negative. Accordingly, the
NLR and NAR values changed in parallel with the case-
specific BASDAI scores. However, there was no significant
increase in NAR values in cases where the initial CRP

Table 2. Relationship between BASDAI scores at baseline and 6-month follow-up and CRP

Lare R EREET Relationship with "BASDAI TBASDAI is TBASDAI (after 6 months) n (%)
P (p-value) high (n%) (p-value) 3

**CRP positivity 0.048* 56 (47) - -

**CRP positivity (after 6 months) - 0.001* 19 (16)

Chi-square test was used

*: p-value is significant (<0.05), **CRP: C-reactive protein, TBASDAI: Bath Ankylosing Spondylitis Disease Activity Index
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value was positive and the first
BASDAI score was low, even if the
months. Similarly, in cases where
the initial CRP value was negative
and the first BASDAI score was

BASDAI score was high after 6

Finally, when we investigated
acute phase reactants that could

no significant increase in the NLR
help predict disease activity, we

BASDAI score after 6 months,
value was observed.

low, despite an increase in the

initial NLR values are predictors of
Discussion

concluded that the initial CRP and
the BASDAI score (Table 5).
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Table 5. Predictors of BASDAI score

Acute phase reactant p-value Exp (B) 95% confidence interval
Baseline **CRP 0.044* 8.8 1.06-73.09

Baseline *NLR 0.006* 79.1 3.47-1802.13

Baseline SNAR 0.545 51.5 0.056-3.65

Paired t-test, Wilcoxon two related samples test, and Kruskal-Wallis test were used

*: pvalue is significant (<0.05), BASDAI: Bath Ankylosing Spondylitis Disease Activity Index, **CRP: Creactive protein, *NLR: Neutrophil-to-lymphocyte ratio, SNAR:

Neutrophil-to-albumin ratio

were significantly higher than those of patients having a
low baseline BASDAI score, and this was also valid for the
visits at 6-month follow-up. The study conducted by Karoli
et al. (12) on 200 patients diagnosed with AS in India
found that cases with a high BASDAI score (>4) also had
elevated CRP and NLR values. In this regard, our study is
consistent with the literature. In line with this information,
a positive CRP value at the time of diagnosis in an AS
patient may predict the presence of inflammation with a
high BASDAI score and indicate that CRP can be used as
an activity marker. Additionally, studies indicating that NLR
values parallel CRP indicates that the NLR can also be used
for this purpose just like CRP

However, in the group with a negative initial CRP
value, we identified the NLR as the only acute phase
reactant that showed a significant difference between
patients with high and low initial BASDAI scores, and
it followed a parallel trend with the BASDAI score.
According to the meta-analyses by Xu et al. (13), which
encompass a total of 10 studies involving 765 AS patients
and 701 healthy individuals, it has been noted that the
NLR values in patients are related to BASDAI and CRP
levels, and that NLR values may indicate disease activity.
In addition, a study conducted by Kucuk et al. (14) with
102 AS patients in Turkiye found that the NLR values in
cases with severe disease activity were significantly higher
than those in cases with mild disease activity, and there
was a positive correlation with the BASDAI score. In this
regard, it can be concluded that the NL ratio may serve
as an alternative acute phase reactant in the follow-up
of AS cases where CRP values are negative and CRP is
insufficient in determining disease activity. The group with
a negative initial CRP value and a high initial BASDAI score
showed a decrease in BASDAI score and a decrease in
the NL ratio after 6 months of treatment compared to
initial values. However, in the group with a negative initial
CRP value and a low initial BASDAI score, no increase
was observed in the NL rate compared to the initial
values, despite a high BASDAI score after 6 months of
treatment. It was a surprising finding in our research.
When we investigated the reason for this, we discovered
that non-inflammatory pathologies could lead to an
increase in the BASDAI score 6 months after treatment in

selected cases. Fibromyalgia and mechanical joint diseases
are the main causes that can lead to a misleading increase
in the BASDAI score. According to the study conducted by
Gao (15) with 121 patients diagnosed with AS in China,
the BASDAI score in patients accompanied by fibromyalgia
was higher compared to those without. The lack of an
increase in the NL ratio has allowed us to determine
that the condition is not inflammatory, thus making it
a reliable parameter. However, there are also studies in
the literature indicating that the NL ratio does not show
a linear relationship with the BASDAI score and disease
activity (16,17). Therefore, more studies are needed to
determine whether the NLR can be used in the context of
negative acute phase reactant cases in AS.

On the other hand, this situation, observed for
the NLR and CRP was not valid for the NAR, which is
another variable we investigated. There was no significant
difference in the NA ratios between patients with high
and low BASDAI scores in both the acute phase positive
and negative groups at the first visit. This was also the case
after 6 months. However, a significant difference appeared
between the NA ratios measured at the beginning of the
study and after 6 months, in parallel with the variation in
the BASDAI score calculated at the beginning and after
6 months for each case. If a patient’s high initial BASDAI
score decreased after 6 months, it was also observed that
this patient’s NAR was also lower after 6 months. The
reason for this situation may be the effects of individual
factors such as liver functions, gender differences, and
nutritional status on albumin, along with the relatively
long half-life of albumin, which is about 3 weeks (18).
Therefore, the result may be necessary to compare the
result with the case itself. In our study, we did not have
any patients with liver failure. Since the albumin value
was not evaluated independently, differences between
genders were not examined, and nutritional status was
not assessed. Another finding in our study was that in
cases where the BASDAI score was low in the initial CRP
positive group and the BASDAI score was high after 6
months, there was no increase in the NAR compared to
the initial score. When we investigated the reason for this,
we found that the number of cases was insufficient and
that statistical analysis could not be conducted.
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When we researched the literature on this topic, we
could not find any studies evaluating the NA ratio in AS.
The lack of studies on the variation of NAR between
AS patients and healthy individuals makes it impossible
to establish a cut-off value for it or to comment on the
existence of a significant difference. However, in the
study conducted by Feng et al. (19) on lung cancer
cases, it was concluded that the NAR was closely related
to inflammation and exhibited an increase. In addition,
a study conducted by Karasu et al. (20) in Tirkiye has
shown that NAR was high in cases of acute myocardial
infarction. In line with these studies, it suggests that the
level of the NAR increases in inflammatory conditions;
thus, it may be used to monitor inflammatory processes.
This also supports the idea that NAR can be used in the
follow-up of rheumatological diseases, and it indicates
that more research is needed.

Finally in our study, acute phase reactants that could
predict disease activity were identified as CRP and NLR.
That is, in cases where the initial CRP value is positive,
the CRP indicates that the BASDAI score will be higher
and the disease will progress more aggressively. In
cases with negative CRP NLR served this purpose. In the
study conducted by Chen et al. (21) with 156 patients,
elevated CRP levels were associated with the disease’s
poor prognosis, and our research was consistent with the
literature in this regard.

Study Limitations

Our limitations include the small number of cases and
the lack of cut-off values for CRR NAR, and NLR. Despite
these limitations, this study stands out as the first to
comparatively evaluate the NAR alongside established
inflammatory markers such as NLR and CRP in relation to
BASDAI scores among AS patients. Moreover, the inclusion
of both acute-phase-positive and -negative subgroups
provides a comprehensive insight into the potential clinical
utility of NAR as an alternative activity marker in CRP-
negative cases.

Conclusion

We have shown that CRP levels in AS do not always
correlate with disease activity, and that the NLR may be
helpful in such cases. As for the NAR, further studies
are needed to explore whether each patient should be
evaluated individually, suggesting that there may be an
alternative acute phase reactant in AS cases.
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Abstract

Aim: Osteoporosis can occur in individuals with liver disease, and its development is thought to be influenced by the activity of the
underlying hepatic disorder, as noted in previous studies. This study aimed to investigate the influence of the degree of liver steatosis,
an important indicator of non-alcoholic fatty liver disease (NAFLD) severity, on bone mineral density (BMD).

Methods: Between August 2022 and July 2023, this cross-sectional study enrolled patients aged 50 to 90 years who were followed
at an osteoporosis clinic and had a diagnosis of NAFLD confirmed by ultrasonography (US). Based on abdominal ultrasound findings,
patients were classified into four groups reflecting the degree of liver steatosis. The groups were compared with respect to T-scores
and BMD at the total spine, femur, and femoral neck, measured by dual-energy X-ray absorptiometry.

Results: Of the 792 patients assessed for eligibility, 248 met the inclusion criteria. The participants had a mean age of 65.1+11.2 years,
and 97.6% (n=242) were female. The mean body mass index was 27.31+4.58 kg/m?. Significant between-group differences were
detected for lumbar total T-scores. A significant difference was identified in the lumbar spine T-score evaluation between the grade 3
and grade 0 groups in abdominal US imaging.

Conclusion: Because NAFLD and osteoporosis share several risk factors and involve chronic inflammation, NAFLD is considered a
potential risk factor for bone loss. The findings of our study demonstrate that the risk of low BMD in the lumbar spine is elevated,
particularly in advanced stages of liver steatosis.

Keywords: Bone mineral density, liver steatosis, non-alcoholic fatty liver disease, osteoporosis

Introduction

Non-alcoholic fatty liver disease (NAFLD) represents a
continuum of chronic liver disorders encompassing simple
steatosis, non-alcoholic steatohepatitis, fibrosis, cirrhosis,
and ultimately hepatocellular carcinoma (HCC) (1). Non-
alcoholic fatty liver disease, a metabolic disorder of the
liver, is increasingly prevalent and is estimated to affect

approximately 25% of the global population. It is estimated
that 3.5 million new cases are diagnosed annually (2). Non-
alcoholic fatty liver disease is the most common chronic
liver condition globally and imposes a significant health
and economic burden (3). Recently, the terminology has
been updated to metabolic dysfunction-associated fatty
liver disease and subsequently to metabolic dysfunction-
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associated steatotic liver disease (MASLD), following
the Delphi consensus statement. This revision reflects
recognition that metabolic disorders—including abdominal
obesity, type 2 diabetes, dyslipidemia, insulin resistance,
and cardiovascular disease—are commonly associated
with NAFLD (4).

Osteoporosis is a common systemic condition
characterized by decreased bone mass and deterioration
of bone microarchitecture. According to the World Health
Organization, it affects approximately 6.3% of men aged
50 years or older and 21.2% of women aged 50 years
or older worldwide. Additionally, it is estimated that
approximately 37 million fragility fractures occur annually
among individuals older than 55 years, corresponding
to approximately 70 fractures per minute globally (5). A
substantial body of research has highlighted the causal
relationship between NAFLD and osteoporosis (1). These
two diseases share similar risk factors, including older age,
obesity, type 2 diabetes mellitus, and a sedentary lifestyle
(6). The prevalence of osteoporosis is higher in patients
with chronic liver disease than in people without liver
disease, with figures ranging from 10% to 40% (7). Studies
have shown that the prevalence of osteoporotic fractures
is 2.5 times as high in individuals with NAFLD as in those
without the condition (8). Substantial evidence from the
literature substantiates the presence of osteoporosis in
individuals with chronic liver disease. Nevertheless, no
study has yet evaluated the impact of disease severity on
osteoporosis.

In our study, we hypothesized that bone mineral
density (BMD) would be lower in patients with a high
degree of hepatic steatosis. The purpose of this study was
to evaluate how different levels of liver steatosis affect
BMD in patients with NAFLD. Consequently, this study will
facilitate the incorporation of liver stenosis as a risk factor
into osteoporosis clinical practice.

Materials and Methods

Compliance with Ethical Standards

The study received approval from the Ethics Committee
of the University of Health Sciences Turkiye, Sisli Hamidiye
Etfal Training and Research Hospital, (approval number:
4061, date: 29.08.2023). Informed consent was obtained
from all participants during their initial outpatient visit.
The research was conducted in accordance with the
Declaration of Helsinki and adhered to the Strengthening
the Reporting of Observational Studies in Epidemiolog
guidelines for observational studies.

Study Design
Patients followed at the osteoporosis outpatient clinic
of our hospital between August 2022 and July 2023 were
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screened in this cross-sectional study. Throughout the
study period, 792 patients followed at our osteoporosis
clinic were assessed for eligibility. Inclusion criteria
required that participants be aged 50-90 years, be either
men or postmenopausal women, and have undergone
abdominal ultrasonography (US) within six months of their
dual-energy X-ray absorptiometry (DXA) assessments.
Furthermore, they were required to have US-defined NAFLD
and a diagnosis of NAFLD by a gastroenterologist at our
hospital. Individuals with any disease that would impair
liver function (e.g., hemochromatosis, HCC, cirrhosis), a
history of malignancy, or a history of surgery and biopsy
of the liver, bile ducts, or intestines were excluded from
this study.

Patients meeting the inclusion criteria underwent
abdominal US to assess the degree of hepatic steatosis,
on the basis of which they were assigned to one of four
groups. The grading of steatosis was as follows: Grade 0
(absent)—normal liver echotexture; Grade 1 (mild)—slight,
diffuse increase in echogenicity with clear visualization of
the diaphragm and portal vein walls; Grade 2 (moderate)—
moderate echogenicity elevation with partial blurring
of the diaphragm and portal vein walls; and Grade 3
(severe)—pronounced echogenicity increase, with poor
or absent visualization of the diaphragm, portal vein wall,
and posterior right hepatic lobe (9). Demographic and
clinical data, including age, sex, height, weight, body mass
index (BMI), and comorbid conditions, were retrieved
from the hospital records. Laboratory assessments
included albumin, aspartate aminotransferase (AST),
alanine  aminotransferase  (ALT),  gamma-glutamyl
transferase, alkaline phosphatase, phosphorus, calcium,
25-hydroxyvitamin D, and international normalized ratio.
Bone mineral density and T-scores for the lumbar spine
(L1-L4 and L2-L4), femoral neck, and total femur were
determined using DXA.

Statistical Analysis

Descriptive statistics included the mean, standard
deviation, median, minimum, maximum, frequencies, and
proportions. The Kolmogorov-Smirnov test was employed
to assess the distribution of variables. The homogeneity
of variances was evaluated using the Bartlett's test;
since the variances were homogeneous, the Analysis of
Variance F-test p-value was used. Subsequent between-
group comparisons were conducted using the Bonferroni
correction for post-hoc analyses. Statistical analyses
were conducted using Jamovi (The Jamovi Project, 2024;
Version 2.5) (Computer software), retrieved from https://
www.jamovi.org, Sydney, Australia.
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Results

Of 792 patients screened according to the study
criteria, 248 were included in the study (Figure 1).
Participants had a mean age of 65.1+11.2 years, and 242
(97.6%) were female. Their mean BMI was 27.31+4.58
kg/m2. The remaining demographic and clinical features
are provided in Table 1.

Abdominal US scores were used to divide patients into
four groups, which were then compared with total lumbar
spine, femoral neck, and total femur T-scores. A Statistically
significant difference was identified between the groups
for lumbar total T-scores (p=0.027). Nevertheless, no
significant differences were observed between the groups
for femoral neck and total femur T-scores (p=0.073 and
p=0.088, respectively) (Table 2). To ascertain the stages
at which this statistically significant difference occurred, a
post-hoc comparison was conducted using the Bonferroni
correction. Consequently, it was determined that the
notable difference was between Grade 0 and Grade 3
(p=0.46). There was no significant difference among the
remaining groups (p=0.995, p=0.436) (Table 3).

All patients were evaluated, without grouping, for
potential correlations between AST, ALT, and CRP levels
and T-scores of the total lumbar spine, femoral neck,
and total femur, as well as BMD values. Nevertheless, no
statistically significant correlation was identified (p>0.05).

Discussion

The findings of our investigation demonstrated that the
presence of advanced liver steatosis is associated with a
reduction in BMD in the lumbar spine in patients diagnosed
with NAFLD. Chen et al. (10) reported that individuals
with moderate-to-severe NAFLD had an increased risk
of osteoporosis, whereas no significant association was
observed in patients with mild NAFLD. In a cohort study
by Shen et al. (11), patients with NAFLD had an increased
risk of both osteoporosis and osteopenia. Additionally, a
correlation was identified between the increase in fibrosis
markers and the decrease in BMD. In a cross-sectional
study of postmenopausal women, Lee et al. (12) found
that NAFLD patients had reduced BMD, particularly at the
lumbar spine and femoral neck, whereas no significant
decrease was observed in the total femur. According to
Moon et al. (13), postmenopausal women diagnosed
with NAFLD exhibited reduced BMD at the lower lumbar
spine, whereas this association was not observed among
premenopausal women. In the current study, both male
and postmenopausal female participants were assessed.
The analysis revealed that lumbar spine BMD varied with
the degree of hepatic steatosis. In contrast, BMD values at
the total femur and femoral neck showed no statistically
significant differences. Xie et al. (14) demonstrated a
positive association between BMD and the presence
of advanced fibrosis or cirrhosis. Furthermore, an
independent negative correlation between NAFLD and
BMD was observed in individuals aged 20-59 years.

{ Identification ]

Assessed for eligibility (n=792)

Excluded (n= 544)
+ Not meeting inclusion criteria (n=502)

+ Other reasons (n=42)

Included (n= 248)

( Inclusion ] (n=248)

Included in the study according to study criteria

)

Analyzed (n= 248)

Figure 1. Flow chart of the study
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Table 1. Demographic and clinical values of patients Table 2. Comparison of lumbar total, femur neck and femur total
Mean/ standard T-scores according to abdominal USG grading
number | deviation % Abdominal USG N Mean | SD p

Age 65.1 11.2 L1-L4 T Score 0.027*
Sex (number) Grade 0 71 -2.55 0.901
Female 242 97.6 Grade 1 63 -2.10 0.997
Male 6 2.4 Grade 2 62 -2.35 1.099
Height (cm) 157.218 | 7.028 Grade 3 52 -2.05 1.171
Weight (Kg) 67.375 11.300 FN T-score 0.073
Body mass index (kg/m2) 27.313 4.589 Grade 0 71 -2.26 0.724
L1-L4 BMD 0.911 0.129 Grade 1 63 1193 0.891
L2-L4 BMD 0.927 0.138 Grade 2 62 -2.18 0.764
L1-L4 total T-score -2.279 1.050 Grade 3 52 -2.00 0.840
L2-L4 total T-score -2.341 1.069 FT T-score 0.088
Femur neck BMD 0.745 0.106 Grade 0 71 -1.88 0.955
Femur total BMD 0.795 0.113 Grade 1 63 -1.53 0.869
Femur neck T-score -2.102 0.810 Grade 2 62 -1.65 0.932
Femur total T-score -1.655 0.936 Grade 3 52 -1.51 0.960
Albumin (g/dL) 4.737 3.673 *: P<0.05 means statistically significant, One-Way ANOVA (Fisher's)
ALP (1U/L) 69395 25 250 USG: Ultrasound, SD: Standard deviation, FN: Femur neck, FT: Femur total
ALT (IU/L) 17.354 12.532 Table 3. Intergroup comparison of lumbar total (L1-L4) T-scores
ASTUE 20493 9.584 Abdominal USG Grade 0 | Grade 1 ‘ Grade 2 ‘ Grade 3
Phosphorus (mg/dL) 3.543 0.572 Grade 0
< (/5 20.069 16.532 Mean difference — -0.446 -0.201 -0.4946
el el 9.54 0.485 pvalue ~ 0.064 0.679 | 0.046*
25-hidroxy vitamin D (ng/mL) 30.558 12.544 Grade 1
INR 1050 0.264 Mean difference — 0.245 -0.0481
APTT 28.031 11.801 P _ 0.549 0.995
PT 13.285 3.678 Grade 2
BMD: Bone mineral density, ALP: Alkaline phosphatase, ALT: Alanine )
aminotransferase, AST: Aspartate aminotransferase, GGT: Gamma-glutamy Mean difference - -0.2932
transpeptidasg, !NR: International .novrmalized ratio, APTT. Activated partial p-value _ 0.436
thromboplastin time, PT: Prothrombin time

Grade 3

. ) . . Mean difference —
Despite numerous supporting studies, the risk of value -

osteoporosis in individuals with NAFLD remains a subject
of debate within the scientific community. In their
retrospective cohort analysis, Sung et al. (15) found that
the presence of NAFLD was not significantly associated
with the occurrence of osteoporosis. It is plausible
that the observed discrepancy arises from the larger
representation of mild NAFLD cases and the comparatively
brief observation period of two years. In a meta-analysis
conducted by Vachliotis et al. (6), numerous studies
reported no association between NAFLD and osteoporosis.
Nevertheless, it is imperative to acknowledge that these
studies were conducted in heterogeneous groups.
Consequently, it is not possible to reach a definitive
conclusion. Furthermore, although some studies have
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*: P<0.05 means statistically significant, Tukey Post-hoc test
USG: Ultrasound

not identified a correlation between NAFLD and BMD,
elevated serum ALT levels have been linked to reduced
BMD (16-18). It has been demonstrated that increases in
ALT levels serve as indicators of liver damage in advanced
chronic liver disease. This finding provides further evidence
to support the hypothesis that a reduction in BMD may
occur in the context of advanced steatosis. However, the
present study did not identify a correlation between ALT
levels and BMD.

The pathophysiology of osteoporosis in chronic liver
diseases is complex. The mechanism underlying the
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development of NAFLD involves increased osteoclastic
activity, modulated via the receptor activator of nuclear
factor xB ligand (RANKL)/RANK-osteoprotegerin (OPG)
pathway. Receptor activator of nuclear factor kB ligand,
via its receptor, RANK, stimulates osteoclastogenesis; in
contrast, OPG, a second RANKL receptor that acts as a
decoy, restrains osteoclastogenesis and inhibits bone loss
by binding RANKL, thereby preventing the RANK-RANKL
cascade. In chronic liver diseases, the concentration
of soluble RANKL in the extracellular matrix increases,
thereby accelerating bone turnover. Despite the increase
in OPG production to promote hemostasis and elevate
the OPG/RANKL ratio, this increase is not sufficient.
Furthermore, chronic liver diseases are characterized
by sustained inflammatory processes. Proinflammatory
cytokines, including interleukin-1, interleukin-6, and tumor
necrosis factor-a (TNF-a) when produced, cause bone
resorption in two ways: directly by increasing osteoclast
activity and indirectly by increasing RANKL production.
Furthermore, TNF-a. has been demonstrated to enhance
osteoclastogenesis via colony-stimulating factor-1 receptor
gene expression, a mechanism that operates independently
of the RANKL pathway (19). Furthermore, the synthesis of
select hepatokines, including fibroblast growth factor-21
and insulin-like growth factor-binding protein-1, is elevated
during the pathogenesis of NAFLD. These can cause bone
loss via two distinct mechanisms: first, through the action
of RANKL, and second, through binding to integrin-beta.
Fibroblast growth factor-21 suppresses the maturation
of bone marrow-derived mesenchymal stem cells into
osteoblasts through interaction with the peroxisome
proliferator-activated receptor-y (6).

The term “NAFLD” has been modified to reflect its
association with metabolic disorders, including obesity.
This enabled the establishment of an association between
NAFLD and osteoporosis, the most severe metabolic bone
disease. Previously, it was postulated that elevated BMI
was associated with increased BMD. It was argued that
osteocytes are active in response to mechanical loading,
particularly in relation to weight, and that bone formation
is enhanced as a result (20). Nevertheless, a considerable
body of recent research has demonstrated that fracture
risk is elevated in individuals with obesity even when BMD
is within the normal or high range (21). In particular,
low muscle mass in obesity reduces the mechanical load
applied to bone, thereby increasing the risk of falls in
sarcopenic obesity. Metabolically unhealthy obesity, often
accompanied by reduced muscle mass, is an important
determinant of osteoporosis and fracture susceptibility.
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In a comprehensive review, Khanmohammadi and Kuchay
(22) reported that individuals with MASLD have an
increased risk of low BMD and fractures. Nevertheless,
it was underscored that additional research is imperative,
particularly for this recently designated disease with
evolving diagnostic criteria.

Study Limitations

The main limitation of this research is the relatively
small sample size. In the present study, NAFLD diagnosis
and grading were performed using US, whereas neither
elastography nor liver biopsy was used. The study
population included only postmenopausal patients and
male patients; premenopausal patients were excluded.
Despite these limitations, our study can be considered the
first to reveal the effect of liver steatosis on osteoporosis.
Further research is required to assess this issue in greater
depth.

Conclusion

This study demonstrated that patients with NAFLD
showing advanced grades of hepatic steatosis tend to
have reduced BMD, particularly at the lumbar spine. These
observations imply that increasing steatosis severity may
play a role in bone deterioration, underscoring the need
to recognize NAFLD as a possible contributing factor in
osteoporosis management.
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Abstract

Aim: The optimal choice of initial intravenous crystalloid solution in pediatric acute gastroenteritis (AGE) remains a matter of clinical
debate due to differing effects on acid-base status and overall recovery. In this context, we aimed to compare clinical recovery and
laboratory changes in children with AGE treated with isotonic saline (IS) versus Ringer’s lactate (RL) as initial replacement therapy.

Methods: This single-center retrospective cross-sectional study included patients aged 1-59 months who presented with dehydration
due to AGE and received initial intravenous rehydration with either IS or RL between January 2022 and February 2023. The primary
outcome was the change in a standardized dehydration score from presentation to post-treatment. Secondary outcomes were pre- and
post-treatment blood gas and electrolyte values. The comparisons used appropriate statistical tests.

Results: Both groups showed significant clinical improvement after fluid therapy. Dehydration scores decreased, and lactate levels fell
significantly from baseline in each group (p<0.001 for both). Post-treatment electrolyte and acid-base parameters improved in both
arms, with no serious adverse events. Between-group differences favored RL for overall clinical recovery and metabolic profile, although
most laboratory changes were similar across groups.

Conclusion: In pediatric AGE, initial isotonic crystalloid replacement rapidly improves clinical and laboratory parameters. Due to its
balanced composition and demonstrated benefits in overall recovery, RL may be favored as the primary replacement solution, whereas
IS continues to serve as a viable alternative. Prospective randomized trials are warranted to confirm these findings.

Keywords: Child, dehydration, gastroenteritis, fluid therapy, sodium chloride, Ringer’s lactate

Introduction respiratory tract infections. Each year, 1.7 billion children
suffer from AGE, and 525,000 of them lose their lives (1).
Dehydration severity can be predicted in patients with
significant fluid loss due to acute diarrhea using the clinical
prominent symptom of AGE, is the second most common  dehydration scale (CDS). The severity of dehydration can
cause of death among children under five, following be determined by physical examination (2).

Acute gastroenteritis (AGE) is a significant cause of
mortality and morbidity in childhood. Diarrhea, the most
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Blood gas measurements in children with acute
diarrhea can quickly detect acid-base imbalances,
including blood potential hydrogen (pH), actual and
standard bicarbonate values (HCO3 act, HCO, st), base
excess [BE(B), BE(ecf)] in blood and extracellular fluid, and
electrolyte levels (3). Metabolic acidosis detected in blood
gas can be classified as normal anion gap or increased
anion gap metabolic acidosis. Hyperchloremic metabolic
acidosis is a typical example of normal anion gap metabolic
acidosis. Abnormal gastrointestinal bicarbonate loss in
acute diarrhea can lead to hyperchloremic acidosis when
large amounts of high-chloride solutions, such as isotonic
saline (IS), are given (4). In addition, every 1-unit change in
serum pH is associated with an average change in ionized
calcium (iCa) by 0.36 and potassium by 0.6 mmol/L (5,6).
Isotonic saline is an isotonic sodium chloride solution
containing 154 meq of sodium and 154 meq of chloride
per liter (7). Ringer’s lactate (RL) contains 130 meq of
sodium, 109 meq of chloride, 4 meq of potassium, 3 meq
of calcium, and 28 meq of lactate per liter, with lactate
being metabolized in the liver to become HCO, (8).

The aim of our study is to compare changes in laboratory
values and clinical conditions of children presenting to
the emergency department with acute diarrhea when IS
or RL is preferred as the initial rehydration solution. We
assessed post-treatment clinical and laboratory changes
after initial rehydration with IS vs. RL and determine which
solution offers superior overall recovery. We hypothesized
that RL, compared with IS, would yield greater clinical
recovery, reflected by a larger reduction in a standardized
dehydration score and a more favorable metabolic profile
(higher pH and lower lactate/chloride) without increasing
adverse events.

Materials and Methods

Compliance with Ethical Standards

The study protocol was conducted in accordance with
the Helsinki Declaration. Ethical approval to conduct this
study was obtained from the University of Health Sciences
Turkiye, Istanbul Haseki Training and Research Hospital
Clinical Research Ethics Committee (approval no.: 74-
2023, date: 12.04.2023). Written consent was obtained
from the parents of enrolled children.

Study Design and Patient Selection

We conducted a retrospective cross-sectional study.
The study included patients aged 1 month to 5 years who
presented to pediatric emergency departments with acute
diarrhea and significant dehydration and received initial
rehydration treatment between January 01, 2022, and
February 28, 2023. The study was conducted in a single
academic hospital located in the city center.
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Patients receiving RL as replacement therapy (Group 1)
and those receiving IS as replacement therapy (Group 2)
were categorized accordingly. Patients with venous blood
gas results and dehydration scores in their anamnesis,
before and after replacement therapy, were included in
the study. Patients with chronic causes of diarrhea (short
bowel syndrome, malabsorption disease, celiac disease,
etc.); those with mild dehydration; those with additional
diseases that could cause electrolyte imbalance (renal
tubular acidosis, adrenal diseases, cystic fibrosis, diabetic
ketoacidosis, etc.); those with less than 30 minutes or
more than 90 minutes between pre- and post-replacement
blood gas analysis; those who had capillary or arterial
blood gases; and those receiving replacement fluids other
than IS or RL were excluded. Malnourished [<-2 standard
deviation score (SDS) weight] and obese (>+2 SDS weight)
patients were also excluded. Patients with life-threatening
conditions, patients with elevated acute phase reactants
suggestive of bacterial diarrhea, and patients with
inflammatory bowel disease were excluded. Patients were
selected based on inclusion and exclusion criteria, forming
the sample group. The sample size was determined using
the G*power Version 3.1.6 program with a standard effect
size of 0.63, resulting in a total of 100 cases (50 for each
group) for a study power of 90% and a 5% error rate (9).

During system screening, 149 patients were identified
for Group 1. Of these, 47 patients were excluded due to
deficiencies in blood gas analysis, other diagnostic tests,
and/or incomplete medical histories. The remaining 102
patients were further reduced to 55 through random
sampling, and these 55 patients were then included in the
study. For Group 2, 428 patients were identified through
system scans. Of these, 278 patients were excluded from
the study due to the absence of pre- and post-replacement
treatment blood gases in the system (e.g., delayed blood
gas after fluid administration, clotted blood gas results due
to treatment refusal, patients leaving without undergoing
follow-up tests, etc.). Additionally, 41 patients were
excluded from the study in Group 2 due to deficiencies
in other blood tests or medical history information, such
as dehydration scores and weight. To ensure equality
between the groups, 55 patients were selected from the
remaining 109 patients using the method of random
sampling and included in the study (Figure 1).

Definitions, Scoring, Treatment, and Equality of
Tests

Acute diarrhea was defined as lasting no more than
seven days with more than three watery stools per day
(1). The CDS from the European Society for Paediatric
Gastroenterology, Hepatology, and Nutrition 2014
guidelines was used to determine dehydration scores.
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Figure 1. Flowchart of study

The scale evaluates four clinical signs—general condition,
eyes, mucous membranes (tongue), and the presence of
tears—with a scoring range of 0-2 points for each. A score
of 0 indicates no or mild dehydration, 1-4 points indicate
moderate dehydration, and 5-8 points indicate severe
dehydration (2). Dehydration scores before and after
treatment were calculated only for patients assessed by
pediatric doctors. The anion gap was calculated as sodium
- (bicarbonate + chloride) (10). According to the National
Institute for Health and Care Excellence guidelines,
glucose-free fluids containing 131-154 mEqg/L of sodium
are recommended for children with diarrhea and vomiting;
hence the comparison between RL and IS (11). Patients
who received 20 mL/kg of replacement fluid within 1 hour
to ensure treatment protocol uniformity were included in
the study. As a hospital policy, we administer initial fluid
therapy to all children with moderate to severe dehydration
at a dose of 20 mL/kg in 1 hour. All tests and scoring were
performed immediately after the end of bolus treatment.

Statistical Analysis

Statistical analysis was conducted using SPSS 28.0
for Windows (SPSS Inc., Chicago, lllinois, USA). The
Shapiro-Wilk test was used to assess normal distribution.
Descriptive statistics were presented, including numbers
and percentages for categorical variables and mean,
standard deviation, minimum, maximum, and median
values for numerical variables. Categorical variables were
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compared using the chi-square test. Student’s t-test and
the Mann-Whitney U test were used to compare mean
or median values between the two groups, depending
on the sample distribution. The Wilcoxon test was used
to determine whether there was a difference between
the measurements at two different times or conditions.
A paired samples t-test was used to test the significance
of the difference between the arithmetic means of two
related groups, provided that the condition of normality
of distribution was met. The statistical significance level
was set at p<0.05.

Results

Of the 110 patients included in the study, 51 (46.4%)
were male, and 59 (53.6%) were female. Among patients
receiving RL (Group 1) as replacement therapy, 26 (47.3%)
were male, and 29 (52.7%) were female, with a median
age of 22 months (min.: 1 months, max.: 58 months).
Patients receiving IS (Group 2) as replacement therapy
included 25 (45.5%) males and 30 (54.5%) females,
with a median age of 26 months (min: 1 month, max:
59 months). No statistically significant differences were
observed between the groups regarding gender and age
(p=1 and p=0.974, respectively).

29% of the patients were severely dehydrated, while
71% had moderate dehydration. The dehydration score at
admission in Group 1 was statistically significantly higher
than in Group 2 (p=0.008). There was no statistically
significant difference in the dehydration scores during the
first hour between the groups after treatment (p=0.260).
The change in the dehydration score with treatment in
Group 1 was statistically significant and higher (p<0.001)
(Figure 2).

Comparisons of pre- and post-replacement therapy
venous blood gases and blood gas changes between the
groups are shown in Table 1. Changes in laboratory values
with replacement therapy for patients are presented in
Table 2.

Discussion

The most significant outcome of our study is that in
moderately to severely dehydrated patients diagnosed with
AGE, RL solution provided more effective improvement
in clinical and laboratory findings compared to IS as
initial replacement therapy. Another important finding is
that in children with metabolic acidosis due to diarrhea,
replacement therapy with RL corrected acidosis more
robustly compared to IS while also lessening the potential
electrolyte disturbances associated with pH elevation.
Despite the retrospective nature of our study, it facilitated
the comparison of two distinct fluid therapies in children
by evaluating blood tests and dehydration scores before
and after fluid administration. This approach may serve
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Figure 2. Change in dehydration scores before and after treatment by fluid type (IS vs RL). Error bars show 95% Cls

IS: Isotonic saline, RL: Ringer’s lactate, Cls: Confidence intervals

as a guide for future prospective studies. In our cohort,
both solutions produced rapid improvement. However, the
magnitude of recovery—reflected by the larger reduction in
the dehydration score and lactate—was more pronounced
with RL after initial rehydration.

In studies, the dehydration rate among hospitalized
patients with AGE requiring intravenous replacement
therapy is reported to be between 26% and 55% (12,13).
Recent studies in age groups similar to our study have
shown that the rate of severe dehydration in children
with diarrhea varies between 3.3 and 12.5% (14,15). In
our study, 29% of the cases were severe, and 71% were
moderately dehydrated. Our cases, according to the CDS,
included patients with moderate to severe dehydration
requiring intravenous replacement therapy. Since mildly
dehydrated patients were not included in our study, our
rate of severe dehydration may appear higher compared to
other studies. Clinical dehydration scale scoring indicates
the severity of a patient’s dehydration at the time of
admission and can also assist physicians in determining the
patient’s clinical status and the rate of recovery following
treatment. In our emergency department cohort, RL
produced a greater reduction in both the dehydration
score and lactate after initial rehydration, suggesting a
more favorable acid-base shift. Across most electrolytes,
between-arm differences were small, indicating that
both crystalloids effectively restored intravascular volume
during the index visit.

In a study by Kartha et al. (9), comparing RL and IS
treatments in children with AGE during acute dehydration,
no significant difference was observed in the resolution of
dehydration symptoms between the groups. In our study,
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the dehydration score at admission in Group 1 was higher
compared to Group 2, and the decrease in dehydration
scores with treatment in Group 1 was significantly greater.
This difference may be attributed to the fact that our study
applied a rapid 20 mL/kg fluid replacement within 1 hour,
compared to the 6-hour slow fluid protocol used by Kartha
et al. (9). The preference for RL as a replacement solution
for AGE patients may contribute to a greater improvement
in clinical and dehydration parameters. In both groups of
our study, irrespective of the type of replacement solution,
a decrease in dehydration scores was observed with
treatment. The majority of dehydration was noted to be
hypovolemic, and improvement could be achieved with
intravenous fluid therapy (16).

In a study of patients hospitalized with a diagnosis
of AGE, 84.8% were found to have acidosis in blood
gas analysis (17). In our study, this rate was observed to
be 49%, and the difference might be attributed to the
absence of patients requiring hospitalization on the ward.
Another study conducted in India showed no significant
difference in changes in blood pH levels between RL and
IS treatments in patients diagnosed with AGE; however,
there was a tendency for an increase in both groups (18).
In a similar study on the same patient group, but with
different treatment protocols, where 100 cc/kg of fluid
was administered over 3 or 6 hours with simultaneous oral
rehydration solution support, the results may differ due
to these various factors. In a study by Kartha et al. (9),
comparing RL and IS during a 6-hour treatment period,
both groups exhibited an increasing trend in pH levels,
with no significant difference between the groups.
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Table 1. Comparison of pre- and post-replacement therapy blood gas results and their changes in the groups
Group 1 Group 2 p-value
Before replacement 7.330.05 7.36%0.05 0.020*
’ After replacement 7.38+0.04 7.35+0.05 <0.001*
p
Change 0.045 (-0.02; 0.16) -0.01 (-0.10; 0.07) <0.001*
p <0.001? 0.013?
Before replacement 31.05+5.18 30.66+4.95 0.685"
After replacement 30.40+4.44 31.27+5.39 0.360*
pCO, (mmHg)
Change -0.5(-10.1; 7.4) 0.5(-10.1; 18.6) 0.151#
p 0.266° 0.356°
Before replacement 17.45+2.53 18.29+2.61 0.091#
After replacement 19.37+2.34 17.92+2.54 0.002*
HCO, st (mmol/L)
Change 1.7 (-1.6; 6.3) -0.3(3.7;-2) <0.001#
p <0.001? 0.032°
Before replacement 16.29+3.24 16.97+3.27 0.273*
After replacement 17.96+2.934 16.69+3.23 0.034*
HCO, act (mmol/L)
Change 1.2 (-2.4;5.8) 0(-5.1; 3.6) <0.001*
p <0.001? 0.266°
Before replacement -8.1(-16.3; -0.4) 6.9 (-14.1; 1) 0.140*
After replacement 6.3 (-12.4; 0) -7.5 (-16.4; 0.6) 0.005%
BE (B) (mmol/L)
Change 1.8 (-1.9; 7.2) -0.5(-5.1; 2.4) <0.001*
P <0.001? 0.0207
Before replacement 9.2 (-19;-0.13) -8.1(-16; 0.5) 0.319*
After replacement -7.3(-14.3;-0.1) -8.6(-18.2;-1.2) 0.012*%
BE (ecf) (mmol/L)
Change 1.9 (-5.67; 7.5) -0.3(5.1;4.4) <0.001#
p <0.001° 0.153%
The values are presented as median (minimum; maximum) and mean + standard deviation
?: Paired t-test, *: Student ttest, HCO, act: Actual bicarbonate, HCO, st: Standard bicarbonate (not affected by respiratory acid-base imbalance), BE(B): Base excess in
blood, BE(ecf): Extracellular fluid base excess, pH: Potential of hydrogen, pCO,: Partial pressure of carbon dioxide

Similarly, in another study in India comparing fluid
treatments in 72 children with acute diarrhea, similar
to our study, RL solution was found to cause a greater
increase in serum pH compared to IS (19). A retrospective
analysis of blood gas results in children under 5 years
undergoing craniofacial surgery in Uruguay revealed more
acidosis in the IS group compared to the RL group (20).

In our study, the group receiving RL treatment showed
an increase in pH levels, indicating the correction of
acidosis. In contrast, the group receiving IS treatment
exhibited a statistically significant decrease in pH levels,
suggesting a deepening of acidosis. We believe that
the exacerbation of acidosis with IS treatment may be
attributed to the increase in chloride ions, a negatively
charged anion at high concentrations in the solution,
leading to hyperchloremic metabolic acidosis by reducing
bicarbonate (21,22). Additionally, we posit that the lactate
in the content of RL solution, when metabolized in the
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liver and converted to bicarbonate, may contribute to an
improvement in pH values (23). This signal persisted after
the two-step screening and the random selection of cases
was balanced to equalize groups, with no signal of harm
compared with IS in this dataset. Taken together, these
study-specific observations support the pragmatic use of
RL when metabolic acidosis predominates at presentation,
while acknowledging IS as a reasonable alternative when
RL is unavailable.

We observed a significant increase in serum HCO, levels
in Group 1 while noting a decrease in Group 2 following
fluid therapies. Previous studies have demonstrated
that balanced solutions result in a greater increase in
serum bicarbonate levels compared to IS (18,19,24). In
a study involving adult patients, the effects of RL and IS
treatments on blood gas were investigated, and similar
to our findings, a decrease in bicarbonate levels after
treatment was observed in the group receiving IS (25).
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Table 2. The change in laboratory values with replacement therapy in patients

Group 1 Group 2 p-value
Before replacement 133.92+2.43 133.95+3.51 0.490*
) After replacement 133.51+1.94 134.18+4.90 0.260*
Sodium (mmol/L)
Change 0.6 (-4.5; 4.4) 0.4 (-21.4; 6) 0.005*
p¥ 0.043 0.061
Before replacement 3.90+0.48 3.98+0.39 0.354*
) After replacement 3.74+0.43 3.82+0.51 0.352*
Potassium (mmol/L)
Change -0.09 (-1.28; 0.42) -0.26 (-1.17; 0.77) 0.921%
p? 0.001 0.008
Before replacement 106.04+3.89 106.22+5.41 0.661*
) After replacement 107.04+3.14 107.85+5.57 0.351*
Chloride (mmol/L)
Change 1(-10; 6) 2 (-24; 10) 0.026*
p* <0.001 <0.001
Before replacement 1.20£0.07 1.20£0.07 0.671*
i ; After replacement 1.19+0.05 1.17+0.09 0.320*
lonized calcium (mmol/L)
Change -0.02 (-0.14; 0.19) -0.03 (-0.29; 0.13) 0.304%
p? 0.205 0.017
Before replacement 74.31£18.70 70.85+£19.34 0.267*
After replacement 75.62+17.81 72.60+22.09 0.163*
Glucose (mg/dL)
Change 1(-30; 82) 0 (-28; 95) 0.912*
p¥ 0.877 0.866
Before replacement 2.03+0.75 1.76+0.60 0.083*
Lactat (mmol/L) After replacement 1.55+0.42 1.46+0.49 0.283*
Change 037(2.:81,054) 0.27 (-1.43; 0.83) 0.131*
p? <0.001 <0.001
Before replacement 10.43+3.60 9.45+4.48 0.322*
) After replacement 7 (0.1-15.9) 8.1 (-11.9-17.5) 0.090*
Anion GAP
Change 3.2(-9.9; 3.2) -1.4(-22.7; 23.6) 0.001*
p¥ <0.001 0.011

*: p<0.05, **: p<0.01, ***: p<0.001, All values are presented as median (minimum-maximum) and mean + standard deviation

#: Student t test, *: Mann Whitney U test, 2: Paired t-test, *: Wilcoxon test

Reviewing our study alongside the aforementioned
literature, we find that the increase in bicarbonate levels
associated with RL use is due to the lactate content in
the solution, while the decrease in bicarbonate levels with
IS is attributed to the chloride content (26). Therefore,
considering our study and the findings of other related
studies, we suggest that in dehydrated patients presenting
with diarrhea to pediatric emergency clinics, choosing RL
solution may lead to a more robust improvement with an
effective increase in bicarbonate levels and subsequent
improvement in blood pH compared to IS.

Studies have shown that intravenous fluid therapy with
balanced solutions such as RL does not lead to a significant
change in serum sodium concentration (9,19,27).
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According to the results of our study, the decrease in
serum sodium values in the group receiving RL treatment
may be associated with the lower sodium content of the
RL solution (=130 mEg/L), which is slightly lower than
typical plasma sodium levels. This association is particularly
relevant in pediatric patients with a diagnosis of AGE,
dehydration, and hypernatremia. The use of balanced
solutions, like RL, in this patient group may contribute
to the easier maintenance of serum electrolyte balance.
Additionally, hyponatremia is not a contraindication for RL.

The increase in chloride levels was observed to be
higher in the group receiving IS solution in our study
compared to the RL group. Despite being referred to as
physiological serum, studies have shown that the excessive
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use of IS solution, which is not truly a physiological fluid,
can lead to elevated chloride levels (28,29). Our study’s
findings are consistent with these results, indicating that
the use of IS solutions can result in higher chloride levels.
In a study by Bampoe et al. (30) the use of RL solution in
patients undergoing elective surgery was found to reduce
the incidence of hyperchloremia compared to IS. The
results obtained in our study seem to be consistent with
these findings, suggesting that the lower chloride levels
in the content of RL solution compared to IS may have a
mitigating effect. This implies that choosing RL over IS may
reduce the likelihood of a severe course of the disease,
especially in patients at high risk of hyperchloremia and
related metabolic acidosis. In cases where acidosis is
already present, RL may be the preferred choice over IS in
patients diagnosed with AGE.

In our study, we observed a decrease in iCa levels in
the group receiving IS treatment, while no significant
change was observed in the group receiving RL treatment.
lonized calcium levels respond sensitively to changes in
serum pH. An increase of 1 unit in serum pH decreases
iCa by an average of 0.36 mmol/L and potassium by 0.6
mmol/L (5,6). Similarly, we observed that potassium levels
decreased less in patients receiving RL treatment compared
to those receiving IS treatment. In our patients who were
dehydrated due to diarrhea and whose existing acidosis
was corrected with RL treatment, we noticed that, despite
the increase in pH levels, iCa levels remained stable, and
potassium levels decreased slightly. However, in patients
receiving IS treatment, we observed a decrease in iCa and
potassium levels despite no increase in pH. This suggests
that the content of calcium and potassium in RL solution
prevents electrolyte imbalances that can occur due to pH
elevation. In terms of preventing potential complications,
the use of RL may be considered safer than IS.

In our study, we observed that in the group treated with
RL, post-treatment BE levels approached positive values,
indicating an increase. In contrast, in the group receiving
IS, we found that BE levels decreased after treatment. A
study addressing this topic reported a significant decrease
in BE levels with both fluid treatments (20). We observed
concurrent changes in BE and pH values in both groups.
This could be interpreted as indicating that acidosis may
have a primarily metabolic origin. In our study, we identified
a significant decrease in lactate levels in both treatment
groups. Intravenous hydration with both types of fluid
therapy may be associated with reduced lactate levels,
facilitating the transport of more oxygen to the tissues.
Despite the presence of lactate in RL solution, the stable
serum lactate levels can be explained by the metabolism
of lactate into bicarbonate, which results in decreased
serum lactate levels as acid-base balance is achieved. This
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signal persisted after the two-step screening and balanced
random selection of cases to equalize groups, with no
signal of harm compared with IS in this dataset.

Study Limitations

Due to the retrospective design of our study, limitations
in data availability prevented the comparison of changes in
urea and creatinine levels between the groups. Additionally,
information regarding the duration of patients’ symptoms,
the number of diarrheal episodes, the length of hospital
stays, and rates of rehospitalization was not accessible.
Although the groups were composed of similar patients
without comorbidities, additional treatments or foods
(e.g., zinc supplementation, hydration) administered
by families during the treatment period without the
physician’s knowledge may have influenced the results,
given the retrospective nature of the study. We believe
that prospective studies could contribute new insights
and knowledge to the medical field by offering more
comprehensive data collection and analysis capabilities.

Conclusion

Our study indicates that for patients diagnosed
with AGE, RL fluid therapy provides a more effective
improvement in clinical and laboratory findings compared
to IS fluid therapy. The high chloride levels in IS may delay
the correction of acidosis, and we consider RL solution more
advantageous in terms of potential complications such
as hypokalemia and hypocalcemia during pH correction.
Therefore, in the choice of replacement solution in cases
of acute diarrhea, RL might be the preferred option if
there are no contraindications.
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Abstract

Aim: Attention-deficit/hyperactivity disorder (AD/HD) is a common neuropsychiatric disorder resulting from disruptions in circuits that
regulate attention and action. Many studies have revealed different parameters of AD/HD through neurophysiological measurements.
The purpose of this study is to compare visual evoked potentials (VEPs) latency and amplitude in AD/HD patients. This study aims to
discuss the effects of disease severity and psychostimulants use on the central nervous system based on VEP measurements.

Methods: The study was designed using a retrospective-descriptive methodology, including a total of 30 patients diagnosed with AD/
HD, 15 of whom were taking psychostimulant medication and 15 of whom were not, who presented to the psychiatry outpatient clinic
between January 2024 and June 2024. P-100 amplitude and latency were recorded for both eyes. In AD/HD patients, these values were
compared based on the severity of the disease, between those who receive treatment and those who do not.

Results: There was no statistically significant difference between latency and amplitude values according to disease severity. The
difference was statistically significant between P-100 latency according to psychostimulant use (p=0.046, p=0.016). With regard to the
use of psychostimulants, there was no significant difference in the amplitude values.

Conclusion: VEP studies with increased sample size AD/HD, with additional confounding variables, will provide insight into information
processing and shed light on the pathophysiology of AD/HD.

Keywords: Attention-deficit/hyperactivity disorder, visually evoked potentials, P-100

Introduction

Attention-deficit/hyperactivity disorder (AD/HD) is a
chronic, heritable neurobehavioral condition marked by
impulsivity, hyperactivity, and inattention, and affects 1.4-

through depressive and anxious mechanisms, executive
function (EF) -related symptoms, substance use disorders,
and sleep disorders (3). Adults and children with AD/HD
have varying levels of impairment in EFs, according to

3% of the population (1). Approximately 60% to 80% of
AD/HD symptoms last throughout adulthood. Therefore,
AD/HD is not exclusively a childhood condition that
subsides on its own after adolescence, and 4.4% of adults
on average experience it (2). Although there are similarities
in adult and childhood symptomatology, there are also
important differences. Adults frequently experience
emotional  dysregulation, inattention compensated

studies. The ability to mentally engage with ideas, wait
before acting, meet unique, unexpected problems, resist
temptations, and maintain attention is an example of EFs
(4). Basic cognitive processes like attention management,
cognitive inhibition, inhibitory control, working memory,
and cognitive flexibility are examples of EFs, which are
a fundamental to cognition (5). Working memory, also
known as shortterm memory, is affected in AD/HD,
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where cognitive control, self-direction, self-requlation, and
stimulus-driven behavioral responses are impaired, and is
encoded with visual and auditory stimuli (6).

Researchers have used neurophysiological examinations
to elucidate and correlate the complex neural pathways
and etiology of neurodevelopmental mental diseases,
such as AD/HD. Few studies have investigated visual
evoked potential (VEP) patterns as a helpful tool for
understanding visual processing (7). VEPs are electrical
potentials triggered by brief visual stimuli, and recorded
from the scalp the overlying the visual cortex. Signal
averaging is used to extract VEP waveforms with an
electroencephalogram (EEG) (8). Electrical changes in the
central nervous system (CNS) caused by external stimuli
are frequently recorded using evoked potentials. Clinically,
shortlatency  brainstem auditory evoked response,
somatosensory evoked potential, and VEPs are used.
These evoked potentials represent the neuronal response
to the given stimulus. Their amplitudes and latency are
determined by the stimulus’s physical properties. These
waves have been researched in a variety of neurological
and psychiatric syndromes, particularly schizophrenia,
some types of anxiety disorders, and epilepsy. It is a non-
invasive procedure that provides information about neural
activity connected to sensory and cognitive information
processing (9).

The goal of this study was to compare VEP latency
and amplitude in one treated and one untreated group of
30 AD/HD patients, 15 of whom are on psychostimulant
medication, and 15 of whom are not. We hypothesize that
the cognitive impacts of disease severity and medication
use in individuals with AD/HD can be demonstrated by
VEP measurements.

Materials and Methods

Written informed consent was obtained from the
patients in line with the ethical rules stated by the
Declaration of Helsinki. Ethics approval was received on
09.03.2023 with approval number 2023-21, from the
Scientific Research Ethics Committee of University of
Health Sciences Turkiye, Kocaeli Derince Training and
Research Hospital where the study was carried out.

Patients and Data

The sample size was calculated with power analysis
by G*Power version 3.1.9.4. The minimum sample size
was determined as 22 patients, with 11 patients in each
group, based on the reference study and normal standard
deviation at a 95% confidence level (1.81), as cited in the
reference study (2).

Thirty patients aged between 18 and 65 years who
applied to University of Health Sciences Turkiye, Kocaeli
Derince Training and Research Hospital Psychiatry
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Outpatient Clinic with a diagnosis of AD/HD were included
in the study. From this patient group, 15 patients who used
psychostimulant drugs, and 15 who did not use them,
were admitted to the psychiatry outpatient clinic between
January 2024 and June 2024. The adult AD/HD Diagnostic
Screening and Rating Scale, which has been validated
for Turkish populations, was applied to all participants
(10). The scale is a five-point Likert-type rating scale and
consists of three subsections: Section 1, Attention Deficit:
This section contains nine items based on symptoms of AD
according to Diagnostic and Statistical Manual of Mental
Disorders, 4™ edition (DSM-IV). Section 2: Hyperactivity/
Impulsivity Section: This section also contains nine items
based on symptoms of hyperactivity according to DSM-IV.
Section 3: Characteristics and Problems Related to ADHD
(Problem): This section, based on clinical experience and
observations, contains a total of 30 items. The patients
with total scores below 20 were considered mild,
between 20-59 moderate, and above 59 severe AD/HD.
Visual evoked potential measurements were performed
on all patients. The obtained VEP measurements were
compared according to the patients’ disease severity and
treatment status.

Participants had no eye disease, anisocoria, or pupillary
abnormality. Visual acuity was normal, and no myotic or
mydriatic drops were used.

Study Design

Pattern visual evoked potential were recorded with
a Viasys Medelec Synergy device. Pattern visual evoked
potential tests were performed in a dark, sound-isolated
room. Surface electrodes were used, ensuring that the
scalp was cleaned and the electrodes were entirely placed.
The active electrode was placed 2 centimeters above the
external occipital protuberance; the reference electrode
was placed on the vertex; and the ground electrode was
placed on the scalp border on the forehead.

The recordings were made in a 1-degree pattern
size according to the International Society for Clinical
Electrophysiology of Vision protocol. While the patients
were looking at the fixation point the middle of the moving
chessboard pattern on the screen 1 meter in front of
them, the electrical potentials at the occipital cortex were
recorded. The black-white chessboard pattern reversed at
2 reversals per second.

An average of 100 waves was recorded. The latency
was measured in milliseconds (ms) and the amplitude was
measured in microvolts (mV). The contrast was measured
to be 99% according to the Michelson constant. When
the cover or environmental artifacts exceeded 5%, the
study was repeated.

Two negative waveforms (N75 and N135 peaks)
and one positive waveform (P-100 peak) were recorded
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for each eye (Figure 1). All recordings were made with
every participant’s eyes closed. Participants were closely
followed by an experienced electrophysiology technician
who ensured that they looked at the fixation point.
Records were repeated for both eyes, of all patients, to
ensure accuracy. P-100 latency and amplitude for both
eyes of all patients were compared.

Statistical Analysis

Statistical Package for Social Science (IBM SPSS
Statistics 25 software, Armonk, NY: IBM Corp.) was used
for data analysis. Descriptive statistical methods were used.
Continuous variables were expressed as mean + standard
deviation, and categorical variables were expressed as
numbers. Metric data with a normal distribution were
compared using the independent samples t-test. The
Mann-Whitney U test was used to analyze the presence
of significant differences when data were non-normally
distributed. A p-value under 0.05 was considered
statistically significant.

Results

Thirty patients were included in the study; 19 were
male and 11 were female. Five women and 10 men
were using psychostimulant drugs. The mean age of
all participants was 25.53+8.1, while the mean age of
women was 24.91+7.1 and that of men was 25.89+8.9.
There was no statistically significant difference in the age
or the gender distribution of the patients.

Adult AD/HD Diagnostic Screening and Rating Scale
was applied to all patients. Eight (26.7%) of the patients
were moderate and the other 22 (73.3%) were diagnosed
with severe AD/HD. Five (62.5%) of the patients with
moderate AD/HD were on medication, while 10 (45.5%)
of the patients with severe AD/HD were on medication
(Table 1).

The pattern VEP right P-100 latency, right P-100
amplitude, left P-100 latency, left P-100 amplitude, and
mean P-100 latency values of all patients were compared.
Mean left P-100 latency was 103.86+5.0 ms. Right P-100
latency was 105.73+5.6 ms. Left P-100 amplitude was
11.1£4.0 mV. Right P-100 amplitude was 10.6t4.4 mV.
Four VEP values of each patient were compared according
to medication use and AD/HD severity (Table 2).

The mean right P-100 latency of AD/HD patients who
were taking medication was 107.6+4.7 ms, and of those
who were not taking medication was 101.1+4.8 ms. The
left P-100 latency of AD/HD patients who were taking
medication was 108.4+4.8 ms, and of those who were not
taking medication was 103.0+5.2 ms. The difference was
statistically significant between P-100 latency according to
pshycostimulant use (p=0.046, p=0.016). When the mean
of right and left P-100 latency values were compared
in the two groups, the difference was also statistically
significant (p=0.008).

Figure 1. VEP-N75, P100, N145 waves
VEP: Visual evoked potential
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Table 1. Demographics and clinical characteristics of the groups

Characteristics Medication (n=15) Non-medication (n=15) Total (n=30) p-value
Age (years), mean + SD 25.89+8.9 24.91+7.1 25.53+8.1 0.72
Gender (M/F) 10/5 9/6 19/11 0.71
AD/HD score, mean * SD 58.4+10.2 56.7+9.8 57.6+9.9 0.65

Data are presented as mean = SD or n. An independent samples t-test was used for normally distributed continuous variables. The Mann-Whitney U test was used for
non-parametric data. P<0.05 was considered statistically significant
AD/HD: Attention-deficit/hyperactivity disorder, SD: Standard deviation, M: Male, F: Female

Table 2. P-100 values according to psychostimulant use and adhd severity

Psychostimulant medication AD/HD severity
p-value p-value

Under-medication Non-medication Moderate Severe
Left P-100 latency (ms) 108.4+4.8 103.0+5.2 0.046* 106.4+5.2 103+4.7 0.098
Right P-100 latency (ms) 107.6+4.7 101.1+4.8 0.016* 105.8+4.4 105.6+6.1 0.777
Mean P-100 latency (ms) 107+3.9 102.6+4.6 0.008* 106.1+4.4 104.3+4.9 0.368
Left P-100 amplitude (mV) 10.4+3.9 11.9+4.2 0.321 9.4+2.6 11.8+4.4 0.163
Right P-100 amplitude (mV) 10.6+4.7 10.7+4.3 0.974 8.7+2.8 11.4+4.7 0.150
Mean P-100 amplitude (mV) 10.5+4.2 11.3+4.1 0.614 9.1£2.6 11.6+4.4 0.143

Data are presented as mean + SD or n. Independent samples t-test was used for normally distributed continuous variables. Mann-Whitney U test was used for non-

parametric data. A p-value <0.05 was considered statistically significant
P-100 values according to psychostimulant use and AD/HD severity
AD/HD: Attention-deficit/hyperactivity disorder, ms: Millisecond, mV: Microvolt

Discussion

In our study, left P-100 latency and right P-100 Latency
values differed significantly between groups that used
psychostimulants and those that did not. There was
no noticeable difference when the latency values were
compared according to the severity of AD/HD. Attention-
deficit/hyperactivity disorder is a disorder that affects
both simple and complicated cognitive processing, even
though it involves behavioural problems. Distractibility,
slow processing speed, and rising response time variability
are examples of basic cognitive processes (11,12).
Distractibility is the characteristic that leads individuals
to become distracted from the intended stimuli. The
failure to store the appropriate stimulus in memory or
recording incorrect components is caused by distraction
or task diversion. Distractibility in AD/HD is caused by an
inability to reject unnecessary data or an excessive amount
of attention to task-irrelevant stimuli (13-15). It is still
unclear which stage of information processing is affected
by attention problems in AD/HD and which regions of
the CNS play a role in this problem. According to some
theories, the CNS's three neural networks play a significant
role in how effectively sustained attention processes are
carried out. The alerting network ensures that this state of
alertness is maintained and that the reaction is prepared.
The excitatory network includes the right parietal lobe, the
locus coeruleus and the right frontal lobe, particularly in
some higher regions of the 6" Brodmann area. It seems
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that noradrenaline has a special role in the excitatory
network’s operation (16,17). Sensory stimuli are oriented
via the orientation network. This network has been the
subject of research, particularly with regard to visual
stimuli. The parietal lobes, the oculomotor system, and
the visual regions, particularly the fusiform gyrus, make-
up the majority of the extrinsic network for processing
visual stimuli. Acetylcholine appears to play a key role
in the functioning of the orientation network (16,18).
The executive-control network is focused on regulating
intentional behavior, target identification, error detection,
problem solving, and restraining automatic responses.
This network consists of the basal ganglia and anterior
cingulate gyrus. The executive-controller network appears
to be particularly dependent on dopamine for proper
function (16,19). Adults with AD/HD show impairments
in both basic cognitive abilities such as slower processing
speeds and increased distractibility and more advanced
abilities such as problems with cognitive flexibility, selective
attention, planning, verbal fluency, working memory, and
memory functions (10,20). From the perspectives of
neuroanatomy and chemistry, AD/HD is viewed as a very
heterogeneous condition.

Measurement of evoked potentials has been used
in several studies in an attempt to explain this complex
relationship. Visual evoked potentials are recordings of
electrical brain responses that occur in the occipital cortex
in response to visual stimuli received by photoreceptors
in response to visual stimuli. It measures the duration for
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neuronal activity to transit from the retina to the occipital
cortex and is used clinically to assess the pathway's integrity
and function. The multiple stimulus-dependent waveforms
are averaged by standard VEP However, the positive wave
on the midline occipital EEG electrode, marked P-100, which
typically occurs about 100 ms after stimulation, is thought
to be significant. For many disorders, their amplitude and
latency are revealing (21,22). However, research has been
conducted to determine whether measuring VEP-based
wave qualities can be used to differentiate between
various neurodevelopmental, neurodegenerative and
mental diseases (23-25). Results from a study comparing
VEP values of 12 healthy individuals, 12 patients with AD/
HD, and 12 patients with bipolar mood disorder show that
there is a significant difference in the neural activity of
the visual systems in response to periodic optical stimuli
among individuals with AD/HD, bipolar mood disorder,
and healthy controls (2).

In a systematic review of EEG findings in adult AD/
HD, Adamou et al. (26) revealed that EEG measurements
differed for this disorder. Reasearch into the relationship
between elevated theta (4-8 Hz) levels, alpha waves
(8-10 Hz), beta waves (12-25 Hz), delta activity, and
gamma band activity in EEG measurements and AD/
HD has revealed inconsistent findings. Low gamma
band activity has been observed in adults with AD/HD,
which is consistent with research conducted in children
and adolescents. The dysregulation of brain networks
related to attention function was assumed to be the
explanation of this (27-30). Studies focusing on event-
related potential (ERP) measurements in AD/HD, on the
other hand, have discovered these changes can be used
as an informative tool. Event-related potentials studies are
very beneficial in investigating a specific neural response
triggered by cognition. A reaction to cognitive processing,
such as viewing stimuli during assessment with scales,
causes ERPs, which is a brief segment of the ongoing EEG
recording (26,31). In adult AD/HD, it is visible that there is
increased variability for both auditory and visual stimuli, as
well as slowed cortical activity, which is consistent with the
commonly predicted research findings (27,32). According
to a study conducted by Leroy et al. (33), findings support
the idea that earlier cortical levels of visual processing
are impaired in the disorder, resulting in the formation
of various ERP generators and EEG patterns in adult AD/
HD. Hasler et al. (34) found that the functional networks
responsible for bottom-up and top-down attention were
less active, which suggests that people with AD/HD have
less cortical capacity for activities involving these processes.
There have been few studies that have investigated the
severity of AD/HD symptoms, psychostimulant use, and
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ERP characteristics. Transcranial Magnetic Stimulation
evoked potentials and ERPs were analyzed in a study by
Hadas et al. (35); and right prefrontal cortex excitability
was closely linked with AD/HD severity and behavioral
impulsivity. According to studies assessing the severity
of symptoms using ERP components such as mismatch
negativity, it appears to predict the severity of AD/HD
symptoms in children and adolescents. These results
support the use of ERPs in assessing AD/HD symptoms in
patients (36,37).

Methylphenidate (MPH) is the most commonly
prescribed AD/HD medication as it helps increase and
maintain alertness, tackle fatigue, and enhance focus.
improvements in cognition, such as working and episodic
memory (38,39). By comparing the ERPs of participants
with AD/HD, following treatment with MPH, to participants
who received a placebo, some EEG research in this field has
attempted to answer this question. Unfortunately, findings
for the N1, N2, P2, and P3 components’ amplitudes and
latencies varied between analyses (40,41).

Study Limitations

Including a larger number of volunteers in the study
is important for the consistency of the results. In this
respect, it is important that future studies in this field be
conducted with a larger number of patients. Additionally,
no comparison was made in the study regarding the
medication types, doses, and the periods of intake by the
patients due to difficulty in classification. Another limitation
of the study is the lack of healthy control group and the
exclusion of EEG findings. The strength of the study is that
it is the first study to examine confounding factors that
may affect information processing speed, such as disease
severity and treatment intake, using neurophysiological
measures of visual processing speed.

Conclusion

This study shows that the P-100 latency, which indicates
the optic nerve to occipital cortex conduction, is longer in
AD/HD patients using psychostimulant medication. This
would suggest an additional process in the conditioning
phase of a stimulus rather than the recording phase. As
expected, if the distractibility and disease severity caused a
difference between the treated/untreated and moderate
to severe groups, longer latencies and smaller amplitudes
would be expected in untreated and severe patients.
Larger sample size VEP studies in AD/HD with additional
confounding factors will provide an understanding of
information processing and elucidate the pathophysiology
of this disorder.
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Abstract

Aim: Breath-holding spells (BHS) are associated with various etiologies, including potential behavioral disorders. While factors like iron
deficiency have been studied, the role of other micronutrients and specific eating behaviors remains under-investigated. Therefore, this
study aimed to investigate vitamin deficiencies (folate and B12) and evaluate the eating behaviors of children with BHS.

Methods: This prospective, single-center, case-control study was conducted between June and September 2024. The study included 35
patients with BHS and 35 age- and sex-matched healthy controls. Blood and vitamin levels were compared, and the Children’s Eating
Behaviour Questionnaire (CEBQ) was administered to assess and compare eating patterns between the groups.

Results: Logistic regression analysis was performed to identify significant predictors for being in the patient group. Each unit increase
in folate was associated with a 33% reduction in odds ratio (OR=0.67, p<0.001), and each unit increase in hemoglobin was associated
with a 69% reduction in OR (OR=0.31, p=0.007). Regarding eating behaviors, only the “slow eating” subscale was a significant
predictor; each point increase on this scale decreased the odds of being a patient by 13% (OR=0.87, p=0.025), indicating that faster
eating is a risk factor. Ferritin, vitamin B12, and other CEBQ subscales, including “emotional overeating” and “enjoyment of food”, were
not significant predictors in the final model.

Conclusion: This study identifies folate deficiency and anemia as significant risk factors for BHS. This study is the first to report that
children with BHS exhibit specific eating behaviors, such as rapid eating. These findings suggest that the clinical management of
children with BHS should include screening for folate deficiency and providing guidance on observed eating behaviors.

Keywords: Breath-holding spells, feeding behavior, anemia, folic acid deficiency, infant

Introduction triggers and pallid spells caused by vagally mediated
cardiac inhibition (1-3). Supporting this neurophysiological
benign paroxysmal events in early childhood that are often basis, one study found S|gn|f|cantly prolongeql interpeak

latencies in brainstem auditory evoked potentials among

distressing to caregivers. The onset usually happens before children with BHS, suggesting that delayed myelination of
the child is 18 months old, and up to 33% of cases have a the brainstem may be a contributing factor (4,5).

Breath-holding spells (BHS) are common, generally

family history of the condition (1). The pathophysiology is Beyond autonomic dysfunction, both nutritional and
primarily linked to a dysregulation of the autonomic nervous psychosocial factors have been implicated in BHS. The link
system, with cyanotic spells precipitated by emotional between iron deficiency and increased irritability is well-
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established, and specific temperamental traits like low
frustration tolerance have also been identified in these
children (6,7). However, the roles of other micronutrients
and specific eating behaviors, which could be linked to
both temperament and nutritional status, remain under-
investigated. We hypothesized that children with BHS
would exhibit distinct eating behaviors (such as emotional
or rapid eating) and have lower levels of specific
micronutrients, particularly folate, compared to healthy
controls.

While the roles of iron deficiency and temperament
have been explored, the potential contribution of other
micronutrient deficiencies and specific eating behaviors
to BHS remains under-investigated. We hypothesized that
children with BHS would exhibit distinct eating behaviors
and have lower levels of key hematological parameters,
particularly  folate, compared to healthy controls.
Therefore, the aim of this study was to test this hypothesis
by evaluating eating behaviors and investigating the
association between BHS and serum levels of folic acid
and other hematological parameters. By identifying these
nutritional and behavioral patterns, this study could
contribute to a more comprehensive clinical assessment
and provide a basis for targeted therapeutic approaches.

Materials and Methods

Compliance with Ethical Standards

This study was conducted in accordance with the
principles of the Declaration of Helsinki. Approval was
granted by the Ethics Committee of Gaziosmanpasa
Training and Research Hospital (approval no.: 20, date:
05.06.2024). Written informed consent was obtained
from the parents or legal guardians of all participating
children prior to their inclusion in the study.

Study Design and Participants

This prospective, single-center, case-control study was
conducted at the Gaziosmanpasa Training and Research

Hospital in Istanbul, Turkiye, between June 2024 and
September 2024. The study included a patient group and
a control group, with participants aged between 2 and 6
years.

The patient group consisted of 35 children with a
diagnosis of BHS, recruited from the pediatric neurology
outpatient clinic. Inclusion criteria were an established
diagnosis of BHS confirmed by clinical evaluation and
review of family-recorded videos. Exclusion criteria included
the presence of epilepsy, cardiac rhythm disorders, or
other chronic neuropsychiatric conditions (e.g., autism
spectrum disorder), as well as regular medication use. All
patients had normal cranial magnetic resonance imaging,
sleep electroencephalogram (EEG), and electrocardiogram
(ECG) findings. The Denver Developmental Screening
Test was administered to all participants to ensure age-
appropriate development.

The control group consisted of 35 healthy children
matched for age, sex, and socio-economic status, recruited
from the general pediatrics clinic. These children had no
known acute or chronic diseases and were not on regular
medication. For the control group, blood test results were
obtained from the hospital’s information system for age-
and sex-matched healthy children who underwent routine
blood tests during the same study period. The participant
selection process is summarized in a flow diagram
(Figure 1).

Procedures and Data Collection

For all participants, data on age, gender, height,
weight, breastfeeding history, and number of siblings
were collected. Body mass index (BMI) was calculated,
and all participants were confirmed to be within the 5%
and 95" percentiles for their age.

Eating behaviors were assessed using the Turkish
validated version of the Children’s Eating Behaviour
Questionnaire (CEBQ), a 35-item parent-report tool that
scores eight subscales of eating behavior (8,9).

Step 1. Total Number of Patients Screened: Potentially eligible patients
followed in the Pediatric Neurology Clinic (n=42)

Step 2: Exclusion: Excluded Patients (n=7)
Refused to participate in the study (n=5)
Incomplete test results (n=2) (EEG, MRI, ECG, Blood Results)

Step 3: Case Group - Number of Patients with Breath-Holding Seizures
Included in the Analysis as the Final Case Group (n=35)

Step 4: Control Group

Control Group (n=35)

Number of Healthy Children Matched by Age, Gender, and Socioeconomic
Status Who Met the Inclusion Criteria and Included in the Analysis as the

Figure 1. Study flow diagram
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The questionnaire is used in various patient groups and
healthy populations and is an internationally validated tool
(10-12).

For the patient group, blood samples were collected to
measure serum levels of ferritin, vitamin B12, folate, and
hemoglobin (Hb).

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 23.0. Descriptive statistics
were presented as mean + standard deviation for normally
distributed variables and frequency (percentage) for
categorical variables. Group comparisons were conducted
using the independent samples ttest for normally
distributed data and the Mann-Whitney U test for non-
normally distributed data. Categorical variables were
compared using the chisquared test. Correlations were
assessed using Pearson or Spearman'’s rho tests where
appropriate. A p-value of <0.05 was considered statistically
significant.

All statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 23.0. The normality of the
distribution for continuous variables was assessed using
the Kolmogorov-Smirnov test. Descriptive statistics were
presented as mean * standard deviation for normally
distributed variables and as median (interquartile range)
for non-normally distributed variables, while categorical
variables were presented as frequency (percentage).
For group comparisons, the independent samples t-test
was used for normally distributed data, and the Mann-
Whitney U test was used for non-normally distributed
data. Categorical variables were compared using the chi-
squared test. Correlations were assessed using Pearson
or Spearman’s rho tests where appropriate. A p-value of
<0.05 was considered statistically significant.

Post-hoc power analysis was performed using the
G*Power 3.1.9.7 program for an achievable sample size. In
the post-hoc power analysis, the effect size was associated
with power (1-)=0.895 and power (1-8)=0.882 for the
independent sample t-test when the significance criterion
was d=0.7 and a=0.05, with the number of samples for
the first group being 35, and the number of samples for
the second group being 35. The statistical power (1-B)
was found to be 0.917 for the chi-squared test, with an
effect size of d=0.4, a significance level of a=0.05, and a
total sample number of 70. For the correlation analysis,
the effect size was calculated as power (1-8)=0.967, when
the significance criterion was a=0.05 and the number of
samples was 70.

Results

Sample Characteristics

The study included a total of 70 children, comprising
35 patients with BHS and 35 healthy controls. The two
groups were well-matched, showing no statistically
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significant differences in gender, age, BMI, number of
siblings, or history of breastfeeding (Tables 1, 2).

Comparison of Blood Parameters

The comparison of blood parameters revealed key
differences between the groups (Table 3). Folate and
Hb values were significantly lower in the patient group
(p<0.001 for both). No significant differences were
found for ferritin, vitamin B12, or other hematological
parameters.

Although the mean folate level in the patient group
was statistically lower, the rate of clinical folate deficiency
(defined as a serum level <5.3 ng/mL) was found in 22.8%
of patients (n=35) compared to 11.42% of controls (n=35).

Comparison of Eating Behaviors (CEBQ)

While the total CEBQ score did not differ between
the groups, analysis of the subscales revealed significant
behavioral differences (Table 4). The patient group scored

Table 1. Demographic findings

Total number (n, %) 70 (100%)
Female 40 (57.1%)
Male 30 (42.9%)
Groups (n, %) 70 (100%)
Patient 35 (50%)
Control 35 (50%)
Patient group (n, %) 35 (100%)
Female 20 (57.1%)
Male 15 (42.9%)
Control group (n, %) 35 (100%)
Female 20 (57.1%)
Male 15 (42.9%)
Age (year) (mean * SD) 3.31+1.22
Patient 3.1£1.42
Control 3.52+0.95
Body mass index (kg/m?) (mean £ SD) 19.51+4.15
Patient 18.83+4.22
Control 20.2+4.02
Number of siblings (mean + SD) 1.47+1.2
Patient 1.57+£1.38
Control 1.37+1
History of breastfeeding (month) (mean * SD) 15.84+9.75
Patient 13.94£9.29
Control 17.77+9.95
Type of bt;eath-holding spells for the patient 35 (100%)
group (n, %)

Cyanotic 16 (%45.7)
Pallid 19 (%54.3)
SD: Standard deviation
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significantly higher on “emotional overeating” (p=0.021)
and “enjoyment of food” (p=0.002). Conversely, the
patient group scored significantly lower on the “slow
eating” subscale (p=0.03), indicating a tendency to eat
faster.

Predictors of Breath-Holding Spells: A Logistic
Regression Analysis

In order to predict whether individuals were in the
patient or control group, binary logistic regression analysis
was performed using six different blood values (ferritin,
B12, folic acid, Hb, white blood cells, and platelets). The
logistic regression model was found to be statistically
significant, %2 (6, n=70, n=42.24, p<0.001). The model
explained 60% of the variance in health status (Nagelkerke
R2) and correctly classified 77.1% of the cases. As a result
of the analysis, the coefficients of folic acid and Hb levels
were significant (p<0.05). When other variables were held
constant, it was found that each unit increase in folic acid
levels (e.g., 1 ng/mL) reduced the odds of being in the
disease group by 33% [(OR=0.67, 95% confidence interval
(Cl): (0.54, 0.84), p<0.001)]. In other words, individuals
with low folic acid levels were more likely to be ill. Similarly,
each unit increase in Hb levels (e.g., 1 g/dL) reduced the
odds of being in the disease group by 69% [OR=0.31,
95% Cl: (0.14, 0.73), p=0.007]. The coefficients for other
blood values (ferritin, B12, white blood cells, and platelets)
were not statistically significant.

In the binary logistic regression analysis applied to
predict whether individuals were in the control or patient
group according to the scores obtained from the nutrition
guestionnaire, only the coefficient of the “slow eating”
subscale was found to be significant; p<0.05. Each unit
(e.g., 1 point) increase recorded in the “slow eating” score
decreased the probability of being in the patient group by
13% [OR=0.87, 95% Cl: (0.77, 0.98), p<0.025]. This result
revealed that individuals who tend to eat faster were more
likely to be part of the patient group. The coefficients of
the total score obtained from the nutrition questionnaire
and the other seven subscales (food craving, emotional
overeating, food aversion, drinking craving, satiety craving,
emotional undereating, and food pickiness) were not
significant in the binary logistic regression model; p>0.05.

Discussion

In this study, we tested the hypothesis that children with
BHS would exhibit distinct hematological and behavioral
profiles compared to healthy controls. Our findings provide
significant support for this hypothesis on two main fronts.
First, supporting the hematological component, we found
that children with BHS had significantly lower levels of Hb
and folate. Second, supporting the behavioral component,
we identified for the first time that children with BHS
display specific eating patterns, namely a tendency for
higher emotional overeating, greater enjoyment of food,

Table 2. Comparison of the patient group and the control group in terms of BMI, age, number of siblings and history of breastfeeding

Patient group Control group

[mean % SD (median)] [mean £ SD (median)] p
Age 3.10+1.42 (2.87) 3.52+0.95 (3.79) *p=0.156
Body mass index (kg/m2) 18.83+4.22 (18.12) 20.20+4.02 (19.83) p=0.169
Number of siblings 1.57+1.38 (1) 1.37+1 (1) °p=0.774
Type of breath-holding spells for the patient 13.99.29 (17) 17.77+9.95 (24) %p=0.075
group (month)

Data are presented as mean + standard deviation (median). Group comparisons were performed using the ?Independent Samples t-test or the °"Mann-Whitney U test SD:

Standard deviation

Table 3. Comparison of blood values between the patient group and the control group

Patient group Control group

[mean = SD (median)] [mean * SD (median)] p
Ferritin (ng/ml) 53.25+142.7 (23.6) 30.55+29.72 (20.3) ?p=0.953
Vitamin B12 (pg/mL) 473.51+317.21 (398) 418.91+121.09 (388) p=0.972
Folic acid (ng/mL) 10.11%5.71 (8) 16.1+2.64 (15.6) 2p=0.000
Hemoglobin (g/dL) 11.39+1.32 (11.5) 12.32+0.7 (12.3) p=0.000
White blood cell count (/uL) 9968.29+2390.97 (10000) 8965.43+2622.35 (8780) ®p=0.099
Platelet count (/L) 340942.86+105688.76 (357000) 316542.86+86290.67 (315000) °p=0.106

Data are presented as mean =+ standard deviation (median). Group comparisons were performed using the @2Mann-Whitney U test or the PIndependent samples t-test SD:

Standard deviation
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and faster eating. These parallel findings suggest a more
complex interplay between nutritional status and behavior
in the etiology of BHS.

This study should be considered a preliminary
investigation into the complex relationship between
BHS and hematological status. While the literature has
predominantly focused on iron deficiency as a trigger for
BHS, our results suggest that anemia itself, potentially
influenced by the observed low folate levels, rather than
iron store depletion (as indicated by normal ferritin levels),
may be a key factor (13-15). This aligns with recent
research demonstrating a relationship between folate/
B12 deficiencies and spells and suggests that the clinical
approach to anemic children with BHS should include a
comprehensive assessment of all vitamins implicated in
hematopoiesis, not just iron (16).

The most novel contribution of our study is the
identification of specific eating behaviors in children with
BHS. While initial group comparisons showed that children
with BHS had higher scores for “emotional overeating”
and “enjoyment of food”, our logistic regression model
identified that only the “slow eating” subscale was a
significant independent predictor of group membership
(OR=0.87, p=0.025). The odds ratio of less than one
indicates that lower scores on this scale—reflecting a
tendency for faster eating—were significantly associated
with being in the patient group. This suggests that while
emotional and hedonic aspects of eating may differ

Table 4. Comparison of nutrition questionnaire scores between the
patient group and the control group

Patient group Control group

[mean £ SD [mean = SD

(median)] (median)] P
Total score 92.34+16.72 (94) | 86.63+11.33;(86) | p=0.099
Subscale scores
Food .
ol 1145.88 (9) 8.14+3.58 (7) p=0.078
Emotional 6.69+2.19 (6) 5.69+2.29 (5) bp=0.021
overeating
Enjoymentof | 15 694573 (16) | 12.57+4.6 (1) | %p=0.002
food
Drink 8.29+3.49 (8) 7.3742.4(7) bp=0.428
enthusiast T T ’
Satiety o
o thisiast 20.43+5.76 (19) | 22.09+5.89 (22) | 3p=0.238
Slow eating 10.06+3.66 (10) 12.46+4.72 (12) | *p=0.03
Emotional .
undereating 11.243.63 (11) 11.4£3.34 (11) p=0.559
Food selectivity | 8+3.4 (8) 6.91+2.54 (7) p=0.134

Data are presented as mean + standard deviation (median). Group comparisons
were performed using the 2Independent samples t-test or the "Mann-Whitney
U test

SD: Standard deviation
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between the groups, the most robust and defining
behavioral characteristic of children with BHS in our study
is a tendency to eat more quickly. This finding of faster
eating may be consistent with the known temperamental
traits of children with BHS, such as higher impulsivity or
lower frustration tolerance (7).

These two primary findings—hematological and
behavioral-may be interconnected. It is plausible that
micronutrient deficiencies, such as folate deficiency
observed in our patient group, could exacerbate disordered
eating behaviors or the underlying temperamental traits.
Conversely, specific eating patterns could contribute
to inadequate micronutrient intake, creating a cyclical
relationship that warrants further investigation. This study
represents a pioneering effort to examine this intersection
between feeding behaviors and BHS.

While our study focuses on factors present in early
childhood, the long-term implications of these findings
warrant consideration. A recent follow-up study by
Polskaya and Aleksenko (17) examined the later outcomes
of children with BHS, and future research could explore
whether the nutritional and behavioral patterns we
identified persist or resolve over time.

Study Limitations

Our study has several limitations that should be
acknowledged. The primary limitation is the method of
obtaining blood results for the control group, which was
selected from the hospital’s information system rather
than being prospectively collected in the same manner as
the patient group. This method introduces a potential for
selection bias. Additionally, the single-center design and
the relatively small sample size, although shown to be
sufficient by power analysis, may limit the generalizability
of our findings. A limitation, as noted by the reviewer, is
that while the mean folate and Hb levels were statistically
lower in the patient group, the mean values for both groups
were within the normal clinical range. This issue raises
important questions about the clinical significance of this
statistical difference. However, the presence of a higher
rate of folate deficiency in the patient group suggests
that even subclinical variations may play a role. Our study
was not designed to assess changes in eating behaviors
after nutritional supplementation, and the reliance on a
parental questionnaire carries an inherent risk of response
bias. Another limitation of our study is the reliance on a
single questionnaire to assess the complex nature of eating
behaviors. Future studies could incorporate qualitative
methods, such as clinical interviews or direct observation
of feeding, to provide a richer understanding. Therefore,
our findings on eating behaviors should be considered
preliminary.
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Despite these limitations, the study possesses
significant strengths. Its prospective case-control design is
a key strength. A key strength of our study is the rigorous
diagnostic process used to ensure the integrity of our BHS
cohort, which included EEG and ECG to exclude cardiac
or epileptic etiologies. While a recent study by Hellstrom
Schmidt et al. (18) has highlighted the potential for
overuse of these tests in typical BHS cases, their application
in our research context was crucial for diagnostic certainty
and strengthening the validity of our findings. The use
of the Denver Developmental Tests also ensured that
developmental delays were not a confounding factor,
thereby increasing the internal validity of our findings.

Conclusion

This  study provides new insights into the
pathophysiology of BHS by identifying two key findings.
First, children with BHS have significantly lower Hb and
folate levels compared to healthy controls. Furthermore,
our findings suggest that impaired folate status may be a
risk factor, a hypothesis that requires confirmation in larger
studies. Second, this is the first study to demonstrate
that children with BHS exhibit specific eating behaviors,
namely, a tendency to eat rapidly, which may be linked to
their underlying temperamental traits.

These findings carry notable clinical implications.
Establishing standardized management approaches may
benefit from incorporating routine screening for anemia
and folate deficiency in children with BHS. In addition,
providing families with guidance on managing the
observed eating-related behavioral patterns may constitute
an important component of a comprehensive therapeutic
strategy.
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Intestinal Stoma Types, Indications and Complications in
Pediatric Patients: A Three-year Single-center Experience
with Necrotizing Enterocolitis as the Leading Indication

® Fatma Sarac

University of Health Sciences Turkiye, Basaksehir Cam and Sakura City Hospital, Clinic of Pedlatric Surgery, Istanbul, Turkiye

Abstract

Aim: This study aimed to analyze the distribution, clinical indications, and complication rates of pediatric intestinal stomas in our
institution, with a particular focus on identifying the predominant underlying pathologies and their correlation with stoma type selection.

Methods: This retrospective observational cohort study included 78 pediatric patients who underwent intestinal stoma surgery
between June 2020 and June 2023. All patients aged 0-18 years who underwent stoma-creation surgery were identified through our
hospital’s data system and clinical surgery register and evaluated for age, sex, primary disease, timing of stoma-creation, stoma type
and location, and stoma-related complications. Patients who underwent esophagotomies or gastrostomies were excluded from the
study; only those with intestinal stomas were included.

Results: Eighty-one stomas were performed on 78 patients: 55 ileostomies (68%), 22 colostomies (27%), and 4 jejunostomies (5%).
Divergent (44.5%) and loop (42%) stomas were the most common. Necrotizing enterocolitis (NEC) was the leading indication (30.7%,
n=24), followed by Hirschsprung disease (23.1%, n=18), meconium ileus (11.5%, n=9), and anorectal malformations (ARM) (10.3%,
n=8). The overall complication rate was 78.2%, with skin excoriation being most frequent (64.1%, n=50). Neonates constituted 48.7%
of patients (n=38), and 72% of patients were under one year of age.

Conclusion: Unlike most pediatric series, in which ARM predominate, NEC was the leading stoma indication in our cohort, reflecting
institutional characteristics, including the absence of a dedicated neonatal surgery unit. lleostomy was the most frequently performed
procedure. Stoma indications and types vary significantly according to regional factors and the institutional infrastructure.

Keywords: Ostomy, ileostomy, colostomy, enterostomy, child, infant, newborn

Introduction

Intestinal stomas, surgical openings connecting the
gastrointestinal tract to the abdominal wall, represent
critical life-saving interventions in pediatric surgery. The
word “stoma” comes from the Greek word for “mouth”
and means moving intestinal contents through an opening
in the abdomen, either temporarily or permanently. These
procedures serve multiple purposes in both emergency and
elective surgical scenarios, including fecal diversion, bowel
decompression, and protection of distal anastomoses.

While adult stoma indications primarily include colorectal
malignancies, inflammatory bowel disease, diverticulitis,
and trauma, pediatric populations present distinct
indication patterns dominated by congenital anomalies
and neonatal emergencies (1-3). Contemporary pediatric
surgical practice demonstrates evolving trends in stoma
use, with institutional variations reflecting differences in
patient populations, availability of neonatal intensive care
resources, and surgical expertise (4,5).
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The predominant indications for pediatric intestinal
stomas traditionally include anorectal malformations
(ARM) and Hirschsprung disease (HD), accounting for
the majority of cases in published series (6-8). However,
acquired conditions, such as necrotizing enterocolitis
(NEC), are increasingly significant indications, particularly
in centers with high-volume neonatal intensive care
units (9,10). Recent multicenter studies have highlighted
substantial geographic and institutional variability in stoma
patterns, with some centers reporting NEC as the leading
indication, while others report ARM predominance (11-
13). The selection of stoma type—whether loop, divided
(divergent), or end configuration—and anatomical location
(jejunum, ileum, or colon) depends on multiple factors,
including underlying pathology, intestinal viability, surgeon
preference, and institutional protocols. Contemporary
evidence suggests that stoma-related complications
remain common, ranging from 21% to 70% across
series, with significant morbidity including prolapse, skin
excoriation, stenosis, and fluid-electrolyte imbalances,
which particularly affect younger patients (14-16).

We hypothesized that our institutional stoma patterns
would differ from traditional literature reports due to the
absence of a dedicated neonatal surgery unit and limited
neonatal intensive care capacity, potentially resulting in a
distinct distribution of underlying diagnoses and stoma
types. Therefore, this study aimed to comprehensively
analyze the types, indications, and complications of
intestinal stomas performed at our pediatric surgery
department over a three-year period. By characterizing
our institutional experience, we seek to contribute to
the understanding of how healthcare infrastructure and
regional factors influence pediatric stoma surgery patterns,
thereby providing valuable insights for resource allocation
and surgical planning in similar clinical settings.

Materials and Methods

Compliance with Ethical Standards

This retrospective study was approved by the
University of Health Sciences Tirkiye, Basaksehir Cam and
Sakura City Hospital Clinical Research Ethics Committee
(approval number: 438, date: 27.09.2023). All procedures
adhered to the ethical standards outlined in the 1964
Declaration of Helsinki and its subsequent amendments.
The ethics committee waived the requirement for informed
consent because the study was retrospective.

Study Design

This retrospective observational cohort study included
all pediatric patients aged 0-18 years who underwent
intestinal  stoma-creation at our pediatric surgery
department between June 2020 and June 2023. Patients
were identified through systematic review of the hospital’s
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electronic medical records system and the departmental
surgical registry. Inclusion criteria were patients aged 0-18
years who underwent surgical creation of an intestinal
stoma (jejunostomy, ileostomy, or colostomy) and had
complete medical records available. Exclusion criteria
were gastrostomies or esophagostomies, incomplete
medical records, and stoma surgery performed at another
institution (Figure 1).

Data Collection

Medical records were systematically reviewed to
extract the following variables: patient demographics
(age, sex), primary diagnosis, timing of stoma-creation,
stoma characteristics (type, location, configuration),
surgical technique, and postoperative complications.
Stomas were classified by type (jejunostomy, ileostomy, or
colostomy), configuration [divergent (completely divided),
loop (continuity maintained), or end stoma], and location
(based on anatomical segment). Complications were
documented and categorized as skin excoriation, prolapse,
retraction, stenosis, bleeding, parastomal hernia, ischemia
or circulation impairment, and systemic complications
(fluid-electrolyte imbalance).

Statistical Analysis

Data were analyzed using IBM SPSS Statistics
for Windows, version 25.0 (IBM Corp., Armonk, NY,
USA). Descriptive statistics are presented as mean *
standard deviation and median (interquartile range) for
continuous variables and as frequencies and percentages

intestinal stoma created (June 2020-June 2023)

N=82 patient

Excluded (n=4) Included (n=78)

Total of 81 stomas
(some patients had>1
stoma)

® Gastrostomy (n=3)

® Incomplet records
(n=1)

Stoma types
lleostomy (n=55, 68%)
Colostomy (n=22, 27%)

Jejunostomy (n=4, 5%)

Figure 1. Study flow diagram
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for categorical variables. For inferential statistics, the
Independent samples t-test was used to compare
normally distributed continuous variables between two
groups, while the Mann-Whitney U test was applied to
non-normally distributed continuous variables. Categorical
variables were analyzed using Pearson’s chi-square test
or Fisher's exact test (when expected cell frequencies
were <5). Multiple group comparisons for categorical
variables were performed using the chi-square test for
independence. Chi-square tests were used to compare
complication rates between stoma types. If the sample
size was fewer than five, as in jejunostomy, Fisher's exact
test was used to assess configuration preferences by
indication. A two-tailed p-value <0.05 was considered
statistically significant.

Results

Patient Demographics and Stoma Characteristics

During the three-year study period, 81 stomas were
performed on 78 patients. Three patients underwent
multiple simultaneous stomas: ileostomy and colostomy
(n=1), jejunostomy and ileostomy (n=1), and jejunostomy
and colostomy (n=1). The gender distribution showed 40
males (51.3%) and 38 females (48.7%), with no significant
difference by gender (p=0.832). Age distribution was as

follows: neonates (0-28 days), 38 patients (48.7%); infants
(1-12 months), 18 patients (23%); children (1-18 years),
22 patients (28.2%). Infants and neonates together
represented 71.8% of the cohort (n=56).

Stoma Types and Configurations

Table 1 presents the distribution of stoma types and
configurations. A chi-square test was used to analyze stoma
types. lleostomy was the most common (68%, n=55),
followed by colostomy (27%, n=22), and jejunostomy
(5%, n=4). The distribution of stoma configurations was
divergent stomas in 36 cases (44.5%), loop stomas in 34
cases (42%), and end stomas in 11 cases (13.5%). No
statistically significant difference was observed between
the frequencies of divergent and loop stomas (p=0.742).
All stomas were temporary.

Among ileostomies, the divergent configuration was
most frequent (49%, n=27), followed by loop (40%, n=22)
and end (11%, n=6) configurations. For colostomies, loop
configuration predominated (50%, n=11), followed by
divergent (36.3%, n=8) and end (13.6%, n=3).

Indications for Stoma-creation

Table 2 details the indications stratified by stoma
type. Comparisons of indications were made using the
chi-square test. If the sample size was fewer than 5, as

Table 1. Stoma types and configurations

Ostomy types Jejunostomy (%) lleostomy (%) Colostomy (%) Total (%)
Divergent 1 27 (49) 8 (36.3) 36 (44.5)
Loop 1 22 (40) 11 (50) 34 (42)
End 2 6(11) 3(13.6) 11(13.5)
Total 4(5) 55 (68) 22 (27) 81 (100)

Chi-square test was used to analyze stoma types. No statistically significant difference was observed between the frequencies of divergent and

loop stomas (p=0.742)

Table 2. Indications for stoma creation

Stoma indications (number) lleostomy Colostomy Jejunostomy Total
NEC (24) 21 3 1 25
HD (18) 11 7 18
Meconium ileus (9) 9 9
ARM (8) 8 8
Intestinal atresia (5) 4 2 6
Crohn's disease (3) 1 4
Trauma (2) 2 2
Volvulus (1) 1 1
Mechanical ileus (6) 5 1 6
FAP (1) 1 1
Latrogenic colon perforation (1) 1 1
Total (78 patient) 55 22 4 81

Chi-square test was used to compare stoma indications. There is a statistically significant difference between the NEC, HD and ARM groups (p<0.05)
NEC: Necrotizing enterocolitis, HD: Hirschsprung disease, ARM: Anorectal malformations, FAP: Familial adenomatous polyposis
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in the jejunostomy group, Fisher’'s exact test was used.
Necrotizing enterocolitis was the leading indication
(30.7%, n=24), followed by HD (23.1%, n=18), meconium
ileus (11.5%, n=9), ARM (10.3%, n=8), intestinal atresia
(6.4%, n=5; 4 ileal, 1 jejunal), mechanical ileus (7.7%,
n=6), Crohn’s disease (3.8%, n=3), trauma (2.6%, n=2),
volvulus (1.3%, n=1), familial adenomatous polyposis
(1.3%, n=1), and iatrogenic colonic perforation during
colonoscopy (1.3%, n=1).

Among NEC patients (n=24), 21 (87.5%) underwent
ileostomy (predominantly diverting ileostomies), 3
underwent colostomy, and 1 underwent jejunostomy.
Among HD patients (n=18), ileostomy was performed
in 11 cases (61%) and colostomy in 7 cases (39%), with
loop ileostomy and loop transverse colostomy preferred.
All ARM patients (n=8) underwent colostomy: 7 received
divergent sigmoid colostomies and 1 received a divergent
transverse colostomy.

Complications

Table 3 summarizes stoma-related complications. The
overall complication rate was 78.2% (61/78 patients). Skin
excoriation was the most common complication (64.1%,
n=50), followed by prolapse (6.4%, n=5: 4 in transverse
loop colostomy, 1in loop ileostomy); circulatory impairment
(2.6%, n=2: both in severe NEC cases); bleeding (2.6%,
n=2: both post-ileostomy for NEC); retraction (1.3%, n=1);
and stenosis (1.3%, n=1).

Chisquare tests were used to compare complication
rates between stoma types. Complications were more
frequent in patients with NEC than in those with other
indications (p=0.031). Skin excoriation affected 61.7% of
NEC patients. One patient with stoma retraction required
surgical revision. Patients with prolapse underwent early
stoma closure. Other complications were managed
conservatively with medical therapy. No significant
differences in complication rates were found between

Table 3. Stoma-related complications

Complication n=patient number

Stenosis 1
Retraction 1
Prolapsus 5
Bleeding 2
Circulation impairment 2
Skin excoriation 50
Total 61

Chi-square test was used to compare complication rates between
stoma types. While the most common complication was seen in NEC
patients (p=0.031, p<0.05), no difference was observed between
ileostomy and colostomy (p=0.591)

NEC: Necrotizing enterocolitis
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ileostomy and colostomy (p=0.284) or between divergent
and loop configurations (p=0.591).

Discussion

This three-year retrospective analysis of 78 pediatric
patients undergoing 81 intestinal stomas revealed NEC
as the predominant indication (30.7%), contrasting with
most published series where ARM typically predominates.
This finding validates our hypothesis that institutional
infrastructure—specifically, the absence of a dedicated
neonatal surgery unit—significantly influences stoma-
indication patterns. Our results contribute to understanding
how healthcare delivery models shape pediatric surgical
practice patterns in different clinical settings.

The predominance of NEC in our series differs from that
reported in traditional pediatric stoma literature, where
ARM and HD typically constitute the leading indications
(6-8,17). A recent multicenter European study by Schaart
et al. (18) similarly reported institutional variation in stoma
indications, with tertiary neonatal centers demonstrating
higher NEC proportions. Our findings align with reports
from institutions with high-volume neonatal intensive
care units but limited neonatal surgical subspecialization.
Conversely, specialized pediatric surgery centers with
dedicated ARM programs report higher ARM stoma rates
(19,20). Despite the presence of a sufficient number of
specialized neonatal surgeons in our institution, adequate
neonatal surgery services are lacking.

The relatively low proportion of ARM (10.3%)
observed in our cohort likely reflects referral patterns and
limited neonatal surgical capacity, as hypothesized. Many
ARM patients may have been managed at institutions
with specialized neonatal surgery units. This pattern has
significant implications for surgical training and resource
allocation in general pediatric surgery departments.

Hirschsprung disease was our second most common
indication  (23.1%), consistent with its established
prevalence in pediatric stoma series (21,22). Recent
guidelines from the European Society of Pediatric
Gastroenterology, Hepatology, and Nutrition (2024)
emphasize the continued role of temporary diversion
in the management of HD, particularly in cases of total
colonic aganglionosis and in critically ill presentations (23).

Meconium ileus (11.5%) constituted a significant
proportion of our cases, reflecting the complex
management of cystic fibrosis-associated intestinal
complications. Contemporary approaches increasingly
favor primary anastomosis when possible, reserving
stomas for complicated cases with perforation, atresia, or
volvulus (24,25).

The predominance of ileostomy (68%) in our series
reflects the high proportion of NEC cases, in which ileal
involvement is common. This finding is consistent with
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recent data from neonatal surgical centers (26,27). The
preference for a diverting ileostomy (49% of ileostomies)
in NEC cases aligns with current practice patterns that
prioritize adequate fecal diversion while minimizing distal
limb complications (28).

Debate regarding loop versus divided (divergent)
colostomy in  ARM management persists in the
contemporary literature (29,30). Although we used
divergent sigmoid colostomy as our preferred approach
for ARM (n=7), recent meta-analyses suggest that loop
and divided techniques have comparable outcomes
with respect to urinary tract infections and distal fecal
impaction, while loop colostomy is associated with shorter
operative times (31,32). However, proponents of divided
colostomy cite lower prolapse rates and superior fecal
diversion (33). Our institutional preference for divided
sigmoid colostomy in ARM reflects traditional teaching and
surgeons’ experience, though prospective comparative
studies are needed.

In HD patients, we preferentially performed loop
ileostomy and loop transverse colostomy, with stoma
location determined by identification of the transition
zone. This approach is supported by recent literature
emphasizing individualized stoma placement based on
intraoperative findings and disease extent (34,35).

Our overall complication rate of 78.2% appears higher
than in some reported series but falls within the wide
range (21-70%) described in the pediatric stoma literature
(1,14-16). The predominance of skin excoriation (64.1%)
likely reflects multiple factors, including the young age of
patients, liquid stool consistency from proximal stomas,
and challenging ostomy care in neonates with fragile skin.

The strong association between NEC and complications
(p=0.031) has been documented previously, with studies
reporting increased rates of retraction, ischemia, and skin
problems in this population (3,36).

Prolapse occurred in 6.4% of cases, predominantly
in loop colostomies (n=4), consistent with the literature,
which reports higher prolapse rates in loop versus divided
configurations (37,38). Early stoma closure was our
management approach for these cases, avoiding the
morbidity associated with surgical revision.

Our low rates of stenosis (1.3%) and retraction (1.3%)
compare favorably with published series, potentially
reflecting adequate initial stoma construction and
meticulous surgical technique (39). The patient requiring
revision for retraction underwent a successful reoperation
without subsequent complications.

Our findings demonstrate that stoma indication
patterns are substantially influenced by institutional
characteristics and healthcare delivery models. Centers
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without dedicated neonatal surgery units may experience
different case mixes, emphasizing the importance of
maintaining broad pediatric surgical expertise. The high
complication rate, particularly skin excoriation, highlights
the need for enhanced ostomy care protocols, potentially
including early involvement of enterostomal therapy
nurses and parental education programs.
Future research should focus
comparison of stoma techniques, development of
standardized complication reporting systems, and
investigation of quality-of-life outcomes in pediatric
ostomy patients. Multicenter collaborative studies would
be valuable in establishing best practices adaptable to
various institutional settings.

on prospective

Study Limitations

Several limitations merit consideration in interpreting
our findings. First, the retrospective design introduces
potential selection and information biases and may involve
incomplete documentation of some variables. Second,
the absence of standardized protocols for stoma type
selection reflects the involvement of multiple surgeons
trained in different schools, introducing variability in
surgical decision-making. This heterogeneity, while limiting
protocol uniformity, may enhance external validity by
reflecting real-world practice patterns. Third, our lack of a
dedicated neonatal surgery unit limits the generalizability
of our findings to specialized centers and likely influenced
the distribution of indications. Fourth, the relatively small
sample size (n=78) and single-center design limit statistical
power for subgroup analyses and reduce broader
applicability. Fifth, we lacked long-term follow-up data on
the timing of stoma closure, definitive surgical procedures,
and ultimate functional outcomes. Finally, we did not
systematically assess quality-of-life measures or detailed
cost analyses.

Despite these limitations, our study provides valuable
realworld data reflecting pediatric stoma practice in
a general pediatric surgical setting lacking neonatal
subspecialization.  Strengths include comprehensive
inclusion over three years, detailed documentation of
complications, and representation of diverse underlying
pathologies. Our findings contribute important insights
into how institutional infrastructure shapes pediatric
surgical practice patterns; this information is valuable
for healthcare planning and surgical training in similar
settings. The demonstration of acceptable outcomes
despite infrastructure limitations supports the feasibility
of managing complex pediatric stoma cases in general
pediatric surgery departments with appropriate expertise
and resources.
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Conclusion

This three-year institutional experience demonstrates
that NEC and HD, rather than ARM, predominated
as indications for stoma in our setting, reflecting
the significant impact of institutional infrastructure,
particularly the absence of a dedicated neonatal surgery
unit, on pediatric surgical case distribution. lleostomy was
the most frequently performed procedure; divergent and
loop configurations were used with similar frequency.
While the overall complication rate was high (78.2%),
most complications were managed conservatively, and
skin excoriation was the most common complication,
requiring enhanced ostomy-care protocols.

These findings underscore the importance of
recognizing institutional and regional variations in
pediatric stoma patterns when planning resources,
developing clinical protocols, and designing training
programs. Healthcare systems should consider these
variations in surgical workforce planning and infrastructure
development. Future multicenter prospective studies are
needed to establish evidence-based guidelines adaptable
to diverse clinical settings and to optimize outcomes for
pediatric patients requiring intestinal diversion.
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Abstract

Aim: Intrinsic variations in knee anatomy, including the intercondylar notch and tibial slope morphology, are associated with anterior
cruciate ligament (ACL) injury risk. This study aimed to evaluate the association between the intercondylar notch angle (INA), medial
and lateral tibial slope angles MTSA and LTSA, and femoral notch width (FNW) and the occurrence of ACL rupture by comparing
patients with ACL injury and healthy controls.

Methods: This retrospective study included 413 individuals aged 20-40 years who underwent knee magnetic resonance imaging (MRI)
between January 2016 and November 2019. The study group comprised 232 patients with complete ACL rupture, and 181 healthy
individuals without ACL tears served as controls. Morphometric parameters, including the INA, MTSA and LTSA, FNW, intercondylar
width (ICW), and notch width ratio (NWR), were measured and compared between groups. The NWR was calculated as FNW/ICW and
classified as <0.27 or >0.27. Knees were also categorized by notch shape (A, U, W), and associations with age and sex were analyzed.

Results: The mean INA and FNW were significantly lower, while the LTSA was significantly higher in the ACL rupture group than in
controls (p<0.01). The NWR was also significantly lower in the ACL group (p<0.001). An NWR =<0.27 was associated with a 2.24-fold
increased risk of ACL rupture, with an area under the curve of 0.724, indicating moderate diagnostic accuracy. No significant difference
in notch shape types (A, U, W) was observed between groups (p=0.169).

Conclusion: Reduced notch dimensions, a lower NW ratio, and a steeper lateral tibial slope are significant anatomical risk factors
for ACL rupture. Incorporating these MRI-based morphometric parameters into prevention programs may aid early identification of
high-risk individuals. Prospective biomechanical studies are warranted to validate these findings and guide individualized prevention
strategies.

Keywords: Anterior cruciate ligament injuries, knee joint, magnetic resonance imaging, risk factors

Introduction tendons. The anterior cruciate ligament (ACL), one of the
The knee is the body’s largest synovial joint, formed by primary stabilizers, lies within the joint capsule but outside
the femoral condyles and tibial plateau, with the menisci the synovial membrane and consists of two bundles: the
positioned between them. Stability of the knee depends ~ anteromedial and posterolateral (1-3).
on static structures such as the capsule, menisci, and Injuries to the ACL represent one of the most prevalent

ligaments, as well as dynamic support from muscles and forms of knee pathology, particularly among athletes
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participating in sports that involve cutting, pivoting, or
physical contact. The ACL is a primary stabilizer of the knee,
preventing anterior displacement and excessive internal
rotation of the tibia. Rupture typically occurs during
sudden deceleration or rotational loading of the joint (4-
6). Numerous factors have been proposed to influence
susceptibility to ACL injury, encompassing hormonal,
genetic, biomechanical, and anatomical components.
Among these parameters, decreased intercondylar
notch dimensions and a steeper posterior tibial slope are
regarded as important contributors to ligament rupture
risk (7-9).

Magnetic resonance imaging (MRI), particularly T2-
weighted and proton density (PD)-weighted sequences,
plays a crucial role in the evaluation of ACL integrity. The
ligament should be examined in sagittal, coronal, and axial
planes, with attention to both primary and secondary
signs of injury (10,11). Recent studies have highlighted the
importance of intrinsic anatomical variations, particularly
notch geometry and tibial slope, as key determinants of
ACL injury risk (12,13). These morphometric parameters
can be quantitatively assessed on MRI, providing valuable
insights into the anatomical predisposition to ligament
rupture.

We hypothesized that distinct morphological features
of the knee joint may contribute to an increased
susceptibility to ACL injury. Therefore, the present study
aimed to investigate the relationship between the
intercondylar notch angle (INA), medial tibial slope angle
(MTSA) and lateral tibial slope angle (LTSA), and femoral
notch width (FNW), and the occurrence of ACL rupture.
By comparing these morphometric parameters between
patients with ACL injury and healthy controls, we sought
to identify anatomical features that may serve as potential
predictive risk factors and contribute to more targeted
prevention and individualized screening strategies.

Materials and Methods

Patient Selection

This retrospective cross-sectional study was conducted
by reviewing knee MRIs acquired between January 1,
2016, and November 15, 2019, following approval
approved by the Ethics Committee of University of Health
Sciences Turkiye, Istanbul Haseki Training and Research
Hospital (approval no.: 2020-22, date: 12.02.2020). A
total of 413 participants were included in the study,
comprising 232 patients with complete ACL ruptures
and 181 healthy controls. All patients in the study group
had complete ACL ruptures. The control group consisted
entirely of individuals with no evidence of partial or
complete ACL tears on knee MRI, exhibiting healthy
knee morphology with intact ligamentous and osseous

289

structures. In both the study and control groups, male
and female participants aged between 20 and 40 years
were included. Individuals younger than 20 or older than
40 years were excluded from the study. Those within this
age range who had any history of knee ligament injury,
previous knee surgery, knee deformities (genu varum
or valgum), fractures involving the femur or tibia, or
radiological evidence of osteoarthritis were also excluded.
According to these criteria, 72 participants were excluded
from the initial cohort.

Data Acquisition

Knee MRl scans were obtained using a 1.5-T MRI system
(Achieva, Philips Medical Systems, The Netherlands).
During image acquisition, patients were positioned
supine with the knee in approximately 15 ° flexion and
10 ° external rotation. The knee imaging protocol was as
follows:

- Sagittal T1-weighted (T1W): echo time (TE)=20 ms,
repetition time (TR)=468 ms, matrix=240 x 284, field of
view (FOV)=160 mm, number of excitations (NEX)=1

« Axial plane PD: TE=30 ms, TR=2300 ms, matrix=120
x 152, FOV=150 mm, NEX=1

- Coronal PD: TE=30 ms, TR=2300 ms, matrix=120 x
152, FOV=170 mm, NEX=1

« Sagittal PD: TE=30 ms, TR=2300 ms, matrix=120 x
160, FOV=180 mm, NEX=1

The slice thickness was set to 3 mm with an interslice
gap of 0.5 mm.

Image Analysis

The ACL was anatomically evaluated in axial, coronal,
and sagittal MRI sections. For each patient, age, sex, and
the side of the knee assessed were recorded.

On sagittal TIW images, the INA was measured
according to the approach proposed by Huang et al.
(8). The INA was defined as the angle between the line
drawn parallel to the femoral axis and the Blumensaat line
tangent to the roof of the intercondylar notch (Figure 1).

On sagittal TTW images, the MTSA was measured
as the angle between a line drawn perpendicular to the
tibial axis and a line connecting the anterior and posterior
peaks of the medial tibial plateau in its central section.
This section is identified as the one where the tibiofemoral
joint space is narrowest (Figure 2). Similarly, the LTSA
was measured in the central section of the lateral tibial
plateau, following the method described by Stijak et al.
(9) (Figure 3).

Each measurement was performed three times for the
same subject, and the mean value was used for analysis.
The relationships between ACL injury risk and INA, MTSA,
LTSA, sex, and age were then evaluated.

On axial PD images at the level of the popliteal groove
and parallel to the line joining the posterior borders of
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the femoral condyles, the intercondylar width (ICW) and
FNW were measured according to the method described
by Bouras et al. (14) (Figure 4). The notch width (NW)
ratio was calculated as FNW/ICW.

On axial PD fat-suppressed images, the femoral notch
morphology was classified as Type A, Type U, or Type W,
following the criteria defined by van Eck et al. (15) (Figure
5). Type A notches were characterized by a narrowing
configuration from the midsection toward the base and
apex, reflecting a stenotic morphology. Type U notches

exhibited a broader outline without tapering in the
midsection, whereas Type W notches represented a wider
variant of Type U, characterized by two distinct apices
instead of a flat roof.

Subsequent analyses investigated which notch type
was more frequently associated with ACL rupture and
whether a significantly increased risk was observed in
patients with narrow FNW or an NW ratio <0.27. The
relationships between these morphological parameters,
age, and sex were also evaluated.

Figure 1. Measurement of the intercondylar notch angle. Sagittal T1-weighted MRI from two different patients show the angle
between a line drawn parallel to the femoral axis and the Blumensaat line tangent to the roof of the intercondylar notch. The schematic

illustration (a), and a sample patient measurement (b) are shown

MRI: Magnetic resonance imaging, INA: Intercondylar notch angle

Figure 2. Measurement of the MTSA. On sagittal T1-weighted images, a line parallel to the tibial axis (A), a line perpendicular to the
tibial axis (B), and a line connecting the anterior and posterior peaks of the medial tibial plateau in the central section (C) are drawn.
The MTSA is defined as the angle between lines B and C. The schematic illustration (a), and a sample patient measurement (b) are

shown
MTSA: Medial tibial slope angle
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Figure 3. Measurement of the LTSA. On sagittal T1-weighted images, a line parallel to the tibial axis (A), a line perpendicular to the
tibial axis (B), and a line connecting the anterior and posterior peaks of the lateral tibial plateau in the central section (C), are drawn.
The LTSA is defined as the angle between lines B and C. The schematic illustration (a) and a sample patient measurement (b) are shown

LTSA: Lateral tibial slope angle

Figure 4. Measurement of femoral intercondylar notch width.
A reference line is drawn parallel to the posterior borders of the
femoral condyles (A) on an axial PD image passing through the
popliteal groove. The intercondylar width (B) and the femoral
notch width (C) are measured, and the notch width ratio is
calculated as C/B

PD: Proton density, FNW: Femoral notch width, ICW: Intercondylar width

Statistical Analysis

All statistical analyses were performed using Number
Cruncher Statistical System 2007 Statistical Software
(Utah, USA). Descriptive statistics, including mean,
standard deviation, median, and interquartile range, were
calculated for all variables. The Shapiro-Wilk test was used
to assess the normality of data distribution.
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For comparisons between two independent groups,
the independent samples t-test was applied to normally
distributed variables, while the Mann-Whitney U test was
used for non-normally distributed variables. The chi-square
test was used to compare categorical data. Relationships
between continuous variables were evaluated using the
Pearson correlation test.

To determine the independent predictors of ACL injury,
logistic regression analysis was performed, including
variables that were significant in univariate analysis. The
receiver operating characteristic (ROC) curve was used
to determine the optimal cut-off value, and sensitivity,
specificity, positive predictive value (PPV), negative
predictive value, and positive likelihood ratio [LR (+)] were
calculated.

All statistical results were evaluated at a significance
level of p<0.05.

Results

A total of 413 individuals aged 20-40 years were
evaluated, including 232 patients with complete ACL
rupture (198 males, 34 females) and 181 healthy controls
(144 males, 37 females). The mean age was 32.27+6.09
years in the study group and 31.30+6.15 years in the
control group. The distribution of age, sex, and laterality
(right/left knee) between groups was statistically
homogeneous.

In the study group, 126 (54.3%) MRIs were of the right
knee and 106 (45.7%) of the left; in the control group, 83
(45.9%) were of the right and 98 (54.1%) were of the
left.
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Figure 5. Classification of femoral notch shape on axial PD FS images. Knees were categorized into three types based on the notch
configuration: type A, type U, and type W

PD: Proton Density, FS: Fat-Suppressed

The mean INA was significantly lower in the study
group compared with controls (p=0.0001). LTSA values
were significantly higher in the study group (p=0.002),
while no significant difference was found in MTSA values
(p=0.419) (Table 1).

The mean FNW was significantly lower (p=0.0001),
and the mean ICW was significantly higher (p=0.036) in
the study group compared with controls. The (NWR=FNW/
ICW) was also significantly lower in the study group
(p=0.0001). No significant difference was observed
in knee notch shape types (A, U, W) between groups
(p=0.169) (Table 1).

A significant negative correlation was detected
between age and MTSA in the study group (r=-0.153,
p=0.020) (Table 2).

Among the measured parameters, the NWR showed
the highest diagnostic accuracy for ACL injury, with an
area under the ROC curve (AUC) of 0.724 (0.678-0.767)
(Table 3). For a cutoff of NWR =<0.27, sensitivity was
69.4%, specificity 69.06%, PPV 74.2%, and LR (+) 2.24
(Table 4).

Overall, patients with low INA, high LTSA, narrow
FNW, and NWR <0.27 had a significantly increased risk of
ACL rupture (Table 5).

Table 1. Study and control group INA, MTSA, LTSA, FNW, ICW, NWR, and type comparison
Control group n=181 Study group n=232 p

INA Mean £ SD 39.2+3.81 36.93+4.56 0.0001*
Mean £ SD 3.32+2.46 3.38+£2.31

MTSA : 0.419%
Median (IQR) 3(1-5) 3(2-5)
Mean £ SD 3.42+2.26 4.44+3.17

LTSA - 0.002%
Median (IQR) 3 (2-5) 4 (2-6)

FNW Mean + SD 2.33+0.26 2.16+0.25 0.0001*

ICwW Mean £ SD 7.98+0.55 8.09+0.55 0.036*

NWR Mean £ SD 0.29+0.03 0.26+0.03 0.0001*
>0.27 NWR 125 69.06% 71 30.60%

NWR 0.0001+
<0.27 NWR 56 30.94% 161 69.40%
A Type 116 64.09% 130 56.03%

Type U Type 53 29.28% 77 33.19% 0.169+
W Type 12 6.63% 25 10.78%

*:Independent t-test $:Mann Whitney U test +:Chi-square test

INA: Intercondylar notch angle, MTSA: Medial tibial slope angle, LTSA: Lateral tibial slope angle, FNW: Femoral notch width, ICW: Intercondylar width, NWR: Notch width

ratio, SD: Standard deviation, IQR: Interquartile range
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Table 2. Pearson correlation test

Control group | Study group
Age Age

r 0.112 0.045
INA

p 0.134 0.494

r 0.124 -0.153
MTSA

p 0.096 0.020

r -0.086 -0.057
LTSA

p 0.251 0.388

r -0.229 -0.075
FNW

p 0.002 0.256

r -0.265 -0.037
ICwW

p 0.0001 0.577

r -0.084 -0.005
NWR

p 0.260 0.934

p: Significance value, r: Correlation coefficient
INA: Intercondylar notch angle, MTSA: Medial tibial slope angle, LTSA: Lateral
tibial slope angle, FNW: Femoral notch width, ICW: Intercondylar width, NWR:

Notch width ratio

Table 3. Area under the ROC curve

AUC SE 95% ClI
NWR 0.724 0.025 0.678-0.767
FNW 0.678 0.027 0.630-0.723
INA 0.647 0.028 0.599-0.693
LTSA 0.588 0.028 0.539-0.636
ICw 0.558 0.028 0.509-0.607

ROC: Receiver operating characteristic, AUC: Area under the curve, SE: Standard
error, Cl: Confidence interval, NWR: Notch width ratio, FNW: Femoral notch
width, INA: Intercondylar notch angle, LTSA: Lateral tibial slope angle, ICW:

Intercondylar width

Discussion

Increasing evidence suggests that intrinsic knee
morphology plays a significant role in determining the
risk of ACL injury. Several morphometric parameters,
including the INA, MTSA and LTSA, FNW, ICW, and the
NW, have been extensively investigated as potential
anatomical predictors of ACL rupture. Among these, the
NWR, defined as the ratio of FNW to ICW, is regarded
as one of the most reliable indicators, as it reflects the
spatial capacity of the femoral notch to accommodate the
ACL. A reduced NWR may limit the available space for the
ligament, predisposing it to impingement and increased
mechanical stress during knee motion.

In this study, we found that the INA and FNW were
significantly lower, whereas the LTSA was significantly
higher in patients with ACL rupture compared with healthy
controls. No significant difference was observed in the
MTSA between the groups. These findings support the
hypothesis that morphological narrowing of the femoral
notch and steeper tibial slopes increase ACL vulnerability
by altering joint biomechanics. Our results are consistent
with those reported by Huang et al. (8), who demonstrated
significantly lower INA and higher LTSA values in patients
with ACL injuries. Similarly, Dejour and Bonnin (16), as well
as Khan et al. (17), emphasized that an increased lateral
tibial slope promotes greater anterior tibial translation,
thereby predisposing the ACL to excessive tensile stress
and rupture.

These observations further emphasize the importance
of notch geometry and tibial slope as key structural
determinants of ACL integrity. In the present study, the
NWR emerged as the strongest predictor of ACL injury,

Table 4. Cut-off points in the differential diagnosis of ACL injury by variables

Predictive value Sensitivity Specificity PPV NPV LR (+)
NWR <0.27 69.40 69.06 74.2 63.8 2.24
FNW <2.21 56.47 69.06 70.1 55.3 1.83
INA <38 64.22 60.77 67.7 57.0 1.64
LTSA >3 55.17 62.43 65.3 52.1 1.47
ICW >7.83 71.98 38.67 60.1 51.9 1.17

ACL: Anterior cruciate ligament, PPV: Positive predictive value, NPV: Negative predictive value, LR: Likelihood ratio, NWR: Notch width ratio, FNW: Femoral notch width,
INA: Intercondylar notch angle, LTSA: Lateral tibial slope angle, ICW: Intercondylar width

Table 5. Logistic regression analysis to determine the factors affecting ACL injury

OR (95% Cl)
B P OR
Lower bound Upper bound
INA -0.12 0.0001 0.89 0.84 0.94
LTSA 0.15 0.0001 1.16 1.07 1.25
FNW -1.31 0.021 0.27 0.09 0.82
NWR (<0.27) -1.06 0.0001 0.35 0.20 0.61

ACL: Anterior cruciate ligament, B: Beta coefficient, P: Significance value, OR: Odds ratio, Cl: Confidence interval, INA: Intercondylar notch angle, LTSA: Lateral tibial slope
angle, FNW: Femoral notch width, NWR: Notch width ratio
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with an area under the ROC curve of 0.724 and an odds
ratio indicating a 2.24-fold increased risk among subjects
with an NWR <0.27. These findings are consistent with the
results of Souryal and Freeman (18) as well as the study
by Anderson et al. (19), who identified an NWR below
0.27 as a critical threshold associated with greater injury
risk. Similarly, Bouras et al. (14) reported that a narrow
femoral notch and low NWR were significantly correlated
with increased ACL rupture incidence, particularly in
knees exhibiting type A notch morphology. Although the
overall distribution of notch shapes (A, U, W) did not differ
significantly between groups in our cohort, the proportion
of type A knees was higher among patients with an NWR
<0.27, further reinforcing the association between notch
stenosis and ACL injury risk.

Our findings regarding the LTSA further corroborate
previous evidence indicating that a steeper lateral tibial
plateau increases anterior tibial translation under axial
loading, thereby heightening stress on the ACL during
pivoting or deceleration movements (20-22). Stijak et
al. (9) similarly reported that a more vertical lateral tibial
slope represents a key morphometric feature in patients
with ACL rupture. Although no significant association was
found between the MTSA and ACL injury, a significant
negative correlation between age and MTSA was
observed within the study group. This finding may reflect
age-related adaptations in tibial geometry; however, its
clinical relevance remains to be clarified.

Gender-based analyses in previous research have
produced variable results. Hashemi et al. (23,24) reported
that women with increased lateral tibial slope angles and
decreased medial tibial depth are more susceptible to ACL
injury, whereas men exhibit risk patterns associated with
concomitant increases in both medial and LTSs. In the
present study, no significant sex-based differences in ACL
injury risk were identified, consistent with the findings of
Vrooijink et al. (25) and van Diek et al. (26). However,
both FNW and ICW values were lower in women than
in men, suggesting that female knees may possess
proportionally narrower intercondylar spaces despite
similar NW ratios. Further investigations with larger female
cohorts are warranted to elucidate potential gender-
specific anatomical risk factors for ACL injury.

Several studies have explored the association between
body mass index (BMI) and ACL injury risk, as increased
body weight may influence tibial slope geometry and
elevate knee joint loading (27,28). Although BMI data
were not available in our retrospective cohort, this
parameter may affect tibial plateau morphology and
warrants further investigation. In addition, the absence of
contralateral knee imaging limited our ability to evaluate
potential bilateral or genetic predispositions, which have

294

been proposed as contributing factors to ACL rupture
(19,29).

In line with previous reports, our findings confirm
that reduced intercondylar notch dimensions and
an increased lateral tibial slope represent significant
intrinsic risk factors for ACL rupture (30,31). Although
non-contact ACL injuries, which account for the majority
of cases and are multifactorial in origin, morphological
narrowing of the intercondylar notch appears to play
a consistent and reproducible role across different
populations (32).

Study Limitations

There are certain limitations that should be
considered when interpreting the findings of this study.
Its retrospective design precludes causal inference, and
the absence of data on BMI, activity level, and trauma
mechanism reduces the generalizability of the findings.
Furthermore, the lack of contralateral knee imaging
prevented evaluation of potential bilateral or genetic
predispositions, and minor variations in MRI acquisition
parameters may have introduced measurement variability.
Only patients with complete ACL ruptures were included,
thereby excluding partial injuries that may exhibit different
anatomical characteristics. Despite these limitations, the
relatively large sample size and the use of a standardized
measurement protocol enhance the reliability and
robustness of our results.

Conclusion

In summary, our findings demonstrate that a smaller
INA, reduced FNW, lower NWR, and steeper lateral
tibial slope are significant morphological risk factors
for ACL rupture. These findings suggest that intrinsic
knee morphology plays a key role in injury susceptibility,
independent of external factors such as sport type or
trauma mechanism. Quantitative evaluation of these
parameters on MRI may enhance injury risk prediction and
support the development of targeted prevention strategies.
Future prospective, multicenter, and biomechanical studies
incorporating body composition and activity data are
warranted to further elucidate the complex interplay
between intrinsic anatomy and ACL injury susceptibility.

Ethics

Ethics Committee Approval: The study was approved
by the Ethics Committee of University of Health Sciences
Turkiye, Istanbul Haseki Training and Research Hospital
(approval date:12.02.2020, approval number: 2020-22).
All procedures performed in studies involving human
participants were conducted in accordance with the
ethical standards of the institutional research committee
and with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.



Cindemir et al. Angles Related to ACL Injury

Informed Consent: Written informed consent was

obtained from all participants before undergoing magnetic
resonance imaging.

Footnotes

Authorship Contributions
Surgical and Medical Practices: E.C., RK., Concept:

E.C., TI, Design: E.C., TI., Data Collection or Processing:
E.C., RK., Analysis or Interpretation: E.C., TI., R.K., Y.S,,
Literature Search: E.C., Writing: E.C.

Conflict of interests: No conflict of interest were

declared by the authors.

Financial Disclosure: This study received no financial

support.

10.

References

Amis AA, Dawkins GP Functional anatomy of the anterior
cruciate ligament. Fibre bundle actions related to ligament
replacements and injuries. J Bone Joint Surg Br. 1991;73:
260-7.

Girgis FG, Marshall JL, Monajem A. The cruciate ligaments
of the knee joint. Anatomical, functional and experimental
analysis. Clin Orthop Relat Res. 1975:216-31.

Sakane M, Fox RJ, Woo SL, Livesay GA, Li G, Fu FH. In situ
forces in the anterior cruciate ligament and its bundles in
response to anterior tibial loads. J Orthop Res. 1997;15:
285-93.

Miller LS, Yu JS. Radiographic indicators of acute ligament
injuries of the knee: a mechanistic approach. Emerg Radiol.
2010;17:435-44.

Shen L, Jin ZG, Dong QR, Li LB. Anatomical risk factors
of anterior cruciate ligament injury. Chin Med J (Engl).
2018;131:2960-7.

Beynnon BD, Johnson RJ, Fleming BC, et al. The effect of
functional knee bracing on the anterior cruciate ligament in
the weightbearing and nonweightbearing knee. Am J Sports
Med. 1997;25:353-9.

Lohmander LS, Englund PM, Dahl LL, Roos EM. The long-term
consequence of anterior cruciate ligament and meniscus
injuries: osteoarthritis. Am J Sports Med. 2007;35:1756-69.

Huang M, Li Y, Guo N, Liao C, Yu B. Relationship between
intercondylar notch angle and anterior cruciate ligament
injury: a magnetic resonance imaging analysis. J Int Med Res.
2019; 47:1602-9.

Stijak L, Herzog RF, Schai P Is there an influence of the tibial
slope of the lateral condyle on the ACL lesion? A case-control
study. Knee Surg Sports Traumatol Arthrosc. 2008;16:112-7.

Ng WH, Griffith JF Hung EH, Paunipagar B, Law BK, Yung PS.
Imaging of the anterior cruciate ligament. World J Orthop.
2011;2:75-84.

295

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Padron M, Lacalle ES, Oaso |, Schueller-Weidekamm C.
MRI of the Cruciate ligaments. 2013;65-75. Available from
internet: https://breitenseher.eu/books/978-3-9503296-9-8/
leseprobe.pdf.

Zeng C, Borim FM, Lording T. Increased posterior tibial slope
is a risk factor for anterior cruciate ligament injury and graft
failure after reconstruction: a systematic review. J ISAKOS.
2025;12:100854.

Pradhan P Kaushal SG, Kocher MS, Kiapour AM. Development
of anatomic risk factors for ACL injuries: a comparison
between ACL-injured knees and matched controls. Am J
Sports Med. 2023;51:2267-74.

Bouras T, Fennema P Burke S, Bosman H. Stenoticintercondylar
notch type is correlated with anterior cruciate ligament injury
in female patients using magnetic resonance imaging. Knee
Surg Sports Traumatol Arthrosc. 2018;26:1252-7.

van Eck CF Martins CA, Vlyas SM, Celentano U, van Dijk CN,
Fu FH. Femoral intercondylar notch shape and dimensions in
ACL-injured patients. Knee Surg Sports Traumatol Arthrosc.
2010;18:1257-62.

Dejour H, Bonnin M. Tibial translation after anterior cruciate
ligament rupture. Two radiological tests compared. J Bone
Joint Surg Br. 1994,76:745-9.

Khan MS, Seon JK, Song EK. Risk factors for anterior cruciate
ligament injury: assessment of tibial plateau anatomic
variables on conventional MRI using a new combined
method. Int Orthop. 2011;35:1251-6.

Souryal TO, Freeman TR. Intercondylar notch size and anterior
cruciate ligament injuries in athletes. A prospective study. Am
J Sports Med. 1993;21:535-9.

Anderson AF Dome DC, Gautam S, Awh MH, Rennirt GW.
Correlation of anthropometric measurements, strength,
anterior cruciate ligament size, and intercondylar notch
characteristics to sex differences in anterior cruciate ligament
tear rates. Am J Sports Med. 2001;29:58-66.

Domezalski M, Grzelak P Gabos P Risk factors for Anterior
Cruciate Ligament injury in skeletally immature patients:
analysis of intercondylar notch width using magnetic
resonance imaging. Int Orthop. 2010;34:703-7.

MclLean SG, Oh YK, Palmer ML, et al. The relationship
between anterior tibial acceleration, tibial slope, and ACL
strain during a simulated jump landing task. J Bone Joint Surg
Am. 2011;93:1310-7.

MclLean SG, Lucey SM, Rohrer S, Brandon C. Knee joint
anatomy predicts high-risk in vivo dynamic landing knee
biomechanics. Clin Biomech (Bristol). 2010;25:781-8.

Hashemi J, Chandrashekar N, Gill B, et al. The geometry of
the tibial plateau and its influence on the biomechanics of the
tibiofemoral joint. J Bone Joint Surg Am. 2008;90:2724-34.



Cindemir et al. Angles Related to ACL Injury

24.

25.

26.

27.

28.

Hashemi J, Chandrashekar N, Mansouri H, et al. Shallow
medial tibial plateau and steep medial and lateral tibial
slopes: new risk factors for anterior cruciate ligament injuries.
Am J Sports Med. 2010;38:54-62.

Vrooijink SH, Wolters F Van Eck CF Fu FH. Measurements
of knee morphometrics using MRI and arthroscopy: a
comparative study between ACL-injured and non-injured
subjects. Knee Surg Sports Traumatol Arthrosc. 2011;19:12-6.

van Diek FM, Wolf MR, Murawski CD, van Eck CFE Fu FH.
Knee morphology and risk factors for developing an anterior
cruciate ligament rupture: an MRI comparison between ACL-
ruptured and non-injured knees. Knee Surg Sports Traumatol
Arthrosc. 2014;22:987-94.

Smith HC, Vacek P Johnson RJ, et al. Risk factors for anterior
cruciate ligament injury: a review of the literature - part 1:
neuromuscular and anatomic risk. Sports Health. 2012;4:
69-78.

Kizilgdz V, Sivrioglu AK, Aydin H, Ulusoy GR, Cetin T, Tuncer
K. The combined effect of body mass index and tibial slope

296

29.

30.

31.

32.

angles on anterior cruciate ligament injury risk in male knees:
a case-control study. Clin Med Insights Arthritis Musculoskelet
Disord. 2019;12:1179544119867922.

Dienst M, Schneider G, Altmeyer K, et al. Correlation of
intercondylar notch cross sections to the ACL size: a high
resolution MR tomographic in vivo analysis. Arch Orthop
Trauma Surg. 2007;127:253-60.

Park JS, Nam DC, Kim DH, Kim HK, Hwang SC. Measurement
of knee morphometrics using MRI: a comparative study
between ACL-injured and non-injured knees. Knee Surg Relat
Res. 2012;24:180-5.

Zeng C, Gao SG, Wei J, et al. The influence of the intercondylar
notch dimensions on injury of the anterior cruciate ligament:
a meta-analysis. Knee Surg Sports Traumatol Arthrosc.
2013;21:804-15.

Wordeman SC, Quatman CE, Kaeding CC, Hewett TE. In vivo
evidence for tibial plateau slope as a risk factor for anterior
cruciate ligament injury: a systematic review and meta-
analysis. Am J Sports Med. 2012;40:1673-81.



Original Article

DOI: 10.4274/haseki.galenos.2025.07379
Med Bull Haseki 2025;63(5):297-303

The Clinical Effectiveness of Mesotherapy in Refractory

Chronic Migraine
@ Elif Ozyigit*, ® Mert Zure*, ® Esra Topcu™*, ® Mehmet Fatih Ucar***

*University of Health Sciences Tlrkiye, Kanuni Sultan Suleyman Training and Research Hospital, Clinic of Physical Medicine and
Rehabilitation, Istanbul, Tirkiye

**Amasya University, Sabuncuoglu Serefeddin Research and Training Hospital, Clinic of Physical Medicine and Rehabilitation, Amasya,
Turkiye

***Istanbul Kultur University, Faculty of Science and Letters, Department of Maths and Computer Science, Istanbul, Turkiye

Abstract

Aim: This study aimed to evaluate the clinical effectiveness of mesotherapy in patients with refractory chronic migraine (CM). The goal
was to determine its impact on pain frequency, duration, and intensity and on analgesic use, thereby informing alternative therapeutic
strategies for this population.

Methods: This retrospective cohort study included 27 patients diagnosed with CM. These patients received mesotherapy injections
containing 2 mL of 1% lidocaine, 40 mg of piroxicam in 2 mL, and 100 U of calcitonin in 1 mL at specific anatomical sites, including
the glabella, supraorbital notch, infraorbital foramen, preauricular, postauricular, and temporal masseter, fronto-occipital, and trapezius
muscle trigger points. Assessment parameters included the frequency of painful days per month (PDs), the number of analgesics
per month (NoA), the duration of attacks per month (DoA), and the patients’ visual analogue scale (VAS) scores. Evaluations were
conducted before treatment and at 4, 8, and 12 weeks post-treatment.

Results: Significant improvements were observed in the NoA, DoA, PD, and VAS scores at 4 and 8 weeks post-treatment, compared
with pre-treatment values. Although efficacy declined by week 12, scores remained higher than baseline. No adverse events were
reported.

Conclusion: Mesotherapy appears to be an effective treatment for CM, with notable improvements in pain frequency, duration, and
severity and a reduced need for analgesics over 12 weeks. To more thoroughly assess this efficacy, large-scale, prospective, randomized
controlled studies are required.

Keywords: Pain, migraine disorders, mesotherapy, piroxicam, analgesics

Introduction younger population aged 15-49 (1,2). The International
Headache Society defines chronic migraine (CM) as
a headache persisting for more than three months
without excessive medication use, occurring on at least
15 days per month, with episodes lasting 4-72 hours,
including at least eight days with migraine features.
Accompanying symptoms may include nausea, vomiting,
visual disturbances, and sensitivity to light, sound, and
odors (1,3).

Headache is a common neurological symptom with
a multifactorial etiology and represents one of the
most frequent causes of outpatient visits worldwide.
Common causes of headache include migraine, tension-
type headache, and cervicogenic headache (1). Migraine
is a condition characterized by recurrent headaches
often accompanied by sensory, emotional, and cognitive
symptoms, particularly affecting the productivity of the
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Chronic migraine is treated with a combination of
pharmacological and non-pharmacological approaches
to alleviate pain and reduce the frequency, duration, and
intensity of attacks (1,4). Mesotherapy is an intradermal
technique that involves injecting a specialized mixture
into the superficial dermis using microneedles. Modern
mesotherapy approaches advocate administering a solution
in minimal quantities (5). Mesotherapy is thought to be
effective in pain management by boosting endorphin
levels, eliciting reflex responses to needle stimulation, and
inducing local effects through the gradual diffusion of the
medications (5,6). Mesotherapy can be deemed an effective
treatment approach for headaches, lower back and neck
pain, fibromyalgia, and musculoskeletal pain (5,7,8).

We hypothesized that mesotherapy, an intradermal
injection technique using low-dose medication mixtures,
could provide clinical benefit in refractory CM. There
is a notable gap in the literature regarding studies
demonstrating the effectiveness of mesotherapy in the
treatment of CM. This study aims to assess the efficacy of
mesotherapy in the management of CM.

Materials and Methods

Compliance with Ethical Standards

The principles of the Declaration of Helsinki were
followed during this study. Ethical approval was obtained
from the University of Health Sciences Tirkiye, Kanuni
Sultan Suleyman Training and Research Hospital Ethics
Committee (approval no.: KAEK/2022.11.225, date:
21.11.2022). Informed consent for publication was
obtained from the patients after they agreed that their
anonymized case data could be summarized and analyzed.
The signed documents are confidential.

Study Population

This retrospective interventional cohort study enrolled
27 patients diagnosed with CM who were referred to
and treated at our integrative medicine and rehabilitation
clinic between January 2019 and June 2022, and data
extraction, analysis, and manuscript preparation were
completed between January 2023 and December 2024.
All participants met the criteria for refractory CM as
outlined by the European Headache Federation (9). All
patients had undergone at least one year of preventive
therapy for CM prior to participating in the study. Signed
informed consent was obtained from each participant.

Before mesotherapy, all patients underwent routine
blood tests, including a complete blood count, thyroid
function tests, liver function tests, kidney function tests,
blood glucose measurement, and screening for markers of
viral infections, including human immunodeficiency virus,
Hepatitis B, and Hepatitis C. Patients were included in the
study after the exclusion of infections, thyroid dysfunction,
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anemia, and systemic illnesses. Chronic illnesses and
allergies were documented for each patient.

Patients were regularly monitored at 4-week intervals
over a 12-week period to assess treatment effectiveness.
The evaluation included the frequency of painful days per
month (PD), the number of analgesics taken per month
(NoA), the duration of attacks per month (DoA), and
patients’ visual analogue scale (VAS) scores, measured
before treatment (baseline measurement) and at 4, 8,
and 12 weeks post-treatment. Additionally, the use of
analgesics (including ergot alkaloids, triptans, and others)
was quantified as the number of doses per month.

None of the patients had contraindications to injections,
including conditions such as malignant hypertension,
medication overuse, intracranial pathologies such as open
skull defects, known allergies to anesthetic agents or
piroxicam, systemic or local infections, anticoagulant use,
or a tendency toward vasovagal responses to injections.

The study flowchart is shown in Figure 1.

Mesotherapy Treatment Protocol

Mesotherapy employs various injection techniques to
deliver drug mixtures precisely to the intended anatomical
site. These injections can be administered via syringes,
mechanical or electronic injection devices, or pneumatically
powered portable injection guns. In this study, 10 mL
syringes were used. Injections were performed at 21
predefined sites (glabella, supraorbital notch, infraorbital
foramen, fronto-occipital, preauricular and postauricular
zones, temporal trigger points, and masseter and trapezius
muscles). Figures 2 and 3 show schematic illustrations of
the anatomical sites for mesotherapy application and of
the standardized injection, respectively.

Figure 2 legend: 1. glabella, 2. supraorbital notch, 3.
infraorbital foramen, 4. fronto-occipital zone, 5. temporal
trigger point, 6. preauricular zone, 7. posterior auricular, 8.
masseter muscle, 9. trapezius muscle.

Two injection techniques were employed by an
experienced physician in this field: profound intradermal
injection at a depth of 2-4 mm and superficial intradermal
injection at a depth of 1-2 mm, using sterile single-use
needles measuring 0.3 mm x 4 mm and 0.3 mm x 13 mm,
respectively. A total of 5 mL was administered per session:
2 mL of 1% lidocaine, 100 U of calcitonin in 1 mL, and 40
mg of piroxicam in 2 mL. All patients had three sessions of
mesotherapy at 7 day intervals.

Statistical Analysis

Data were analyzed using IBM SPSS 25.0. Normality
was tested using the Shapiro-Wilk test. The Wilcoxon
signed-rank test was used for pairwise comparisons, the
Friedman test for repeated measures, and the Mann-
Whitney U test for gender differences. Effect sizes (r) and
95% confidence intervals were calculated. Significance
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Figure 1. Study flowchart
EHF: European Headache Federation
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Figure 2. Anatomical sites for mesotherapy application
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was set at p<0.05. The significance level for all statistical
tests was set at p<0.05.

Results

The study comprised 27 participants, with 15 females
and 12 males. Female patients had a mean age of 31.67+7
years, while male patients had a mean age of 36.9+10.5
years. The overall mean age across both genders was
34+8.936 years.

Mean values and standard deviations at baseline and
weeks 4, 8, and 12 are presented in Table 1.

Baseline values were compared with those at weeks
4, 8, and 12 for each parameter (VAS, NoA, DoA, and
PD). Pairwise comparisons and the resulting p-values
are displayed in Table 2. Baseline means were higher
than those at weeks 4, 8, and 12; hence, a statistically
significant decrease in VAS, NoA, DoA, and PD values
among patients receiving mesotherapy was observed.
No adverse events were reported. Temporal changes in
treatment outcomes are presented in Figure 4.

The analysis of variance results for dependent variables
within the group is presented in Table 3. The Friedman
test results indicated statistically significant differences in
within-group variances among the groups. This suggests
that the treatment effect varied significantly across
the time points. The first assessment at 4 weeks post-
application showed a notable improvement, and the last
assessment at the 12" week showed a gradual reduction
in effectiveness. However, the values after this decline did
not exceed the initial values.

Figure 3. Model application for mesotherapy
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Table 1. Group comparisons

(Mean % SD) Effect size (r) Confidence interval (95%)
Baseline 4.Week 8. Week 12. Week

VAS 7.44+0.801 3.04+0.854 3.48+0.7 5.7+0.823 0.88 0.76-0.94

NoA 7.52+0.893 2.07+0.73 3.85+0.602 5.74+0.526 0.87 0.75-0.93

DoA 19.74+3.182 5.22+2.577 11.63+2.372 16.85+2.553 0.89 0.78-0.95

PD 17.93+3.012 5.59+1.947 9.04+1.48 10.89+1.717 0.89 0.78-0.95

Statistical test: Wilcoxon signed-rank test, effect size: r=2/vN, where large effect r=0.5

VAS: Visual analogue scales, NoA: Number of analgesic per month, DoA: Duration of attack per month, PD: Painful days per month, SD: Standard deviation

Table 2. Comparison of baseline data and weekly data via Wilcoxon signed-rank test

VAS 4t week VAS 8 week VAS 12t week

VAS baseline Z-value p-value Z-value p-value Z-value p-value
-4.593° 0.000 -4.612° 0.000 -4.620° 0.000
NoA 4* week NoA 8" week NoA 12t week

NoA baseline Z-value p-value Z-value p-value Z-value p-value
-4.585° 0.000 -4.642° 0.000 -4.517° 0.000
DoA 4t week DoA 8t week DoA 12t week

DoA baseline Z-value p-value Z-value p-value Z-value p-value
-4.553° 0.000 -4.562° 0.000 -4.453° 0.000
PD 4* week PD 8% week PD 12t week

PD baseline Z-value p-value Z-value p-value Z-value p-value
-4.550° 0.000 -4.549° 0.000 -4.556° 0.000

VAS: Visual analogue scales, NoA: Number of analgesic per month, DoA: Duration of attack per month, PD: Painful days per month

Table 3. Comparison of related sample variances via friedman test

Hypothesis p-value
The distributions of VAS baseline, 4" week, 8" week and 12" week are the same 0.000
The distributions of NoA baseline, 4" week, 8" week and 12" week are the same 0.000
The distributions of DoA baseline, 4" week, 8" week and 12" week are the same 0.000
The distributions of PD baseline, 4" week, 8" week and 12" week are the same 0.000

VAS: Visual analogue scales, NoA: Number of analgesic per month, DoA: Duration of attack per month, PD: Painful days per month

The analysis of whether the application of mesotherapy
yielded different outcomes between male and female
patients revealed that there were no significant gender-
based differences in response to mesotherapy.

Discussion

The present study demonstrates substantial clinical
improvements in CM management through mesotherapy,
with effect sizes ranging from 0.86 to 0.90, indicating
large clinical effects according to Cohen’s criteria. The
59% reduction in VAS scores at 4 weeks (from 7.44 to
3.04) represents a clinically meaningful and substantial
improvement in pain intensity.

Chronic  migraine is a substantial neurological
challenge, yet treatment options remain limited. Clinicians
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seek interventions that effectively alleviate pain while
minimizing the occurrence of severe or intolerable
side effects. Topiramate emerges as a pharmacological
intervention capable of mitigating the progression to
chronic headache in individuals experiencing episodic
migraine (10). In addition, administering a greater occipital
nerve (GON) block using a combination of lidocaine and
methylprednisolone is a reliable alternative for managing
refractory CM (11). In a recent randomized controlled
trial, Chowdhury et al. (12) reported that combination
therapy with topiramate and GON blocks reduced
monthly headache days by approximately 6.9 days over
a 12-week period in patients with. Our mesotherapy
approach demonstrated greater efficacy with a smaller
sample size, resulting in a reduction of 12.34 PD at 12
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Figure 4. Mesotherapy treatment outcomes: temporal trends
VAS: Visual analogue scale

weeks, suggesting superior therapeutic benefit compared
with this established combination therapy (12).

OnabotulinumtoxinA injection is another treatment
option reported to show promise in reducing headache
severity and frequency in individuals with chronic
migraine (13,14). While direct comparison is limited
by our retrospective, single-arm design, in contrast to
the randomized, placebo-controlled Phase Il Research
Evaluating Migraine Prophylaxis Therapy trials, our
mesotherapy protocol achieved a 69% reduction in painful
days within 4 weeks, compared with botulinum toxin’s
approximately 50% reduction over 24 weeks, suggesting
potential advantages in both the magnitude and onset
of effects that warrant further investigation in controlled
trials.

As an established therapeutic approach in integrative
medicine, mesotherapy has been extensively studied in
clinical trials for musculoskeletal pain and injuries (8,15-
17). The findings of a comparative study by Akbas et al.
(18), which assessed the effectiveness of mesotherapy
using a mixture of thiocolchicoside, tenoxicam, and
lidocaine, demonstrated that mesotherapy was more
effective than intravenous dexketoprofen therapy in
treating acute migraine attacks without aura. Building on
this work on acute migraine attacks, our study is among
the first to evaluate mesotherapy as a preventive treatment
for CM, demonstrating substantial and sustained benefits
over 12 weeks using a different medication combination.

The combination of lidocaine, piroxicam, and
calcitonin in the mesotherapy solution potentially offers
a multifaceted approach to managing CM. Several
studies have investigated the use of lidocaine, particularly
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through injection or infusion, in various headache
disorders (19). Lidocaine, a local anesthetic, can provide
immediate pain relief by blocking voltage-gated sodium
channels in neuronal membranes, thereby preventing the
conduction of impulses along sensory nerves, particularly
nociceptive C-fibers, a mechanism crucial for reducing
the acute discomfort associated with migraine attacks
(20). Piroxicam, a potent cyclooxygenase-2 inhibitor, helps
reduce inflammation and pain by inhibiting endogenous
prostaglandin  production, thereby addressing the
inflammatory component often linked to migraine
pathophysiology (21). Calcitonin, a hormone known to
influence calcium metabolism, has been suggested to
have analgesic properties, possibly through its action on
central pain pathways (22,23). The synergistic effect of
these three components could have resulted in enhanced
pain control, reduced frequency and intensity of migraine
episodes, and an overall improvement in quality of life for
patients, as reported in this study. Future studies should
explore the specific mechanisms and long-term benefits
of this combination therapy compared with traditional
migraine treatments.

The significant findings from the Friedman test indicate
meaningful differences in treatment effects across
follow-up points, highlighting the temporal dynamics
of mesotherapy’s efficacy. This suggests that, while
mesotherapy is beneficial, its peak effectiveness occurs
earlier in the treatment period, necessitating potential
consideration of ongoing or integrative treatment
strategies to sustain benefits (24,25).

Study Limitations

Although this retrospective cohort study provides
valuable insights into the efficacy of mesotherapy in
the management of CM, it is essential to acknowledge
its limitations, including the lack of a control group and
potential biases inherent in retrospective analyses. The
small sample size and relatively short follow-up period
are additional limitations. Additionally, data on prior
migraine treatments were unavailable for all patients,
which represents a limitation in fully characterizing
baseline clinical status. Despite these limitations, this
study is among the few that explore the effectiveness of
mesotherapy for treating CM, which may contribute to
expanding therapeutic options in multimodal headache
management. Additionally, the comprehensive outcome
measures used and the large effect sizes reported support
the scientific strength of the study.

To further validate these findings and to establish a
more robust evidence base, randomized controlled trials
are needed to enable direct comparisons of mesotherapy
with standard treatments or with placebo, thereby
minimizing confounding factors and providing higher-
quality evidence regarding treatment efficacy and safety.
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Conclusion

Mesotherapy appears to be an effective treatment for
managing CM over a 12-week period, showing significant
improvements in the duration, intensity, and frequency of
pain, as well as a reduction in analgesic use. Large-scale,
prospective, randomized controlled trials are needed to
better evaluate the effectiveness of this.
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Abstract

We report the incidental detection of melanosis coli during a colonoscopy in a 72-year-old man with a history of laxative use. Subsequent
imaging supported a diagnosis of SAPHO syndrome. The co-occurrence of these conditions is rare, and its clinical significance remains
uncertain. This report aims to discuss potential underlying mechanisms, diagnostic challenges, and therapeutic considerations.
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Introduction

Melanosis coli (MC) is a benign condition characterized
by dark pigmentation of the colonic mucosa, most
commonly associated with long-term laxative use (1,2).
Synovitis, Acne, Pustulosis, Hyperostosis, and Osteitis
(SAPHO) syndrome is a rare multisystem inflammatory
disorder primarily affecting the skin, joints, and bones
(3-5). The co-occurrence of MC and SAPHO syndrome
is exceedingly rare, posing diagnostic and management
challenges because both conditions are uncommon.

Case Report

A 72-year-old man was admitted with a two-week
history of altered stool characteristics and a six-month
history of diarrhea with melena. He denied vomiting,
abdominal pain, or fever but reported a 5 kg weight loss.
His history included chronic constipation managed with
oral laxatives. Physical examination revealed normal skin
and mucosal coloration, with no rash, edema, or joint
abnormalities.

The laboratory tests showed that the high-sensitivity
C-reactive protein level was high (69.37 mg/L) and the
platelet count was high (485 x 10°/L). The white blood

cell count was normal (7.84 x 10°/L), the red blood cell
count was low (3.09 x 10'2/L), and the hemoglobin level
was low (82 g/L). Serum biochemistry indicated elevated
creatinine (110.7 pumol/L), hypokalemia (2.86 mmol/L),
and hypocalcemia (1.94 mmol/L). Tumor markers,
including alpha-fetoprotein, carcinoembryonic antigen,
cancer antigen (CA) 125, CA 15-3, and CA 199, were
within normal limits. Human leukocyte antigen B27 was
negative, and levels of vitamins A, D, and E were normal.
Stool analysis was positive for Clostridium difficile, and
fecal calprotectin was elevated (64.84 ug/g).
Colonoscopy revealed mucosal edema in the
ascending, transverse, and descending colon; multiple
polyps;, and diffuse pigmentation consistent with
MC (Figure 1a-b). Histopathology revealed acute and
chronic inflammatory cell infiltration, with pigment-laden
macrophages, in the lamina propria, as well as ischemic
changes. Positron emission  tomography/computed
tomography demonstrated multiple sclerotic lesions in
the thorax, pelvis, and spine with adjacent soft-tissue
swelling (Figure 2a-d). The sternoclavicular joints showed
increased uptake (SUV,__ of 4.5), and the ileocecal and
colorectal regions showed marked uptake (SUV__ of 14.9;
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Figure 2e), consistent with SAPHO syndrome. Symptomatic
treatment with montmorillonite powder, cefotiam, and
enteral nutrition led to improvement in diarrhea, and the
patient was discharged at his request.

Discussion

Melanosis coli results from lipofuscin accumulation
in macrophages within the colonic lamina propria. It is
most frequently linked to chronic use of anthraquinone-

-

mucosal pigmentation

containing laxatives (1,2) but can also occur in
inflammatory bowel disease (IBD), ischemic colitis, or
colorectal neoplasms (1,3). Anthraquinones disrupt the
mucosal barrier and stimulate tumor necrosis factor-a
(TNF-0) release, inducing epithelial apoptosis. The resulting
apoptotic bodies are phagocytosed by macrophages,
producing mucosal pigmentation (1,2). Other implicated
factors include proton pump inhibitors, statins, and herbal
medicines (2). Any factor that induces epithelial apoptosis,

p%‘

mucosal pigmentation

Figure 2. CT bone-window images demonstrating hypertrophic changes and osteosclerosis in the bilateral sternoclavicular joints (a,
yellow arrow), right sacroiliac joint (b, yellow arrow), pubic symphysis (c, yellow arrow), and anterior vertebral segments (d, yellow
arrow). Maximum-intensity projection PET/CT image showing increased radiotracer uptake in both sternoclavicular joints and the

colorectal region (e, blue arrow)
PET/CT: Positron emission tomography/computed tomography
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including non-steroidal anti-inflammatory drugs (NSAIDs)
or IBD-related inflammation, may contribute to MC.

Synovitis, Acne, Pustulosis, Hyperostosis, and Osteitis
syndrome is an uncommon autoinflammatory disorder
within  the spondyloarthropathy spectrum, typically
characterized by chronic inflammation of the axial skeleton
and the anterior chest wall (4,6). Although its exact
pathogenesis remains unclear, autoimmune and infectious
mechanisms have been implicated (6,7). Gastrointestinal
involvement, including IBD and non-specific colitis, has
been reported (3).

The simultaneous occurrence of MC and SAPHO
syndrome raises questions about a potential underlying
association. Gastrointestinal manifestations of SAPHO
syndrome include chronic diarrhea, hematochezia,
abdominal pain, and weight loss (4-5). Enteropathic
SAPHO typically occurs in children and young adults,
and its pathogenesis remains incompletely understood.
It is thought to involve abnormal T-cell activation along
the skin—gut-bone axis, resulting in dysregulation of
inflammatory cytokines, including interleukin-1 beta (IL-
1B), IL6, IL-17, 1L-18, and TNF-a (4).

Synovitis, Acne, Pustulosis, Hyperostosis, and Osteitis
syndrome has been reported to present occasionally with
rare intestinal manifestations, including Crohn’s disease
and ulcerative colitis (3). Both SAPHO syndrome and
IBD are chronic inflammatory disorders with potential
multisystem involvement. Available reports suggest
that SAPHO syndrome associated with IBD occurs
predominantly in females and is most commonly observed
in patients with Crohn’s disease. In a study by Hayem et
al., 7.5% of patients with SAPHO syndrome had Crohn’s
disease (6). A few cases of ulcerative colitis co-occurring
with SAPHO syndrome have also been documented
(8). In the development of SAPHO syndrome, infection
is considered a significant environmental factor (9).
Tissue samples from bone and joint lesions in affected
patients have revealed the presence of Cutibacterium
acnes (C. Acness), suggesting a potential role in disease
pathogenesis. Cases of granulomatous colitis caused by C.
acnes have been reported (3).

Synovitis, Acne, Pustulosis, Hyperostosis, and Osteitis
syndrome is traditionally managed with therapies
including NSAIDs, corticosteroids, and bisphosphonates.
While NSAIDs are generally considered first-line agents
for osteoarticular manifestations, they may exacerbate
intestinal inflammation or precipitate disease flares
(7,10). Corticosteroids can provide short-term relief of
musculoskeletal and gastrointestinal symptoms, but long-
term use may cause serious complications. Bisphosphonates
inhibit osteoclast-mediated bone resorption, modulate local
inflammatory responses, and show efficacy in refractory
osteitis and hyperostosis; however, their use is limited in
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patients with concomitant enteropathy (8). Currently, no
standard treatment exists for MC. The most important
intervention is discontinuation of anthraquinone-containing
laxatives. In patients with constipation, a healthy diet,
prokinetic agents, and the maintenance of a stable intestinal
microbiota are recommended.

Treatment of SAPHO syndrome in the context of MC
presents significant clinical challenges. Modulation of
the gut microbiota through microbe-based therapies has
been proposed as a strategy. The gut-bone-skin axis
underscores the immunological interdependence among
the intestinal, skeletal, and cutaneous systems (10).
Given the potential role of proinflammatory TNF- in both
melanosis coli and SAPHO syndrome, TNF-a inhibitors such
as infliximab and adalimumab may represent promising
therapeutic options (3,5,10). Nevertheless, optimal
treatment strategies should be determined through
multidisciplinary collaboration involving gastroenterology,
rheumatology, and dermatology specialists. A more
profound understanding of SAPHO syndrome and
its enteropathic variants is essential to improving the
management of this potentially chronic and debilitating
condition.

Conclusion

Although MC and SAPHO syndrome are distinct
clinical entities, their co-occurrence raises questions
regarding the potential interplay among chronic systemic
inflammation, immune dysregulation, and colonic mucosal
changes. Recognition of this rare association may enhance
understanding of the extra-articular manifestations of
SAPHO syndrome and their implications for gastrointestinal
health.
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