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Dear JPR Readers,

It is a privilege to introduce the September 2026 issue of The Journal of Pediatric Research. Across metabolism,
genetics, neonatology, immunology, neurology, complex care, family support, and artificial intelligence, the articles
ask a practical pediatric question: how can we recognize meaningful signals early, translate them into safer care, and
equip families to act? In children, every signal is shaped by development, clinical context, and change over time.

The issue opens with a review of amino acid patterns in pediatric obesity, dysglycemia, and fatty liver disease. Elevations
in branched-chain and aromatic amino acids and glutamate, together with reductions in glycine and serine, may
provide earlier metabolic signals of insulin resistance and related risk, but their interpretation must remain sensitive
to age, sex, puberty, and the IGF-1 axis. This leads naturally to the study of congenital adrenal hyperplasia, which
found overall concordance between genotype and phenotype alongside discordant presentations and novel variants.
The findings support integrating molecular information with hormonal findings, clinical expression, and longitudinal
follow-up.

Recognition also requires understanding normal developmental variation. A prospective study provides descriptive
blood-pressure values for healthy term Turkish newborns during the first postnatal week, demonstrating the expected
increase over time. Although several maternal and neonatal factors were associated with first-day blood pressure,
these relationships were weak and of limited clinical significance. The next study broadens recognition beyond
familiar warning signs: children with immune dysregulation often presented with lymphoproliferation, cytopenias,
autoimmunity, and dermatologic disease rather than infection alone. Its reported diagnostic delay reminds us that
earlier diagnosis may depend on recognizing a wider phenotype.

From a pediatric neurologist’s perspective, the value of following patterns over time is especially clear in childhood
occipital epilepsies. Electroclinical and imaging findings support a dynamic spectrum rather than rigidly separated self-
limited and symptomatic categories, reinforcing the importance of longitudinal EEG and neurocognitive follow-up.
Heart-rate variability in children receiving palliative care may likewise offer a complementary window into autonomic
regulation. Yet palliative care also reminds us that time can be measured in more than heartbeats. As clinicians attend
to physiologic intervals, families may be trying to slow another kind of time. They may wish to be fully present, to
hold a hand, and to create space for closeness with a precious child. Physiologic measures may help us understand
the body, but they should also return us to the human purpose of palliative care: protecting comfort, presence, and
meaningful time together.

Two acute-care studies continue this theme by examining clinical signals associated with cerebral edema in diabetic
ketoacidosis and virus-specific patterns of early hospitalization after discharge from the pediatric emergency
department. Both address which children may require closer observation, reassessment, or follow-up, without
assuming that every child within a diagnostic category carries the same risk.

The issue then turns from recognition to preventing treatment-related harm. Research on central venous catheter
complications in pediatric neurosurgical care emphasizes procedural risk and surveillance. After tracheostomy,
outcomes differed according to etiology; chronic respiratory failure was associated with longer ventilation and
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less successful weaning. Etiology-specific trajectories can guide individualized management and more realistic,
compassionate conversations with families.

Equipping families to act is the next essential step. Higher breastfeeding self-efficacy was associated with more positive
infant-feeding attitudes, making caregiver confidence a meaningful target for support. Two studies examine artificial
intelligence as a source of pediatric information. Large language models provided generally guideline-concordant,
readable answers about pediatric penile conditions in English and Turkish; Turkish responses about children’s
oral health showed high information quality but variable readability. As families increasingly turn to Al for health
information, pediatric clinicians should serve as a trusted counterbalance, helping them weigh accuracy, relevance,
and uncertainty. Our role is not simply to add another voice to an already crowded landscape. Journals such as JPR
strengthen this work by building the evidence base from which trustworthy guidance can be translated. Looking
ahead, teaching families how to ask informed questions, evaluate information, and advocate for their children will be
an increasingly important part of pediatric care.

The issue concludes with a case of Ochoa syndrome associated with a novel homozygous HPSE2 deletion. The
characteristic phenotype, recurrent urinary tract infections, and molecular finding form a relationship between
genotype and phenotype with immediate clinical relevance. Early recognition and timely intervention may prevent
progressive renal injury. This is a fitting conclusion to an issue centered on turning signals into thoughtful action.
We thank the authors, reviewers, editorial team, and Galenos Publishing House for their contributions. We hope this
issue encourages readers to notice earlier signals, reduce avoidable harm, and help families translate an expanding
body of information into informed advocacy and care.

Warm regards,

Tuba Rashid Khan, MD, MPH, EDM
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ABSTRACT

Amino acid (AA) pattern shifts are increasingly recognized as early biochemical fingerprints of pediatric obesity and its metabolic sequelae. In
children and adolescents, elevations in branched-chain AAs (BCAAs: leucine, isoleucine, valine), aromatic AAs (AAAs: phenylalanine, tyrosine),
and glutamate—often coupled with reductions in glycine and serine—have been repeatedly linked to insulin resistance (IR), dysglycemia,
and metabolic dysfunction-associated fatty liver disease (MASLD/NAFLD). These signatures may reflect impaired BCAA catabolism, altered
mitochondrial substrate handling, hepatic nitrogen flux, and adipose-liver crosstalk, and they may provide complementary risk stratification
beyond standard clinical markers. (1) To summarize AA pattern changes characteristic of pediatric/adolescent obesity, prediabetes, diabetes,
and fatty liver disorders and their relationship to insulin resistance. (2) To synthesize evidence linking AA signatures to IGF-1 biology and
developmental covariates (age, sex, puberty), and to discuss management implications. A structured review (last 20 years) of PubMed/
Scopus-indexed literature was performed, prioritizing pediatric/adolescent studies. We included targeted and untargeted metabolomics
studies reporting fasting or standardized AA measures in: (i) obesity/obesity phenotypes, (ii) prediabetes/abnormal glucose tolerance, (iii)
Type 1or Type 2 diabetes, and (iv) NAFLD/MASLD, with outcomes involving IR (HOMA-IR, clamp-derived indices), hepatic steatosis (MRI/MRS,
ultrasound, biopsy), or cardiometabolic risk clustering. We narratively synthesized AA directionality and consistency across conditions and
platforms. Risk of bias was assessed using RoB 2 for randomized trials and ROBINS-I for non-randomized studies. Across multiple pediatric
cohorts, obesity was most consistently associated with higher BCAAs, AAAs, glutamate, and several BCAA-derived intermediates, with lower
glycine/serine in metabolically higher-risk phenotypes. Several studies linked AA signatures to future IR or hypertriglyceridemia and identified
associations with metabolically unhealthy obesity. In youth with dysglycemia or Type 2 diabetes risk, AA profiles were heterogeneous across
studies but increasingly support combined panels (BCAA/AAA elevation with glycine reduction and glutamine-glutamate imbalance) to capture
B-cell stress and IR-related trajectories. In pediatric NAFLD, AA signatures (notably BCAA dysregulation and glutamate-related indices) were
associated with steatosis burden and, in some studies, predicted liver fat independent of BMI and conventional risk factors. Developmental
effects were substantial: age, sex, and pubertal stage modified AA distributions, and IGF-1-linked metabolomic relationships suggest GH/IGF
axis-metabolism coupling. AA patterns provide biologically plausible, developmentally modulated candidate biomarkers which align with IR,
dysglycemia, and pediatric fatty liver risk. Future pediatric studies should standardize sampling, puberty adjustment, and analytic pipelines, and
should test whether AA-informed risk stratification improves prevention and treatment response monitoring.
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Introduction

Amino acids are not only building blocks for protein
synthesis, but also key metabolic signals integrated with
mitochondrial function, hepatic nitrogen handling, and
nutrient-sensing pathways. Modern metabolomics has
expanded the clinical view of AAs by revealing reproducible,
disease-linked shifts in circulating AA patterns across
metabolic disorders (1). Among these, elevations in BCAAs
and AAAs have emerged as particularly robust correlates
of insulin resistance and future diabetes risk in adult
and pediatric populations, suggesting shared upstream
mechanisms such as impaired BCAA catabolism, altered
substrate competition, and dysregulated nutrient signaling
(2-5).

Beyond BCAAs, several ‘counter-pattern’ AAs,
especially glycine and serine, often show reductions in
metabolically at-risk states. Glycine deficiency states may
reflect increased one-carbon demand, oxidative stress
buffering, and constrained conjugation capacity for acyl-
group disposal, while the glutamine-glutamate axis can
reflect altered transamination, hepatic metabolism, and
mitochondrial flux (6,7). Evidence syntheses indicate that
AA panels (BCAA/AAA elevation plus lower glycine/serine
and glutamine-glutamate imbalance) are among the most
consistent metabolite features linked to prediabetes/
diabetes risk, supporting their role as integrated markers of
early metabolic dysfunction (8).

In pediatrics, obesity is a heterogeneous condition
with variable cardiometabolic risk clustering; therefore,
metabolite-based fingerprints are appealingadjunctsto BMI-
based classification. Systematic reviews of pediatric obesity
metabolomics consistently highlight AA disturbances,
particularly BCAAs, AAAs, and related intermediates,
alongside lipid and acylcarnitine changes (9,10). Pediatric-
focused reviews similarly emphasize that AA alterations can
be detectable early in life, may precede overt dysglycemia,
and plausibly connect adiposity to hepatic and muscle
insulin resistance through impaired BCAA catabolism and
nutrient signaling (11-13).

Multiple pediatric cohort and case-control studies
have reported higher BCAAs and AAAs in children and
adolescents with obesity and have linked these elevations to
insulin resistance metrics and future metabolic risk (14-16).
Metabolomics studies in obese prepubertal children indicate
sex-dependent patterns and suggest that hyperinsulinemia/
IR phenotypes are accompanied by distinct AA and related
metabolite shifts (17,18). In addition, pediatric studies
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have shown that tyrosine and related signatures can track
longitudinal IR trajectories, supporting AA measures as
candidate early markers rather than mere epiphenomena
(19,20).

Dysglycemia in youth spans impaired fasting glucose,
impaired glucose tolerance, and youth-onset diabetes, with
unique developmental considerations (puberty-related
physiological IR, growth demands, and evolving [-cell
compensation). Pediatric metabolomics studies evaluating
AA profiles in dysglycemia and youth-onset diabetes have
produced both convergent and divergent findings, likely
reflecting differences in age, adiposity, diabetes type,
pubertal stage, and analytic platform (21-25). Nevertheless,
recent youth-focused work suggests that composite AA
signatures may help identify youth at risk for B-cell failure
and may distinguish diabetes types, which could support
phenotype-aligned prevention and management strategies
(23-25).

Pediatric fatty liver disease (NAFLD/MASLD) is closely
linked to obesity and insulin resistance and is now a major
concern in pediatric practice. As most cited pediatric studies
predatethe2023nomenclaturerevision, weretaintheoriginal
study-reported terms (typically NAFLD) when summarizing
individual investigations, while using the combined NAFLD/
MASLD designation in synthesis statements which span the
terminology transition; MASLD is used specifically when
a cited study explicitly adopted the revised nomenclature.
Clinical guidelines emphasize early identification and
risk stratification, typically using clinical risk factors
and imaging, yet blood-based metabolic fingerprints
remain an active translational gap (26). Pediatric NAFLD
metabolomics studies demonstrate AA pathway disruptions
often involving BCAA dysregulation and glutamate-related
patterns which can associate with hepatic fat independent
of BMI and conventional risk markers (27-35). Importantly,
normal developmental variation (age, sex, puberty) strongly
influences AA distributions and intersects with growth
biology and IGF-1 signaling (36,37). This creates a need for
pediatric-specific interpretation frameworks and motivates
this review's focus on AA pattern characteristics across
obesity, dysglycemia, diabetes, and fatty liver disorders in
relation to IR and the IGF-1 axis.

Objectives

1. Tocharacterize AA pattern changesreportedin pediatric/
adolescent obesity, prediabetes, diabetes, and fatty liver
disorders, and to summarize their associations with
insulin resistance and metabolic risk phenotypes.
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2. To integrate developmental and endocrine context,
focusing on ICGF-1 and puberty-related modifiers of
AA signatures, and to discuss practical management
implications and research priorities.

Materials and Methods

PRISMA 2020 principles were used to improve
transparency of literature identification and study selection
(14-53). As the included literature used heterogeneous
analytic  platforms (targeted untargeted
metabolomics), varied sampling conditions (fasting versus
standardized sampling windows), and reported outcomes
which were not directly comparable across studies, we
prioritized a structured narrative synthesis supported by
tabulation rather than conducting a pooled meta-analysis
(54-56).

We searched PubMed and Scopus for English-language
articles published from January 1, 2006 through March 1,
2026. Search terms were built around four concept blocks:
(i) amino acid exposure terms (‘amino acid*’ ‘branched
chain amino acid*’ ‘aromatic amino acid*,’ ‘glycine,’
‘glutamate,” ‘glutamine’), (ii) pediatric population terms
(‘child*, ‘adolescent™ ‘pediatric’), (iii) target conditions and
outcomes (obesity, insulin resistance, prediabetes, impaired
glucose tolerance, diabetes, fatty liver, NAFLD, MASLD),
and (iv) metabolomic methods (metabolomics, mass
spectrometry, LC-MS, GC-MS, NMR). In addition, reference
lists of key reviews and eligible studies were hand-searched
to identify relevant pediatric metabolomics papers that
might not have been retrieved by the database terms alone.
Titles and abstracts were screened for pediatric relevance
and amino-acid content, followed by full-text assessment
against the eligibility criteria described below.

versus

Study selection and evidence identification. The database
and reference-list searches identified literature addressing
amino-acid and metabolomic patterns in pediatric obesity,
dysglycemia/diabetes, fatty liver disease, and developmental
or IGF-1-related metabolic phenotypes. Because the
original record-level PubMed and Scopus search exports
were not retained, exact database-specific identification,
deduplication, and title/abstract screening counts could
not be reliably reconstructed retrospectively and were
therefore not estimated. A retrospective audit of the final
evidence set identified 58 cited references. Three references
were methodological/reporting sources relating to PRISMA
2020, RoB 2, and ROBINS-I and were not considered
substantive evidence. Of the remaining 55 substantive
references assessed, 23 consisted of systematic or narrative

reviews, clinical practice guidelines, predominantly adult
mechanistic/context studies, or other supporting sources
that were not counted as primary pediatric studies. The
final primary-study synthesis therefore comprised 32 unique
pediatric or pediatric-relevant primary studies. Additional
reviews, guidelines, and mechanistic studies were retained
exclusively to provide biological, methodological, and
clinical context and were clearly distinguished from the
primary pediatric evidence (Figure 1).

Eligible studies primarily included children and
adolescents (typically <18 years); however, we also included
studies enrolling youth/young adults up to 24 years when
the cohorts were clearly pediatric-relevant (for example,
bariatric surgery cohorts initiated in adolescence). We
included observational (cross-sectional, case-control,
and cohort) and interventional designs which reported
circulating amino acids measured under fasting or otherwise
standardized sampling conditions. The included studies
were required to report at least one relevant metabolic
outcome, including insulin resistance (HOMA-IR, clamp-
derived indices, or validated surrogates of insulin sensitivity),
glycemic phenotypes (prediabetes, impaired glucose
tolerance, youth-onset diabetes), and/or hepatic steatosis
assessed by MRI/MRS, ultrasound, or histology. Studies
using targeted amino-acid panels, untargeted metabolomics
with explicit amino-acid outputs, or broader metabolite
profiling which clearly reported amino-acid findings were all
eligible. We excluded adult-only cohorts without pediatric
stratification (unless used solely for mechanistic context in
the IGF-1, NAFLD/MASLD, or intervention-focused sections,
where they are explicitly labeled as adult/context-only and
are not treated as pediatric evidence), non-human studies
(not tabulated in this review), and reports which did not
provide extractable directionality for amino-acid changes or
did not include relevant metabolic outcomes.

For each eligible study, we extracted the study design,
sample size, age range, phenotype definitions (obesity
class, metabolic-risk clustering, dysglycemia definition),
metabolomic platform, key amino-acid directionality
(increase/decrease), and primary associations with insulin
resistance and/or liver fat. As effect measures and analytic
strategies varied widely, we synthesized findings using a
structured qualitative framework. This included consistency
mapping (whether a given amino-acid pattern was
directionally replicated across multiple pediatric studies),
phenotype anchoring (whether the pattern aligned more
closely with metabolically unhealthy obesity, dysglycemia
risk, or NAFLD/MASLD), and assessment of context
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Database searching (PubMed, Scopus; Jan
Mar 1, 2026) and hand-searching of refere!

of key reviews and eligible studies

Exact database-specific identification,
deduplication, and title/abstract
1, 2006 -

screening counts were not
nce lists

reconstructed for this retrospective
audit because the original
record-level search exports were
unavailable.

Full-text assessment against pre-specified el
criteria (pediatric relevance; amino-acid ex|

data; a relevant metabolic outcome - IR, dysglycemia,

or hepatic steatosis)

Records excluded:
not pediatric-relevant,
no amino-acid data, or
no eligible metabolic

outcome

igibility
posure

Final evidence set included in this review

(N = 58 references)

1] []

v

Background /
introductory context

(refs 1-13)
n=13

(refs 14.
n=4

Tabulated primary
evidence base (Tables 1-5)

Methodological /
reporting citations
(PRISMA, RoB 2, ROBINS-I;

-55)

refs 56-58;
> )

n=3

Table 1
Pediatric obesity
phenotypes
(14-26)
n=13

Table 2

Dysglycemia /

diabetes risk
(27-31)
n=>5*

Table 3

(32-41)
n=10

* Table 2 also cross-references studies first present

NAFLD/MASLD

Table 4
Developmental /
IGF-1 modifiers
(42-47)
n=6

Table 5
Interventions
(pediatric + adult
context) (48-53)
n=6

ed in Tables 1 and 3 (refs 8, 19, 24, 26); these

are not double-counted in the N = 58 total. Two additional clinical-guideline references (54, 55) are
cited alongside Tables 3 and 5 and are included within the n = 42 tabulated-evidence total above.

Figure 1. PRISMA 2020-style flow diagram of study selection (retrospective

evidence-set audit). The diagram reports a retrospective audit of the final

evidence set. Exact database-specific identification, deduplication, and title/abstract screening counts were not reconstructed because the original

record-level search exports were unavailable

Algorithm (for figure box)

Step 1 - Identify the at-risk patient: Child/adolescent with
overweight/obesity or metabolic risk (family history, rapid weight
gain, acanthosis, elevated BP, dyslipidemia, or elevated ALT).
Document age, sex, and pubertal stage.

Step 2 - Standard metabolic phenotyping: Fasting glucose and
HbATc (+ OGTT if indicated), fasting insulin (HOMA-IR), lipids, ALT/
AST (+ GGT), and blood pressure; consider hs-CRP and uric acid
when relevant.

Step 3 - Add endocrine context when indicated: If growth or
pubertal concerns are present, measure IGF-1 (standard deviation
score, SDS) and interpret metabolite findings with developmental
context.

Step 4 - Trigger AA profiling (adjunct tool): Use fasting,
standardized sampling for targeted AA panel (+ acylcarnitines)
when phenotype is metabolically unhealthy, IR is rising, dysglycemia
risk is high, or NAFLD/MASLD is suspected.

Step 5 - Interpret the AA signature (puberty/sex-adjusted):
Core IR-risk pattern: BCAAs (Val/Leu/lle) increased, often AAAs
(Phe/Tyr) increased, glycine decreased (+ serine decreased), and
glutamine-to-glutamate ratio decreased (and/or glutamate
increased). Consider validated indices when available (e.g., GSG
index, BCAA-based liver fat score).

Step 6 - Anchor interpretation to clinical phenotype: Normal
glycemia: intensify lifestyle and monitor closely. Dysglycemia/
prediabetes: follow pediatric dysglycemia pathway focusing on IR
reversal. NAFLD/MASLD suspicion or ALT elevation: proceed to liver
imaging (US or MRI-PDFF where available) and hepatology pathway
when indicated.

Step 7 - Follow-up and response assessment: Reassess at 3-6
months (BMI-z/waist, glycemia, HOMA-IR, ALT, lipids). If AA
profiling is used, repeat under identical conditions and interpret
changes alongside clinical improvement.
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modifiers such as pubertal stage, sex, ethnicity, fasting
status, and sampling conditions.

No quantitative pooling of effect sizes was performed.
Instead, we summarized whether each study reported
an association, the direction of the effect, and whether
the association persisted after adjustment for adiposity
and other covariates when such models were reported.
When studies developed composite scores or indices (for
example, amino-acid-based prediction models for liver
fat), we extracted the reported discrimination or predictive
performance and described these findings narratively in
order to maintain comparability across heterogeneous
designs.

Risk of bias was assessed using RoB 2 for randomized
trials (57). For non-randomized observational and
interventional studies, we used ROBINS-I (58) domains
covering confounding, participant selection, classification
of exposures/interventions, deviations from intended
interventions, missing data, outcome measurement, and
selective reporting. Study-level judgments were summarized
as low, moderate, or serious risk of bias and then condensed
across evidence themes in order to contextualize confidence
in the overall patterns described.

Results

Overview of Included Evidence

Across pediatric and youth studies, the most frequently
observed AA pattern in metabolic risk states was BCAA/
AAA elevation with lower glycine/serine and glutamine-
glutamate imbalance, although the magnitude and specific
AAs varied by phenotype definition, pubertal stage, and
analytic platform (9-13). Evidence was strongest for obesity
and NAFLD signatures (14-20,27-35) and increasingly
supportive for dysglycemia risk signatures in youth (21-25).

Across diverse pediatric cohorts, obesity, especially
metabolically higher-risk obesity, shows reproducible
AA shifts centered on BCAA/AAA elevation and
related intermediates, with additional signals involving
glutamate, tyrosine, and BCAA-derived metabolites (e.g.,
3-hydroxyisobutyrate). Longitudinal data suggest some AA
changes (e.g., tyrosine) may appear early along the IR
trajectory (14-26).

Pediatric dysglycemia evidence supports composite AA
signatures rather than single AAs, but findings vary by
developmental stage and diabetes subtype (27-31). Newer
pediatric studies suggest AA panels may help capture B-cell
stress risk and differentiate T1D vs T2D signatures (29,31),
while systematic evidence synthesis provides interpretive
scaffolding (8).

Pediatric NAFLD studies consistently implicate BCAA
dysregulation and glutamate-related indices, with some
approaches showing promise for non-invasive prediction
of liver fat (34,36-38). Dietary AA composition may also
play a role, but causal direction and pediatric intervention
evidence are still limited (39-41).

AA signatures are developmentally dynamic and
influenced by the GH/IGF axis. Pediatric interpretation of
AA risk panels should therefore consider pubertal stage and
IGF-1 status, especially when comparing across cohorts or
tracking individuals longitudinally (42,43,51,52).

Pediatric intervention data suggest AA profiles,
particularly BCAAs, can shift with substantial metabolic
improvement (e.g., bariatric surgery), while lifestyle
programs may vyield broader metabolomic shifts reflecting
improved cardiometabolic biology. Mechanistic adult data
caution that tissue BCAA catabolism can change without
large plasma BCAA shifts, and that glycine context matters
for interpreting BCAA-IR relationships.

Evidence is moderate for obesity and NAFLD AA
signatures because findings are consistent across cohorts
and NAFLD studies often use imaging. Evidence is low-
moderate for dysglycemia/diabetes and IGF-1 links due to
heterogeneity (definitions, puberty effects, treatments) and
fewer robust pediatric datasets. Intervention evidence is
low-moderate because most studies are non-randomized,
but AA signatures improve when metabolic state improves
(especially after surgery). At the individual-study level, each
reference in Tables I-VI inherits the risk-of-bias judgment
of the evidence cluster to which it is assigned above (Ref
numbers listed in the ‘Studies included’ column); studies
which contribute only adult or mechanistic context
(explicitly labeled as such in Tables I-VI). are excluded from
the pediatric-evidence certainty ratings shown here.
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Table I. Amino acid pattern changes in pediatric obesity and obesity phenotypes
First author . . Key amino-acid findings Metabolic association
Ref D lat Platf A . .
€ (Year) esign/population atiorm (direction) (IR/risk phenotype)
McCormack (Cnojéo‘;t;ac:Islér—?g/a(cjl?ciz—cseenctt?onal~ Baseline BCAA pattern
(14) 71 a8 Y - ' | Targeted AAs TBCAAs/AAAs in obesity associated with future
(2013) longitudinal subset n=17, ages insulin resistance
8-13y, followed 18 months)
Cross-sectional; Hispanic children . AA PCs associated with
(15) | Butte (2015) (n=803; mean age 11.1+3.9y; 56% Untargeted' A.A clusters (|nc!. BCAA/AAA) hyperinsulinemia and TG
) . metabolomics | differed by obesity .
with obesity) risk
Cross-sectional; lean/overweight/
obese youth [cohort spanned Targeted BCAAs associated with
(16) | Mangge (2016) adults and juveniles, mean age 5 1BCAAs across adiposity strata cardiometabolic risk
L BCAAs )
25.3+12.8y; pediatric-relevant profiles
subset only]
Mastrangelo ) ) Targeted Sex-dependent AA shifts; Metabolomic profile
(17) (2016) Case-control; obese prepubertal metabolomics | 1BCAA/AAA patternsin IR correlated with IR severity
Martos-Moreno | Targeted metabolomics; obese Targeted Discriminative metabolome in Metapolome Se'parated
(18) (2017) repubertal metabolomics | hyperinsulinism hyperinsulinemic vs less-
prep P affected phenotypes
(19) | Suzuki (2019) Cross-sectional; childhood AA + lipid AA profile linked to IGT; BCAA/ AA profile reflected early
obesity (n=26; ages 9-10y) panels AAA signals prominent IGT and HOMA-IR variation
N ) ) Suggests early AA changes
L ) Longitudinal Tyrosine tracked IR trajectory;
(20) | Hellmuth (2016) | Longitudinal; obese children metabolomics | later BCAA shifts may prgcede broader BCAA
disruption
Cross-sectional; overweight/ Linked with early markers
(21) | Bugajska (2023) ! & AA profiling Abnormal AA profile in OW/OB of cardiometabolic risk and
obese prepubertal )
MAFLD signals
(22) Moran-Ramos Cross-sectional + longitudinal AA signature AA signature (incl. BCAA/AAA/ Predicted 2-year
(2017) school-age cohort score proline/arginine) hypertriglyceridemia risk
: ) o MetRisk phenotype
(3) | perng 2020) | Grosssectionatadolescents | yyeqzpoomics | Metabolomic diferences across | 1ococited with Aa
) phenotyp differences incl. BCAA/AAA
Cross-sectional + exercise . AA levels correlated with
(24) | Short (2019) intervention; American Indian 42 AA panel Obesity: 1BCAA/AAA/glutamate; adiposity and inversely with
IBAIBA; 12-AAA P o
adolescents insulin sensitivity
Metabolomnics/ Adolescents with obesity Provides pediatric baseline
(25) | McCann (2021) Cohort biorepository (POMMS) ) ) show metabolomic patterns metabolomic context for
microbiome B } - )
overlapping adult risk obesity interventions
. MUO linked to AA/FA Differences primarily
(26) | Ng (2025) tJSn:/TLrJggted metabolomics; MHO Metabolomics | differences; 3-HIB and BCAA aligned with abnormal
signals glucose homeostasis
AA: Amino acid(s), BCAA: Branched-chain amino acid(s), AAA: Aromatic amino acid(s), IR: Insulin resistance, TG: Triglycerides, IGT: Impaired glucose tolerance, HOMA-
IR: Homeostasis model assessment of insulin resistance, MUO: Metabolically unhealthy obesity, MHO: Metabolically healthy obesity, 3-HIB: 3-hydroxyisobutyrate,
BAIBA: B-aminoisobutyric acid, 2-AAA: 2-aminoadipic acid

Across these studies, BCAA/AAA elevation with
reduced glycine is the most consistent amino-acid signature
distinguishing metabolically unhealthy from metabolically
healthy obesity.

This pattern is detectable in cross-sectional pediatric
cohorts and, in longitudinal data, appears to precede
measurable insulin resistance.
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Table Il. Amino acid patterns in pediatric prediabetes, dysglycemia risk, and diabetes phenotypes

First author

Ref (Year) Phenotype/population | Platform Key amino-acid findings Clinical implication
Guasch-Ferré Evidence synthesis Review/meta- AA pan_els (BCAA/AAA. 1; glycine ; Framework for interpreting AA
(8) (2016) (human studies) analysis glutamine-glutamate imbalance) anels as risk markers
y linked to prediabetes/T2D risk P
. ) . ) Highlights developmental
(27) Michaliszyn Obese ado'lescents + Targeted AAs AA cqncentrapons (elatgd to P ‘cgl‘l differences vs adults in AA-risk
(2012) dysglycemia function relative to insulin sensitivity | . )
interpretation

(28) | Mihalik (2012) NW vs obese vs T2D Acylcarnitine | T2D youth showed distinct AA/ Suggests youth T2D metabolome

adolescents + AA profiling | acylcarnitine patterns vs obese/NW differs from adult paradigm

Childhood obesity ) . . Supports AA panels for early
(19) | Suzuki (2019) with early metabolic AA + lipids AA profile reflected impaired glucose dysglycemia risk stratification in

. tolerance early .

abnormalities obesity

Obese vs NW TBCAA/AAA/glutamate; |BAIBA; Candidate AA markers for insulin
(24) | Short (2019) adolescents Targeted AAs 12-AAA sensitivity in adolescents

. . 1BCAA and 3-HIB; . .

(26) | Ng (2025) Obesity with abnormal Untargeted . 11.5-Anhydroglucitol in abnormal Links AA changes to glycemic

glucose tolerance metabolomics dysregulation phenotype

glucose tolerance

Youth with or at risk for Higher BCAA/AAA and lysine; lower | AA profile proposed to identify risk
(29) | Bacha (2024) T2D Targeted AAs glycine/glutamine-glutamate signals | for B-cell failure

TWO. youth cohorts; Metabolomics | Sex-specific metabolite predictors of ngonstrates'predmtwe.mode‘lmg
(30) | Perng (2022) fasting glucose ) using metabolite panels including

+ RRR future dysglycemia

outcomes AAs

(31) | Tosur (2023) Pediatric TID vs T2D Targeted AA Distinct fasting AA signatures by Potential biomarker support for

metabolomics

diabetes type

classification/phenotyping

AA: Amino acid(s), BCAA: Branched-chain amino acid(s), AAA: Aromatic amino acid(s), T1D: Type 1diabetes, T2D: Type 2 diabetes, RRR: Reduced rank regression

Amino-acid signatures differ by diabetes type, with
distinct fasting profiles distinguishing pediatric type 1 from

type 2 diabetes.

Glycine reduction and BCAA/AAA elevation track
with declining insulin sensitivity across the dysglycemia
spectrum, supporting their use as early risk markers.

Table lll. Amino acid signatures in pediatric NAFLD/MASLD and related fatty liver disorders

First author . Steatosis . R .. .
Ref (Year) Study/population assessment Key amino-acid findings Clinical signal
(32) | Vos (2017) NASPGHAN guideline Guideline Recpgmzes NAFLD as obesity/ .Suppprts peed for better non-
IR-linked invasive biomarkers
. Obese adolescents; case- AA metabolism pathways Early evidence that AA pathways
(33) | Jin (2016) control MRS disturbed in NAFLD integral to pediatric NAFLD
Goffredo Obese ado_lescents with ) BCAA-related metabolomic Signature associated with NAFLD
(34) (2017) NAFLD (n=78; mean age Imaging + follow-up signature in NAFLD independent of obesity/IR
13.3+3.0y, range 8-18y) 2 P ¥
) ) Imaging + ) ) ) o -
. Multiethnic obese . NAFL associated with metabolic Highlights ethnicity/race and IR
(35) | Trico (2018) metabolic : - ) ) ) :
adolescents ) features including AA signals interplay in NAFL risk
phenotyping
Lischka . . . _— BCAA-based metabolic score Practical candidate-biomarker
(36) (2021) Youth with severe obesity | Liver fat prediction predicted liver fat approach for risk stratification
Leonetti - ) ) ‘GSG index’ (glutamate-serine- Index associated with NAFLD
(37) (2020) Pediatric at-risk cohorts NAFLD detection glycine) detected NAFLD independent of traditional risks
Overweight pediatric Biopsy-proven NAFLD-specific metabolic Machine-learning models
(38) | Chae (2022) ehtp psy-p features included valine/tyrosine/ | achieved high AUROC using

population

NAFLD

glutamate/glycine

metabolite features
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Table Ill. Continued

pediatric-specific;
mechanistic context only]

lipid handling, inflammation

Ref Rresatr?uthor Study/population :::::::::nt Key amino-acid findings Clinical signal
(39) Nikparast Overweight/obese Ultrasound + Higher dietary BCAA (esp. leucine) | Suggests dietary AA composition
(2024) children clinician dx associated with NAFLD odds may modulate NAFLD risk
(40) | Lake (2015) FA%%E???’;CEL;EESCNAFLD Histology spectrum Hepatic BCAA metabolite changes | Mechanistic support for BCAA
contexlt only] (context) with NAFLD—NASH progression pathway involvement
Review (MAFLD
(41) | Deng (2024) mechanisms) [Not Synthesis Essential AA signaling intersects Frames therapeutic interest but

pediatric trials remain limited

AA: Amino acid(s), BCAA: Branched-chain amino acid(s), NAFLD: Non-alcoholic fatty liver disease, MASLD: Metabolic dysfunction-associated steatotic liver disease,
NASH: Non-alcoholic steatohepatitis, IR: Insulin resistance, MRS: Magnetic resonance spectroscopy, AUROC: Area under the receiver operating characteristic curve, GSG
index: Glutamate-serine-glycine index

BCAA-related amino-acid alterations associate with
hepatic steatosis independently of BMI and conventional

risk markers in several pediatric cohorts.

Amino-acid-based indices show early promise as
noninvasive adjuncts to imaging for pediatric NAFLD/

MASLD risk stratification, though external validation

remains limited.

Table IV. Amino acids, IGF-1 axis, and developmental modifiers relevant to pediatric interpretation

First author

impaired linear growth

Ref (Year) Population/context Key observation Importance for this review
Whole-blood AA/acylcarnitines Supports developmental and
(42) | Jensch (2024) | Healthy children/adolescents associated with anthropometry and endocrine coupling of AA patterns
IGF-I with IGF-I
. AA/acylcarnitine levels vary with age, .
(43) Hirschel Children/adolescents sex, BMI, puberty and correlate with Pubert.y and sex must bAe adjusted
(2020) ' when interpreting AA signatures
metabolic markers
Metabolomics + IGF-1 (multifluid; IGF-1 associated with metabolites . L L
Knacke . . . Provides mechanistic plausibility for
(44) context) [Adult/general population; linked to AA metabolism (e.g., ) ) )
(2076) o~ . IGF-linked AA fingerprints
mechanistic context only] pipecolate)
Barazani IGF-1 deficiency (Laron syndrome) + IGF-| deficiency associated Wlt.h Direct evidence that IGF-I| status can
(45) (2020) IGE-| thera abnormal plasma AA metabolism chape AA profiles
Py partially reversed by IGF-I P P
(46) Aggelaki Children with GHD before/after GH Metabolomic fingerprint differs in Reinforces endocrine context for
(2025) therapy GHD; correlations explored with IGF-1 | metabolomic interpretation
(47) | Inoue (2025) | SGA infants (cord metabolomics) Cord AA alterations associated with Demonstrates early-life AA-growth

links relevant to IGF biology

AA: Amino acid(s), IGF-1/IGF-1: Insulin-like growth factor-1, GH: Growth hormone, GHD: Growth hormone deficiency, SGA: Small for gestational age

Pubertal stage, sex, and IGF-1 status are important
modifiers of amino-acid profiles and must be accounted for

when interpreting AA signatures in children.

and AA metabolism.

Conditions altering the IGF-1 axis (growth hormone

deficiency,
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IGF-1

deficiency,

small-for-gestational-age

status) are associated with distinct amino-acid fingerprints,
supportingamechanisticlink between growth endocrinology
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Table V. Management and intervention studies: how amino-acid patterns shift with treatment and their importance for this review

First author

Ref (Year) Intervention/design | Population Key AA-related findings Clinical takeaway
- . . _— AA biomarkers not routine yet;
(48) | Hampl (2023) Pe@atﬂc obesity Children/adolescents Lifestyle-first; pharmacotherapy/ focus remains on weight/IR
guideline surgery for selected cases
management
Rigamonti Shgrt—term bgdy Adolescents with Program altered metapolomlc pr‘oflle Supports meta‘bolomlcs as
(49) weight reduction N toward improved cardiometabolic response-tracking tool in
(2023) ) obesity
program (prospective) pathways structured programs
. Sleeve gastrectomy : ) Bariatric surgery may normalize
(50) Becetti vs non-surgical (12 Youth 13-24 yrs Post surgery ‘BCAA reductions BCAA burden alongside IR
(2023) associated with improved IR )
months) improvement
Hellmuth Long|tud}nal ) Tyrosine alterations associated with | Early AA markers may help
(20) (2016) observational Obese children IR preceded broader BCAA changes identify high-risk trajectories
(weight/IR trajectory) P g yhig )
Aerobic + resistance Overweight adults Exercise improved IS: alvcine Mechanistic insight: AA
(51) | Glynn (2015) | training (exercise [Adult; mechanistic ) 'mp F By handling changes may mediate
) ) conjugation pathways implicated )
intervention; context) | context only] IS improvements
Exercise trainin Dysglycemic men IS improved with enhanced tissue Plasma BCAA may not fully
(52) | Lee (2021) 2 [Adult; mechanistic BCAA catabolism despite stable reflect tissue catabolism
(context)
context only] plasma BCAA changes
Weight-loss RCT Prediabetes adults Low glycine strengthened BCAA-IR Supports combined glycine
(53) | Lim (2024) secondary analysis [Adult; mechanistic association; concurrent assessment | + BCAA measurement for IR

(context)

context only]

improved interpretation

phenotyping

AA: Amino acid(s), BCAA:

Branched-chain amino acid(s), IR: Insulin resistance, IS: Insulin sensitivity, RCT: Randomized controlled trial

Pediatric weight-loss interventions, particularly bariatric

Adult mechanistic

studies

suggest amino-acid

surgery, are associated with measurable reductions in BCAA
levels alongside improved insulin resistance.

catabolism can shift with exercise training before changes
are detectable in plasma BCAA, underscoring the need for

pediatric-specific intervention trials.

Table VI. Quality assessment summary table (Cochrane-aligned)

Studies included

Evidence . . Key bias concerns Overall certainty
cluster from Tables I-V | Typical study designs (ROBINS-I/RoB 2 domains) (narrative)
(Ref no.)
Confounding (puberty stage, diet/protein
. source, ethnicity, adiposity distribution); Moderate (directional
. . Mostly cross-sectional and : ) - )
Pediatric obesity o selection bias (clinic-based cohorts); consistency across
. cohort; some longitudinal o ) .
AA signatures (14-26) and phenotype-stratified measurement variability (fasting status, cohorts; heterogeneity
(Table 1) P P assay/platform/batch effects); multiple and residual confounding
cohorts ) . L .
testing/selective reporting in high- remain)
dimensional metabolomics
Pediatric Case-control and cohort Phenotype misclassification (definitions of Low-moderate (signals
) (often small); some . .
dysglycemia/ studies with gold-standard dysglycemia; T1D vs T2D overlap); treatment emerging; strongest
diabetes AA (8,19,24,26-31) 8 effects and disease duration; puberty where detailed

signatures (Table

1)

physiology/phenotyping;
diabetes subtype
comparisons

confounding; small samples/selection bias;
reverse causality (cross-sectional designs)

phenotyping is present;
heterogeneity remains)

Pediatric NAFLD/
MASLD AA
signatures (Table

1)

(32-41)

Case-control/cohort with
imaging (MRI/MRS/US) +
metabolic phenotyping;

prediction models/indices

Outcome ascertainment heterogeneity (US
vs MRI vs MRS vs biopsy); confounding by
obesity/IR/lifestyle; selection toward tertiary/
severe obesity cohorts; model overfitting and
limited external validation for indices/ML
models

Moderate (repeatability
of BCAA/glutamate-
related patterns; broader
validation still needed)
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Table VI. Continued

Studies included

Evidence . . Key bias concerns Overall certainty
cluster :ch;TnT:t))les IV | Typical study designs (ROBINS-1/RoB 2 domains) (narrative)
Low-moderate (strong
Developmental confounding (age, sex, ewden;e that pubgrty/
IGF-1/ ) ) Lo e T sex/adiposity modify
development Large population cohorts puberty staging); generalizability limits AA distributions:
o (42-47) plus special endocrine/ for rare endocrine states; assay/platform . !
modifiers (Table ; ) - RS fewer disease-state
perinatal states differences; within-person variability across - L
V) rowth datasets directly linking
& AA patterns to IGF-1
outcomes)
Pediatric Low-moderate (clear
. ) Prospective lifestyle . . . . biologic shifts when
interventions/ Non-randomized designs (selection bias), ; .
) o programs and surgery ) . metabolic state improves
Intervention guideline: - . adherence/co-interventions; short follow-up . )
cohorts; guideline framing; ; substantially—especially
effects (Table V) | (20,48-50); adult A for lifestyle; small samples; outcome changes o
L adult mechanistic trials for . ) surgery; limited
mechanistic may lag metabolite shifts

context: (51-53)

interpretation

pediatric randomized
metabolomics evidence)

RoB 2: Cochrane risk of bias tool version 2, ROBINS-I: Risk of bias in non-randomized studies of interventions, AA: Amino acid(s), IR: Insulin resistance, NAFLD: Non-
alcoholic fatty liver disease, MASLD: Metabolic dysfunction-associated steatotic liver disease, IGF-1: Insulin-like growth factor-1, MRI: Magnetic resonance imaging, MRS:

Magnetic resonance spectroscopy, US: Ultrasound

Most included pediatric evidence derives from cross-
sectional or case-control designs, supporting moderate
(and in some clusters low-to-moderate) certainty for the
amino-acid signatures described.

Longitudinal and interventional pediatric studies remain
comparatively scarce, representing the key evidence gap for
future confirmatory research.

Algorithm Text (Figure 2)

The algorithm summarizes a stepwise clinical-research
pathway for children and adolescents with overweight/
obesity or metabolic risk. Baseline phenotyping includes
anthropometrics and pubertal staging, followed by
standard metabolic evaluation (fasting glucose/HbAlc +
OCGTT when indicated, fasting insulin/HOMA-IR, lipids, and
liver enzymes). IGF-1 (standard deviation score, SDS) is
incorporated when growth or pubertal concerns are present
to contextualize developmental endocrine influences on
metabolite patterns. Amino-acid (AA) profiling (fasting,
standardized sampling; targeted AA panel + acylcarnitines)is
positioned as an adjunct tool for advanced risk stratification
in metabolically unhealthy obesity, rising insulin resistance,
dysglycemiarisk,orsuspected NAFLD/MASLD. Interpretation
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is anchored to phenotype (normal glycemia vs dysglycemia
vs NAFLD suspicion) to guide escalation of guideline-based
management and liver imaging when indicated. Follow-
up at 3-6 months prioritizes clinical outcomes (BMI-z/
waist, glycemia, HOMA-IR/insulin sensitivity markers, liver
enzymes, lipids); repeat AA profiling, when used, should
be performed under identical conditions and interpreted
Throughout this
pathway, AA profiling is intended strictly as an adjunct to

alongside metabolic improvement.
standard clinical, biochemical, and imaging assessment
rather than as a replacement for it; the algorithm reflects
a proposed research-informed framework, and prospective
validation in diverse pediatric populations is required before
broader clinical implementation.

Graphic Abstract (Figure 3)

Provides graphical synthesis of this composite amino-
acid signature—BCAA/AAA elevation with glycine reduction
and glutamine-glutamate imbalance—and summarizes
how these candidate biomarker signatures intersect with
standard clinical phenotyping, puberty/IGF-1 context, and
downstream risk for prediabetes/T2D and NAFLD/MASLD
across the pediatric evidence base described in Tables I-V.
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Step 1 — Identify the at-risk patient

Cl ent with overweig| y or risk (family history, rapid
weight gain, acanthosis, BP, or LT).
Document age, sex, and pubertal stage.

Step 2 — Standard metabolic phenotyping

Fasting glucose and HbAlc (+ OGTT if indicated), fasting insulin (HOMA-IR), lipids,
ALT/AST (= GGT), and blood pressure; consider hs-CRP and uric acid when relevant.

Step 3 — Add endocrine context when indicated

If growth or pubertal concerns are present, measure IGF-1 (SDS) and interpret
findings with | context.

Step 4 — Trigger AA profiling (adjunct tool)

Use fasting, ing for targ AA panel (+ acylcarnitines) when
phenotype is metabolically unhealthy, IR is rising, dysglycemia risk is high, or
NAFLD/MASLD is suspected.

Step 5 — Interpret the AA signature (puberty/sex-adjusted)

Core IR-risk pattern: BCAAs (Val/Leu/lle) increased, often AAAs (Phe/Tyr) increased,
glyclne decreased (+ serine decreased), and glutamine-to-glutamate ratio decreased
(and/or Consider vali indices when i (e.g., GSG
index, BCAA-based liver fat score).

l

Step 6 — Anchor interpretation to clinical phenotype

mmmmmm
WA AR ANANY,

v v

Normal glycemia Dysglycemia / prediabetes NAFLD/MASLD suspicion
or ALT elevation
Proceed to liver imaging (US
or MRI-PDFF where available)
and hepatology pathway
when indicated.

l | l

Follow pediatric
dysglycemia pathway
focusing on IR reversal.

Intensify lifestyle and
monitor closely.

Step 7 — Foll p and resp

Reassess at 3-6 months (BMI-z/waist, glycemia, HOMA-IR, ALT, lipids). If AA
profiling is used, repeat under identical conditions and interpret changes
alongside clinical improvement.

Figure 2. Algorithmic for interpi g amil id pattern sig across pediatric obesity,
dysglycemia, and fatty liver disease, incorporating insulin resistance and IGF-1 context. This algorithm is
intended as an adjunct to, not a replacement for, clinical ; ami id profiling requires

further prospective validation before broader clinical implementation.

Figure 2. Algorithmic framework for interpreting amino-acid pattern signatures across pediatric obesity, dysglycemia, and fatty liver disease,
incorporating insulin resistance and IGF-1 context. This algorithm is intended as an adjunct to, not a replacement for, standard clinical assessment;
amino-acid profiling requires further prospective validation before broader clinical implementation
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Amino Acid Signatures in Pediatric Metabolic Risk

Pediatric Metabolic Risk

Family History

Insulin

Resistance
BMl-z; waist

IGF-1 Hokmorre Context

AA Profiling: Key Markers

P 1 BCAAs (Val, Leu, lle)

P 1 AAAs (Phe, Tyr)

P | Glycine (+ Serine)

P | GIn:Glu Ratio / 1 Glutamate

Obesny a
- -

Research Horizons

\ ﬂ NAFLD/MASLD . Predictive AA Panels

H Eq P Early Risk Markers
Noninvasive Liver Tools
P BCAA-Based Scores

? Interventions & Trials
L P Metabolic Response Tracking

Clinical Implications

.'

Prediabetes/ T2D  NAFLD/ MASLD

@Jl-

Scarn E hrk"h y

Intensify Lifestyle & Monitor Risk

Figure 3. Amino acid signatures in pediatric metabolic risk: linking obesity to insulin resistance, dysglycemia, and fatty liver disease. This graphical
abstract summarizes the key amino-acid pattern associated with pediatric metabolic risk (candidate biomarker signatures: BCAA/AAA elevation
with glycine reduction and glutamine-glutamate imbalance) and shows how these signatures integrate with standard clinical phenotyping in order
to identify children at higher risk of prediabetes/T2D and NAFLD/MASLD, while emphasizing puberty/IGF-1 context and the need for prospective

validation before these candidate signatures can inform intervention trials

Discussion

Across pediatric studies, the most reproducible amino-
acid (AA) fingerprint linked to metabolic risk is an increase
in branched-chain amino acids (BCAAs) and aromatic amino
acids (AAAs), frequently accompanied by higher glutamate
and lower glycine/serine, with substantial modulation
by age, pubertal stage, sex, and adiposity distribution
(9-13,42,43). These patterns are clinically meaningful rather
than purely descriptive as multiple pediatric cohorts show
associations with insulin resistance (IR) and cardiometabolic
risk clustering, indicating that AA profiles can serve as
integrated readouts of disrupted nutrient handling in
pediatric obesity (14-16,19,24).

Mechanistic interpretations converge on altered BCAA
catabolism and downstream metabolic ‘spillover. Elevated
circulating BCAAs may reflect reduced activity or regulation
of catabolic enzymes and altered tissue partitioning, while
BCAA-derived intermediates can mirror mitochondrial
substrate overload and incomplete oxidation (2-5,13). In
parallel, recurring reductions in glycine/serine may reflect
constrained one-carbon and antioxidant capacity and
limited acyl-group buffering, while glutamine-glutamate
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imbalance may indicate altered transamination and hepatic
nitrogen flux (6,7). Evidence synthesis supports the concept
that composite AA panels (BCAA/AAA elevation with
glycine reduction and glutamine-glutamate imbalance) are
among the most consistent metabolite features associated
with prediabetes/diabetes risk, providing an interpretive
scaffold relevant to youth as pediatric data mature (8).

Akey pediatricnuanceisthat metabolicriskis not uniform
within obesity, and AA signatures appear most informative
when aligned to phenotype rather than BMI alone.
Metabolomic comparisons across adolescent overweight/
obesity phenotypes indicate that AA differences cluster
with ‘metabolically at-risk’ profiles (e.g., adverse glycemia
and lipid patterns) rather than with adiposity per se (23).
Similarly, metabolomic differences between metabolically
healthy obesity and metabolically unhealthy obesity are
driven primarily by abnormal glucose homeostasis and
related metabolic disturbances, supporting AA profiling as
a potential adjunct to phenotype anchoring (26).

Longitudinal pediatric findings add strength by moving
beyond cross-sectional discrimination toward prediction.
Baseline BCAA elevations have been associated with future
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insulin resistance in children and adolescents, supporting
their potential as early-risk markers (14). Longitudinal
metabolomic profiling also suggests that certain signals,
particularly tyrosine, may track IR trajectories and could
change earlier than broader BCAA disturbances in some
pediatric obesity cohorts (20). In addition, AA-based
signatures in school-age children have predicted future
hypertriglyceridemia, reinforcing the concept that
AA patterns can act as early ‘stress integrators’ across
metabolic pathways (22). Collectively, these studies argue
that the most clinically relevant next step is prospective
validation of AA signatures for dysglycemia and progression
to fatty liver disease.

For dysglycemia and pediatric diabetes phenotypes,
the evidence is evolving and heterogeneous, reflecting
developmental physiology, pubertal insulin resistance,
differing diabetes subtypes, and treatment effects. Clamp-
based pediatric studies indicate that AA-B-cell relationships
can differ from adult paradigms and may reflect
compensatory physiology early in the disease trajectory
(27). Youth-onset Type 2 diabetes has also shown distinct
AA/acylcarnitine patterns compared with obesity alone,
suggesting that pediatric T2D metabolomic features cannot
be assumed to mirror adult profiles (28). More recent
youth-focused targeted profiling supports a ‘risk-like’” AA
pattern (higher BCAA/AAA and lysine with lower glycine
and glutamine-glutamate signals) in youth with or at risk of
Type 2 diabetes, consistent with impaired insulin sensitivity
and potential B-cell stress (29). Prospective modeling in
youth cohorts further indicates that metabolite panels
including AAs can predict dysglycemia, with sex-specific
signals which underscore the need for developmentally
stratified interpretation (30). Finally, targeted AA signatures
distinguishing pediatric diabetes types suggest potential
future utility for phenotype refinement in research and
specialized clinical settings (31).

Pediatric NAFLD/MASLD shows particularly strong
convergence of AA disturbances across untargeted
pathway analyses, targeted metabolite panels, and
prediction tools. Studies in obese adolescents demonstrate
AA pathway disruption in NAFLD, including BCAA-related
signatures and broader perturbations which align with
hepatic fat and insulin resistance phenotypes (33-35). In
youth with severe obesity, a BCAA-based metabolic score
has been proposed to predict liver fat, offering a practical
approach to non-invasive risk stratification which may be
especially valuable where imaging access is constrained
(36). Complementary approaches such as the glutamate-

serine-glycine (GSG) index further highlight the recurring
role of glutamate and glycine/serine biology in pediatric
fatty liver phenotypes (37). In biopsy-proven pediatric
NAFLD, models incorporating valine, tyrosine, glutamate,
and glycine have achieved strong discrimination, but
require external validation and pragmatic evaluation before
clinical translation (38). Current pediatric NAFLD guidelines
emphasize early identification and risk stratification but
acknowledge the need for better non-invasive biomarkers,
providing a clear translational rationale for continued AA
biomarker development (32).

Dietary AA composition is a plausible contributor to
circulating AA signatures and liver-fat risk, but causal
evidence in children remains limited and confounded by
total energy intake, protein source, and dietary pattern
quality. Observational pediatric work suggests that higher
dietary BCAA intake, particularly leucine, is associated with
NAFLD odds in overweight/obese youth, but these findings
require cautious interpretation and prospective validation
(39). Mechanistic context from progressive NAFLD studies
supports BCAA pathway remodeling across disease severity
and highlights intersections with hepatic inflammation
and lipid handling (40). Recent syntheses also emphasize
that essential AAs can influence metabolic liver disease
biology through nutrient signaling pathways, but pediatric
interventional trials specifically targeting AA composition
while preserving growth needs remain a priority (41).

The IGF-1 axis adds an endocrine-growth lens to AA
interpretation in pediatrics. Large healthy pediatric cohorts
demonstrate that whole-blood AAs and acylcarnitines vary
systematically with age, sex, BMI, and pubertal stage,
and can associate with IGF-1 levels and growth-related
phenotypes, reinforcing the need for puberty- and sex-
aware reference frameworks (42,43). Mechanistic possibility
is supported by metabolomic analyses linking circulating
IGF-1 and IGF-1/IGFBP-3 ratios to AA-related metabolites
(44). Moreover, endocrine states characterized by altered
IGF-1 or GH biology provide direct evidence that hormonal
status can shape AA metabolism: long-term IGF-1deficiency
shows abnormal plasma AA metabolism which is partially
reversible with IGF-1 therapy, and CH deficiency cohorts
demonstrate distinct metabolomic fingerprints with IGF-
1-related correlations (45,46). Early-life metabolomic data
in growth-restricted infants further support the concept
that AA availability and handling relate to linear growth
trajectories, strengthening the rationale to integrate IGF-1
context when interpreting AA risk panels across pediatric
ages (47).
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From a clinical perspective, current pediatric
guidelines for obesity, NAFLD, and youth-onset Type 2
diabetes remain anchored in lifestyle intervention, weight
management, and cardiometabolic risk control, with
imaging/laboratory assessment for NAFLD rather than
AA biomarkers (32,48,54,55). This is appropriate given the
present heterogeneity in platforms, the lack of standardized
pediatric cutoffs, and limited evidence that AA-informed
stratification improves outcomes. Nevertheless, AA
profiling is positioned for near-term research-to-practice
transition in three areas: identifying metabolically higher-
risk obesity phenotypes, enriching screening for NAFLD
risk when imaging is limited, and monitoring metabolic
response in intensive programs or post-surgical settings.

Intervention evidence supports partial ‘reversibility’ of AA
disturbances when metabolic states improve meaningfully.
In adolescents with obesity, short-term structured weight-
reduction programs can shift metabolomic profiles toward
more favorable cardiometabolic patterns, supporting
metabolomics as a potential response-tracking tool (49). In
youth undergoing sleeve gastrectomy, reductions in BCAAs
have been reported in parallel with improvements in insulin
resistance, suggesting that major weight loss and metabolic
remodeling can normalize at least part of the BCAA-related
signature (50). Longitudinal observational data also indicate
that specific AAs such as tyrosine track insulin resistance
trajectories in children, highlighting candidate markers
for monitoring high-risk courses (20). Mechanistic adult
intervention studies provide context that improved insulin
sensitivity may be mediated by enhanced handling of BCAA-
derived acyl groups and glycine conjugation and that tissue
BCAA catabolism can improve even when plasma BCAA
changes are modest, concepts which may guide pediatric
trial design without being assumed as directly generalizable
to children (51-53).

Key research gaps now center on standardization and
validation. Pediatric studies need harmonized sampling
(fasting status, timing relative to puberty), consistent
reporting of pubertal stages and body composition, and
cross-platform analytic comparability, as highlighted by
pediatric metabolomics syntheses (9,10). Longitudinal
cohorts are needed in order to test whether AA signatures
add predictive value beyond established clinical risk
factors for incident dysglycemia and NAFLD progression,
and to define whether AA-informed phenotyping can
guide interventions without compromising growth and
nutritional adequacy. Finally, pragmatic studies should
evaluate whether incorporating AA panels into clinical
pathways improves risk stratification, patient engagement,
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or response monitoring compared with guideline-based
care alone (32,48,54,55).

Overall, pediatric literature supports AA signatures
as biologically coherent, developmentally modulated
candidate biomarkers aligned with insulin resistance,
dysglycemia risk, and fatty liver burden. This field is
now positioned to move from association to action by
establishing pediatric reference frameworks, validating
prediction tools in diverse populations, and embedding AA
profiling into interventional trials designed around clinically
meaningful endpoints and growth-safe nutrition.

Conclusion

Pediatric and adolescent metabolic disorders, namely
obesity, dysglycemia/diabetes risk, and NAFLD/MASLD,
share partially overlapping amino-acid fingerprints, most
commonly involving elevated BCAAs and AAAs, glutamate-
related shifts, and reduced glycine/serine in higher-risk
phenotypes. These patterns align with insulin resistance
biology and can associate with liver fat burden and adverse
cardiometabolic trajectories. However, AA signatures
are strongly influenced by age, sex, puberty, and IGF-1/
GH axis status, mandating pediatric-specific interpretive
frameworks. While the current clinical management
remains guideline-based, AA profiling is poised to become
a valuable adjunct for research-grade risk stratification
and response monitoring once standardized, validated, and
tested for incremental clinical utility.
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21-Hydroxylase Deficiency

® Nimet Melis Bilen!, ® Gonul Catliz, ® Cemil Kogyigit3, ® Bumin Nuri Dindar2

University of Health Sciences Tiirkiye, izmir Tepecik Education and Research Hospital, Clinic of Pediatrics, izmir, Tiirkiye

2izmir Katip Celebi University Faculty of Medicine, Department of Pediatric Endocrinology, izmir, Tiirkiye

3University of Health Sciences Tiirkiye, izmir Tepecik Education and Research Hospital, Clinic of Pediatrics, Division of Pediatric Endocrinology, izmir,
Turkiye

ABSTRACT

Aim: Congenital adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency is an autosomal recessive disorder caused by pathogenic variants
in the CYP21A2 gene. Although genotype is generally predictive of clinical phenotype, genotype-phenotype discordance may occur. This study
aimed to evaluate genotype-phenotype correlations and to characterize the molecular spectrum of CYP21A2 variants in children with CAH.
Materials and Methods: In this retrospective single-center study, 22 patients with CAH due to 21-hydroxylase deficiency were included. The
patients were classified as salt-wasting (SW), simple-virilizing (SV), or non-classical (NC) according to clinical and hormonal findings. The
detected variants were grouped according to their predicted residual enzyme activity, and genotype-phenotype concordance was evaluated.
Results: Eight patients (36.4%) had the SW phenotype, six (27.3%) had the SV phenotype, and eight (36.4%) had the NC phenotype. The most
frequent variant was 12 splice (c.293-13C>G) (25%), followed by 172N (c.515T>A; p.Ile172Asn) (14.2%). Overall genotype-phenotype concordance
was observed in 20 of the 22 patients (90%), and genotype severity groups were significantly associated with the clinical phenotype (p=0.001).
One homozygous [172N patient exhibited an unexpectedly mild NC phenotype despite an anticipated SV phenotype. A previously unreported
compound heterozygous variant, P30L(c.92C>T)/p.E321Afs*60 (c.961 962delGA), was identified in one patient with the NC phenotype.
Conclusion: Our findings demonstrate a strong overall genotype-phenotype correlation in CAH, while also highlighting that patients carrying
moderate-severity or novel variants may present with unexpectedly mild or variable clinical phenotypes. Integration of molecular findings with
detailed clinical, hormonal, and longitudinal follow-up data remains essential for accurate phenotypic prediction.

Keywords: Congenital adrenal hyperplasia, CYP21A2, 21-hydroxylase deficiency, genotype-phenotype correlation, novel variant

Introduction These enzyme defects result in decreased cortisol synthesis,
which leads to adrenocorticotropic hormone (ACTH)
secretion. This causes hyperplasia and the accumulation
of steroid precursors in the adrenal cortex (2,3).

Congenital adrenal hyperplasia (CAH) is a group of
autosomal recessive disorders resulting from enzyme
deficiencies in the adrenal steroid biosynthesis pathway (1).
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The most common cause of CAH is 21-hydroxylase deficiency,
accounting for 90-95% of cases (4,5). 11-beta-hydroxylase
deficiency accounts for approximately another 5% of cases.

Although theincidence of CAH varies across populations,
studies based on data from approximately 6.5 million
newborns screened worldwide indicate that the overall
incidence of classic CAH is 1in 13,000 to 1 in 15,000 live
births (2,6). These differences may be related to ethnicity,
consanguineous marriage rates, and the effectiveness of
newborn screening programs (2,7).

21-hydroxylase deficiency results from pathogenic
variants in the CYP21A2 gene, located on the short arm of
chromosome 6 (6p21.3) (8). This disease presents in three
main clinical phenotypes: the classic salt-wasting (SW)
form, the classic simple-virilizing (SV) form, and the non-
classic (NC) (late-onset) form (9). The clinical spectrum
ranges from severe neonatal salt-losing crises to mild
forms presenting with hyperandrogenism in adolescence or
adulthood (3,10).

Numerous variants leading to CAH have been identified,
and many have been reported to correlate strongly with
the clinical phenotype (2,4,11). Therefore, genotype analysis
provides several major contributions, especially in prenatal
diagnosis, disease prognosis prediction, and cases which
are difficult to classify clinically (2,4,12). In addition, recent
advances in molecular genetic techniques have allowed
for a better understanding of the genotype-phenotype
relationship in the diagnosis and follow-up of CAH (9).
Genotype-phenotype mismatches in CAH may be influenced
by residual enzyme activity, modifier genes, androgen
receptor sensitivity, and epigenetic factors, resulting in
variable clinical severity despite identical genotypes (2,12).

This study aimed to evaluate the genotype-phenotype
correlation in those patients with CAH due to 21-hydroxylase
deficiency and to provide an individualized assessment of
rare variants and clinically discordant cases.

Materials and Methods

This retrospective single-center study included
22 patients diagnosed with CAH due to 21-hydroxylase
deficiency and a molecularly confirmed CYP2TA2 gene
mutation. We retrospectively reviewed patient data via
their pediatric endocrinology outpatient clinic records and
the hospital information management system. We included
in this study those patients who had complete clinical,
hormonal, and genetic data. We excluded those cases with
other adrenal steroidogenesis disorders and those with
incomplete follow-up data from this study.
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We obtained demographic characteristics, age
at presentation, age at diagnosis, gender, presenting
complaints, physical examination findings, height, weight,
body mass index (BMI), bone age, stage of puberty, Prader
stage in female patients, and the type and dosage of
treatment from the patient file records.

Height, weight, and BMI standard deviation scores (SDS)
were calculated according to age and sex. Bone age was
assessed usingthe Greulich and Pyle atlases, and thebone age/
chronological age ratio was calculated (13). In the laboratory
evaluation, baseline levels of 17-hydroxyprogesterone (17-
OHP), ACTH, cortisol, and total testosterone were recorded
at the time of diagnosis and at the last follow-up.

The patients were divided into three phenotypic groups
based on their clinical and hormonal characteristics: SW
type, SV type, and NC type. The SW phenotype was defined
as those cases meeting the criteria for hyponatremia,
hyperkalemia, dehydration, and elevated plasma renin
activity. The SV phenotype was defined as those patients with
prenatal or postnatal androgen-excess findings, without
mineralocorticoid deficiency. The NC phenotype included
patients presenting with late-onset hyperandrogenism,
premature pubarche, or hirsutism (14).

CYP21A2 gene variant analyses of the patients were
performedusingreversedotblotanalysis, Sanger sequencing,
and multiplex ligation-dependent probe amplification
(MLPA). Variant nomenclature was reported according to
the Human Genome Variation Society recommendations.
Novel variants were interpreted according to American
College of Medical Genetics and Genomics (ACMG) variant
classification criteria.

The detected variants were grouped into four
categories based on the literature classification of residual
21-hydroxylase enzyme activity:

Group 1: Null mutations (gene deletion, conversion,
8-bp deletion, E6 cluster, Q318X (c.955C>T;p.
Gln319Ter),R356W(c.1066C>T;p.Arg356Trp),

Group 2: 12 splice (c.293-13C>G) homozygous or
compound heterozygous variants with severe mutations,

Group 3: 172N (c.515T>A; p.lle172Asn) homozygous or
compound heterozygous mutations with severe variants,

Group 4: mild mutations V28I1L (c.844G>T; p.Val282Leu),
P30L (c.92C>T; p.Pro3iLeu), P453S (c.1358C>T; p.Pro453Ser).

According to this grouping, the expected phenotypes
were SW, SW/SV, SV, and NC, respectively. Genotype-
phenotype concordance was evaluated by comparing the
expected and observed phenotypes.
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Ethical Consideration

Ethical approval for this study was obtained from the
Non-Interventional Research Ethics Committee of izmir
Katip Celebi University Faculty of Medicine on September
29, 2016, with decision number 220.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, version 20.0 (IBM Corp., Armonk,
NY, USA). Due to the small sample size, the distribution of
continuous variables was evaluated using non-parametric
methods, and data are presented as median (minimum-
maximum) or mean + standard deviation, as appropriate.

The Kruskal-Wallis test was used to compare
continuous variables across the three phenotype groups,
and the Wilcoxon signed-rank test was used for intragroup
comparisons between the diagnostic and last follow-
up measurements. Categorical variables are expressed
as numbers and percentages. The association between
genotype severity groups and observed phenotypes was
evaluated using Fisher's exact test. A p value <0.05 was
considered statistically significant.

Results

A total of 22 patients with genetically confirmed CAH
due to 21-hydroxylase deficiency were included in this study.
Eight patients (36.4%) had the SW phenotype, six (27.3%)

had the SV phenotype, and eight (36.4%) had the NC
phenotype. The SW group consisted of 5 boys and 3 girls,
the SV group consisted entirely of girls, and the NC group
consisted of 5 girls and 3 boys.

Age at diagnosis differed significantly between the
phenotype groups (p=0.006). The median age at diagnosis
was 1.6 months (0.5-4.0) in the SW group, 5.6 months (0.3-
72.0) in the SV group, and 76.8 months (1.0-198.0) in the NC
group. Those patients with the SW and SV phenotypes were
diagnosed at significantly earlier ages than those in the NC
group.

BMI SDS showed an increasing trend in all phenotype
groups during the follow-up period. This increase was more
pronounced in the classic phenotype patients, and at the
last follow-up, BMI SDS values had moved into the positive
range in all groups. The individual clinical presentations,
phenotypes, and genotypes of the patients are presented
in Table I.

No significant difference was found between the
phenotype groups in terms of their baseline 177-OHP and
ACTH levels (p>0.05). However, cortisol levels were higher
in the SW and NC groups when compared to the SV group
(p=0.028). Total testosterone levels were significantly
higher in the SV group in comparison to the other two
groups (p=0.026). There were no significant differences
among the phenotype groups in terms of their follow-up
hormone values.

Table I. Patients’ presenting symptoms, phenotypes, and detected genetic mutations

Patient | Gender Presenting Phenotype | Allele 1 Allele 2 :L\llellc .
symptoms interpretation

. R356W (c.1066C>T; R356W (c.1066C>T;

1 Male Vomiting SW p.Arg356Trp) p.Arg356Trp) Homozygous
Vornitin Q318X (c.955C>T:

5 Female ambi uftljs w 12splice (.293-13C>G) + Q318X | p.Gln319Ter)+ E6 cluster Complex alleles

enitilia (c.955C>T; p.Gln319Ter) + R356W (c.1066C>T; P

& p.Arg356Trp)
AmbigUous 12 splice (c.293-13C>G)+ Q318X

3 Fernale enitaglia sw (c.955C>T; p.Gln319Ter)+ E6 R356W (c.1066C>T; Complex allele
e mia cluster + R356W (c1066C>T; | p.Arg356Trp) P

P p.Arg356Trp)
4 Male Vomiting SW 12 splice (c.293-13C>G) 12 splice (.293-13C>G) Homozygous
Compound
5 Male Vomiting, diarrhea | SW Exon 1-7 conversion Exon 1-3 conversion heterozygous
conversion
Q318X (c.955C>T;

Ambiguous . p.Gln319Ter)+ E6 cluster

6 Female genitalia SW Q318X (c.955C>T; p.Gln319Ter) + R356W (1066C>T, Complex allele

p.Arg356Trp)
7 Male Vomiting SW 12 splice (c.293-13C>Q) 12 splice (c.293-13C>Q) Homozygous
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Table I. Continued

Patient | Gender Presenting Phenotype | Allele1 Allele 2 Allellc .
symptoms interpretation
Mutation-
8 Male Vomiting SW No mutation detected No mutation detected negative clinically
confirmed case
9 Female | Clitoromegaly N 72N (c.515T>A; p.lle172Asn) 12 splice (c.293-13C>G) Compound
heterozygous
10 Female g::‘it:i?;us NY 12 splice (c.293-13C>G) 12 splice (c.293-13C>G) Homozygous
n Fernale Clitoromegaly sv 172N (c.515T>A; p.Ile172Asn) 172N (c.515T>A,; p.Ile172Asn) Homozygous
» Female Amplggous v 1172N (c.515T>A; p.Ile172Asn) 12 splice (c.293-13C>G) Compound
genitalia heterozygous
13 Female g::ﬂt:agl?;us NY 12 splice (c.293-13C>G) 12 splice (c.293-13C>G) Homozygous
) P30L (c.92C>T; p.Pro3iLeu) )
14 Female Amplggous NY + 12 splice (c.293-13C>C) + 8-bp PSQL (c.92C>T; p.Pro3iLeu)+12 Complex alleles
genitalia ! splice €.293-13C>GC
deletion
15 Male E[leb“;fctﬁge NC 172N (c.515T>A; p.Ile172Asn) 72N (c.515T>A; p.lle172Asn) | Homozygous
V281L (c.844G>T,
Premature Q318X (c.955C>T; p.Gln319Ter) | p.Val282Leu)
16 Female | barche NC +V281L (c.844G>T; pVal282Leu) | + 172N (c.515T>A; Complex alleles
p.Ile172Asn)
17 Female | remature NC V2SI (.844G>T; pVal282leu) | P3OL (c.92C>T; p.Pro3iley) | compound
pubarche heterozygous
8 Male Premature NG P30L (c.92C>T: p.Pro3iLeu) €.961 962delGA E;’t”e“z’zungus
pubarche (p.Glu321Alafs*60) V8
novel variant
. P453S (c.1358C>T;
19 Female No symptoms NC P453S (c.1358C>T; p.Pro453Ser) p.Pro453Ser) Homozygous
p.R340H c.1019G>A Complex allele/
20 Male Premature NC (p.Arg340His) P453S (c.1358C>T; com pound
pubarche + P453S (c.1358C>T; p.Pro453Ser) heterr)oz ous
p.Pro453Ser) ve
Premature ) P453S (c.1358C>T;
21 Female pubarche NC P453S (c.1358C>T; p.Pro453Ser) b Prod535er) Homozygous
2 Female | Virilization NC V28IL (c.844G>T; pVal282leu) | 72N (c.515T>A; p.ilel72Asn) | compound
heterozygous

recommendations using the CYP2TA2 reference transcript NM_000500.9

*Traditional CYP21A2 variant nomenclature is presented together with HGVS nomenclature. Variant nomenclature has been reported according to HGVS

SW: Salt-wasting, SV: Simple-virilizing, NC: Non-classical, HGVS: Human Genome Variation Society

The detailed clinical, auxological, hormonal, and
longitudinal follow-up characteristics of the phenotype
groups are summarized in Table Il. The individual clinical
presentations, Prader stages, pubertal characteristics,
surgical interventions, and genotypes of the patients are
presented in Table Ill.

Molecular analysis identified a total of 56 variant events
representing 17 distinct variants across 44 alleles from
22 patients. As some alleles carried multiple pathogenic
changes, the total number of detected variant events
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exceeded the number of alleles analyzed. One patient
exhibited a clinically significant SW phenotype, but no
mutation could be demonstrated. The most frequent
variant was 12 splice (¢.293-13C>G) (25%), followed by 11772N
(c.515T>A; p.lle172Asn) (14.2%). These were followed by
R356W (c.1066C>T; p.Arg356Trp) (10.7%), Q318X (c.955C>T;
p.Gln319Ter) (10.7%), and P453S (c.1358C>T; p.Pro453Ser)
(10.7%). The distribution and frequencies of the detected
variants according to phenotype groups are summarized in
Table IV.
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Table Il. Clinical, auxological, and hormonal characteristics according to phenotype groups

Salt-wasting (n=8) Simple-virilizing (n=6) Non-classical (n=8) p value
Age at diagnosis (months) 1.6+1.3 5.6+4.2 76.8+63 0.006
Target height SDS at diagnosis -0.87+1.4 -0.45+1.17 0.46+1.87 0.2
Target height SDS at last follow-up 0.08+1.15 0.92+0.7 0.30+1.49 0.4
Height SDS at diagnosis 0.17+2 -0.02+1.3 14+1.6 0.161
Height SDS at last follow-up -1.64+0.82 -0.36£1.5 -0.55+2.03 0.2
BMI SDS at diagnosis -1.67+1.09 -0.82£1.73 -0.45+2.2 0.2
BMI SDS at last follow-up 1.2+1.2 1.39+0.49 1.01£1.3 0.9
Basal 17-OHP at diagnosis (ng/mL) 58.6 (4.4-207) 36.5 (1.9-110) 23.4 (3.2-41.8) 0.5
Basal 17-OHP at last follow-up (ng/mL) | 27.83 (0.08-128) 20.9 (1.08-27) 9.7 (0.40-32.7) 0.2
ACTH at diagnosis (pg/mL) 42.8 (18-70) 153.5 (13-338) 48.3 (29-100) 0.5
ACTH at last follow-up (pg/mL) 19.6 (2-55) 152.3 (3-347) 30.4 (2-138) 0.2
Basal cortisol at diagnosis (ug/dL) 17.07 (1-50) 10.7 (4.9-18) 21.2 (14.2-27) 0.028
Basal cortisol at last follow-up (pg/dL) | 8.63 (0.5-34) 9.07 (3-14.8) 10.1(1-33.8) 0.7
Testosterone at diagnosis (ng/dL) 136.9 (0.4-1014) 494.7 (23.4-1600) 40.3 (0.17-107) 0.026
Testosterone at last follow-up (ng/dL) | 32.2 (1.2-163.10) 58.7 (15-161) 34.1(0.12-115) 0.23
Data are presented as mean+standard deviation or median (minimum-maximum), as appropriate.
SDS: Standard deviation score, BMI: Body mass index, 17-OHP: 17-hydroxyprogesterone, ACTH: Adrenocorticotropic hormone
Table Iil. Individual clinical characteristics including prader staging, pubertal development, and surgical outcomes
Patient ID | Phenotype Z:‘:;:;ssitsage at ::labg:'ct:ilsstage at Surgical procedure ,(Aygez:st)surgery
5 Sw 3 1 ZSE;:SL[;SC&nStrUCtion + 9
3 SW 3 1 None -
6 SW 4 1 None -
9 SV 3 1 Clitoroplasty 4
10 SV 4 1 Clitoroplasty 3
m SV 4 1 Clitoroplasty 3
I 1 Lo eonnction .
13 SV 4 1 None -
14 SV 3 1 Clitoroplasty 5
15 NC 2 2 None -
16 NC 1 4 None -
18 NC 1 5 None -
20 NC 2 1 None -
22 NC 1 5 None -

SW: Salt-wasting, SV: Simple-virilizing, NC: Non-classical

213




Bilen et al.
Genotype-phenotype Analysis in Congenital Adrenal Hyperplasia

When the variant distribution according to phenotype
groups was examined, the most frequent variants were 12
splice, R356W, and Q318X in the SW phenotype; 12 splice
and I172N in the SV phenotype; and P453S, V28I1L, and 1172N
in the NC phenotype (Table IV). A previously unreported
P30L (c.92C>T)/p. E321Afs*60 (c.961 962delGA) variant
was detected in one patient. According to ACMG variant
classification criteria, this novel variant was considered likely
pathogenic based on the presence of Pathogenic Very Strong
1(PVST) and Pathogenic Moderate 2 (PM2) evidence (15). The
distribution of detected CYP2TA2 variants across the gene is
summarized in a lollipop plot in Figure 1.

For genotype-phenotype correlation analysis, the
patients were divided into four groups based on their

residual enzyme activity. In Groups 1 and 2, the expected
and observed phenotypes were completely concordant
in all patients. In Group 3, one homozygous 172N patient
exhibited the NC phenotype instead of the expected SV
phenotype. In Group 4, the expected and observed NC
phenotypes were completely concordant in all patients.
The results of the genotype-phenotype concordance
are presented in Table V. The genotype severity groups
were significantly associated with the observed clinical
phenotypes (p=0.001). Discordance was detected in only
one case of homozygous [172N.

Table IV. Distribution of detected CYP21A2 variant events and estimated residual enzyme activities
Variant Protein change Estimated r.es.idual Salt-wasting | Simple-virilizing Non-classical | Total
enzyme activity (n=22) (n=15) (n=19) (n=56)
R356W (c.1066C>T) p.Arg356Trp 0% (null) 6 (27.2%) - - 6 (10.7%)
Q318X (c.955C>T) p.Gln319Ter 0% (null) 5(22.7%) - 1(5.2%) 6 (10.7%)
E6 cluster 0% (null) 3(13.6%) - - 3(5.3%)
12 splice (c.293-13C>G) | Splice-site variant | <1% 6 (27.2%) 8 (53.3%) - 14 (25%)
Conversion 0% (null) 2 (9%) - - 2(3.5%)
[172N (c.515T>A) p.Ile172Asn ~1-2% - 4 (26.6%) 4 (21%) 8 (14.2%)
P30L (c.92C>T) p.Pro3iLeu ~30-60% - 2 (13.3%) 2 (10.5%) 4(7.1%)
?C'ggzdgf;;oerz) Frameshift variant | 0% (null) - 1(6.6%) - 1(1.7%)
V281L (c.844C>T) p.Val282Leu ~20-50% - - 4 (21%) 4 (7.1%)
P453S (c.1358C>T) p.Pro453Ser ~20-50% - - 6 (31.5%) 6 (10.7%)
p.R340H c.1019G>A p.Arg340His ir;';rl‘%‘:g likely mild-—— | _ - 1(5.2%) 1(1.7%)
(et opaaelcn | POBmAafse0 | eere | - 162%) [107%
Variant nomenclature follows Human Genome Variation Society (HGVS) recommendations using the CYP21A2 reference transcript NM_000500.9.
Estimated residual enzyme activities and mutation severity classifications were derived from previously published functional and genotype-phenotype studies
Sfis\zlgrifnotﬁaclude non-sense, frameshift, splice-site, large conversion, and severe cluster variants associated with absent or markedly impaired 21-hydroxylase activity
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172N
(c.515T>A;
12 splice p.lle172Asn)
(c.293-13C>G) n=8
n=14

P30L(c.92C>T;
p.Pro31Leu
n=4

Exonl Exon2 Exon3 Exond Exon5

Intron2

*n represents the number of alleles

Q318X
(c.955C>T:

vagiL p.GIn319Ter)
(c.844G>T; n=6
p.Val282Leu)
n=4

p.R340H
¢.1019G>A
(p.Arg340His)

n=1
P453S

(c.1358C>T;
p.Pro453Ser)
n=6

p.E321Afs*60
(c.961_962delGA)
n=1

Exon6 Exon7 Exon8 Exon9 Exonl0

Figure 1. Lollipop plot demonstrating the distribution of CYP21A2 variants identified in the cohort

Discussion

In this study, we evaluated genotype-phenotype
correlation in pediatric patients with CAH due to
21-hydroxylase deficiency and identified a strong overall
concordance between the CYP21A2 genotype and the clinical
phenotype. The 12 splice variant was the most frequently
detected mutation, particularly among those patients with
classical phenotypes, while 172N was mainly associated
with the SV phenotype. A genotype-phenotype discordance
was observed in one patient carrying homozygous 172N
variants. In addition, we identified a previously unreported
compound heterozygous variant, P30L (c.92C>T)/p.
E321Afs*60 (c.961 962delGA), which may contribute to the
expanding molecular spectrum of CYP21A2-related disease.

Complete phenotypic concordance was observed in
Groups 1 and 2, which included null mutations and severe
splice-site variants associated with an absence of enzyme
activity, highlighting the importance of CYP21A2 genotyping
in predicting the severity of classical CAH. This finding is
consistent with the strong correlation reported by New et
al. (12) in their large cohort of 1,507 families. Furthermore,
Speiser and White emphasized in their review that severe
mutations were particularly strongly associated with the
SW phenotype (16).

In our study, the most frequent variant was the 12 splice,
which was consistent with previous reports (3,8,10,17). Bas
et al. (6) identified the 12 splice as the most frequent variant
(22%), primarily observed in patients with SW and SV forms.

Similarly, in a large Turkish series of 124 patients reported
by Kirac et al. (18), splice-site and deletion/conversion
mutations represented the majority of the detected
CYP21A2 variants. The predominance of the 12 splice variant,
particularly among those patients with classical phenotypes,
further supports the phenotype-determining importance of
this mutation in the Turkish population.

We detected the [172N variant as the second most
frequent in our study. It was mostly associated with the SV
phenotype, consistent with previous reports (10,16,19). In
Turkish, Korean, and Chinese pediatric series, this variant
has been shown to be frequently associated with the SV
phenotype (3,6,10,18). One of the most striking findings
in our cohort was the observation of a NC phenotype
in a patient homozygous for the 172N variant (Case 15),
rather than the expected SV clinical presentation. While the
CYP21A2 genotype is generally a robust predictor of clinical
course, such discordances have been reported in 10% to
20% of cases in the literature (12,15,17). This phenotypic
variability is particularly prevalent in variants with moderate
residual enzyme activity, such as [172N. According to a
comprehensive study by Lao et al. (20), which analyzed 457
individuals across the genotypic spectrum, the 172N variant
represents a critical “threshold” in adrenal steroidogenesis.
The 11772N mutation typically retains approximately 1%
to 2% of residual 21-hydroxylase activity, a level which is
usually sufficient to prevent neonatal SW crises but resides
on the borderline between the SV and NC phenotypes (20).
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Consistent with our findings, Lao et al. (20) provided
evidence that the clinical expression of homozygous 172N
is not monolithic; they identified several instances where
individuals shared this genotype yet presented with a
milder NC phenotype rather than the classic SV form. This
“phenotypic plasticity” suggests that the final clinical
outcome is modulated by factors beyond the primary
CYP21A2 sequence. Phenotypic variability in those patients
carrying the 172N variant may be influenced by alternative
splicing efficiency, androgen receptor sensitivity, extra-
adrenal steroid metabolism, and/or modifier genes affecting
residual enzyme activity (2,12,16,21-23). Our study identified
a patient with a SW phenotype in whom no mutation was
detected by standard Sanger sequencing and MLPA (Case 8).
While seemingly contradictory, this phenomenon has been
reported in other cohorts, including those by Lao et al. (20)
and Bas et al. (6). These cases likely represent the technical
limitations of the current diagnostic panels in identifying
promoter region variants, deep intronic mutations, or
complex RCCX module rearrangements (2,5,12,24). In
conclusion, our data, supported by the recent large-scale
findings of Lao et al. (20), underscore that while genotyping
is essential for prognostic prediction, it must be interpreted
with caution. The existence of “grey zones”, especially for
moderate variants such as I172N, highlights the necessity
of a multidisciplinary approach which integrates molecular
data with longitudinal clinical observation and biochemical
monitoring in order to optimize patient management.

The novel P30L  (c.92C>T)/  p.E321Afs*60
(c.961 962delGA) variant identified in our cohort appears
to be rare and, to the best of our knowledge, has not
been previously reported in the literature. Numerous novel
variants have been identified in different series in the
Turkish population previously (1,18). The novel frameshift
variant c.961 962delGA (p.Glu321Alafs*60) was classified
as likely pathogenic according to ACMG criteria based on
the presence of PVST and PM2 evidence. Since frameshift
variants are generally expected to result in a severe loss
of enzyme activity through the disruption of the normal
protein sequence and premature termination, a more severe
clinical phenotype might be anticipated (5,20). However, the
patient carrying this variant presented with a NC phenotype
in compound heterozygosity with the mild P30L (c.92C>T)
variant. This observation suggests that residual enzymatic
activity associated with the P30L allele may partially
mitigate the clinical severity of this novel variant (20). In
addition, the discrepancy between predicted molecular
severity and observed phenotype further supports the
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concept that clinical expression in CYP21A2 deficiency may
be influenced by additional genetic and biological modifiers
beyond the primary genotype alone.

Beyond genotype-phenotype concordance, our cohort
alsodemonstrated distinct clinicaland hormonal differences
among the phenotype groups. Those patients with classical
phenotypes were diagnosed at earlier ages and showed more
severevirilization, greater skeletal maturation advancement,
and increased rates of genital corrective surgery compared
to those with the NC phenotype. In addition, the increase
in BMI SDS observed during follow-up, particularly among
those patients with classical phenotypes, may reflect the
long-term metabolic consequences of chronic glucocorticoid
exposure, which has been reported previously in patients
with CAH (25,26). Together, these findings suggest that
detailed longitudinal clinical characterization may provide
important complementary information beyond molecular
analysis alone.

Study Limitations

The main limitations of this study include its
retrospective single-center design and its relatively small
sample size. Functional analyses could not be performed
for the novel variant. However, this study provides detailed
longitudinal characterization, comprehensive genotype-
phenotype analysis, and the identification of a novel likely
pathogenic CYP2TA2 variant.

Conclusion

Our study demonstrates a strong genotype-phenotype
correlation in those patients with CAH due to 21-hydroxylase
deficiency, while also highlighting that moderate-severity
and novel variants may present with unexpectedly mild or
variable clinical phenotypes. The individualized evaluation
of clinically discordant cases provides additional insight
into the complexity of phenotypic expression in CYP21A2
deficiency. Therefore, integrating molecular findings with
clinical, hormonal, and longitudinal follow-up data remains
essential for accurate phenotypic prediction and long-term
patient management.
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Blood Pressure Trends and Influencing Factors in the
First Week of Life: A Prospective Study in Healthy
Term Turkish Newborns
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ABSTRACT

Aim: To establish descriptive reference blood pressure (BP) values in healthy full-term Turkish newborns during the first seven postnatal days
and to identify associated perinatal factors.

Materials and Methods: In this prospective observational study (April-September 2012), 419 healthy term newborns (=37 weeks of gestation)
underwent daily BP measurement using the oscillometric method. Exclusion criteria included neonatal intensive care unit admission, low 5%
minute Apgar scores (<7), congenital anomalies, maternal pregnancy complications, or chronic disease.

Results: The newborns’ mean birth weight, length, and gestational age were 3,302+398 g, 48.95+1.9 cm, and 39.28+1.19 weeks, respectively. The
mean BP increased significantly from Day 1to Days 5-7 (48.10+7.35 mmHg —> 59.23+6.79 mmHg; p<0.0001). Sex and parity were not associated
with BP. Caesarean delivery was linked to lower Day 1 BP. Birth length, the five-minute Apgar score, and maternal systolic BP were positively
correlated with Day 1BP, although correlation coefficients indicated weak associations (r<0.3).

Conclusion: This study provides descriptive early postnatal BP values for healthy Turkish newborns. Maternal BP, neonatal length, and Apgar
score influence first-day BP, but their clinical relevance is limited due to weak correlations and the low explanatory power of regression models.

Keywords: Newborn, blood pressure, reference range, perinatal factors, term infants, Turkey

Introduction

Blood pressure (BP) monitoring plays a critical role in
the management of sick newborns, both for detecting
hypotension and recognizing hypertension. Accurate
interpretation requires knowledge of normal BP values
stratified by gestational age, postnatal age, sex, race/
ethnicity, and other relevant factors (1,2).

Historically, various methods have been used to assess
BP in newborns (3). Currently, oscillometric devices are
the most commonly employed non-invasive method in
neonatal units. However, intrinsic and extrinsic factors,
such as software miscalculations, incorrect cuff size,
and movement artefacts, may affect accuracy. In order
to minimize these errors, several guidelines have been
published (4,5).
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Most neonatal reference ranges reported in textbooks
are derived from the multicenter study by Zubrow et al.
(6), which used oscillometric measurements. That study
included neonatal intensive care unit (NICU) patients across
a wide range of gestational ages, potentially influencing the
reported values. In order to reduce such bias, subsequent
investigators focused on healthy, term newborns in well-
baby nurseries (7,8).

Compared with adults and older children, percentile
curves for neonatal BP remain scarce. This may reflect
the rarity of cardiovascular disease in the newborn period
or historical limitations in measurement techniques. An
increasing recognition that adult cardiovascular diseases
may have origins in early life, or even in the fetal period, has
shifted attention toward the neonatal stage (9). Careful
evaluation of BP, one of the earliest parameters affected by
a newborn’s health status, allows for the early detection
and management of septic, metabolic, or hemodynamic
disturbances.

To date, no study has established reference BP values
specifically for healthy term Turkish newborns. Previous
reports from Turkiye have focused on NICU populations
or preterm infants, limiting their applicability to healthy
infants (10,11). The aim of the present study was therefore
to provide descriptive BP values in healthy Turkish term
newborns during the first seven postnatal days, to compare
these values with previously published international data,
and to examine the influence of perinatal factors on early
postnatal BP.

Materials and Methods

Study Population

This prospective observational study was conducted
between April and September 2012 at a tertiary hospital. A
total of 419 healthy term newborns (>37 weeks of gestation)
were consecutively recruited. Ethical approval was obtained
from the University of Health Sciences Turkiye, Sisli Hamidiye
Etfal Training and Research Hospital Clinical Research
Ethics Committee (approval no.: 33, date: 10.04.2012), and
informed parental consent was secured. Exclusion criteria
included maternal chronic or acute diseases, pregnancy
complications, congenital anomalies, NICU admission, low
5™ minute Apgar scores (<7), low birth weight (<2,500 g),
fetal malnutrition (CAN score <26), or non-Turkish ethnicity.

Data Collection

Demographic and perinatal data were obtained from
medical records and parental interviews. Variables included

infant sex, gestational age, birth weight, birth length, Apgar
scores, and maternal characteristics. Maternal weight was
measured with a digital scale, and BP was assessed by the
auscultatory method.

Blood Pressure Measurements

Neonatal BP was measured using an oscillometric device
(DRAGER Siemens SC 6002 XL, Siemens Co., NY, USA),
calibrated according to manufacturer’'s recommendations.
The first BP measurement was performed 12-24 hours after
birth, followed by daily measurements between 9:00 AM
and 12:00 PM while the infants remained hospitalized. After
discharge, additional measurements were obtained during
routine outpatient follow-up visits within the first week.
The measurements were obtained while the infant was
quietly awake or asleep, at least one hour after feeding,
using the right upper arm. Cuff size was selected so that the
inflatable bladder width was at least 40% of the mid-arm
circumference and its length covered 80-100% of the arm
circumference (3). Each measurement was repeated three
times, and the average was used for analysis.

Statistical Analysis

Analyses were performed using NCSS 2007 (Number
Cruncher Statistical System, Utah, USA). Continuous
variables are expressed as mean + standard deviation,
median, and range; categorical variables as counts and
percentages. Percentiles for systolic, diastolic, and mean BP
(SBP, DBP, MBP) were calculated for each day.

Days 5-7 were combined due to the small number of
infants measured on each of these days in order to ensure
a sufficient sample size for statistical analysis. Repeated
measurements were analyzed with paired variance analysis,
and subgroup comparisons were made using the Newman-
Keuls multiple comparison test. Independent t-tests were
used to compare two continuous variables and chi-square
tests were used for categorical variables. Correlations
were assessed using Pearson’s correlation coefficient.
Multivariate linear regression analysis was performed in
order to identify independent predictors of neonatal BP.
Statistical significance was defined as p<0.05.

Results

A total of 419 healthy term newborns were enrolled.
The number of infants with valid BP measurements declined
from Day 1 to Days 5-7 (Figure 1) (401, 287, 169, 85, and
100, respectively). Baseline demographic and maternal
characteristics are summarized in Table I. The mean
gestational age was 39.3+1.2 weeks, and 51.3% of the
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infants were male. The mean birth weight and length were
3,302.2+397.8 g and 49.0£1.9 cm, respectively. Cesarean
delivery accounted for 49% of births, of which 65% were
elective. Mean maternal age was 27.7+6.3 years, parity
ranged from one to seven, and 15% of mothers reported
smoking during pregnancy.

i

Day 2 Day 3 Day 4 Days 5-7

Figure 1. Number of infants measured per day (Days 5-7 combined)

Table I. Demographic and maternal characteristics of the study
population (n=419)

Variable Value Min-Max
Neonatal characteristics

Birth weight (g) 3,302.2+ 397.8 | 2,520-4,580
Birth length (cm) 49.0+1.9 44-56
Male sex, n (%) 215 (51.3) -
Gestational age (weeks) 39.3+1.2 37-42
1-min Apgar score 7.8+0.8 4-9

5-min Apgar score 9.4+0.6 7-10
Maternal characteristics

Caesarean section, n (%) 209 (49.9) -

Age (years) 27.8+6.2 15-50
Parity 2.1+11 1-7
Weight in the 1t trimester (kg) 65.1+25.6 40-120
SBP in the 1t trimester (mmHg) 103.3+£10.5 70-140
DBP in the T trimester (mmHg) 65.2+9.2 50-110
Weight near delivery (kg) 76.0+12.2 45-120
SBP near birth (mmHg) 114.4+12.6 80-180
DBP near birth (mmHg) 72.9+9.4 37-120
Smoking during pregnancy, n (%) 61(14.6) -

SBP: Systolic blood pressure, DBP: Diastolic blood pressure
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The percentile distributions of systolic, diastolic, and
mean BP are illustrated in Figures 2-4. As shown in Table
I, MBP values increased significantly across the first seven
postnatal days (p=0.0001). Post-hoc pairwise comparisons
(Table Ill) demonstrated significant differences between
Day 1 and all subsequent days (p<0.05), indicating a rapid

Blood Pressure
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Day 1 Day2 Day 3 Day4 Days 57
[-o—95th Percentile: 84 91 91 94 95
[==50 Percentile 7 76 0 53 85
[-a=5th Percentile 60 66 68 72 73

Figure 2. Systolic blood pressure percentiles of healthy term Turkish
newborns during the first week of life
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Figure 3. Diastolic blood pressure percentiles of healthy term Turkish
newborns during the first week of life
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Figure 4. Mean blood pressure percentiles of healthy term Turkish
newborns during the first week of life
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Table Il. Changes in mean blood pressure over the first five
postnatal days

Day MeanzSD (mmHg) Median (IQR) (mmHg)
Day 1 481735 48.33 (43.67-52.67)

Day 2 53.02+7.78 53.00 (48.33-57.67)

Day 3 55.91x7.52 56.00 (50.33-61.33)

Day 4 58.84+6.90 59.00 (54.17-63.84)

Days 5-7 59.23+6.79 59.00 (55.00-64.00)

Mean blood pressure increased significantly over the first five postnatal days
(repeated measures ANOVA, F=12.27, p<0.001)
SD: Standard deviation, IQR: Interquartile range

Table Ill. Pairwise comparisons of mean blood pressure across
postnatal days

Comparison p value

Day 1vs. Day 2 0.013

Day 1vs. Day 3 0.017

Day 1vs. Day 4 <0.001

Day 1vs. Days 5-7 <0.001

Day 2 vs. Day 3 0.785

Day 2 vs. Day 4 0.026

Day 2 vs. Days 5-7 0.003

Day 3 vs. Day 4 0.056

Day 3 vs. Days 5-7 0.002

Day 4 vs. Days 5-7 0.358

Pairwise comparisons were performed using the Newman-Keuls multiple
comparison test. Bold values indicate statistically significant correlations
(p<0.05)

early rise. Beyond Day 2, significant increases were generally
observed only on alternate days.

No statistically significant differences in MBP were
detected by mode of delivery, sex, parity, or maternal
smoking status. However, those infants born vaginally
tended to have slightly higher MBP (by 1-2 mmHg) than
those who were delivered by cesarean section on Days 1and
2 (48.72+8.22 vs. 47.49+6.34 mmHg, p=0.09; and 54.13+7.37
vs. 52.33+7.97 mmHg, p=0.05, respectively).

Pearson correlation analyses revealed significant
associations between neonatal MBP and several perinatal
factors on Days 1and 2 (Table IV). On Day 1, MBP correlated
positively with birth weight (r=0.138, p=0.006), length
(r=0.172, p=0.001), maternal near-birth SBP (r=0.259,
p<0.001), maternal near-birth DBP (r=0.244, p<0.001), and 5%
minute Apgar score (r=0.141, p=0.005). On Day 2, significant
correlations persisted with gestational age (r=0.212, p<0.001),
birth weight (r=0.165, p=0.005), and maternal near-birth
SBP (r=0.132, p=0.032). From Day 3 onward, correlations
weakened and lost statistical significance.

Multivariate stepwise linear regression analysis (Table
V) identified maternal SBP near birth (3=0.143, p<0.001),
birth length (=0.605, p=0.001), and 5" minute Apgar
score (B=1.26, p=0.007) as independent predictors of
neonatal MBP on Day 1. Although statistically significant,
the model explained only 0.1% of the variance (Adjusted
R2=0.001), indicating that these predictors account for a
minimal proportion of BP variability and have limited clinical
relevance.

Table IV. Correlation between neonatal mean blood pressure and perinatal variables (r, p)

Variable Day 1 Day 2 Day 3 Day 4 Days 5-7
Birth order -0.008, 0.880 0.013, 0.827 0.005, 0.951 -0.063, 0.566 -0.040, 0.690
Birth weight 0.138, 0.006 0.165, 0.005 0.026, 0.737 0.013, 0.908 0.093, 0.359
Length 0.172, 0.001 0.095, 0.109 0.011, 0.886 0.017, 0.881 0.015, 0.885
Gestational age 0.043, 0.395 0.212, <0.001 0.125, 0.104 0.065, 0.553 -0.025, 0.808
Pre-delivery weight 0.081, 0.123 0.135, 0.028 0.038, 0.646 0.013, 0.910 0.029, 0.778
Pre-delivery SBP 0.098, 0.064 0.119, 0.056 -0.108, 0.185 -0.005, 0.964 0.110, 0.296
Pre-delivery DBP 0.169, 0.001 0.107, 0.085 -0.003, 0.968 0.086, 0.450 0.178, 0.089
Delivery weight 0.090, 0.089 0.170, 0.006 0.018, 0.826 0.096, 0.391 0.009, 0.928
Near birth SBP 0.259, <0.001 0.132, 0.032 0.170, 0.035 0.161, 0.152 0.166, 0.111
Near birth DBP 0.244, <0.001 0.074, 0.228 0.196, 0.015 0.139, 0.215 0.093, 0.374
Maternal age 0.091, 0.100 -0.020, 0.757 0.031,0.727 -0.089, 0.483 0.071,0.532
Apgar score (1 min) 0.023, 0.652 -0.005, 0.930 -0.015, 0.851 -0.112, 0.307 -0.025, 0.809
Apgar score (5 min) 0.141, 0.005 0.063,0.293 -0.019, 0.810 -0.028, 0.797 0.019, 0.848
Bold values indicate statistically significant correlations (p<0.05)

SBP: Systolic blood pressure, DBP: Diastolic blood pressure
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Table V. Multivariate stepwise linear regression analysis of day 1
mean blood pressure and perinatal parameters

Predictor variable B coefficient | tvalue | p value
Constant 9.92 5.07 0.0001
Mothers’ near birth SBP 0.143 4.95 0.0001
Birth length 0.605 3.21 0.001
5™ minute Apgar score 1.26 2.74 0.007

Adjusted R*=0.001, overall model p=0.001
SBP: Systolic blood pressure

Discussion

This single-center study provides preliminary reference
ranges for BP in healthy term Turkish newborns during
the first week of life, which may contribute to future
multicenter studies. These values are broadly comparable
to those reported in previous studies conducted in different
ethnic populations. Notably, we observed a significant
increase in BP, particularly between the first and second
days of life. While maternal near-birth SBP, neonatal birth
length, and 5"-minute Apgar scores were associated with
MBP on the first day, these associations diminished in the
subsequent days.

BP monitoring is one of the cornerstones of neonatal
care, yet interpretation remains challenging due to variability
in gestational age, birth weight, sex, and methodological
differences. Only a limited number of studies have focused
specifically on healthy term neonates (7,8,12). Kent et al. (7)
reported median MBP values of 48-54 mmHg across the first
four days in Australian infants, while Sadoh (8) found mean
values of 48-52 mmHg in Nigerian neonates. Samanta et al. (12)
reported a mean MBP of 60 mmHg on day 4 in a large cohort
of term infants. Our values (48, 53, 56, and 59 mmHg) were
slightly higher than those of Sadoh (8), but comparable to
Samanta et al. (12). Differences may reflect ethnicity, maternal
BP, environmental conditions, or device selection.

Consistent with prior research (6-8,12), we observed
a significant rise in MBP during the early neonatal period,
especially between the first and second days. Zubrow et al.
(6) demonstrated a continuous increase in BP over the first
five days across a range of gestational ages, independent
of birth weight. This trend likely reflects the physiological
transition from fetal to extrauterine circulation.

Although our data suggested a trend toward lower MBP
in those infants born via cesarean section, this difference
was not statistically significant. This contrasts with the
findings from Salihoglu et al. (11), who reported lower BP in
neonates assessed within minutes of birth, likely reflecting
the transient effects of anesthesia. In order to minimize
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confounding from perinatal asphyxia, we included only
those infants with 5™ minute Apgar scores >7. Interestingly,
we found a correlation between 5™-minute Apgar scores
and MBP on the first day. Given that Apgar scoring
reflects neurobehavioral and physiological adaptation to
extrauterine life, this association may reflect individual
variability in neonatal cardiovascular responsiveness.
However, we found no comparable data in the literature to
support or refute this finding.

Sex-based differences in BP are well-documented in
older populations, but remain inconclusive in neonates.
While some studies have reported higher values in female
newborns (11,13), others found no significant differences
(6-8). The absence of pronounced hormonal influences in
the neonatal period may explain the lack of consistent sex-
related differences.

We identified a significant correlation between birth
length and MBP on the first day. Kent et al. (7) did not
report any associations between birth weight or length
and BP, possibly due to their use of categorical variables.
Sadoh (8) similarly categorized birth weights and found
that large-for-gestational-age infants had higher BP than
their small-for-gestational-age counterparts. Zubrow et
al. (6) demonstrated that gestational age and birth weight
were associated with SBP and DBP on day one, but post-
conceptional age emerged as the primary determinant over
time. Salihoglu et al. (11) also found associations between
BP and anthropometric measures including birth weight,
length, and head circumference. In our study, birth length
was significantly associated with MBP only on the first
day. The lack of association with gestational age in this
study may be due to our exclusive focus on term infants.
We hypothesize that while maturation plays a role, other
anthropometric or physiological factors may contribute to
BP variability in healthy neonates.

In order to minimize confounding from maternal health
conditions, we excluded those infants born to mothers
with any known disease. We found a significant association
between maternal near-birth SBP and neonatal MBP on the
first day. Although BP tracking from infancy to adulthood has
been documented (14-16), neonatal BP has not been shown
to predict values at 6 months or 1 year (17). Neonatal BP
appears to be more closely linked to perinatal and prenatal
factors. Gillman et al. (18) described this as a “neonatal
phenomenon,” highlighting the influence of maternal age,
third-trimester BP, birth weight, and postnatal age. They
speculated that advanced maternal age may be associated
with cardiovascular risk factors which affect placental
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and fetal vascular development. Our findings support this
hypothesis, demonstrating a link between maternal BP and
neonatal MBP.

We used oscillometric devices, consistent with
standard neonatal practice. While these devices have
known limitations (2,19), invasive measurement was not
ethically feasible in healthy infants. Adherence to published
guidelines (4,5) minimized error, and our results remain
clinically relevant given the widespread use of oscillometry.

Study Limitations

Several limitations should be acknowledged. First,
attrition reduced sample size after Day 2, thus limiting
generalizability. Second, the data were collected in 2012. No
newer Turkish neonatal BP data exist, and many NICUs still
rely on reference curves from 1995 (6). Thus, our findings
remain valuable for current practice. Third, correlation
coefficients were consistently below 0.3, indicating weak
associations with perinatal factors. Finally, our descriptive
percentile tables provide practical insight but lack the
robustness of advanced modeling approaches (e.g.,
GAMLSS).

Conclusion

We present descriptive BP values for healthy term Turkish
newborns during the early neonatal period. Maternal and
perinatal factors influenced BP, particularly on the first day,
but their clinicalimpact appears limited. Future multi-center
studies with larger, contemporary cohorts and advanced
statistical modeling are needed in order to establish robust
reference curves and clarify long-term implications.
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Beyond Infections: Clinical and Genetic Spectrum of
Pediatric Immune Dysregulation Disorders
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ABSTRACT

Aim: Primary immune regulatory disorders represent a rapidly expanding subgroup of inborn errors of immunity. Unlike classical infection-
predominant immunodeficiencies, these disorders may initially present with autoimmunity, lymphoproliferation, cytopenias, dermatologic
disease, allergy, enteropathy, hemophagocytic lymphohistiocytosis, or malignancy.

Materials and Methods: We conducted a retrospective single-center observational cohort study of children with genetically confirmed diseases
of immune dysregulation who had been followed at a tertiary pediatric immunology center between 2005 and 2025. Patients were included
if their molecular diagnosis was classified under the International Union of Immunological Societies (IUIS) category of diseases of immune
dysregulation. Demographic, clinical, genetic, therapeutic, transplant-related, and outcome data were extracted from the medical records and
analyzed descriptively.

Results: Twenty-one children were included. Parental consanguinity was frequent (71.4%), and more than half of the cohort had a family history
of primary immunodeficiency (57.1%). A substantial diagnostic delay was observed, with a median delay of 28 months (interquartile range,
8-105.5). The most common IUIS subcategory was regulatory T-cell defects (52.4%), followed by familial hemophagocytic lymphohistiocytosis
syndromes with hypopigmentation (19.0%), autoimmune lymphoproliferative syndrome (14.3%), susceptibility to Epstein-Barr virus and
lymphoproliferative conditions (9.5%), and immune dysregulation with colitis (4.8%). The main clinical features were lymphoproliferation
(76.2%), hematologic abnormalities (66.7%) and autoimmunity (52.4%). Notably, malignancy was documented in 2 patients (9.5%).
Antimicrobial prophylaxis was administered in 90.5% of the patients, immunoglobulin replacement in 66.7%, conventional immunosuppressive
therapy in 38.1%, and biological or targeted therapy in 33.3%. Hematopoietic stem cell transplantation (HSCT) was performed in 8 patients
(38.1%); immune reconstitution was achieved in all of the surviving transplant patients.

Conclusion: Pediatric diseases ofimmune dysregulation frequently present with non-infectious manifestations, particularly lymphoproliferation,
cytopenias, autoimmunity, and dermatologic findings. Recognition beyond infection-centered warning signs, the integration of genetic testing,
and the individualized use of targeted therapies or HSCT may improve care for this heterogeneous group of disorders.

Keywords: Primary immune regulatory disorders, diseases of immune dysregulation, inborn errors of immunity, autoimmunity,
lymphoproliferation
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Introduction

Inborn errors of immunity (IEls) comprise a rapidly
expanding group of monogenic disorders which affect
immune development, immune function, and immune
homeostasis. The most recent update from the International
Union of Immunological Societies (IUIS) classified IEls
across multiple disease categories and reported 508
disease-associated genes and 17 phenocopies, highlighting
the accelerating pace of gene discovery in this field (1).
Within this evolving classification, diseases of immune
dysregulation represent one of the most dynamic and
clinically challenging IEI subgroups, encompassing defects
which impair immune tolerance, lymphocyte apoptosis,
regulatory T-cell function, cytotoxic lymphocyte activity,
cytokine signaling, and host control of lymphoproliferation
(1,2).

Primary immune regulatory disorders (PIRDs) are defined
by impaired immune homeostasis rather than isolated
susceptibilitiestoinfection.Inchildren, they may presentwith
autoimmunity, autoinflammation, lymphoproliferation,
enteropathy, endocrinopathy, severe allergic or dermatologic
disease, hemophagocytic lymphohistiocytosis, or
malignancy, with or without recurrent infections (2,3).
Therefore, non-infectious findings such as autoimmune
cytopenias, persistent lymphadenopathy or splenomegaly,
early-onset enteropathy, severe eczema or allergy, or
unexplained hematologic abnormalities should raise
suspicion for an underlying monogenic immune regulatory
defect (2-4).

The clinical recognition of PIRDs has expanded
substantially with the growing use of next-generation
sequencing, particularly whole-exome sequencing (WES),
which is now widely integrated into the diagnostic work-
up of those children with suspected IEIl. Genomic testing
has not only expanded the known mutational spectrum
of immune dysregulation disorders, but it has also
enabled earlier and more precise diagnosis in children with
overlapping immune phenotypes (5). This is particularly
important in highly consanguineous populations, where
autosomal recessive immune dysregulation disorders may
be enriched and affected children may present with severe,
early-onset, multisystem disease (6). Despite this progress,
diagnostic delay remains common, partly because the initial
presentation may mimic hematologic, rheumatologic,
gastroenterologic, dermatologic, allergic, or oncologic
disorders rather than a classical primary immunodeficiency
(1-4).

Management of PIRDs differs substantially from that of
conventionalinfection-predominant immunodeficiencies. In
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addition to antimicrobial prophylaxis and immunoglobulin
replacement, many patients require corticosteroids, steroid-
sparing immunosuppressive agents, biologic therapies, or
mechanism-based targeted treatments (2,7,8). In selected
severe disorders, hematopoietic stem cell transplantation
(HSCT) remains a potentially curative option, although
transplant decisions require careful consideration of
genotype, disease severity, organ damage, infection burden,
and treatment response (7,8).

As PIRDs are rare and phenotypically heterogeneous,
single center and registry-based pediatric cohorts remain
valuable in defining real-world clinical patterns, diagnostic
pathways, treatment requirements, and outcomes. Such
studies are particularly important in increasing awareness
regarding the consideration of immune dysregulation
disorders. In this study, we aimed to describe the clinical,
genetic, therapeutic, and outcome characteristics of
children with genetically confirmed diseases of immune
dysregulation who had been followed at a tertiary pediatric
immunology center.

Materials and Methods

Study Design and Setting

This retrospective single-center observational cohort
study was conducted at University of Health Sciences
Turkiye, Dr. Behget Uz Pediatric Diseases and Surgery
Training and Research Hospital. The medical records of
those children diagnosed with genetically confirmed
immune dysregulation disorders were retrospectively
reviewed. This study aimed to evaluate the demographic
characteristics, clinical presentation, genetic etiologies,
disease course, treatment modalities, and outcomes of
those children with immune dysregulation disorders. Ethical
approval was obtained from the Clinical Research Ethics
Committee of University of Health Sciences Tirkiye, Dr.
Behcet Uz Pediatric Diseases and Surgery Training and
Research Hospital (approval no.: 511, date: 11.02.2021). This
study was conducted in accordance with the principles of
the Declaration of Helsinki. Due to the retrospective design
of this study, informed consent requirements were obtained
according to institutional ethics committee regulations.

Study Population

The source population was identified retrospectively
from the departmental records of those patients followed
with suspected IEls between 2005 and 2025. During this
period, the records of 1,586 patients with suspected IEls
were reviewed. Among them, 265 patients had a genetically
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confirmed diagnosis of |Els. Of these genetically confirmed
patients, 21 patients fulfilled the inclusion criteria by having
a genetically confirmed IEl classified under the IUIS category
of "Diseases of Immune Dysregulation” according to the
[UIS Primary Immunodeficiency Diseases Committee Report
on IEI (2024) classification and so they were included in
the final analysis (1). Diagnoses were based on compatible
clinical manifestations and molecular confirmation by
genetic testing.

Patients were eligible for inclusion if they fulfilled all of
the following criteria:

» Age below 18 years at symptom onset or diagnosis;

« A genetically confirmed diagnosis which was included
in the IUIS category of Diseases of Immune Dysregulation;

e Clinical features compatible with immune
dysregulation, such as autoimmunity, autoinflammation,
lymphoproliferation, hemophagocytic lymphohistiocytosis,
severe or recurrent infections, growth failure, dermatologic

manifestations, or hematologic abnormalities;
« Availability of sufficient clinical follow-up data.

Patients were excluded if they had incomplete medical
records preventing clinical classification or if molecular
confirmation was unavailable. Patients with immune
dysregulation-like clinical manifestations but without a
genetically confirmed diagnosis within the IUIS Diseases of
Immune Dysregulation category were not included in this
study.

Data Collection

Data were retrospectively extracted from the hospital
records and departmental follow-up files of the primary
immunodeficiency patients followed up during the period
2005-2025. The following variables were recorded: sex,
current age or age at death, age at first symptoms, age
at diagnosis of primary immunodeficiency, diagnostic
delay, parental consanguinity, family history of primary
immunodeficiency, presenting symptoms, genetic diagnosis,
clinical findings, complications, treatments, HSCT, and
survival status.

Genetic Diagnosis

Genetic diagnoses were obtained from molecular testing
results available in the patient records. The patients were
categorized according to the affected gene and related
immune pathway where applicable. The cohort included
those patients with pathogenic or clinically relevant
variants in genes associated with immune dysregulation.
Genetic results were interpreted together with clinical and
immunologic findings by pediatric immunology specialists.

Definitions of Clinical Manifestations

Lymphoproliferation was defined as the presence of
persistent or recurrent splenomegaly, hepatomegaly, and/
or pathological lymphadenopathy documented by physical
examination and/or imaging. Hematologic manifestations
included thrombocytopenia, immune thrombocytopenia,
autoimmune hemolytic anemia, neutropenia, lymphopenia,
or other clinically relevant cytopenias recorded during
presentation or follow-up. Autoimmunity was defined
as physician-diagnosed autoimmune disease, including
autoimmune cytopenias, autoimmune endocrinopathy,
or other organ-specific autoimmune manifestations.
Infectious complications were defined as clinically
significant infections, or those resulting in sequelae
such as bronchiectasis; opportunistic, viral, fungal, and
mycobacterial infections were also recorded. Immune
reconstitution after HSCT was defined according to
transplant follow-up records based on survival after
transplantation with donor-derived hematopoietic recovery
and sufficient immune recovery for routine outpatient
follow-up.

Treatment Data

Treatment modalities were recorded for each patient.
These included antimicrobial prophylaxis, immunoglobulin
replacement therapy, conventional immunosuppressive
therapy, biological or targeted agents, and HSCT. HSCT was
recorded with the underlying diagnosis and survival status
when available.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, version 22.0. Categorical variables
are summarized as frequencies and percentages, and
continuous variables are reported as median and
interquartile range (IQR). Percentages were calculated
based on the available data for each variable. As this study
was designed to describe the clinical, genetic, therapeutic,
and outcome spectrum of genetically confirmed diseases of
immune dysregulation, no comparative subgroup analysis
or multivariable regression was performed.

Results

Demographic Characteristics of the Cohort

Of the 1,586 patients evaluated with suspected primary
immunodeficiency, 265 had a genetically confirmed
diagnosis. Among these, 21 patients fulfilled the IUIS criteria
for "Diseases of Immune Dysregulation” and were included
in the final cohort (Figure 1).
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Patients evaluated with suspected
inborn errors of immunity during 2005-2025

n =1586

A

Patients with genetically confirmed
inborn errors of immunity

n =265

Excluded

Genetically confirmed IEI
classified in IUIS categories
other than ‘Diseases of
Immune Dysregulation’

n=244

\ 4

Y

Final study cohort

Genetically confirmed diseases
of immune dysregulation

n=21

Patients with immune dysregulation-like manifestations but without
molecular confirmation were not included

Figure 1. Patient selection flowchart

Of these, 10 patients were female (47.6%) and 11
were male (52.4%). Parental consanguinity was present
in 15 patients (71.4%). A family history of primary
immunodeficiency was documented in 12 patients (57.1%).
Among the surviving patients, the median current age was
193 months (IQR, 134.25-257.5 months). The median age at

52.4%
Regulatory T-cell defects (n=11)

first disease-related symptoms was 14 months (IQR, 2-49.5
months), whereas the median age at diagnosis of primary
immunodeficiency was 91 months (IQR, 19.5-160.5 months).
The median diagnostic delay was 28 months (IQR, 8-105.5
months). The median follow-up duration was 98 months
(IQR, 63-138 months).

Distribution According to IUIS Diseases of Immune
Dysregulation Subcategories

According to the IUIS classification, all patients had
genetically confirmed disorders listed under “Diseases
of Immune Dysregulation”. The cohort represented
five IUIS subcategories: familial hemophagocytic
lymphohistiocytosis (FHL) syndromes with
hypopigmentation, regulatory T-cell defects, immune
dysregulation with colitis, autoimmune lymphoproliferative
syndrome (ALPS), and susceptibility to Epstein-Barr virus
(EBV) and lymphoproliferative conditions (Figure 2). The
largest subgroup was regulatory T-cell defects, identified in
11 patients (52.4%). This group included LRBA deficiency in
5 patients, CTLA4 haploinsufficiency in 2 patients, FOXP3-
related IPEX syndrome in 2 patients, and NBEAL2 deficiency
in 2 patients. In the IUIS classification, CTLA4, LRBA, FOXP3,
and NBEAL2 are listed under the regulatory T-cell defect
category. The second subgroup was FHL syndromes with
hypopigmentation observed in 4 patients (19%). This
subgroup included RAB27A deficiency/Griscelli syndrome
type-2 in 2 patients, LYST deficiency/Chediak-Higashi
syndrome in 1 patient, and AP3B1 deficiency/Hermansky-
Pudlak syndrome type-2 in 1 patient. ALPS-related defects
were present in 3 patients (14.3%). This subgroup included

Susceptibility to EBV and lymphoproliferative conditions

Immune dysregulation with colitis

4.8%
(n=1)

14.3% Autoimmune lymphoproliferative syndrome
(n=3)

19.0%
(n=4)

FHL syndromes with hypopigmentation

Figure 2. Distribution of patients according to IUIS diseases of immune dysregulation subcategories
EBV, Epstein-Barr virus, FHL: Familial hemophagocytic lymphohistiocytosis, IUIS: International Union of Immunological Societies
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TNFRSF6/FAS-related ALPS in 2 patients and CASP10
deficiency in 1 patient. Immune dysregulation with colitis
was represented by 1 patient (4.8%) with ILIORB deficiency.
Finally, susceptibility to EBV and lymphoproliferative
conditions was present in 2 patients (9.5%), both with
TNFRSF9/CD137 deficiency.

Clinical Manifestations at Diagnosis and During
Follow-up

Lymphoproliferative manifestations were documented
in 16 patients (76.2%). The recorded lymphoproliferative
findings included splenomegaly in 16 patients (76.2%),
hepatomegaly in 13 patients (61.9%), and pathological
lymphadenopathy in 13 patients (61.9%); these findings
were not mutually exclusive. Hematologic manifestations
were observed in 14 patients (66.7%). At initial evaluation,
thrombocytopenia was present in 7 patients (33.3%), 5
of whom had immune thrombocytopenia. During the
entire disease course, thrombocytopenia was documented
in 10 patients (47.6%), 7 of whom had immune
thrombocytopenia. Other hematologic abnormalities
included neutropenia in 5 patients (23.8%), autoimmune
hemolytic anemia in 5 patients (23.8%), and lymphopenia
in 4 patients (19%). Autoimmunity was documented in
11 patients (52.4%), mainly autoimmune cytopenias in 9
patients (42.9%) and autoimmune endocrinopathies in 3
patients (14.3%). Recurrent sinopulmonary infections were
present at diagnosis in 9 patients (42.9%). Dermatologic
manifestations were observed in 7 patients (33.3%).
Hypopigmented or silvery hair was present in 4 patients
with cytotoxic trafficking defects, including 2 patients with
RAB27A deficiency/Griscelli syndrome, 1 with Hermansky-
Pudlak syndrome, and 1 with Chediak-Higashi syndrome.
Eczematous skin involvement was documented in 2
patients with FOXP3/IPEX syndrome, and psoriasis was
observed in 1patient with CTLA4 haploinsufficiency. Allergic
manifestations were recorded in 2 patients (9.5%), both
with FOXP3/IPEX syndrome and food allergy. In addition, 2
patients (9.5%) were diagnosed through family screening
because of previously identified primary immunodeficiencies
in affected family members.

During follow-up, immune dysregulation-related and
infectious complications were common and frequently
involved multiple organ systems. Infection-related
complications were observed in 7 patients (33.3%) during
follow-up. Bronchiectasis was the most frequent infectious
complication and was documented in 6 patients (28.6%)
with CTLA4 haploinsufficiency, LRBA deficiency, TNFRSF6/
FAS related disease, FOXP3/IPEX syndrome, IL10RB

deficiency, and TNFRSF9/CD137 deficiency, and chronic
lung disease was recorded in 1 patient with FOXP3/ IPEX
syndrome. Abscess, pyoderma, or fungal skin infections
occurred in 3 patients (14.3%) with CASP10, IL10RB, and
LRBA deficiencies. Additional infectious complications
included latent tuberculosis infection in 2 patients with
LRBA deficiency, EBV disease in 1 patient with TNFRSF9/
CD137 deficiency, and CMV infection in 1 patient with LRBA
deficiency.

Hemophagocytic lymphohistiocytosis was recorded in 3
patients (14.3%), including patients with LYST deficiency and
RAB27A/Griscelli syndrome.

Malignancy was recorded in 2 patients (9.5%). One
patient with CASP10 deficiency developed lymphoma at
18 years of age, and one patient with TNFRSF9/CD137
deficiency developed EBV-associated B-cell lymphoma at 11
years of age. These findings indicate that, in this cohort, non-
infectious manifestations, particularly lymphoproliferation,
hematologic abnormalities and autoimmunity, were more
frequent presenting features than infectious symptoms
(Figure 3).

Therapeutic Management and Final Outcomes

Most patients required infection prophylaxis and/
or immunomodulatory treatment during follow-up.
Antimicrobial prophylaxis was used in 19 patients (90.5%),
andimmunoglobulin replacement therapy was administered
to 14 patients (66.7%).

Conventional immunosuppressive treatment
was administered in 8 patients (38.1%). The recorded
agents included systemic corticosteroids, cyclosporine,
and sirolimus. Corticosteroids were mainly used for
autoimmune cytopenias in patients with LRBA deficiency,
TNFRSF6/FAS-related disease, TNFRSF9/CD137 deficiency,
LYST deficiency/Chediak-Higashi syndrome, and CASP10
deficiency. Cyclosporine was used in one patient with
TNFRSF9/CD137 deficiency, and sirolimus was used in one
patient with CTLA4 haploinsufficiency. Biological agents
were administered to 7 patients (33.3%). Abatacept was
given to 6 patients, including 5 with LRBA deficiency and
1 with CTLA4 haploinsufficiency. In addition, 1 patient
with TNFRSF9/CD137 deficiency received rituximab and
bortezomib because of EBV-associated lymphoproliferation.

HSCT was performed in 8 patients (38.1%), including 2
patients with RAB27A deficiency/Griscelli syndrome, 2 with
FOXP3/IPEX syndrome, and one each with LRBA deficiency,
TNFRSF9/CD137 deficiency, LYST deficiency/Chediak-Higashi
syndrome, and IL10RB deficiency. At the last follow-up, 5 of
the 8 transplant patients (62.5%) were alive, all of whom
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Lymphoproliferation
Hematologic manifestations
Autoimmunity
Sinopulmonary infections
Dermatologic manifestations
Infectious complications
Growth failure

Endocrinologic manifestations

Clinical manifestations

Gastrointestinal manifestations
HLH

Allergy
Malignancy

Neurologic manifestations
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Number of patients

Figure 3. Presenting manifestations and immune dysregulation-related complications. The horizontal bar chart shows the frequency of major
presenting manifestations and immune dysregulation-related complications in the study cohort

HLH: Hemophagocytic lymphohistiocytosis

had achieved immune reconstitution, while 3 had died.
Deaths after HSCT occurred in patients with TNFRSF9/CD137
deficiency, LYST deficiency/Chediak-Higashi syndrome, and
RAB27A deficiency/GCriscelli syndrome. The patient with
TNFRSF9/CD137 deficiency died due to septic shock.

At the last follow-up, 16 patients (76.2%) were alive,
while 5 patients (23.8%) had died. The deceased patients had

CTLA4 haploinsufficiency, LRBA deficiency, TNFRSF9/CD137
deficiency, LYST deficiency/Chediak-Higashi syndrome, and
RAB27A deficiency/Griscelli syndrome. The median age at
death was 68 months (IQR, 60-156 months). Comprehensive
individual-level clinical, genetic, treatment-related, and
outcome data for all of the patients are presented in Table I.

Table I. Clinical, genetic, therapeutic, and outcome characteristics stratified by IUIS diseases of immune dysregulation subcategories

Age at onset/
diagnosis,
months

Genetic diagnosis/

No. .
° disorder

Sex

Clinical manifestations

Treatment Outcome

FHL syndromes with hypopigmentation

RAB27A deficiency/

Hypopigmented/silvery hair,

Antimicrobial prophylaxis,

Alive; immune

syndrome type-2

failure, neutropenia, syndromic features,
neuromotor retardation

IVIG

P10 ) . S| M 12/22 hypothyroidism, hepatosplenomegaly, reconstitution
Griscelli syndrome type-2 sinopulmonary infections, HLH VIG, HSCT after HSCT
P21 RAB27A deficiency/ r 76 Hypopigmented/silvery hair, diarrhea, Antimicrobial prophylaxis, | Died after
Griscelli syndrome type-2 growth failure, HLH IVIG, HSCT HSCT
Hypopigmented/silvery hair,
. LYST deficiency/Chediak- r 51/65 hepatosplenomegaly, neutropenia, Antimicrobial prophylaxis, | Died after
Higashi syndrome thrombocytopenia, lymphopenia, corticosteroid, HSCT HSCT
sinopulmonary infections, HLH
AP3BI deficiency/ gﬁzozlli;:];r;tredi{w?é\girgnzaIr’rowth Antimicrobial prophylaxis
P19 | Hermansky-Pudlak M7 P Y '8 PropRVIaXS, | Ative
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Table I. Continued

Regu

latory T-cell defects

FOXP3 deficiency/IPEX

Eczema, growth failure, gastroenteritis,

Antimicrobial prophylaxis,

Alive; immune

P18 M 1/13 food allergy, chronic lung disease, reconstitution
syndrome bronchiectasis, eosinophilia IVIG, HSCT after HSCT
FOXP3 deficiency/IPEX Eczema, growth failure, food allergy, Antimicrobial prophylaxis, Alive; 'mmune

P20 ndrom M 2/17 inophili VIG. HSCT reconstitution
syndrome eosinophitia ! after HSCT

Autoimmune hemolytic anemia, Antimicrobial prophvlaxis

P2 LRBA deficiency F 6/199 hepatosplenomegaly, lymphadenopathy, prophy " | Died

X - IVIG, abatacept

bronchiectasis
Sinopulmonary infections, autoimmune
hemolytic anemia, immune Antimicrobial prophylaxis, | Alive; immune

P14 | LRBA deficiency M 12/82 thrombocytopenia, splenomegaly, IVIG, corticosteroid, reconstitution
lymphadenopathy, latent tuberculosis abatacept, HSCT after HSCT
infection

- . Age at onset/
Geneticd h R .. . .
No. .ene ic diagnosis/ Sex | diagnosis, Clinical manifestations Treatment Outcome
disorder
months
Autoimmune hemolytic anemia, Antimicrobial prophylaxis,
P16 | LRBA deficiency M 14/185 immune thrombocytopenia, chronic IVIG, corticosteroid, Alive
interstitial nephritis, splenomegaly abatacept
Sinopulmonary infections, growth
- failure, Graves’ disease, type 1diabetes Antimicrobial prophylaxis, .
P6 | LRBA deficiency F 31107 mellitus, hepatosplenomegaly, IVIG, abatacept Alive
lymphadenopathy, CMV infection
Sinopulmonary infections, type 1
- diabetes mellitus, Hashimoto thyroiditis, | Antimicrobial prophylaxis, .
P12 | LRBA deficiency M 2/40 hepatosplenomegaly, lymphadenopathy, | IVIG, abatacept Alive
latent tuberculosis infection, pyoderma
Sinopulmonary infections, autoimmune Antimicrobial prophvlaxis
P1 CTLA4 haploinsufficiency | F 48/54 hemolytic anemia, hepatosplenomegaly, prophy ' | Died
IVIG, abatacept
lymphadenopathy
Psoriasis, autoimmune hemolytic
) . anemia, immune thrombocytopenia, Antimicrobial prophylaxis, .
PS | CTLA4 haploinsufficiency | M 24/130 _ Alive
hepatosplenomegaly, lymphadenopathy, | IVIG, sirolimus
bronchiectasis
p7 NBEAL?2 deficiency M 70/129 ALPS-like disease, thrombocytopenia, Antimicrobial prophylaxis | Alive
hepatosplenomegaly, lymphadenopathy
ALPS-like disease, thrombocytopenia,

P8 | NBEAL2 deficiency F 24/129 lymphopenia, hepatosplenomegaly, Antimicrobial prophylaxis | Alive

lymphadenopathy

Autoimmune lymphoproliferative syndrome

ALPS-like disease, immune

P3 TNFRSF6/FAS-related r 18/136 thrombocytopenia, neutropenia, Antimicrobial prophylaxis, Alive
ALPS hypothyroidism, hepatosplenomegaly, corticosteroid

lymphadenopathy, bronchiectasis
ALPS-like disease, immune - ) )

P9 TNFRSF6/FAS-related M 204/205 thrombocytopenia, Antl‘mlcrobl,'al prophylaxis, Alive
ALPS corticosteroid

hepatosplenomegaly, lymphadenopathy
ALPS-like disease, neutropenia,
- immune thrombocytopenia, Corticosteroid, .

P4 | CASP10 deficiency F 36/210 Alive

hepatosplenomegaly, lymphadenopathy,
abscess, lymphoma

chemotherapy
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Table I. Continued

Immune dysregulation with colitis

Sinopulmonary infections, growth Antimicrobial prophvlaxis Alive; immune
P17 | ILTORB deficiency F 1/6 failure, perianal abscess, rectovaginal VIG. HSCT prophy ' | reconstitution
fistula, colitis, bronchiectasis ! after HSCT
Susceptibility to EBV and lymphoproliferative conditions
ALPS-like disease, immune Antimicrobial prophylaxis,
TNFRSF9/CD137 thrombocytppenla, neutropenia, A IVIG, cortlicoster0|d, Died after
P15 deficienc M 78/91 lymphopenia, splenomegaly, generalized | cyclosporine, HSCT; due to
v lymphadenopathy, EBV-related B-cell rituximab, bortezomib, septic shock
lymphoma chemotherapy, HSCT
Sinopulmonary infections,
P13 TNFRSF(B/CDB7 F 168/196 hepatosplenomegaly, lymphopenia, Denied treatment Alive
deficiency ; .
lymphadenopathy, bronchiectasis

ALPS: Autoimmune lymphoproliferative syndrome, CMV: Cytomegalovirus, EBV, Epstein-Barr virus, FHL: Familial hemophagocytic lymphohistiocytosis, HLH: Hemophagocytic
lymphohistiocytosis, HSCT: Hematopoietic stem cell transplantation, IUIS: International Union of Immunological Societies, IVIG: Intravenous immunoglobulin

Discussion

In this single-center pediatric cohort, genetically
confirmed diseases of immune dysregulation showed
a broad and severe clinical spectrum, dominated by
lymphoproliferation, hematologic  manifestations,
autoimmunity, and infection-related morbidity. The most
frequent IUIS subcategory was regulatory T-cell defects,
followed by FHL syndromes with hypopigmentation,
autoimmune lymphoproliferative syndrome, immune
dysregulation with colitis, and susceptibility to EBV and
lymphoproliferative conditions. These findings support the
argument that PIRDs are not merely infection-predominant
immunodeficiencies, but also multisystem disorders in
which failure of immune tolerance, abnormal lymphocyte
activation, impaired apoptosis, defective cytotoxicity, and
disturbed host-virus surveillance can shape the presenting
phenotype (1-4).

The high rate of parental consanguinity in our cohort is
consistent with the genetic architecture of IEl in populations
where autosomal recessive disorders are enriched. In
our series, consanguinity was present in 71.4% of the
patients, and a family history of primary immunodeficiency
was documented in more than half of the cohort. In the
Turkish PIRD cohort reported by Aykut et al. (5), next-
generation sequencing identified disease-causing variants
across 15 PIRD genes, including several novel variants,
further illustrating that PIRD cohorts from Tirkiye and
its neighboring regions may have a distinctive genetic
burden related to consanguinity and founder effects.
Arecentnationalregistry studyfromahighly consanguineous
population reported parental consanguinity in 88.1%
of pediatric PIRD cases and a family history of PIRDs in
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45.7%, emphasizing the importance of family-based risk
assessments in such settings (6).

Diagnostic delay remains a major challenge in PIRDs,
largely because these disorders often present outside
the classical infection-centered framework of primary
immunodeficiency. In the national registry reported by
Alajmi et al. (6), children with PIRDs were diagnosed
relatively early, with a short median delay between
symptom onset and diagnosis, probably reflecting registry-
based ascertainment, high clinical awareness, and the
predominance of severe early-onset phenotypes such as
FHL-related disorders. However, our cohort suggests that
children with broader immune dysregulation phenotypes
may remain undiagnosed for a prolonged period, particularly
when the initial presentation is dominated by hematologic,
autoimmune, lymphoproliferative, dermatologic, allergic, or
endocrine manifestations rather than recurrent infections.
This observation is also consistent with the ESID Registry
analysis of 16,486 patients with IEl which showed that non-
infectious presentations are an important route to diagnosis
and that relying exclusively on infection-centered warning
signs would potentially miss a substantial proportion of
these patients (9). Together, these data emphasize that
the Jeffrey Modell warning signs, although useful for
infection-predominant IEls, are insufficient for detecting
many PIRDs. Children with unexplained cytopenias,
persistent lymphadenopathy or splenomegaly, early-onset
autoimmunity, severe eczema or allergy, enteropathy, HLH-
like inflammation, malignancy, or a positive family history
should therefore be considered for early immunologic
evaluation and WES-based genetic testing, even when their
infection history is not striking (9-11).
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The distribution of genetic diagnoses in our cohort
showed that regulatory T-cell defects constituted the
largest subgroup, including LRBA deficiency, CTLA4
haploinsufficiency, FOXP3/IPEX syndrome, and NBEAL2
deficiency. LRBA deficiency and CTLA4 haploinsufficiency
are  prototypic immune checkpoint disorders
characterized by autoimmunity, lymphoproliferation,
hypogammaglobulinemia, enteropathy, and recurrent
infections (7,12,13). In line with previous reports showing
that these disorders do not follow a uniform clinical
pattern, our patients with LRBA deficiency and CTLA4
haploinsufficiency displayed overlapping CVID-like, ALPS-
like, and autoimmune phenotypes (7,12,13). Although
NBEAL2 deficiency has classically been recognized as
the molecular cause of gray platelet syndrome, it is now
classified among regulatory T-cell defects in the updated
IUIS classification (1). A recent study showed reduced CTLA-
4 expression in activated conventional T-cells from patients
with NBEAL2 deficiency, providing a biological rationale for
considering NBEAL?2 deficiency as a CTLA-4 pathway-related
immune dysregulation disorder (14).

Our cohort also illustrates the phenotypic diversity
which may occur even within the same genotype or family.
This was particularly evident in the siblings with TNFRSF9/
CD137 deficiency. One sibling developed EBV-related B-cell
lymphoma, required chemotherapy, rituximab, bortezomib,
and HSCT, and died of septic shock after transplantation,
whereas the other remains alive without disease-specific
treatment. CD137 is critical for effective T-cell responses
against EBV-infected cells, and TNFRSF9 deficiency has
been associated with EBV-driven lymphoproliferation and
lymphoma susceptibility (15,16). Such intrafamilial variability
is increasingly recognized in IEIs and may reflect differences
in viral exposure, immune maturation, modifying variants,
somatic events, treatment timing, or other environmental
factors (17). This sibling pair highlights that genotype alone
may not be sufficient to predict disease severity and that
long-term surveillance is warranted even in apparently
mildly affected relatives.

The therapeutic profile of our cohort underscores the
high morbidity of pediatric PIRDs. Management often
extended beyond infection prevention and immunoglobulin
replacement to include immunosuppressive agents,
pathway-directed biological therapies, and, in selected
severe cases, HSCT. Previous studies have shown that
abatacept can control autoimmune and inflammatory
manifestations in LRBA deficiency and CTLA4 insufficiency,
although treatment responses may be incomplete and long-
term therapy does not eliminate all risks, including infection,

progressive organ damage, or malignancy (12,14,18). While
CTLA-4 pathway disorders provide a clear example of
mechanism-based replacement therapy with abatacept,
other PIRDs require different individualized approaches
according to the dominant pathogenic mechanism. In
one patient with TNFRSF9/CD137 deficiency, rituximab
and bortezomib were administered for EBV-associated
lymphoproliferation, reflecting the need for tailored
treatment strategies in EBV-driven immune dysregulation.

HSCT was performed in selected patients with severe
disease phenotypes. More than half of these transplant
patients were alive at the last follow-up, and immune
reconstitution was achieved in all of the surviving
transplant patients. However, three deaths occurred after
HSCT, underscoring that transplantation can be curative
but remains high-risk in children with advanced immune
dysregulation, active infection, HLH, or severe organ
involvement. HSCT is generally considered the definitive
therapy for selected disorders such as FOXP3/IPEX syndrome,
IL10RB deficiency with severe early-onset colitis, Griscelli
syndrome type-2, Chediak-Higashi syndrome, and other
cytotoxicity or trafficking defects with HLH susceptibility
(19-22). However, HSCT is not uniformly indicated for
all PIRD categories. In ALPS-FAS, for example, medical
treatment with corticosteroids, mycophenolate mofetil, or
sirolimus is generally preferred for autoimmune cytopenias
and lymphoproliferation, while HSCT is exceptional (23). For
LRBA deficiency and CTLA4 haploinsufficiency, HSCT may
prevent ongoing disease progression in selected patients,
but the decision requires careful assessment of disease
activity, organ damage, infection burden, and response to
CTLA-4-1g or other immunomodulatory therapies (13,18,24).

Malignancy development in patients with PIRDs may
result from chronic immune activation, defective apoptosis,
impaired tumor immune surveillance, persistent viral
stimulation, or a combination of these mechanisms,
depending on the underlying genetic defect (25). In our
cohort, lymphoma developed in two patients: one with
CASP10 deficiency at 18 years of age and one with TNFRSF9/
CD137 deficiency who developed EBV-associated B-cell
lymphomaat11yearsof age. ALPS-related apoptosis pathway
defects have long been associated with lymphoproliferation
and lymphoma risk, whereas TNFRSF9/CD137 deficiency
illustrates how impaired EBV immune control may
predispose to EBV-associated lymphoproliferative disease
and lymphomagenesis (15,16,25). Therefore, the follow-up
of patients with PIRDs should not be limited to infection
control or the management of acute autoimmune
manifestations, but should also include long-term
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surveillance for lymphoid malignancy, viral persistence, and
progressive organ damage.

Study Limitations

The genetically confirmed diagnosis of all of the patients
and their classification according to IUIS subcategories are
among the main strengths of this study. The cohort provides
real-world pediatric data from a tertiary immunology
center in a population with a high rate of consanguinity
and includes rare diagnoses such as NBEAL2 deficiency
and TNFRSF9/CD137 deficiency. This study also reflects
the therapeutic diversity of pediatric PIRDs, including
conventional immunosuppression, CTLA-4-lIg therapy,
anti-CD20/plasma cell- directed treatment, and HSCT. The
retrospective design and the lack of standardized measures
for disease activity, treatment response, and longitudinal
organ involvement were the limitations of this study.
The prospective use of tools such as IDDA2.1 scores can
improve comparability among future PIRD cohorts (26). In
addition, the absence of classical primary HLH genes such
as PRF1, UNCI3D, STXT11, and STXBP2 may reflect referral
bias, as these patients are often diagnosed and managed
primarily in pediatric hematology or transplant units. As
pediatric diseases of immune dysregulation are rare and
genetically heterogeneous, the number of patients included
in this study was limited, which prevented robust subgroup
comparisons, and the extended retrospective review period
may have influenced case identification because diagnostic
awareness, immunologic evaluation, and access to genetic
testing improved over the study period.

Conclusion

In conclusion, this cohort shows that genetically
confirmed pediatric diseases of immune dysregulation
are characterized by early onset, substantial diagnostic
delay, high consanguinity, frequent non-infectious
manifestations, and a considerable need for advanced
therapies. Lymphoproliferation, hematologic abnormalities,
autoimmunity, dermatologic disease, HLH, and malignancy
should prompt consideration of PIRDs, even when recurrent
infections are not the dominant feature. Increasing
awareness beyond infection-centered warning signs,
integrating WES into the diagnostic pathway, and applying
mechanism-based therapies or HSCT in carefully selected
patients may improve outcomes in this expanding group
of IEls.
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ABSTRACT

Aim: This study aimed to evaluate the clinical, electroencephalography, neuroimaging, and treatment characteristics of childhood occipital
epilepsy spectrum disorders and to compare self-limited and symptomatic cases.

Materials and Methods: Sixty-four pediatric patients followed between October 2015 and January 2026 were retrospectively evaluated. The
patients were classified into three groups according to clinical, developmental, and radiological findings: self-limited, symptomatic, and
unclassified.

Results: Sixty-four patients were included, comprising 25 (39.1%) self-limited, 36 (56.3%) symptomatic/determinable, and 3 (4.7%) unclassified
cases. The mean seizure onset age was 4.77+3.77 years and this was significantly earlier in the symptomatic group (p<0.001). Magnetic
resonance imaging abnormalities were identified in 31 patients (48.4%). Autonomic symptoms (54.7%) and nocturnal seizures (37.5%) were
common, with nocturnal seizures occurring more frequently in the self-limited group (p=0.014). Occipital epileptiform activity was observed
in 55 patients (85.9%), including 24 out of the 25 (96.0%) patients in the self-limited group and 29 out of the 36 (80.6%) in the symptomatic/
determinable group. The remaining nine patients (14.1%) demonstrated multifocal epileptiform activity with occipital involvement. Extra-
occipital spread of occipital epileptiform discharges was observed in 56.3% of the patients, and generalized spike-wave discharges (31.3%) and
spike-wave activation in sleep (9 patients) were identified in both groups. Initial antiseizure medication failure and polytherapy requirement
were significantly more frequent in the symptomatic/determinable group.

Conclusion: Childhood occipital epilepsies represent a heterogeneous and dynamic electroclinical spectrum rather than sharply separated
syndromes. The presence of extra-occipital epileptiform activity, generalized spike-wave discharges, and sleep-activated epileptiform activity
supports the concept that childhood occipital epilepsies represent a dynamic electroclinical spectrum. Therefore, long-term neurocognitive
and electroencephalographic follow-up remains important, particularly in those children with self-limited occipital epilepsy syndromes as
electroclinical evolution may continue despite clinical seizure remission.

Keywords: Childhood occipital epilepsy, self-limited epilepsy with autonomic seizures, electroencephalography, generalized spike-wave
discharges, symptomatic occipital epilepsy
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Introduction

Childhood-onset focal epilepsy syndromes were
redefined under the category of “self-limited focal
epilepsies” in the International League Against Epilepsy
(ILAE) 2022 classification. Occipital epilepsy syndromes
within this group are characterized by age-related onset,
typical electroclinical features, and generally favorable
prognosis. In the current terminology, Panayiotopoulos
syndrome is referred to as “self-limited epilepsy with
autonomic seizures (SeLEAS),” whereas Gastaut-type
occipital epilepsy is referred to as “childhood occipital visual
epilepsy (COVE)” (1).

SeLEAS typically begins between 3 and 6 years
of age, although onset may range from 1 to 14 years,
and it is characterized by seizures with prominent
autonomic features. Ictal vomiting, eye deviation, altered
consciousness, and frequently nocturnal seizures are
among the characteristic clinical features of this syndrome.
Electroencephalography (EEG) findings may initially be
limited to occipital spikes but can demonstrate a multifocal
distribution over time and with advancing age (2). Indeed,
interictal electroencephalographic findings in SeLEAS
have been reported to evolve with age; occipital spikes
may predominate in early childhood, whereas a posterior-
dominant multifocal distribution involving occipito-
frontopolar and centro-parieto-temporal regions may
emerge later in the course of the disease (2). These findings
suggest that occipital epilepsies cannot be explained
solely by localized occipital pathology and may instead
represent an age-dependent multifocal electrophysiological
spectrum. Although these syndromes are defined as self-
limited, their prognosis is not always entirely benign (3). In
addition, several studies have reported atypical or mixed
forms and emphasized that the classical Panayiotopoulos-
Gastaut distinction may not always be clear-cut in terms
of clinical and electroencephalographic features (4). By
contrast, symptomatic occipital epilepsies arise secondary
to underlying structural pathology and, although their
clinical features may overlap with self-limited forms, they
may differ in terms of prognosis and treatment response
(5). Several studies have demonstrated that the presence of
a structural etiology may be a major determinant of seizure
control and remission outcomes (6).

Most studies on childhood occipital epilepsies have
focused on self-limited syndromes such as SeLEAS and
COVE, whereas studies comparing self-limited and
symptomatic cases are less common. The aim of the present
study was to describe the clinical, electroencephalographic,

and neuroimaging characteristics of childhood occipital
epilepsies and to identify differences between self-limited
and symptomatic cases.

Materials and Methods

This retrospective single-center cohort study included
patients aged 0-18 years with occipital epilepsy spectrum
disorders who were followed at the Pediatric Neurology
Clinic of Ko¢ University Hospital between October 2015
and January 2026. Ethical approval for this study was
obtained from the Ko¢ University Ethics Committee
(approval no.: 2026.164.IRB2.088, date: 23.03.2026).
Patients with occipital epilepsy spectrum disorders were
retrospectively identified from the clinical records, EEG
archives, and neuroimaging data. Eligible patients had at
least 6 months of clinical follow-up after diagnosis, at
least one interictal EEG recording, and sufficient clinical
data for electroclinical classification. Occipital epilepsy
spectrum disorder was defined as the presence of occipital-
predominant interictal epileptiform discharges and/or
seizure semiology suggestive of occipital onset, with or
without supporting neuroimaging findings. As ictal EEG
recordings were not available for all patients, classification
relied on a comprehensive evaluation integrating seizure
semiology, interictal EEG findings, neurodevelopmental
assessment, magnetic resonance imaging (MRI) findings,
and longitudinal clinical follow-up, with ictal EEG data
incorporated whenever available. Owing to the fact that
classical self-limited occipital epilepsy syndromes may not
be fully expressed in very young children, patients younger
than 3 years were classified according to these integrated
electroclinical criteria rather than age alone. Those cases
with insufficient clinical, EEG, neuroimaging, or follow-up
data for electroclinical classification were excluded.

Data were retrospectively obtained from the
hospital electronic medical records, EEG archives, and
neuroimaging reports and recorded in a standardized data
form. Demographic characteristics, seizure semiology,
neurological and developmental status, EEG and MRI
findings, treatment characteristics, and follow-up outcomes
were evaluated retrospectively. Focal features were
defined as focal motor, sensory, autonomic, or behavioral
semiological manifestations suggestive of focal seizure
onset, irrespective of the final seizure type classification.
Autonomic symptoms included vomiting, pallor, flushing,
hypersalivation, cardiorespiratory changes, or other
autonomic manifestations occurring during seizures.
Loss of consciousness referred to impaired awareness or
unresponsiveness during the ictal or immediate postictal
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period. Seizure recurrence within 24 hours was defined as
two or more seizures occurring within a 24-hour period.
Status epilepticus was defined according to the current ILAE
operational definition.

MRI findings were classified according to structural
characteristics. Perinatal/hypoxic-ischemicinjury was analyzed
as a separate neuroimaging category. Acquired structural
lesions included postinfectious, posttraumatic, vascular,
neoplastic, or other non-congenital structural abnormalities
identified by MRI. For descriptive analysis, structural MRI
abnormalities were classified according to their predominant
anatomical distribution as occipital-predominant, posterior-
predominant, multifocal, or diffuse. Each patient was assigned
to the single category which best reflected their predominant
distribution of structural abnormalities.

Occipital epileptiform activity was defined as
epileptiform discharges involving the occipital regions.
Extra-occipital spread was defined as the propagation of
occipital epileptiform discharges to additional non-occipital
regions during EEG recording. This category was distinct
from multifocal epileptiform activity, which referred to the
presence of independent epileptiform foci in two or more
non-contiguous regions. Generalized spike-wave discharges
(GSWD) were defined as bilaterally synchronous spike-wave
complexes involving both hemispheres.

EEG background rhythm abnormality was defined
as a slowing or disorganization of the age-appropriate
posterior dominant rhythm. Initial antiseizure medication
failure was defined as persistence of clinically documented
seizures despite an adequate dose and duration of the
first antiseizure medication, resulting in dose escalation,
medication switch, or add-on therapy. EEG normalization
was assessed during follow-up EEG recordings.

Spike-wave activation in sleep (SWAS) was defined
as spike-wave activity occupying =50% of non-rapid eye
movement (non-REM) sleep. Patients fulfilling this EEG
criterion and demonstrating developmental, cognitive,
language, behavioral, or motor stagnation/regression were
considered to be within the ESES/EE-SWAS spectrum.
Sleep EEG recordings were available for all patients, and
adequate non-REM sleep segments were obtained for SWAS
assessment. Spike-wave activation was assessed by a visual
estimation of the spike-wave activity during non-REM sleep.

The patients were divided into three groups according to
their clinical, EEG, neurodevelopmental, and neuroimaging
features. Group 1 consisted of patients compatible with
the self-limited occipital epilepsy spectrum, with normal
neurodevelopmental evaluation and structural MRI findings
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together with occipital epileptiform activity. Group 2
included symptomatic cases with structural brain lesions,
neurodevelopmental impairment, or identifiable genetic/
metabolic/systemic etiologies. Group 3 consisted of those
patients who could not be definitively classified into Group
1 or Group 2 based on the available data. As structural
MRI abnormalities, developmental delay, and abnormal
neurological examination findings were incorporated into
the group classification framework, these variables were
not included in the between-group statistical comparisons.
Within Group 1, cases compatible with SeLEAS, COVE, and
POLE were additionally identified; however, these subtypes
were not included in separate comparative analyses due to
clinical-electroencephalographic overlap and their limited
subgroup sizes.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics version 29.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were assessed for normality using
visual methods and the Shapiro-Wilk test. Normally
distributed variables were compared using the Independent
Samples t-test, whereas non-normally distributed variables
were analyzed using the Mann-Whitney U test. Categorical
variables were compared using the Pearson chi-square test
or Fisher’s exact test, as appropriate. Results are presented
as mean + standard deviation, median (range), or number
(percentage), as appropriate. Analyses were performed
using the available-case data, and missing values were
not imputed. A two-sided p value <0.05 was considered
statistically significant. Given the retrospective design
and multiple unadjusted comparisons, p values should be
interpreted with caution.

Results

A total of 64 patients were included in this study,
comprising 33 males and 31 females. The demographic,
clinical, radiological, electroencephalographic, and
treatment characteristics of the cohort are summarized
in Table I. The mean age was 10.76+3.90 years, and the
mean age at diagnosis was 5.19+3.71 years. The mean
follow-up duration was 30.1£25.3 months (range, 6-108
months). The mean seizure onset age was 4.77+3.77 years
(n=62), with a median age of 5 years; seizure onset age
data were unavailable for two patients. Of the patients,
39.1% were classified as Group 1 (compatible with the
self-limited occipital epilepsy spectrum), 56.3% as Group 2
(symptomatic/determinable etiology), and 4.7% as Group 3
(unclassified/undetermined group).
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Table I. Clinical, radiological, electroencephalographic, and treatment characteristics of the study cohort

Category and parameter

Number of patients (n)

Percentage (%)/Mean

Demographics and classification

Male 33 51.6%
Female 31 48.4%
Mean age at study (years) 64 10.76+3.90
Mean age at diagnosis (years) 64 5.19+3.71
Mean seizure onset age (years) 64 4.77+3.77
Median follow-up duration (months) 64 30.1+25.3
Group 1 (self-limited spectrum) 25 39.1%
Group 2 (symptomatic/determinable etiology) 36 56.3%
Group 3 (unclassified) 3 4.7%
Clinical and semiological features

Focal semiological features 36 56.3%
Autonomic symptoms 35 54.7%
Automatisms 37 57.8%
Loss of consciousness 57 89.1%
Ictal vomiting 28 43.8%
Seizure recurrence (within 24 hours) 12 18.8%
Nocturnal seizures 24 37.5%
History of status epilepticus 25 39.1%
Visual symptoms 3 4.7%
Abnormal neurological examination 32 50.0%
Developmental delay 29 45.3%
Brain MRI findings

Normal MRI 33 51.6%
Perinatal/hypoxic-ischemic injury 15 23.4%
Cortical atrophy 6 9.4%
Cerebral infarction 2 3.1%
Cortical dysplasia 2 3.1%
Multiple cavernomas 1 1.6%
Posterior reversible encephalopathy (PRES) 1 1.6%
Tuberous sclerosis complex 1 1.6%
Hydrocephalus 1 1.6%
Sleep EEG findings

Occipital epileptiform activity 55 85.9%
Bilateral occipital involvement 26 40.6%
Extra-occipital spread 36 56.3%
Multifocal epileptiform activity 9 14.1%
Generalized spike-wave discharges 20 31.3%
EEG normalization (during follow-up) 24 37.5%
Spike-wave activation in sleep 9 14.1%
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Table I. Continued

Category and parameter

Number of patients (n)

Percentage (%)/Mean

Treatment and outcomes

Monotherapy 39 60.9%
Polytherapy 24 37.5%
Initial medication failure 35 54.7%
Most common medications

Levetiracetam 46 71.9%
Valproate 20 31.3%
Clobazam 19 29.7%
Carbamazepine 9 14.1%
Oxcarbazepine 6 9.4%
Steroid 5 7.8%

MRI: Magnetic resonance imaging, EEG: Electroencephalography

Percentages may exceed 100% because individual patients could be included in more than one category

Three patients (4.7%) were classified as Group 3 because
their electroclinical features did not allow for confident
assignments to either the self-limited or symptomatic/
determinable categories. None of these 3 patients had
structural MRI abnormalities. Two of these patients
had developmental delay and abnormal neurological
examination findings, while one of them had normal
neurodevelopment and neurological examination. All three
showed occipital epileptiform activity with extra-occipital
spread, and one of them also exhibited GSWD.

Focal semiological features were present in 56.3% of
patients, autonomic symptoms in 54.7%, and automatisms
in 57.8%. Loss of consciousness occurred in 89.1%, vomiting
in 43.8%, and seizure recurrence within 24 hours in 18.8%.
Nocturnal seizures were observed in 37.5%, while a
history of status epilepticus was present in 39.1% overall,
including 36% (9/25) of Group 1 and 39% (14/36) of Group
2 patients. Of these, two patients in Group 2 had non-
convulsive status epilepticus, whereas all of the remaining
cases were convulsive. Visual symptoms were rare and
identified in only three patients, whose clinical features
were compatible with the COVE spectrum. Neurological
examination abnormalities were detected in 50% of
cases and developmental delay in 45.3%. Family history
revealed epilepsy in nine patients and febrile seizures in
four. Four patients had a personal history of febrile seizures,
while fever-triggered seizures were reported in 11 cases.
Consanguinity was present in four patients.

Brain MRI was normal in 33 of 64 patients (51.6%).
MRI abnormalities were identified in 31 patients (48.4%),
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most commonly perinatal/hypoxic-ischemic injury (15
patients, 23.4%) and cortical atrophy (6, 9.4%), followed
by cortical dysplasia (2, 3.1%), cerebral infarction (2,
3.1%), posterior reversible encephalopathy syndrome (2,
3.1%), hydrocephalus (1, 1.6%), multiple cavernomas (1,
1.6%), tuberous sclerosis complex (1, 1.6%), and delayed
myelination (1, 1.6%). Regarding lesion distribution,
occipital-predominant lesions were present in 4 patients,
posterior-predominant lesions in 10, multifocal lesions in 11,
and diffuse cerebral involvement in 6.

EEG evaluation demonstrated occipital epileptiform
activity in 55 patients (85.9%), including bilateral occipital
involvement in 26 cases. The remaining nine patients (14.1%)
exhibited multifocal epileptiform activity with occipital
involvement. Extra-occipital spread was observed in 56.3% of
the patients and was similarly frequentin Group Tand Group 2
(40% vs. 63.9%). GSWD were detected in 20 patients (31.3%),
including 28% (7/25) of Group 1 cases. EEG normalization
was documented in 24 patients (37.5%), with a mean time
to normalization of 24.8+19.9 months (range, 6-66 months).
Electrographic seizures were recorded in four patients, and
SWAS was identified in nine (5 in Group 1, 3 in Group 2, and
1in Group 3). Photosensitivity was observed in two patients,
both considered compatible with the POLE spectrum. Both
photosensitive patients also demonstrated GSWD.

Additional systemic disorders were present in 19
patients (29.6%). Among these, four (6.3%) had organ
transplantation or severe chronic systemic disease, 10
(15.6%) had metabolic-genetic/syndromic disorders, and
five (7.8%) had other systemic comorbidities.
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Overall, 60.9% of the patients were managed with
monotherapy, whereas 37.5% required polytherapy; one
patient remained untreated. Levetiracetam was the most
commonly used antiseizure medication (71.9%), followed
by valproate (31.3%) and clobazam (29.7%). Oxcarbazepine
and carbamazepine were used in 9.4% and 14.1% of the
patients, respectively. Steroid treatment was administered
in five patients; however, steroids were prescribed for
associated epileptic encephalopathies rather than occipital
epilepsy itself, including West syndrome (n=3) and ESES/
EE-SWAS (n=2). Those patients with a previous history of
West syndrome were included because they subsequently
developed electroclinical features compatible with the
occipital epilepsy spectrum during follow-up and fulfilled
the predefined inclusion criteria.

Initial antiseizure medication failure, requiring treatment
modification or additional therapy, was observed in 35
patients (54.7%).

The comparative clinical, electroencephalographic, and
treatment-related characteristics of Group 1 and Group 2
patients are presented in Table Il. Comparative analyses
were performed between Group 1 (n=25) and Group 2
(n=36), excluding Group 3 cases. Those patients in Group
2 had significantly earlier seizure onset (3.34 vs. 6.63
years, p<0.001) and earlier diagnosis ages (3.81 vs. 6.96
years, p<0.001) compared with Group 1. No significant
difference was observed between the groups regarding
status epilepticus. Autonomic symptoms were present in
68% of Group 1 and 50% of Group 2 patients; however,
this difference was not statistically significant (p=0.165).

Similarly, vomiting was observed in 52% of Group 1 and
41.7% of Group 2 patients, without any significant difference
(p=0.428). Nocturnal seizures were significantly more
frequent in Group 1 than in Group 2 (56% vs. 22.2%,
p=0.014).

Neither occipital epileptiform activity nor multifocal
epileptiform activity differed significantly between Group
1 and Group 2. By contrast, EEG background rhythm
abnormalities were observed exclusively in Group 2 patients
(p<0.001). Although EEG normalization was more frequent
in Group 1 than in Group 2 (48% vs. 33.3%), the difference
was not statistically significant (p=0.294). Similarly, no
significant difference was found between Group 1and Group
2 regarding extra-occipital EEG spread (p=0.075). In addition,
EEG normalization was not associated with multifocal
epileptiform activity (p=0.464), MRI abnormalities
(p=0.561), or developmental delay (p=0.080).

Among those patients with normal development, 66.7%
were managed with monotherapy, whereas 66.7% of those
with developmental delay required polytherapy (p=0.010).

Initial antiseizure medication failure was significantly
more frequent in Group 2 than in Group 1(69.4% vs. 28.0%,
p=0.001), and the need for polytherapy was also higher in
this group (47.2% vs. 20.0%, p=0.038). No association was
found between initial medication failure and multifocal
epileptiformactivity (p=0.166), MRl abnormalities (p=0.075),
EEG background rhythm abnormalities (p=0.069), or extra-
occipital EEG spread (p=0.155). However, developmental
delay was significantly associated with a higher rate of
initial medication failure (p<0.001).

Table Il. Comparative analysis of self-limited (Group 1) and symptomatic (Group 2) occipital epilepsy cases

Parameters Group 1(n=25) Group 2 (n=36) p value
Mean seizure onset age (years) 6.63+3.52 3.34+3.41 <0.001
Mean age at diagnosis (years) 6.96+3.41 3.81+3.44 <0.001
Nocturnal seizures (%) 56.0% (14/25) 22.2% (8/36) 0.014
Autonomic symptoms (%) 68.0% (17/25) 50.0% (18/36) 0.165
Ictal vomiting (%) 52.0% (13/25) 41.7% (15/36) 0.428
Extra-occipital EEG spread (%) 40.0% (10/25) 63.9% (23/36) 0.075
Generalized spike-wave discharges 28.0% (7/25) 36% (13/36) 0.594
EEG background rhythm abnormality (%) 0.0% (0/25) 36.1% (17/36) <0.001
EEG normalization 48.0% (12/25) 33.3% (12/36) 0.294
Status epilepticus history (%) 36.0% (9/25) 39.0% (14/36) 0.812
Initial medication failure (%) 28.0% (7/25) 69.4% (25/36) 0.001
Polytherapy requirement (%) 20.0% (5/25) 47.2% (17/36) 0.038

EEC: Electroencephalography
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Although systemic disorders were more frequent
in Group 2, the difference between the groups was not
statistically significant (p=0.089). Both Group 1 patients
with systemic comorbidity had type 1 diabetes mellitus. By
contrast, Group 2 patients exhibited more heterogeneous
and clinically severe comorbidities, including organ
transplantation, congenital heart disease, and genetic
syndromes.

Discussion

In this study, the clinical, electroencephalographic,
and neuroimaging features of childhood occipital epilepsy
spectrum disorders were evaluated, and differences
between self-limited spectrum cases and symptomatic/
determinable etiologies were identified. Symptomatic/
determinable cases showed earlier seizure onset and
greater treatment burden, including higher rates of initial
antiseizure medication failure and polytherapy. Additionally,
multifocality and extra-occipital EEG spread were not
limited to symptomatic cases, supporting the concept that
childhood occipital epilepsies represent a heterogeneous
and dynamic electroclinical spectrum.

Regarding seizure semiology, autonomic symptoms and
ictal vomiting were among the commonly observed features
in our cohort and were largely compatible with the SeLEAS
spectrum in the self-limited group. Ictal vomiting and
other autonomic manifestations have been reported as
characteristic clinical features of SeLEAS (1,7). Aksoy et al.
(4) similarly identified vomiting (80%) and eye deviation
(87%) as the most frequent findings in Panayiotopoulos
syndrome. Although autonomic symptoms and vomiting
were more frequent in Group 1in our cohort, the differences
between groups did not reach statistical significance.
This may be related to clinical overlap, the presence of
autonomic manifestations in symptomatic cases, and/or
the limited sample size.

Visual symptoms were rare, suggesting an autonomic-
dominant spectrum rather than classic COVE; such
manifestations may be underreported in young children
due to their brevity and description difficulties (8).
Additionally, the higher frequency of nocturnal seizures in
Group 1is consistent with SeLEAS patterns. These results,
alongside noted overlaps between Panayiotopoulos and
Gastaut syndromes, reinforce the concept of childhood
occipital epilepsies as a dynamic, overlapping electroclinical
spectrum (4).

The significantly earlier seizure onset in the symptomatic
group (3.34 vs. 6.63 years) highlights the association
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between structural etiologies and a more severe clinical
course. The mean onset age of 4.77 years in our cohort
is consistent with previous reports supporting the age-
dependent nature of occipital epilepsies (9). Early onset
has been recognized as one of the strongest predictors of
poor prognosis, treatment resistance, and structural MRI
abnormalities (6,7,10).

The frequent presence of perinatal/hypoxic injury in
our cohort, together with the selective vulnerability of
the occipital lobe to neonatal hypoglycemia (11), suggests
that structural posterior abnormalities may contribute to
epileptogenesis in a subset of patients. The higher need for
polytherapy and the presence of EEG background rhythm
abnormalities in the symptomatic group further emphasize
that etiological classification is a major determinant of
treatment strategy and prognosis (1,6).

In recent years, the term “self-limited occipital epilepsy”
has been preferred over “benign occipital epilepsy” due to
risks such as cognitive impairment and the development
of electrical status epilepticus during sleep (ESES) (12). The
presence of multifocality, extra-occipital spread, and SWAS
in our cohort supports this approach. The current literature
suggests that SWAS/ESES is not limited to SeLECTS and
may occur at similar rates in SeLEAS. iris et al. reported
a SWAS rate of 9.23% in a SeLEAS group, comparable to
that observed in SeLECTS (3). Therefore, those patients
presenting with autonomic seizures may require follow-up
with sleep EEG recordings.

Prolonged seizures and focal status epilepticus have
been reported to occur frequently in SeLEAS, affecting
approximately one-third of patients (12). In Panayiotopoulos
syndrome, nearly half of seizures may present as autonomic
status epilepticus (13), while convulsive status at onset has
not been found to be directly associated with prognosis
(14). The 36% rate of status epilepticus in Group 1 in our
cohort supports the inclusion of these presentations within
the self-limited occipital epilepsy spectrum. Although this
relatively high rate may partly reflect referral bias related
to our tertiary center setting, our findings indicate that
self-limited occipital epilepsies do not always present with
a mild clinical course and that the term “self-limited” does
not exclude dramatic seizure presentations during the acute
phase.

In the SelLEAS spectrum, interictal
electroencephalographic findings are not limited to the
occipital region, and shifting multifocal discharges are
frequently observed (12). The literature further emphasizes

that multifocality and extra-occipital spread are among the
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main features supporting the use of the term “self-limited”
rather than “benign”. The 31.3% rate of GSWD in our cohort
is consistent with previously reported rates of 17-35% (15-17).

The relatively high frequency of GSWD in our cohort may
reflect broader network involvement in a subset of patients,
although the retrospective design and limited ictal EEG data
did not allow firm mechanistic conclusions. In COVE series
excluding photosensitive cases according to newer criteria,
markedly lower GSWD rates (5%) have been reported,
suggesting a relationship between photosensitivity and
generalized epileptiform activity (18). Verrotti et al. (14) also
emphasized that occipital epileptiform activity may evolve
into multifocal patterns during the course of the disease.
The extra-occipital and multifocal findings in our cohort
are consistent with the concept that childhood occipital
epilepsies represent a dynamic electroclinical spectrum. In
addition, as SWAS recurrence has been reported even years
after EEG normalization (3), these findings suggest that
selected patients, particularly those with persistent EEG
abnormalities, developmental concerns, sleep-activated
epileptiform activity, or treatment difficulties, may benefit
from longitudinal clinical and EEG follow-up.

The ability to manage self-limited occipital epilepsy
cases with monotherapy supports the pharmaco-sensitive
nature of this group (19), whereas symptomatic cases more
often require polytherapy. Although carbamazepine and
valproate have traditionally been preferred in the literature
(1,18,19), the predominance of levetiracetam usage (71.9%)
in our cohort likely reflects the current tendency in pediatric
practice toward well-tolerated broad-spectrum antiseizure
medications.

Study Limitations

This study had several limitations. Its retrospective
design may have introduced selection bias and limited
the completeness of the clinical data, including
seizure semiology. Neurocognitive outcomes were not
systematically assessed using a standardized longitudinal
protocol, and ictal EEG recordings were available for
only a small proportion of the patients. The absence of
multivariable analyses limited our ability to determine
whether the observed associations were independent of
underlying etiological or developmental factors. In addition,
as this was a tertiary referral center cohort, referral bias may
have resulted in an overrepresentation of more complex or
treatment-resistant cases.

Conclusion

Childhood  occipital epilepsies
heterogeneous clinical and electroencephalographic
characteristics in this retrospective cohort. Self-limited
spectrum cases more frequently exhibited autonomic
symptoms and nocturnal seizures, whereas symptomatic/
determinable cases showed earlier seizure onset and greater

demonstrated

treatment burden. The extra-occipital epileptiform activity,
GSWD, and sleep-activated epileptiform activity observed
in a subset of our patients further support the concept that
childhood occipital epilepsies may represent a dynamic
electroclinical spectrum rather than sharply separated
syndromes. These findings suggest that selected patients,
particularly those with sleep-activated epileptiform activity,
persistent EEG abnormalities, developmental concerns, or
treatment difficulties, may benefit from longitudinal clinical
and EEG follow-up. These results should be interpreted in
light of the retrospective design and the limited subgroup
sizes in this study.
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ABSTRACT

Aim: Heart rate (HR) variability (HRV) is simply a measure of the variation in time between each heartbeat. This variation is controlled by the
autonomic nervous system. The aim of this study was to evaluate HRV parameters in children who were hospitalized in palliative care.

Materials and Methods: Twenty-eight palliative patients and 30 age- and gender-matched healthy control participants were included in this

study. 24-hour Holter monitoring results were compared.

Results: The minimum and mean HRs were significantly higher, while the maximum HR was significantly lower in the palliative care patients.
Additionally, PR duration was shorter in the palliative care patients than in the control participants. Moreover, all time and frequency domain
HRV values were lower in the palliative care patients compared to the control participants. Lastly, the low frequency/high frequency ratio
was almost significantly higher in the palliative care patients than in the controls. In the analysis of only palliative cases, the mean root mean
square of successive RR interval differences and the percentage of successive RR intervals which differed by more than 50 ms (pNN50) were
significantly higher in those patients with tracheostomy, while the same parameters were significantly lower in those with gastrostomy.

Conclusion: HRV parameters may provide complementary information regarding autonomic regulation in pediatric palliative care settings.

Keywords: Heart rate variability, palliative care, children

Introduction

Heart rate (HR) variability (HRV) is a marker which
provides information regarding the health of the autonomic
nervous system. HRV has also been accepted as a parameter
representing the complex interaction between the brain
and the cardiovascular system (1). HRV consists of time and
frequency domain parameters. Among these parameters,
some of them, such as standard deviation of normal-to-
normal intervals (SDNN) and low frequency (LF), indicate
both sympathetic and parasympathetic health, while root

mean square of successive RR interval differences (rMSSD),
pNN50 and high frequency (HF) are more influenced by the
parasympathetic system (2).

The autonomic nervous system can offer insights into
the biological aspects of psychological states and coping
in the context of palliative medicine, since it mediates
the body’s response to stressors (3). Studies on how HRV
is affected in pediatric patients receiving palliative care
are limited. However, the significant relationship between
SDNN and acute well-being and also higher HRV values in
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adult patients discharged from palliative care have been
reported (4,5). In addition, HRV has been used in a limited
number of palliative care studies, primarily as a potential
predictor of mortality (6,7).

In this study, it was aimed to determine whether the
HRV parameters of children receiving palliative care differed
from those of age- and gender-matched healthy children
and also to evaluate the clinical importance of HRV in
palliative care.

Materials and Methods

Study Design

This prospective cross-sectional study was conducted
in children between eight and 18 years old. The inclusion
criteria were as follows: a stay in a pediatric palliative
care clinic for at least two weeks, full recovery from acute
inflammation and infection, 24-hour Holter monitoring due
to suspected rhythm problems on electrocardiography and
voluntary participation in this study. Those patients with
clinically significant arrhythmias, such as sustained atrial
or ventricular arrhythmias, were excluded from this study.
In addition, those patients with progressive neurological
disease, fever, inflammatory disease, head trauma, those
with a Glasgow Coma score <13 and those using medication
such as sedatives, opioids, antiepileptics, and beta-blockers
were also excluded from this study. Age- and gender-
matched healthy control groups were selected from
asymptomatic patients who visited the pediatric cardiology
outpatient clinic for examination before participating in
sport, and had applied for 24-hour Holter monitoring due to
their family history.

Writteninformed consent was obtained from the parents
of all of the participants, and this study was approved by the
University of Health Sciences Tirkiye, Ankara Bilkent City
Hospital Clinical Research Ethics Committee No. 2 (approval
no.: E2-23-5880, date: 27.12.2023).

Data Collection

The patients’ data were obtained from the electronic
records. Age, gender, vital signs such as HR, respiratory
rate, systolic and diastolic blood pressure (BP), primary
and secondary pathology, the presence of tracheostomy,
gastrostomy or medical device, Karnofsky/Lansky
performance score, and hospital stay duration were noted.
The Karnofsky and Burchenal (8) and Lansky Performance
Scores (9) were obtained during their stay in the palliative
careunit simultaneously with the 24-hour Holter monitoring.
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24-Hour Holter Monitoring

The DM Software CardioScan 79A was used. All
participants, including the control group, underwent Holter
monitoring under standardized daily living conditions. They
were instructed to maintain their usual routines while
avoiding strenuous physical activity. Posture and activity-
related variations were minimized by ensuring comparable
daytime activity patterns and nighttime rest periods
between the groups. All participants were instructed to
maintain their usual daily activities during the monitoring
period. However, they were specifically asked to avoid
strenuous physical exercise, maintain similar daytime
activity patterns, and follow their habitual sleep-wake
schedule in order to minimize circadian and activity-related
variability. In addition, parents/caregivers were instructed to
ensure the consistency of daily routines as much as possible
during the recording period. During HRV processing, ectopic
beats and artifacts were identified and managed according
to standard procedures. Specifically, segments containing
frequent ectopic beats or artifacts were either automatically
filtered by the analysis software or manually reviewed and
excluded when necessary. Only NN intervals were used for
HRV calculations in order to maintain data accuracy and
consistency. 24-hour Holter parameters including rhythm,
PR, QTC duration, minimum, maximum and mean HR,
and HRV parameters such as SDNN, SDANN (the standard
deviation of all five-min interval means), SDNNi (mean
of the standard deviation of all of the NN intervals for
each five-minute segment), rMSSD, pNN5O, triangular
index, total power, very-LF, LF and HF were calculated and
recorded.

Statistical Analysis

All data were analyzed using the Statistical Package
for Social Sciences for Windows 25.0 program (IBM Corp.,
Armonk, N.Y., USA). After descriptive statistics and normality
analysis, normally distributed continuous variables are
reported as mean * standard deviation, non-normally
distributed continuous variables are given as median with
range, and categorical variables are shown as count with
the percentage of the total. Chi-square or Fisher's exact test
was used to compare categorical or ordinal variables, and
Student’s t-test or the Mann-Whitney U test was used to
compare continuous variables.

Results

Twenty-eight palliative patients and 30 age- and gender-
matched healthy control participants were included in



Beyazal and Ayar.

Heart Rate Variability Children Palliative Care

Table I. Clinical characteristics of the palliative care patients

Data*
Age (year) 9.05+5.99
Gender
Male 16 (57.1%)
Female 12 (42.9%)
Height (cm) 117.71+40.37
Weight (kg) 28.37+21.93
Respiratory rate (per min) 25.43+7.66
BP systolic (mmHg) 98.79+19.55
BP diastolic (mmHg) 59.29+14.58
Primary pathology
Trauma 10 (35.7%)
Syndromic disease 2 (7.1%)
Neurometabolic disease 4 (14.2%)
Operated CHD 5(17.8%)
Malignancy 5(17.8%)
Lupus 1(3.6%)
PM, BPD 1(3.6%)
Hospitalization duration 30 (15-90)
Lansky-Karnofsky score 33.92+18.72

Tracheostomy

22 (78.6%)

Gastrostomy

4 (14.3%)

Medical device
MV
BIPAP

11(39.3%)
17 (60.7%)

*Data are presented as n (%) for categorical variables and median (interquartile
range) or mean+ standard deviation for continuous variables

CHD: Congenital heart disease, PM: Prematurity, BPD: Broncho pulmonary
dysplasia, MV: Mechanical ventilation, BIPAP: Bi-level positive airway pressure

this study. While 46.7% (n=14) of palliative patients were
female, this rate was 57.1% (n=16) in the healthy control
participants. The mean ages for the palliative patients and
healthy control participants were 9.04+6.02 and 9.10+4.03,
respectively. Table | shows the clinical characteristics of
those patients who were hospitalized in the palliative care

When comparing the palliative care patients to the
healthy control participants, the minimum and mean
HRs were significantly higher, while the maximum HR
was significantly lower in the palliative care patients.
Additionally, the PR duration was shorter in the palliative
care patients than in the control participants. Moreover,
all time and frequency domain HRV values were lower
in the palliative care patients compared to the control
participants. Lastly, the LF/HF ratio was almost significantly
higher in the palliative care patients than in the control
group. Detailed 24-hour Holter monitoring results are given
in Table II.

When it comes to the analysis of only the palliative
cases, median rMSSD and pNN50 were significantly higherin
those patients with tracheostomy with a value of 32 (10-175)
for rMSSD and of 7 (0-33) for pNN50, as opposed to 20 (10-
29) and 1.5 (0-7) for those patients without this condition,
as shown in Figure 1 (p=0.044 and 0.042, respectively).
In addition, the medians of the same parameters were
significantly lower in those with gastrostomy, with a
value of 14 (10-3) versus 29 (10-175) for rMSSD and 1
(0-6) versus 7 (0-33), as shown in Figure 2 (p=0.037 and
0.043, respectively). Moreover, interesting differences were
observed when those patients on mechanical ventilation
were compared to those supported with Bi-level positive
airway pressure (BIPAP). For instance, the former group's
median rMSSD [48 (19-175)] was significantly higher than
the latter group’s [26 (10-45)], while the median SDNNi
and pNN50 were almost significantly higher [52 (13-132)
versus 29 (10-52) for SDNNi and 22 (0-33) versus 6 (0-19)
for pNN50], as shown in Figure 3 (p=0.005, 0.057, 0.058,
respectively). However, no correlations were found between
the duration of hospital stay and the Karnofsky and Lansky
scores and the HRV parameters.

unit.

Table Il. Comparison of 24-holter monitoring

Data* Total (n=58) Patients (n=28) Control (n=30) p value
HR

Minimum 56 (39-100) 64.50 (40-100) 51.5 (39-85) 0.001**
Maximum 161.3+22.2 156.3+21.9 165.9+21.8 0.049**
Mean 98.5+18.8 107.2+£21.6 90.4+10.9 0.001**
ECG

PR duration (ms) 140 (100-200) 120 (100-160) 140 (120-180) 0.049**
QTC (msn) 395.6+23.7 393.3+231 394.9+24.7 0.651
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Table Il. Continued

Data* Total (n=58) Patients (n=28) Control (n=30) p value
Time domain parameters

SDNN (msec) 122.5 (36-260) 73.5 (36-210) 155.0 (67-260) 0.0001**
SDANN (msec) 102.5 (28-244) 61.5 (28-193) 123.5 (58-244) 0.0001**
SDNNi (msec) 53.5 (10-215) 33.5(10-132) 77.0 (33-215) 0.0001**
rMSSD (msec) 44 (10-191) 27.5 (10-175) 73.5 (25-191) 0.0001**
pNN50 (msec) 19 (1-71) 6.5 (0-33) 29.5 (4-71) 0.0001**
Triangular index 27.7+13.3 21.0+13.4 33.9£9.9 0.0001**
Frequency domain parameters

TP (msec?) 2,605.9 (43.4-7,936) 896.9 (43.4-4,463) 3,138.0 (893-7,936) 0.0001**
VLF (msec?) 1,234.5 (18.4-5,418) 571.0 (18.4-3204) 2,031.5 (495-5,418) 0.0001**
LF (msec?) 407.2 (10.1-1899) 179.7 (10.1-731) 608.5 (96-1,899) 0.0001**
HF (msec?) 300.1(11.8-1,223) 68.1(11.8-905) 558.7 (37.6-1,223) 0.0001**
LF/HF ratio 2.06+1.31 2.48+1.62 1.66+0.78 0.058

**Significant difference (p<0.05)

*Data are presented as n (%) for categorical variables and median (minimum-maximum) or mean + standard deviation for continuous variables

HRV: Heart rate variability, SDNN: Standard deviation of NN intervals, SDANN: The standard deviation of all 5-min interval means, SDNNi: Mean of the standard
deviation of all the NN intervals for each 5-minute segment of a 24 hours HRV recording, rMSSD: Root mean square of successive RR interval differences, pNN50:
Percentage of successive RR intervals that differ by more than 50 ms, TP: Total power, HF: High frequency, LF: Low frequency, VLF: Very-LF

Tracheostomy +

Tracheostomy ~

Figure 1. Comparison of rMSSD and pNN50 between patients with and
without tracheostomy (p=0.044 and 0.042, respectively)

rMSSD: Root mean square of successive RR interval differences, pNN50:
Percentage of successive RR intervals that differ by more than 50 ms
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Figure 2. Comparison of rMSSD and pNN50 between patients with and

without gastrostomy (p=0.037 and 0.043, respectively)

rMSSD: Root mean square of successive RR interval differences, pNN50:
Percentage of successive RR intervals that differ by more than 50 ms
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Figure 3. Comparison of rMSSD, pNN50 and SDNNi between
mechanically ventilated and BIPAP patients (p=0.005, 0.057, 0.058,
respectively)

rMSSD: Root mean square of successive RR interval differences, pNN50:
Percentage of successive RR intervals that differ by more than 50 ms,
SDNNi: Mean of the standard deviation of all the NN intervals for each
5-minute segment of a 24 hours HRV recording, BIPAP: Bi-level positive
airway pressure, MV: Mechanical ventilation

Discussion

According to the current study, in those patients who
were hospitalized in palliative care for at least 15 days,
overall HRV parameters and maximum HR were found to be
lower, minimum and mean HRs were higher and PR intervals
were shorter than for those of the control participants.
Analysis of only palliative care patients showed that while
parasympathetic system-related parameters were higher
in those with tracheostomy, the same parameters were
lower in those with gastrostomy. In addition, similarly,
parasympathetic system-related parameters were higher in
those on mechanical ventilation compared to BIPAP.

The lower overall HRV parameters and the decreased
difference between maximum and minimum HRs observed
in this cohort may be consistent with altered autonomic
regulation. However, given the heterogeneity of the
underlying conditions and the cross-sectional design, it
is not possible to determine whether these findings are
attributable to the palliative care status itself, the primary
diseases, or other clinical factors. Various factors, including
trauma, cardiac surgery, and cancer, can impair HRV (10-
12). Since most of the patients had conditions such as
trauma, surgery, or cancer in their etiology, the decrease
in HRV may be related to the primary etiology. In addition,
hospitalization can cause anxiety and poorer sleep quality
in the context of chronic stressor exposure and these
conditions result in impaired HR regulation (13,14). On the
other hand, a recent study reported that patients’ posture
does not have an effect on HRV parameters (15). Therefore,

impaired HRV parameters in palliative care patients may
be attributable to a combination of factors, including their
primary illness and emotional state. In order to establish
this, an assessment of the patients’ emotional state with
scales such as anxiety and sleep quality may be considered.

The finding that the mean HR and LF/HF ratios of
palliative patients were higher than those of the control
group may reflect a relative shift of autonomic balance
toward sympathetic predominance. Since LF is affected by
both the sympathetic and parasympathetic systems and HF
is affected more by the parasympathetic system, an increase
in the LF/HF ratio can be used as an indicator of sympathetic
activity (16). A relatively more active sympathetic system
in palliative care patients could be related to exposure to
stressors such as pain and anxiety. However, it should be
noted that the interpretation of the LF/HF ratio as a direct
marker of sympathetic activity remains controversial in
the current HRV literature (17,18) and should therefore be
interpreted with caution. In addition, as HR increases, the PR
interval tends to shorten (19), which may partly explain the
shorter PR intervals observed in this cohort.

Another finding of this study was that the Karnofsky
and Lansky scores used as performance scores were not
associated with HRV parameters. These scores assess
whether the patient is performing an activity, such as
walking, playing, or performing basic needs, independently
or with support. To the best of our knowledge, there are no
studies investigating the relationship between performance
scores and HRV. Our results may suggest that the level
of functional independence alone does not necessarily
correspond to differences in HRV parameters; however, this
finding should be interpreted cautiously. Further studies
with larger patient populations are needed in order to better
understand this relationship.

The fact that parasympathetic system-related HRV
parameters were lower in those with gastrostomy may
be explained by vagal nerve influence. Vital aspects of
autonomic physiology, such as breathing, HR, BP, and gut
motility, as well as reflexes such as coughing and swallowing
and survival behaviors such as eating, drinking, and reacting
to illness, are all regulated by the vagus nerve, a body-brain
connection (20). The link between vagus nerve activity and
the HF component of HRV has been well-established (21).
Patients with gastrostomy demonstrated lower rMSSD
and pNN50 values. Although impaired vagal function may
represent one possible explanation, the small subgroup
size and potential influence of underlying neurological
disease preclude definitive conclusions regarding the
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mechanisms involved. It has also been reported that vagus
nerve stimulating devices can improve oral feeding in
patients with gastrostomy (22). However, this association
should be interpreted with caution, as the severity of
the underlying neurological condition may also have
contributed to reduced parasympathetic activity and the
need for gastrostomy. Therefore, this association should be
considered hypothesis-generating.

The most obvious difference between spontaneous
breathing and mechanical ventilation is that intrathoracic
volume decreases in spontaneous breathing, while it
increases with mechanical ventilator support (23). During
mechanical ventilation, the sudden expansion of the lungs
activates the afferent arm of a depressor reflex, which
produces negative inotropic and chronotropic responses, in
addition to arterial vasodilation. The receptors are sensitive
to stretch and the afferent pathway runs predominantly in
the vagus nerves. Vagal feedback from pulmonary stretch
receptors is obligatory for the generation of a neurally
mediated respiratory sinus arrhythmia in awake individuals
(24,25). Accordingly, the higher rMSSD and pNN50
values observed in those patients with tracheostomy
and mechanical ventilation support may represent an
exploratory observation which is potentially related to
vagally mediated physiological mechanisms. However, given
the limited sample size, these findings should be interpreted
cautiously and require confirmation in larger studies.

Study Limitations

This study had several limitations. First, it was conducted
at a single center with a relatively small sample size, which
may limit the generalizability of the findings. Second, the
heterogeneity of the underlying diagnoses in the palliative
care population may have influenced HRV parameters,
makingit difficult toisolate the effects of palliative careitself
from those of the primary disease. Although patients with
conditions known to markedly affect autonomic function,
such as head trauma and chronic inflammatory diseases,
were excluded, the study cohort still comprised a range of
clinical conditions, including neurological disorders, post-
surgical states, and malignancies, each of which may affect
autonomic regulation through different pathophysiological
mechanisms. Therefore, residual confounding related to
disease-specific effects cannot be excluded and may have
contributed to variability in HRV measurements. In addition,
the lack of disease-specific subgroup analyses further
limits the ability to draw condition-specific conclusions.
Subgroup analyses involving tracheostomy, gastrostomy,
and respiratory support modalities were based on relatively
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small numbers of patients; therefore, these findings should
be considered exploratory and hypothesis-generating rather
than confirmatory. Future multicenter studies with larger
and more homogeneous patient populations are needed in
order to validate these observations. Third, emotional and
psychological factors such as anxiety, pain perception, and
sleep quality, all of which can affect autonomic function
and HRV, were not systematically assessed or controlled
for. Moreover, the cross-sectional design also precludes
conclusions about causality or longitudinal changes in HRV
over time. The wide age range of the pediatric participants
may have influenced HRV parameters, as HRV is known
to vary with age. Furthermore, the absence of follow-up
data prevents assessment of whether HRV parameters are
associated with clinical outcomes such as symptom burden,
functional decline, or survival. Lastly, the selection of
control participants who underwent Holter monitoring due
to family history may have introduced a potential selection
bias, which should be considered when interpreting the
results.

Conclusion

In this exploratory study, children receiving palliative
care demonstrated lower HRV parameters and higher
mean HRs compared with healthy controls. These findings
may be consistent with altered autonomic regulation;
however, because of the heterogeneous patient population
and cross-sectional design, the underlying mechanisms
and clinical significance remain uncertain. Differences
observed according to gastrostomy status, tracheostomy,
and mechanical ventilatory support should be regarded
as exploratory observations. Although physiological
mechanisms involving vagal activity may contribute to
these findings, larger studies are required before definitive
interpretations can be made. HRV parameters may
provide complementary information regarding autonomic
regulation in pediatric palliative care settings; however,
further studies are needed before their clinical utility can be
established.
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ABSTRACT

Aim: Cerebral edema associated with diabetes ketoacidosis (CEDKA) is the most important clinical challenge in children with type-1 diabetes
mellitus (TIDM). CEDKA is associated with a high rate of morbidity and mortality. We investigated the prevalence and risk factors of CEDKA in
children with TIDM.

Materials and Methods: This observational study was conducted at the Children’s Medical Center Hospital, Tehran, in children up to the age of
18 years with TIDM who presented with DKA from December 2022 to June 2024. All of the patients’ demographic, clinical, and laboratory data
were collected and analyzed. A p value <0.05 was considered significant.

Results: In total, of the 427 patients included in this study, 204 (47.8%) were male, and their mean and standard deviation (SD) age was 8.11
(4.09) years. 100 patients (23.31%) had mild DKA, 149 (34.73%) had moderate DKA, and 178 (41.49%) had severe DKA. In this study, 8 patients
(1.86%) had CE, 6 of these patients (75%) were male, and 2 of them (25%) were female, and their mean + SD age was 9.12+2.64 years. In the
analysis, factors such as pH levels [odds ratio (OR): 0.001, 95% confidence interval (Cl): 0.00-0.44, p=0.00] and bicarbonate levels (OR: 0.55,
95% Cl: 0.36-0.83, p=0.00) had an independent and significant relationship with the incidence of CE.

Conclusion: The prevalence of CE was higher in severe DKA patients. Rapid diagnosis and management of DKA patients, especially those with
neurological symptomes, is the most critical step in TIDM.
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Introduction

Failure to properly manage blood glucose levels in
diabetes patients can lead to critical conditions, including
hypoglycemia and diabetes ketoacidosis (DKA). DKA is a
combination of many pathophysiological cascades, such as
hyperglycemia, insulin deficiency, metabolic acidosis, the
accumulation of ketone bodies, and increased anion gap (1).
Infection, female gender, newly diagnosed diabetes, lower
socio-economic status, and depression are risk factors for
DKA (2). Balancing fluids and electrolytes, controlling blood
glucose levels, and eventually preventing complications are
all crucial components of a multidisciplinary approach to
DKA treatment (3).

Mismanagement or prolonged DKA leads to multi-
organ damage and other life-threatening complications,
such as cerebral edema (CE) (4). The prevalence of CE
has been reported to be between 0.5-1%; however, some
studies have reported a higher rate of 1.44% to 1.8% (5,6).
CE is the most common cause of mortality in diabetic
children, with a rate between 30-60% and morbidity with
a rate between 21-35% (7,8). The detailed pathogenesis
of CE in DKA is undetermined. However, there are some
explanations in this area, including cellular osmolarity
changes during fluid replacement for rehydration therapy,
cerebral ischemia-hypoperfusion and reperfusion injury, and
other cytotoxic and vasogenic events during DKA therapy
(9-13). Unfortunately, only limited and heterogeneous
information is available regarding aspects of CE, such as
epidemiology and related risk factors in various ethnicities
of DKA patients. Therefore, the current study aimed to
investigate the prevalence of CE and its possible related risk
factors in Iranian children with DKA.

Materials and Methods

Study Design and Data Gathering

This observational study was conducted at the Children’s
Medical Center Hospital in Tehran, Iran, from December
2022 to June 2024. All patients during this period were
included as part of the census in our study. One of the
inclusion criteria for patients was being aged under 18
years. Patients older than 18 years were excluded. Other
conditions, including metabolic disorders and congenital
abnormalities with similar manifestations of DKA, were
ruled out in all age groups.

DKA was defined as a serum glucose concentration
greater than 11 mmol/L (200 mg/dL), ketonemia (blood

B-hydroxybutyrate =3 mmol/L) or moderate or large
ketonuria (urine ketones >2+), blood pH below 7.3, or a
serum bicarbonate level below 18 mmol/L (14). Additionally,
DKA can be classified into three categories based on the
severity of acidosis: mild (venous pH <7.30; bicarbonate
concentration <18 mmol/L), moderate (pH <7.2; bicarbonate
<10), and severe (pH <7.1; bicarbonate <5) (3,13).

All procedures were performed based on the ethical
standards of the institutional and national research
committees. Written informed consent was obtained
retrospectively from the parents or legal guardians of
the pediatric patients included in the study and was
documented in the patients’ medical records. Ethical
approval was obtained from Research Ethics Committees
of Children’s Medical Center-Tehran University of Medical
Sciences (approval no.: IRTUMS.CHMC.REC.1400.202, date:
23.12.2021).

Study Protocol

The medical records of those patients admitted to the
hospital based on a diagnosis of ketoacidosis were used to
collect the data. These medical records included all of the
information we needed for our analysis. In order to extract
the information required for this study, we designed a special
form. We then completed the patients’ hospital records,
extracted the relevant information from our medical
records, and entered it into the designed form. Finally, we
transferred the data to a statistics software package. All of
the patients included had venous blood lab tests assessing
their baseline biochemical parameters carried out before
any therapeutic intervention was provided.

CE Determination and Assessment

The diagnostic criteria for DKA were based on a paper
from 2004 by Muir et al. (14). The determination of CE in the
presence of DKA was conducted according to one diagnostic
criterion, two major criteria, or one major and two minor
criteria. The diagnostic criteria was abnormal motor or verbal
response to pain, decorticate or decerebrate posture, cranial
nerve palsy (especially lll, IV, and VI), or abnormal neurogenic
respiratory pattern (i.e. grunting, tachypnea, Cheyne-Stokes
respiration, or apneusis). The major criteria were altered
mental status, fluctuating levels of consciousness, sustained
heart rate deceleration (a decrease of more than 20 beats
per minute) not due to improved hydration or sleep, and age-
inappropriate incontinence. The minor criteria were vomiting,
headache, lethargy, diastolic blood pressure >90 mmHg, or
age <5 years (14).
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Fluid and Electrolyte Administration

In those children with volume depletion, fluid
resuscitation was initiated with N/S (0.9%) infusion at
10-20 mL/kg for 20-30 min. Subsequent deficit fluids were
replaced with 0.45-0.9% saline. One hour after intravenous
fluid therapy, insulin infusion was initiated a dose of 0.05-0.1
U/kg/h of regular (soluble) insulin (15). Glucose-corrected
blood sodium in mEq/L was based on the following formula:
actual sodium in mEq/L-[(blood glucose in mg/dL-100) x
1.6/100] (14).

Statistical Analysis

The Statistical Package of Social Science Software (SPSS
version 21, Chicago, USA) was used to analyze the data.
Continuous and categorical variables are expressed as the
mean and standard deviation and frequency (percentage),
respectively. An independent t-test was used to compare
continuous variables between the study groups. Chi-
square and Fisher’s exact tests were applied to compare
categorical variables appropriately. A p value <0.05 was
considered statistically significant. Additional analyses were
conducted in order to determine relationships between the
demographic and laboratory variables of the patients with
CE.

Results

A total of 427 DKA patients were included in this
study. The laboratory and demographic information on
the severity of ketoacidosis is summarized in Table I.
Mild ketoacidosis was present in 100 patients (23.35%),
moderate ketoacidosis in 149 patients (34.9%), and severe
ketoacidosis in 178 patients (41.68%). The severity of DKA
was significantly greater in the male gender (p<0.05). Most
patients in the age groups under one year and over ten
years were in the severe category (p<0.05) with rates of
58.33% and 45.71%, respectively. The average age of those
patients in the moderate group was greater, with a mean
of 8.68+3.96 (p<0.05). The two most common symptoms,
polyuria and polydipsia, had respective rates of 65.3% and
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60.7%. Of all of the patients, 54 (12.58%) experienced signs
of altered mental status, featuring obtundation or lethargy.
Of all of the patients, only one individual had the symptom
of papilledema and was concomitantly diagnosed with a
severe form of DKA. One hundred and ninety-one patients
(44.7%) were admitted to intensive care units (ICU). More
details are shown in Table I. Laboratory data, including pH,
pCO,, bicarbonate, sodium, potassium, glucose, creatinine,
and blood urea nitrogen levels, are given in Table | based on
the severity of DKA.

Prevalence of CE in DKA

Table Il presents the complications of the patients
categorized according to the severity of ketoacidosis. In all
of the examined patients, 8 patients (1.87%) were diagnosed
with CE, with one patient (12.5%) having moderate DKA,
and 7 patients (87.5%) being diagnosed with severe DKA
(p<0.05). Fortunately, none of the CE patients expired
during this investigation. Regardless of altered mental
status and ICU admission, none of the CE cases needed
to be intubated. Seven patients had CE symptoms during
admission, and only one patient developed CE hours after.
One of the CE cases had a history of DKA (p<0.05). After
establishing CE diagnosis, all patients received mannitol,
but none of them received bicarbonate therapy. Table IlI
shows the demographic, clinical, and laboratory factors
in the DKA patients according to CE. Levels of pH were
significantly related to the occurrence of CE (p<0.05) (Table
).

In the analysis, it was shown that only the factors of
pH [odds ratio (OR): 0.001, 95% confidence interval (Cl):
0.00-0.44) and bicarbonate (OR: 0.55, 95% Cl: 0.36-0.83)
had an independent relationship with the occurrence of
CE associated with DKA (CEDKA) (p=0.000 for both).
Additionally, the age group of patients younger than 5 years
old (OR: 2.71, 95% Cl: 0.33-22.28, p=0.032) was significantly
related to CE incidence (Table IV).
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Table I. Demographic, clinical symptoms, and laboratory findings of the included patients

Variable

‘ Total (n=427) ‘ Mild DKA (n=100) ‘ Moderate DKA (n=149) ‘ Severe DKA (n=178) ‘ p value

Demographic

Age, (mean + SD) ‘ 8.1 (4.09) ‘ 7.17 (4.18) ‘ 8.68 (3.96) ‘ 8.17 (4.07) ‘ <0.05
Age groups, n (%)

<1year 24 (5.59) 6(6) 4(2.68) 14 (7.86)

1year-less than 5 years 94 (21.91) 34 (34) 27 (18.12) 33 (18.53)

5 years-less than 10 years 171(39.85) 36 (36) 68 (45.63) 67 (37.64) <005
10 years or older 140 (32.63) 24 (24) 50 (33.55) 64 (35.95)

Sex

Male, n (%) 204 (47.8) 58 (58) 52 (25.5) 94 (46.1) <0.05
Female, n (%) 223(52.2) 42 (42) 97 (43.5) 84 (37.7)

Weight, (kg) (SD) 28.55 (14.16) 26.57 (13.31) 30.59 (15.37) 27.93 (13.40) <0.05
New onset of TIDM, n (%) 291(67.73) 72 (72) 95 (63.75) 124 (69.66) 0.334
History of DM >1 month, n (%) 136 (31.70) 28 (28) 54 (36.24) 54 (30.33) 0.381
Misdiagnosis in EM, n (%) 0 0 0 0

Symptoms n=100 n=149 n=178

Polyuria, n (%) 279 (65.3) 56 (20.1) 85 (30.4) 138 (49.4) <0.001
Polydipsia, n (%) 259 (60.7) 44 (17) 77 (29.7) 138 (53.3) <0.001
Polyphagia, n (%) 191 (44.7) 20 (10.4) 56 (29.3) 115 (60.2) <0.001
Vomiting, n (%) 55 (12.9) 7(12.7) 21(38.2) 27 (49) 0.128
Headache, n (%) 64 (14.9) 4(6.2) 12 (18.7) 48 (75) <0.001
Lethargy/obtundation, n (%) 54 (12.58) 3(5.5) 8 (14.8) 43(79.6) <0.001
Fatigue/irritability, n (%) 58 (13.6) 9 (15.5) 22 (37.9) 27 (46.5) 0.332
Abdominal pain, n (%) 112 (26.2) 22 (19.6) 31(27.6) 59 (52.6) 0.022
Papilledema, n (%) 1(0.2) 0 0 1(0.2) 0.421
Focal neurological signs, n (%) 0 0 0 0

ICU admission, n (%) 191 (44.7) 20 (10.4) 56 (29.3) 115 (60.2) <0.001
Laboratory

pH (unit) mean + SD 719+0.14 7.33+0.06 7.23+0.07 7.07+0.12 <0.001
pCO, (mm Hg) mean + SD 13.2+7.02 18.2+6.32 13.6+4.57 8.7+1.84 0.005
Bicarbonate (mmol/l) mean + SD 9.04+4.98 15.4+3.73 9.6+3.16 5.0£2.02 <0.001
Sodium (mmol/L) mean + SD 135.35+5.03 135.06+4.82 135.70+4.72 135.22+5.40 0.553
Potassium (mmol/dL) mean + SD 4.28+0.7 4.36+0.67 4.24+0.66 4.27+0.72 0.441
Glucose (mg/dL) mean + SD 462.4+142.9 432+152.2 445.5+130.8 493.6+141.7 <0.001
BUN (mg/dL) mean + SD 13+3.36 13+3.08 12+2.87 13+3.01 0.092
Creatinine (mg/dl) mean + SD 1.06+3.84 0.8+0.22 4.24+6.48 0.9+0.32 <0.001

DKA: Diabetic ketoacidosis, SD: Standard deviation, TIDM: Type 1diabetes mellitus, DM: Diabetes mellitus, EM: Emergency department, ICU: Intensive care unit, pCO,:
Partial pressure of carbon dioxide, BUN: Blood urea nitrogen
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Table Il. Prognosis of DKA patients

Variable Total Mild DKA Moderate DKA Severe DKA value
n=427 n=100 n=149 n=178 P

Hospitalization duration (days), 3.39+1.6 (range: 116) | 2.88+146 (1-9) | 3.241.21(1-8) 3.86+1.81 (1-16) <0.001

mean + SD (range)

DKA resolution, (days), mean + SD (range) 1.53+0.85 1.22+0.6 (0.5-4) | 1.43+0.7 (1-4) 1.8+1.02 (1-9) <0.001

! ! - (range: 0.5-9) I ’ T T '

ICU admission, (days) mean + SD (range) 0.93+1.41 (range: 0-10) | 0.38+0.9 (0-4) | 0.72+1.11(0-5) 1.42+1.7 (1-10) <0.001

Cerebral edema, n (%) 8 (1.87%) 0 1(12.5%) 7 (87.5%) 0.023

Death, n (%) 0 0 0 0

DKA: Diabetic ketoacidosis, ICU: Intensive care unit, SD: Standard deviation

Table lll. Prevalence of cerebral edema according to treatment fluid protocol

Variable Absent CE (n=419) Present CE (n=8) p value

Sex

Male, n (%) 198 (47.25) 6 (75) oIS

Female, n (%) 221(52.74) 2 (25) '

Age, mean * SD 8.09+4.1 9.12+2.64 0.481

Age range

years, n (%) 24 (5.72) 0

1-5 years, n (%) 93 (22.19) 1(12.50) 0782

5-10 years, n (%) 167 (39.85) 4 (50) :

10-18 years, n (%) 135 (32.21) 3(37.5)

New cases of diabetes, n (%) 286 (68.25) 5(62.5) 0.490

Altered mental status, n (%) 46 (10.97) 8 (100) <0.001

BS reduction of more than 100, n (%) 207 (49.40) 5(62.5) 0.354

BS less than 70 (mg/dL), n (%) 48 (11.45) 2 (25) 0.233

Initial insulin (IU/kg/h)

0.01-0.02, n (%) 3(0.71) 0

0.03-0.05, n (%) 88 (21) 0 0.286

0.06-0.08, n (%) 45 (10.73) 0

0.09-0.1, n (%) 283 (67.54) 8 (100)

Na quartile (mmol/L)

110-134, n (%) 174 (41.52) 6 (75)

135-145, n (%) 234 (55.84) 2 (25) 0.163

146-160, n (%) 11(2.62) 0

pH quartile

6.6-7.1, n (%) 82 (19.57) 7 (87.5)

711-7.2, n (%) 114 (27.20) 1(12.5) <0.001

7.21-7.3, n (%) 223 (53.22) 0

HCO, quartile (mmol/L)

14, n (%) 357 (85.20) 8 (100)

5-9, n (%) 47 (1.21) 0 0.501

10-25, n (%) 15 (3.57) 0

Potassium quartile (mmol/L)

1.0-3.5, n (%) 51(12.17) 2(25)

3.6-5.5,n (%) 362 (86.39) 6 (75) 0.524

5.6-15, n (%) 6 (143) 0

CE: Cerebral edema, SD: Standard deviation, BS: Blood sugar, IU: International unit, Na: Sodium, HCOs: Bicarbonate, pH: Potential of hydrogen
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Table IV. Adjusted odds ratios and 95% confidence intervals with significant statistical results (p<0.050) for cerebral edema occurrence
Risk factor OR (95% Cl) p value

New case of type-1 diabetes 0.77 (0.18-3.29) 0.496

Sex 3.34(0.66-16.78) 0115

Age <5-year-old 2.71(0.33-22.28) 0.032

Weight 1.02 (0.97-1.07) 0.381

Insulin 2.02 (0.00-8.21) 0.224

pH 0.001(0.00-0.44) <0.001

HCO, 0.55(0.36-0.83) <0.001

pCO, 0.83(0.78-1.12) 0.980

BS less than 70 mg/dL 0.39 (0.076-1.98) 0.238

Hyponatremia (Na <135 mmol/L) 0.23 (0.05-1.18) 0.063

Hypokalemia (K <3.5 mmol/L) 0.416 (0.08-2.11) 0.261

OR: Odds ratio, Cl: Confidence interval, HCOs: Bicarbonate, pCO,: Partial pressure of carbon dioxide, pH: Potential of hydrogen, BS: Blood sugar

Discussion

As noted, despite extensive research on CE in DKA
patients, the evidence from several domains including
epidemiology and risk factors associated with the incidence
of CEDKA is markedly variable. This variability leads to
challenges in managing this patient group. As of the time
of writing, no specific study had focused on the incidence of
CEDKA in Iran, making this a relatively comprehensive report
on Iranian children with DKA in this field. In the current
study, we investigated the prevalence of CEDKA among
children under 18 years and its association with various risk
factors. We reviewed data from 427 patients with DKA, with
an average age of 8.11 years and a female predominance.
Most of these cases, 291 (67.73%), were of new-onset
diabetes. The severity of DKA was significantly associated
with male gender, age, and weight. In this study, 8 patients
(1.87%) experienced CEDKA; of these, 7 had severe DKA, and
one had moderate DKA. Loss of consciousness, being aged
<5 years, bicarbonate levels and pH levels were significantly
related to CE incidence in this study.

Age is one of the significant factors in DKA occurrence.
The mean age in our study was 8.11 years, consistent with
other findings: Del Pozo et al. (16) reported an average age
of 7.2 years, and Sultana et al. (17) in Pakistan reported 7.86
years. Conversely, an Indian study noted an average DKA
onset age of 9.5 years (18). The average age in another study
in Jordan was reported to be 11.03+3.88 (19). Furthermore,
a Polish investigation demonstrated that children aged 0-2
years had the highest incidence of DKA and that age was
one of the factors linked to DKA (20).

Various rates of new cases of diabetes have been
reported in different articles. Forinstance, 28.7% of patients
newly diagnosed with type-1 diabetes mellitus (TIDM) had
DKA in the study by McKenna et al. (21). In other studies,
with findings similar to ours, Del Pozo et al. (16) and
Aminzadeh et al. (22) reported DKA rates of 67.4% and
67.3% in newly diagnosed patients, respectively. New onset
of TIDM has been highlighted as one of the risk factors
for CEDKA in the literature (23,24); however, our analyses
showed that there was no association between them. A
study by Sultana et al. (17) also reported a 59% rate of new
onset diabetes with no association between the incidence
of new cases of diabetes and CE (p=0.27) (17).

Aligning with our results, Sehgal et al's (25) study
emphasized a positive relation for the age group of younger
than 5 years with CEDKA. Also focusing on the issue of age,
Edge et al. (24) found an average patient age of 8.5 years as
being an independent risk factor.

The prevalence of CEDKA reported in previous studies
varies. For example, in Edge et al's (24) study of 2,940
DKA cases, 34 (1.15%) had CE. Another study reported
prevalence rates of 1.44% (15). Gonzalez Pannia et al. (5)
studied 693 DKA patients aged 1-18 years and found 10
cases of CE. Totally, CE occurs in about 0.3% to 1% of
DKA cases (26). In Iran, no large-scale studies on DKA and
CE in pediatrics have been conducted, so comparisons
are limited. The different prevalence rates across studies
are likely due to heterogeneity in risk factors. Our study
aimed to explore most of these factors, including
demographic, clinical, and laboratory data. Additionally,
as an academic referral center, we see the most complex
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cases from across the country, which may have influenced
our findings.

The acidosis mechanisms proposed include hypercapnia
caused by metabolic acidosis, leading to vasoconstriction,
dehydration, reduced cerebral blood flow, and cytotoxic
edema, as well as reperfusion injury and vasogenic edema
during rehydration (27,28). Laboratory studies support these
mechanisms, showing that hypoperfusion and reperfusion
during DKA treatment can alter diffusion-weighted imaging
(DWI) in magnetic resonance imaging (MRI), indicating
vasogenic edema (29). DWI-MRI changes related to
vasogenic edema have been observed in children with DKA,
supporting the concept of reperfusion injury.

In our study, pH (OR: 0.001, 95% Cl: 0.00-0.44) and HCO,
(OR: 0.55, 95% Cl: 0.36-0.83) were associated with increased
CEDKA risk. All patients with CEDKA had bicarbonate levels
between 1-4 mmol/dL. A body of literature has reported a
similar relation between acidosis and CEDKA. For instance,
Yaneva et al. (30) studied 256 children with DKA and
found a direct relationship between acidosis severity and
CE, although their reported prevalence was 8.6%, higher
than most other studies, with unclear reasons. Also, their
research showed that the severity of DKA was significantly
associated with low bicarbonate levels and with higher
initial blood glucose (30). Kumar et al. (31) reported that
CEDKA was significantly associated with pH and bicarbonate
levels. Prior studies, such as Marcin et al. (32), found that
the severity of neurological complications was related to
low bicarbonate levels, and other factors, such as low pCO,
(<22 mmol/dL), influenced outcomes. Glaser et al. (33)
also reported similar findings in 2001 with 6,977 children:
0.9% experienced CE, and factors such as high initial
nitrogen, low pCO,, and bicarbonate therapy were related
to CEDKA. Regarding fluid therapy, our analyses showed
no significant relationship between therapy duration and
CEDKA occurrence, consistent with the studies by Kadhim
(28) and Lam et al. (29), which also found no significant link.

While hypoperfusion and cerebral ischemia are
considered primary mechanisms for CE, the precise
pathogenesis remains unclear. The roles of fluid therapy
and osmotic shifts have been investigated with conflicting
results. Some studies, such as Glaser et al. (34) in 2008,
suggest that osmotic changes contribute to CE, whereas
others highlight widespread osmolality alterations in
DKA patients (35), with hyperosmolar states leading to
CEDKA (36). Rapid and precise fluid management is crucial,
yet no comprehensive protocol exists, as fluid therapy
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varies in type, tonicity, dose, and duration across studies,
complicating the assessment of osmolality and volume
effects in these patients (37).

There is a strong link between CE and ICU admission in
DKA patients (p<0.001). Patients who present with severe
metabolic disturbances, dehydration, and altered mental
status require ICU care. Other studies have emphasized that
CEDKA patients require longer hospital stays (31,38).

Study Limitations

For the first time in Iran, we investigated the prevalence
of CE in a relatively large-scale cohort of children with DKA.
In this study, a relatively large number of risk factors for CE,
including low sodium levels, acidosis, low bicarbonate levels,
and serum urea nitrogen concentrations, were examined.
Among the limitations of our study, firstly, we could
not establish a cause-and-effect relationship or analyze
changes over time due to this study’s cross-sectional design.
Additionally, the lack of a control group limited the ability
to better compare results, and the single-center population
prevented us from exploring the effects of different protocols
and patient demographics on the occurrence of CE.

Conclusion

The predominance of CE is higher in severe DKA patients.
In this study, pH levels and bicarbonate levels had an
independent and significant relationship with the incidence
of CE. Conducting large-scale epidemiologic and multicenter
studies may shed further light on this field, as well as help
in developing a comprehensive treatment protocol for fluid
therapy and determining the exact prevalence of CE and
other complications of DKA.
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ABSTRACT

Aim: To compare virus-specific clinical patterns predictive of early hospitalization within 7 days following emergency department (ED) discharge
among children with polymerase chain reaction (PCR)-confirmed coronavirus disease-2019 (COVID-19), respiratory syncytial virus (RSV), and
influenza.

Materials and Methods: This retrospective cohort study included children aged 0-18 years with PCR-confirmed COVID-19, RSV, or influenza who
presented to the pediatric ED of a tertiary-care university hospital between January, 2020 and December, 2024 and who were initially discharged
at the index visit. The primary outcome was hospitalization within 7 days following ED discharge. Multivariable logistic regression models were
constructed separately for each viral etiology in order to identify virus-specific predictors of early hospitalization within 7 days.

Results: Among the 6,700 children included, hospitalization within 7 days occurred in 7.8% of COVID-19 cases, 9.0% of RSV cases, and 7.0%
of influenza cases. In the COVID-19 cases, C-reactive protein >33 mg/L [adjusted odds ratio (aOR) 2.8, 95% confidence interval (Cl): 1.7-4.3]
and persistent fever longer than 3 days (aOR 3.2, 95% Cl: 1.9-4.9) were independently associated with early hospitalizations. In the RSV
cases, respiratory distress was the strongest predictor (aOR 3.7, 95% Cl: 2.2-5.9). In the influenza cases, persistent systemic symptoms were
independently associated with hospitalizations (aOR 3.1, 95% Cl: 1.8-4.7).

Conclusion: Early hospitalization following ED discharge shows distinct clinical patterns across viral etiologies in children. Incorporating etiology-
informed, readily available clinical features at ED presentation into discharge planning may improve the safety of outpatient management and
support targeted early follow-up.

Keywords: Respiratory viral infections, early hospitalization, children, emergency department, risk factors, COVID-19, respiratory syncytial virus,
influenza

Introduction

Respiratory viral infections are one of the leading causes
of emergency department (ED) visits and hospitalizations
among children worldwide (1,2). In the post-pandemic era,
coronavirus disease-2019 (COVID-19), respiratory syncytial
virus (RSV), and influenza represent the most common

causes of pediatric respiratory viral illnesses. Although
these infections often present with overlapping clinical
features at initial evaluation, recent evidence demonstrates
that their early clinical trajectories differ substantially (3-5).

Unplanned revisits or hospitalizations shortly after ED
discharge have emerged as a marker of suboptimal early
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etiology-specificrisk assessment rather than disease severity
alone. Population-based data have demonstrated that the
timing and location of pediatric ED revisits vary substantially,
with the majority occurring within the first 72 hours and
frequently at institutions different from the index visit (6).
Moreover, critical revisits [those resulting in intensive care
unit (ICU) admission or death] disproportionately affect
children who received respiratory diagnoses at the index
visit (7). Although earlier studies have identified predictors
of return visits in pediatric emergency populations (8,9),
the first week following the initial presentation represents
a clinically vulnerable period during which subtle clinical
deterioration may emerge, particularly in those children
initially classified as having a mild disease.

Pediatric COVID-19 has been associated with systemic
inflammatory responses and prolonged fever, even in
the absence of significant respiratory involvement (10-
12). Emerging post-pandemic data from large electronic
health record cohorts have further characterized the acute
and post-acute clinical burden of severe acute respiratory
syndrome-coronavirus-2  (SARS-CoV-2) infection in
children, confirming that illness severity and younger age
are associated with higher risks of complications (13). By
contrast, RSV-related deterioration is largely driven by host-
virus interaction at the airway level, resulting in progressive
lower respiratory tract involvement, particularly in young
infants (14,15). Influenza shows an intermediate clinical
pattern, with persistent systemic symptoms frequently
leading to repeat healthcare visits rather than hypoxemia
(16-18).

However, most of the existing studies evaluate these
viral infections in isolation and are often limited to single-
center cohorts, thus limiting direct comparison. The 2022
simultaneous respiratory viral surge highlighted the clinical
and operational challenges of concurrent pediatric viral
epidemics in emergency settings (19). Consequently, early
post-discharge risk assessment is frequently extrapolated
across viral etiologies, despite the limited evidence
supporting the validity of a uniform approach. In order to
address this gap, we conducted a retrospective cohort study
to compare virus-specific clinical patterns predictive of early
hospitalizations within a standardized 7-day timeframe
among children with COVID-19, RSV, and influenza.

Materials and Methods

Ethical Considerations

This study was approved by the istanbul Medipol
University Non-Interventional Clinical Research Ethics
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Committee (approval no.: E-10840098-202.3.02-8228, date:
04.12.2025) and conducted in accordance with the principles
of the Declaration of Helsinki.

Study Design and Setting

This retrospective cohort study included children aged
0-18 years with polymerase chain reaction (PCR)-confirmed
COVID-19, RSV, or influenza who presented to a pediatric ED
between January 2020 and December 2024. This study was
conducted at a tertiary-care university hospital complex.
Although data were obtained from two hospital campuses,
both are affiliated to the same academic institution, share
unified clinical protocols, and were therefore analyzed
as a single-institution cohort. Discharge decisions were
based on institutional pediatric ED protocols including
clinical stability, oxygen saturation, oral intake adequacy,
and physician assessment.

Participants

Children with PCR-confirmed COVID-19, RSV, or influenza
who were initially discharged from the ED at the index visit
were eligible for inclusion. Only the first presentation per
infection episode was analyzed; a new infection episode
was defined as an acute respiratory illness with PCR-
confirmed viral detection occurring at least 14 days after a
prior confirmed episode. Those patients who were admitted
at the initial visit, transferred to another facility, or had
incomplete outcome data were excluded. A total of 8,942
children with PCR-confirmed COVID-19, RSV, or influenza
were identified during the study period. Of these, 1,204
were admitted at the initial visit, 386 were transferred to
another facility, 491 had incomplete follow-up data, and 161
(1.8%) had multiple simultaneous viral detections, yielding
a final analytic cohort of 6,700 children (Supplementary
Figure 1). Those children with a simultaneous detection of
more than one respiratory viral pathogen were excluded
from the primary analysis in order to ensure that clinical
patterns could be attributed to a single viral etiology. The
patient selection process is summarized in a flow diagram
(Supplementary Figure 1).

Data Collection

Demographic characteristics, comorbidities, and acute
clinical findings assessed during the index ED visit, including
fever duration, respiratory distress, oxygen saturation, and
feeding difficulties, were extracted from the electronic
medical records. Respiratory distress was defined as the
presence of tachypnea (based on age-adjusted thresholds),
subcostal orintercostal retractions, nasal flaring, or the use
of the accessory muscles of breathing. Feeding difficulties
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were defined as documented oral intake of less than
50% of the usual intake at the time of ED assessment.
Laboratory parameters, including C-reactive protein (CRP),
were recorded where available. Systemic symptoms were
defined as a composite variable reflecting the presence of
at least one of the following at the index ED visit: persistent
fever longer than 48 hours, myalgia, severe headache,
marked malaise, or the documented need for repeated
antipyretic use. Fever duration longer than 3 days was
additionally analyzed as a separate standalone predictor
variable, distinct from the composite systemic symptom
definition.

CRP testing was not protocolized and was performed at
the discretion of the treating emergency physician. Missing
data were handled using complete-case analysis, and the
proportion of missing laboratory data reflected routine
physician-directed testing rather than a protocolized
assessment. This pragmatic approach reflects real-world
clinical practice and enhances the external validity of CRP-
based findings, although it introduces the possibility of
indication bias in CRP measurements. CRP-tested and non-
tested patients were not found to differ systematically
in baseline clinical severity, as assessed by the attending
physician’s documented rationale; however, formal
propensity adjustment was not performed.

Outcome Definition

The primary outcome was hospitalization within 7 days
following the initial ED discharge. The 7-day timeframe
was selected a priori in order to capture early post-
discharge clinical deterioration most plausibly related
to ED disposition decisions, rather than later disease
progression or unrelated healthcare utilization. This 7-day
interval has been commonly used in pediatric emergency
medicine studies evaluating early revisit and hospitalization
outcomes (6-9). Hospitalizations were considered
outcome events only when clinically related to the index
viral respiratory illness based on the discharge diagnosis
documentation in the electronic health record. Outcome
attribution was determined by a structured review of the
discharge diagnostic codes in the institutional EHR; no
external adjudication panel was used, and those cases
with ambiguous diagnostic coding were reviewed by a
senior clinician in order to confirm relatedness to the index
viral illness. Outcome data were ascertained through the
integrated institutional electronic health record system,
which covers all hospital campuses and affiliated units
within the university network.

Statistical Analysis

Multivariable logistic regression models were
constructed separately for each viral etiology in order to
identify virus-specific predictors of early hospitalizations.
All models were adjusted for age, sex, and comorbidity
status. Age-stratified analyses (<2 years vs. >2 years) were
performed. The CRP cut-off value of 33 mg/L was determined
using receiver operating characteristic curve analysis within
the COVID-19 cohort [area under the curve (AUC) 0.73, 95%
confidence interval (Cl): 0.70-0.76]. Model discrimination
was assessed using the AUC separately for each viral
cohort: the COVID-19 model demonstrated acceptable
performance (AUC 0.73, 95% Cl: 0.70-0.76), the RSV model
showed acceptable performance (AUC 0.76, 95% Cl: 0.73-
0.79), and the influenza model showed acceptable-to-good
performance (AUC 0.79, 95% Cl: 0.76-0.82). These values are
consistent with the exploratory nature of the analysis and
the inherent heterogeneity of clinical presentations across
viral etiologies. Sensitivity analyses restricted to patients
with available CRP measurements demonstrated similar
direction and magnitude of associations. All statistical
analyses were performed using SPSS Statistics version 26.0
(IBM Corp., Armonk, NY, USA). A two-sided p value <0.05
was considered statistically significant. Age was evaluated
both as a continuous variable and as a dichotomized
variable (age <2 years versus >2 years) in order to better
capture clinically relevant pediatric risk stratification; the
dichotomized parameterization was retained in the final
models as it reflected a clinically meaningful threshold
established in the pediatric respiratory illness literature and
was consistent with the age-related vulnerability patterns
observed across viral etiologies. Given the exploratory
nature of the analysis with separate models for each viral
etiology, no formal correction for multiple comparisons was
applied; the results should be interpreted as hypothesis-
generating and individual associations should be considered
in conjunction with their effect sizes and Cls rather than
for the p-values alone. The number of outcome events per
viral cohort (COVID-19, n=156; RSV, n=198; influenza, n=175)
satisfied recommended events-per-variable assumptions
for stable multivariable logistic regression estimation.

Results

Study Population

A total of 6,700 children with PCR-confirmed viral
respiratory infections were included in the final analysis
(COVID-19, n=2,000; RSV, n=2,200; influenza, n=2,500).
All patients were discharged from the ED at the index visit.
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Baseline demographic and clinical characteristics varied
across the viral etiologies, particularly with respect to
age distribution, fever prevalence, and respiratory findings
(Table I).

Primary Outcome

Hospitalization within 7 days following ED discharge
occurred in 156 of the 2,000 children with COVID-19
(7.8%), 198 of the 2,200 children with RSV (9.0%), and 175
of the 2,500 children with influenza (7.0%). Early post-
discharge hospitalization rates differed across the viral
etiologies despite similar discharge decisions at the index
ED visit.

Clinical and Laboratory Characteristics

The clinical and laboratory features of children with
and without hospitalization within 7 days are compared
in Table II. In the COVID-19 cohort, those children who
were hospitalized within 7 days more frequently had
prolonged fever and elevated inflammatory markers at
the index ED visit. CRP measurements were available in
68% of COVID-19, 52% of RSV, and 61% of influenza cases,
reflecting routine physician-directed testing; higher CRP
values were associated with an increased likelihood of early
hospitalization.

In the RSV cohort, early hospitalization was
predominantly associated with respiratory findings.
Those children who were hospitalized within 7 days more
commonly presented with respiratory distress and oxygen
desaturation at the index ED visit, consistent with lower
airway involvement following discharge.

By contrast, respiratory compromise was less commonly
observed as a driver of early hospitalizations in influenza.
Instead, persistent systemic symptoms, including prolonged
fever, marked malaise, and myalgia, were more commonly
observed among those children who were hospitalized
shortly after discharge.

Multivariable Analyses

In multivariable logistic regression analyses adjusted
for age, sex, and comorbidity status, distinct virus-specific
predictors of early hospitalization were identified (Table IIl).
All models additionally included fever duration, respiratory
distress, SpO,, feeding difficulties, and systemic symptoms
as candidate variables. In the cases of COVID-19, CRP =33
mg/L [adjusted odds ratio (aOR) 2.8, 95% Cl: 1.7-4.3] and
persistent fever longer than 3 days (aOR 3.2, 95% Cl: 1.9-4.9)
were independently associated with hospitalization within
7 days. In the RSV cases, respiratory distress emerged as
the strongest independent predictor (aOR 3.7, 95% Cl: 2.2-
5.9). In the influenza patients, the presence of persistent
systemic symptoms was independently associated with
early hospitalization (aOR 3.1, 95% Cl: 1.8-4.7). Age-
stratified analyses demonstrated that these virus-specific
associations were consistent across those children younger
than 2 years and those aged 2 years or older (data not
shown). These associations remained significant after
adjustment for age.

A summary of virus-specific predictors of early
hospitalization is presented in Figure 1, illustrating the
distinct clinical pathways leading to early post-discharge
deterioration across viral etiologies.

Table I. Baseline characteristics of children by viral etiology

Characteristic COVID-19 (n=2,000) | RSV (n=2,200) Influenza (n=2,500) p value
Age, months, median (IQR) 36 (18-72) 8 (3-18) 48 (24-96) <0.001
Age <2 years, n (%) 580 (29.0) 1,540 (70.0) 375 (15.0) <0.001
Male, n (%) 1,060 (53.0) 1,232 (56.0) 1,275 (51.0) 0.28
Comorbidity, n (%) 240 (12.0) 264 (12.0) 325 (13.0) 0.52
Fever at index visit, n (%) 1,600 (80.0) 1,320 (60.0) 2,125 (85.0) <0.001
Respiratory distress, n (%) 200 (10.0) 660 (30.0) 250 (10.0) <0.001
SpO, <94%, n (%) 80 (4.0) 286 (13.0) 100 (4.0) <0.001
Feeding difficulty, n (%) 140 (7.0) 528 (24.0) 175 (7.0) <0.001
CRP, mg/L, median (IQR)* 12 (5-28) 8 (3-18) 10 (4-22) 0.003

*CRP available in 68% of COVID-19, 52% of RSV, and 61% of influenza cases. Group comparisons were performed using the Kruskal-Wallis test for continuous variables
and the chi-square test for categorical variables. Statistically significant overall p values (p<0.05) indicate differences across at least one pair of viral groups; post-hoc
pairwise comparisons confirmed significant differences between all three groups for age, fever, respiratory distress, SpO,, feeding difficulties, and CRP (all p<0.05 after

Bonferroni correction)

COVID-19: Coronavirus disease-2019, IQR: Interquartile range, SpO,: Peripheral oxygen saturation, CRP: C-reactive protein, RSV: Respiratory syncytial virus
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Table Il. Clinical characteristics of children with and without hospitalization within 7 days, by viral etiology

COVID-19 RSV Influenza
Hospitalized | No Hosp. Hospitalized No Hosp. Hospitalized No Hosp.
(n=156) (n=1,844) (n=198) (n=2,002) (n=175) (n=2,325)
Fever >3 days, % 58.3 221 31.8 18.4 48.6 21.3
Resp. distress, % 18.6 9.1 52.5 274 14.3 9.4
SpO, <94%, % 8.3 3.6 253 1.6 74 3.7
CRP =33 mg/L, %* 423 14.8 18.2 12.1 22.9 13.5
Systemic sx, % 359 18.2 20.7 14.3 543 22.6
Feeding diff., % 14.7 6.3 38.9 22.1 12.0 6.5
Comorbidity, % 19.9 11 7.7 1.4 20.6 12.3

Hospitalized: hospitalized within 7 days. *Among patients with available CRP measurements. All within-etiology comparisons p<0.05
COVID-19: Coronavirus disease-2019, SpO,: Peripheral oxygen saturation, CRP: C-reactive protein, RSV: Respiratory syncytial virus

Table IIl. Multivariable predictors of hospitalization within 7 days after emergency department discharge, by viral etiology

Viral etiology Predictor aOR (95% ClI) p value
CRP =33 mg/L 2.8 (1.7-4.3) <0.001
COVID-19 Persistent fever >3 days 3.2(1.9-4.9) <0.001
Age <2 years 1.6 (1.1-2.4) 0.02
Respiratory distress 3.7 (2.2-5.9) <0.001
RSV SpO, <94% 2.4 (1.5-3.8) <0.001
Age <2 years 21(1.3-3.5) 0.004
Persistent systemic symptoms 3.1(1.8-4.7) <0.001
Influenza Prolonged fever >3 days 21(1.3-3.4) 0.003
Comorbidity 1.8 (11-2.9) 0.02

All models adjusted for age, sex, and comorbidity status

COVID-19: Coronavirus disease-2019, SpO,: Peripheral oxygen saturation, CRP: C-reactive protein, RSV: Respiratory syncytial virus, aOR: Adjusted odds ratio, Cl:

Confidence interval
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Virus-specific Predictors of Early Hospitalization
Within 7 Days After ED Discharge

COVID-19 E
CRP =33 mg/L > 2.8 (1.7-4.3)
i
1
Persistent fever >3 days | < 3.2 (1.9-4.9)

1

RSV i

Respiratory distress i <> 3.7 (2.2-5.9)
]
Oxygen desaturation E 2.4 (1.5-3.8)

Influenza i

Persistent systemic symptoms i <> 3.1(1.8-4.7)
]

Prolonged fever | & 2.1(1.3-3.4) B COVID-19
i Il RSV
: B Influenza
+ Decreased risk} Increased risk =
-2 0 2 4 6 8

Adjusted Odds Ratio (95% CI)

Figure 1. Virus-specific clinical predictors of early hospitalization within 7 days after emergency department discharge in children. Adjusted odds ratios
with 95% confidence intervals from separate multivariable logistic regression models adjusted for age, sex, and comorbidity status
COVID-19: Coronavirus disease-2019, RSV: Respiratory syncytial virus, Cl: Confidence interval, ED: Emergency department, CRP: C-reactive protein

Discussion

This retrospective cohort study demonstrates that early
hospitalization following ED discharge reflects distinct,
virus-specific clinical deterioration patterns in children
with viral respiratory infections. Although the outcome
(hospitalization within 7 days) is shared across etiologies,
the clinical drivers of early deterioration differ substantially.
In a large multi-state population-based analysis, critical
ED revisits in children, defined as those resulting in ICU
admission or death, were disproportionately associated
with respiratory diagnoses at the index visit (7).

In pediatric COVID-19 cases, early hospitalization was
primarily associated with systemic inflammatory features
and prolonged fever rather than respiratory compromise,
supporting prior observations that host inflammatory
response plays a central role in early disease progression
(10-12). Data from the RECOVER consortium have further
demonstrated that illness severity is an important
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determinant of post-acute complications in children with
SARS-CoV-2, reinforcing the relevance of inflammatory
markers at early clinical encounters (13). While these studies
did not directly evaluate post-discharge outcomes, the
association between CRP elevation and clinical severity
supports the biological plausibility of CRP as a possible
indicator of early deterioration risk in febrile children being
considered for ED discharge. It should be noted, however,
that CRP was measured in only a subset of our patients
(68% of COVID-19 cases) and was subject to indication
bias; accordingly, the role of CRP as a predictive marker
should be interpreted with caution and requires prospective
validation before informing routine clinical practice.
Sensitivity analyses restricted to patients with available
CRP measurements demonstrated similar direction and
magnitude of associations, partially mitigating but not fully
excluding the influence of indication bias.

By contrast, RSV-related early deterioration was
dominated by respiratory distress and hypoxemia,
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consistent with classical bronchiolitis phenotypes described
in contemporary cohorts (14,15). This finding underscores
the well-established pattern of progressive lower airway
obstruction which may not be fully apparent at the initial
ED presentation, particularly in young infants. Although age
was evaluated both as a continuous and as a dichotomized
variable (<2 years) in our multivariable models, the clinical
risk associated with age in RSV is not linear even within this
youngest group; infants younger than 6 months represent
a distinctly vulnerable subgroup in whom even mild
respiratory distress at ED presentation may herald rapid
deterioration, a pattern well-recognized in the bronchiolitis
literature. Clinicians should exercise heightened caution
when considering discharge in this youngest age group, even
when initial oxygen saturation remains above threshold
values.

Influenza exhibited an intermediate pattern, with
persistent systemic symptoms rather than progressive
respiratory failure driving early hospitalizations (16-18).
This observation has practical implications for ED discharge
counseling, as families may underestimate the significance
of persistent constitutional symptoms in the absence of
overt respiratory distress.

Our findings are particularly relevant in the context
of the post-pandemic respiratory viral landscape. The
2022 simultaneous respiratory viral surge demonstrated
that pediatric ED systems face substantial operational
strain during concurrent epidemics, with increased visit
volumes associated with higher revisit rates across diverse
emergency settings (19). These observations collectively
support the need for virus-specific, rather than uniform,
approaches to ED discharge risk assessment in the current
epidemiological era. The independent association between
elevated CRP and early hospitalizations in our cohort is
consistent with observations from pooled laboratory
analyses demonstrating that elevated inflammatory
markers are characteristic of more severe pediatric COVID-
19 presentations (20,21). The identification of respiratory
distress as the strongest predictor of early hospitalization
in the RSV cohort reinforces current recommendations for
close respiratory monitoring following discharge, especially
during the first 48-72 hours (22,23). These findings support
the notion that early post-discharge vigilance in children
with influenza should prioritize the monitoring of systemic
symptom persistence rather than focusing exclusively on
respiratory parameters (24). Post-pandemic surveillance
data have further demonstrated a substantial surge in
RSV-related hospitalizations and respiratory support

requirements, with older children and those with fewer
comorbidities disproportionately affected during the 2022-
2023 season (25,26). Recent surveillance data from the
COVID-19-Associated Hospitalization Surveillance Network
similarly identified chronic comorbidities and younger age
as key determinants of severe disease among children
hospitalized with COVID-19 during 2022-2024, underscoring
the continuing clinical relevance of these risk factors in the
post-pandemic era (27).

Importantly, the objective of this study was not to derive
orvalidate a clinical risk score, but rather to identify clinically
observable, etiology-specific warning patterns relevant to
early post-discharge vigilance and ED disposition decisions.
The distinct predictor profiles identified across the three
viral etiologies suggest that a one-size-fits-all approach
to discharge risk assessment may be suboptimal and that
virus-specific clinical trajectories should be considered
when counseling families at the time of ED discharge. This
study was designed as an exploratory etiologic analysis
rather than a derivation of clinical prediction rules, and the
findings are intended to generate hypotheses for future
prospective validation studies. The selected outcome,
namely hospitalization within 7 days restricted to the index
viralillness, reflects clinically meaningful early deterioration
directly relevant to ED disposition quality, rather than
incidental or unrelated healthcare utilization.

Clinical Implications

These findings have direct and practical implications
for ED discharge planning. In pediatric COVID-19 cases,
discharge counseling should emphasize close monitoring of
fever trajectory, as prolonged fever emerged as a key marker
of early post-discharge deterioration. CRP measurement,
when obtained during routine ED evaluation, may provide
additional risk stratification for febrile children being
considered for discharge.

For RSV cases, respiratory monitoring remains
paramount, particularly in young infants. Families should
be specifically educated about early warning signs of
progressive respiratory distress, including increased work
in breathing, feeding difficulties, and changes in respiratory
rate or effort, even when initial oxygen saturation appears
acceptable at the time of discharge.

In children with influenza, symptoms such as severe
myalgia, marked malaise, or sustained fever may warrant
re-evaluation after discharge, even in the absence of overt
respiratory deterioration.
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These virus-specific clinical patterns may inform more
tailored post-discharge follow-up strategies in routine
pediatric emergency care.

Study Limitations

This study had limitations inherent to its retrospective
design, including potential selection bias and residual
confounding. Laboratory testing was performed at physician
discretion rather than protocolized assessment. Virological
data such as viral load or genomic characterization were
unavailable. This study was limited to a single academic
institution, which may restrict its generalizability to
community-based pediatric emergency settings. Although
the cohort was derived from tertiary-care EDs, the reliance
on routinely collected clinical variables enhances the
applicability of the findings to similar pediatric emergency
care settings. The findings should be interpreted as
hypothesis-generating and therefore require prospective
validation. Furthermore, hospitalization outcomes may
partially reflect physician decision-making variability
inherent to real-world emergency care rather than clinical
deterioration alone. The COVID-19 cohort spans the entire
pandemic period (2020-2024), encompassing multiple
SARS-CoV-2 variants with potentially different clinical
profiles in children; variant-level subgroup analysis was not
feasible due to the absence of routine genomic surveillance
data, and temporal changes in clinical severity across variant
waves should be considered when interpreting COVID-
19-specific findings. Additionally, inter-campus variability
in physician practices or admission thresholds was not
formally assessed; although both campuses share unified
institutional protocols, unmeasured differences cannot be
entirely excluded and should be considered as a potential
source of heterogeneity. Standardized discharge criteria or
formal scoring systems were not used; discharge decisions
were based on clinician assessment, which may introduce
variability. With respect to outcome ascertainment,
hospitalizations occurring at non-affiliated community
hospitals within the 7-day follow-up period may not have
been captured by the institutional EHR system. Although
this institution serves as the primary regional referral center,
a proportion of admissions to outside facilities could have
been missed, and the hospitalization rates reported in this
study should therefore be interpreted as a representative
assessment rather than an exhaustive enumeration of all
post-discharge events.
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Conclusion

Early hospitalization within 7 days following ED
discharge is associated with distinct clinical patterns
across viral etiologies in those children with respiratory
viral infections. COVID-19-related deterioration is driven
by systemic inflammation and prolonged fever, RSV by
progressive respiratory distress, and influenza by persistent
systemic symptoms. Incorporating etiology-informed,
readily available clinical features at ED presentation into
discharge planning may inform outpatient management
strategies and improve post-discharge vigilance.
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Paediatric Neurosurgical Population: A Retrospective
Study

® Francisco Barros!, ® Catarina Chaves’, ® Patricia Santos?, ® Helder Pereira?, ® Joana Garcia Azevedo'

TUnidade Local de Saude de S&o Jodo, Department of Anaesthesiology, Porto, Portugal
2University of Porto Faculty of Medicine, Department of Surgery and Physiology, Porto, Portugal

ABSTRACT

Aim: Central venous catheters (CVCs) are frequently used in paediatric neurosurgical procedures but are also associated with potentially
serious complications. Sometimes, these complications are life-threatening or require the premature removal of the CVC, which may impair
medical care. The aim of this study was to evaluate the incidence and characteristics of CVC-related complications in a paediatric neurosurgical
population and to identify factors associated with their occurrence.

Materials and Methods: \We conducted a retrospective observational study including children who underwent neurosurgical procedures under
general anaesthesia with intraoperative CVC placement at a single tertiary hospital between January 2017 and January 2022. Demographic data,
clinical characteristics, catheter-related variables, and complications were collected from the electronic medical records. Complications were
classified as either immediate or delayed. Associations between patient- and procedure-related factors and the occurrence of complications
were analysed using appropriate statistical tests.

Results: A total of 193 paediatric patients were included in the final analysis. The median age of the patients was 81.8 months. Overall, CVC-
related complications occurred in 24 patients (12.4%). Delayed complications accounted for the majority of events (91.7%), with device
dysfunction being the most frequent complication. Immediate complications were rare (8.3%). An American Society of Anesthesiologists
Physical Status (ASA-PS) classification of 3 was significantly associated with a higher incidence of complications (p=0.038). No significant
associations were found between complications and patient age, sex, catheter location, ultrasound guidance, or intraoperative blood product
transfusion.

Conclusion: In this paediatric neurosurgical cohort, CVC-related complications occurred in 12.4% of patients and were predominantly delayed,
with device dysfunction being the most common event. Higher ASA-PS was the only factor associated with increased complication risks.
These findings highlight the importance of careful postoperative catheter management and the necessity of ongoing CVC assessment in this
vulnerable population.
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Introduction

The insertion of a central venous catheter (CVC) is
frequently necessary in surgical settings, particularly in
paediatric neurosurgical procedures. Approximately 25%
of hospitalized children receive a central venous access
device (CVAD) for medical reasons (1), as it provides durable
and atraumatic venous access for blood sampling and for
the safe administration of cytotoxic drugs, intravenous
drugs, blood components, and parenteral nutrition (2).
Approximately five million CVCs are placed annually in the
United States, in the paediatric population (3). Nevertheless,
the placement of a CVCis not without risk and CVAD failure
prior to treatment completion remains high (20-25%) due
to mechanical, infectious, and vascular complications (4,5).

Children with CVADs are already vulnerable to
complications and disability due to their underlying
health conditions. This vulnerability is worsened by the
risk of adverse events associated with the insertion and
management of CVADs (6,7). The complications associated
with indwelling CVCs may be immediate or delayed (8).
Immediate complications are related to the technique at
the time of the insertion procedure and include vascular
injuries (injury, bleeding, and/or hematoma), pulmonary
complications (pneumothorax, pneumomediastinum,
chylothorax, tracheal injury, recurrent laryngeal nerve injury
and/or airembolism) and cardiac complications (arrhythmia
and/or cardiac arrest) (8). Ultrasound has significantly
reduced the incidence of immediate complications from
rates previously as high as 11.8% to between 4 and 7%
(9,10). Delayed complications include device dysfunction
and infection (8). Device dysfunction may be caused by
fibrin sheath formation, fracture, thrombosis, central
venous stenosis, or infection (8). Subclavian CVCs have
been reported to have the lowest rate of thrombosis (11,12),
whereas femoral lines have the highest rate of thrombosis
(1). Infection is a serious delayed complication associated
with central venous access which can lead to sepsis, shock,
and even death (8). Catheter infection sources include
contamination from skin flora, contamination from infused
substance, or from hematogenous spread from an unrelated
site (13). In some circumstances, these complications are
life-threatening or require the premature removal of the
CVC, which may result in the inability to receive prescribed
medications, fluids, or nutrition (14-17).

In our centre, the placement of CVCs in the paediatric
neurosurgical population is relatively common and only
performed by anaesthesiologists. The aim of this study
was to evaluate CVC-related complications in a paediatric

neurosurgical population of a single tertiary hospital centre,
between 2017 and 2022, and to identify any possible risk
factors related to these complications.

Materials and Methods

Ethical Considerations

Ethical approval for this study was obtained from the
Ethics Committee of Centro Hospitalar Universitario de Sao
Jodo (CHUS)), Porto, Portugal (approval no.: 181/2022, date:
07.09.2022). This study was conducted in accordance with
the Declaration of Helsinki and all collected data were saved
anonymously.

Study Design

Our initial population consisted of all children who
had undergone neurosurgical procedures under general
anaesthesia in our hospital’s Neurosurgical Department,
between January 2017 and January 2022. A total of 202
children with a record of a CVC placed in the operating room
were identified.

The only exclusion criteria were incomplete records
concerning the CVC (date, duration, site of placement or
complications). Nine children were excluded due to missing
data concerning their catheter location.

Obtaining Data and Definitions

Data were obtained by assessing and consulting the
electronic medical records of all of the children in our
sample. The collected data included sex, age, weight,
American Society of Anesthesiologists Physical Status
(ASA-PS), neurosurgical diagnosis, neurosurgical procedure,
thrombotic risk (Caprini score), the presence of a previous
CVC, CVClength and calibre, CVClocation, the total number
of insertion attempts, ultrasonographic technique usage,
administration of tranexamic acid, hypertonic solutions or
blood products and CVC-related complications.

Data regarding coagulation status, including platelet
count and the presence of coagulopathy, were collected
retrospectively when available. However, documentation
was incomplete for a substantial proportion of the patients,
precluding robust statistical analysis of these variables.
Similarly, information regarding catheter length, calibre,
and dwell time was inconsistently recorded, particularly in
the earlier years of the study period.

Statistical Analysis

A descriptive analysis of the variables was performed
in order to summarize the data. Dichotomous categorical
variables are presented as relative or absolute frequencies.
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Complications were evaluated as a dichotomous variable
(the presence or absence of complications). In order to
compare categorical variables, the chi-square or Fisher’s
exact test were performed. Differences were considered
statistically significant when p<0.05. Statistical analysis
was performed using the Statistical Package for Social
Sciences version 27.0.

Results

Demographics Characteristics and CVC Locations

From a total of 202 paediatric patients enrolled, 115 were
male (56.9%) and 87 were female (43.1%). Nine patients
(4.4%) had missing data concerning their CVC location
(and so were excluded from posterior statistical analysis),
resulting in a sample of 193 children.

Table I shows the study’s final population characteristics.
The patients’ ages ranged between 27 days and 17 years old,
with a median age of 81.8 months (standard deviation +
68.4). Of the 193 children, 62 were younger than one vyear,

Table I. Final population patient characteristics (n=193)

Variable Total
Sex

Male (%) 111 (57.5)
Female (%) 82 (42.5)
Mean age (months) 81.8+68.4
ASA Physical Status

1 (%) 51(26.4)
11 (%) 66 (34.2)
1l (%) 57 (29.5)
IV (%) 14 (7.3)
V (%) 5(2.6)
Neurosurgical diagnosis

Oncological (%) 112 (58)
Non-oncological (%) 81(42)
CVC location

Internal jugular vein (%) 82 (42.5)
Femoral vein (%) 70 (36.3)
Subclavian vein (%) 41(21.2)
CVC complication

Yes (%) 24 (12.4)
No (%) 169 (87.6)
Delayed (%) 22 (91.7)
Immediate (%) 2(8.3)
Device disfunction (%) 13 (54.1)
Infection/Inflammatory (%) 8(33.3)
Thrombosis (%) 1(4.2)
Haemorrhagic (%) 1(4.2)
Mixed (T + 1) (%) 1(4.2)

Data presented as n (%) or mean + standard deviation
ASA: American Society of Anaesthesiology, CVC: Central venous catheter, I:

Infection, T: Thrombosis
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21 were between one and three years old (11%), 49 were
between three and 10 years old (25%) and 61 were older
than 10 years old (32%). Most children were classified as
ASA-PS 2 (n=66; 34.2%) and had oncologic neurosurgical
diagnoses (n=112; 58%). Most catheters were inserted into
the internal jugular vein (n=82; 42.5%).

Complications

As shown in Table |, in total, 24 complications were
observed, accounting for 12.4% of all patients. Delayed
complications (n=22; 91.7%) were far more frequent
than immediate complications (n=2; 8.3%) and multi-
cause device disfunction accounted for more than half of
the complications (n=13; 54.1%). No more than a single
complication episode was observed in any patient.

Factors Associated with Complications

Table Il summarizes the relationship between
the population characteristics and the occurrence of
complications. The observed complications were identical
in male and female patients (12 each), with no association
between sex and the presence of complications (p=0.565).
Most complications occurred in those patients aged
between more than three and 10 years old. No association
was found between age and the presence of complications
(p=0.375).

An ASA-PS classification of 3 was significantly associated
with a higher incidence of complications (p=0.038).

Table 1l also demonstrates that 23.5% (n=4) of
those children with a vascular disease diagnosis had a
complication, followed by 12.5% (n=6) of children with
a congenital malformation diagnosis, 12.5% (n=1) of
children with a central nervous system (CNS) infection,
and 11.6% (n=13) of those with a CNS tumour diagnosis. No
association was found between the neurosurgical diagnosis
and complications (p=0.537).

Internal jugular vein CVCs were associated with the most
complications (13 of a total of 24), followed by femoral and
then subclavian veins. There was no statistically significant
difference between CVC location and complications (p=0.381).

Ultrasound was used to aid CVC placement in 25
patients (13%). There was no statistically significant
association between ultrasonographic technique usage and
the presence of complications (p=0.799).

A total of 46 patients (23.8%) needed intraoperative
blood product transfusions. We did not find any association
between intraoperative blood product transfusions and the
presence of CVC-associated complications (p=0.362).
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Table Il. Relationship between population characteristics and occurrence of complications (n=193)

Complications Chi-square test
Variable
Yes No ¥ (df) Effect size (Cramér's V) p value
Sex
Male (%) 12 (10.8 99 (89.2
Female (%) 12 (14.6) 70 (85.4 0331(1) 0.041 0.565
Age
<Tyear old (%) 8 (12.9) 54 (87.1)
1-3 years old (%) 1(4.8) 20 (95.2)
3-10 years old (%) 9 (18.4) 40 (81.6) 31G) 0127 0375
>10 years old (%) 6(9.8) 55(90.2)
ASA Physical Status
I (%) 2(3.9) 49 (96.1)
11 (%) 6 (9.1) 60 (90.9)
1 (%) 1(19.3) 46 (30.7) 1015(4) 1023 0.038
IV (%) 4(28.6) 10 (71.4)
V (%) 1(20) 4 (80)
Neurosurgical diagnosis
Epilepsy (%) 0(0) 8 (100)
CNS infection (%) 1(12.5) 7 (87.5)
Congenital malformation (%) 6 (12.5) 42 (87.5) 313(4) 0127 0537
CNS tumour (%) 13 (11.6) 99 (88.4)
Vascular (%) 4 (23.5) 13 (76.5)
CVC location
Femoral vein (%) 8 (11.4) 62 (88.6)
Internal jugular vein (%) 13 (15.9) 39 (84.1) 1931(2) 010 0.381
Subclavian vein (%) 3(7.3) 38(92.7)
Ultrasonographic technique
Yes (%) 4 (16) 21(84) 0.065 (1) 0.018 0.799
No (%) 20 (11.9) 148 (88.1)
Transfusion
Yes (%) 8 (17.4) 38(82.6) 0.830 (1) 0.066 0.362
No (%) 16 (10.9) 131(89.1)

Data presented as n (% of given variable)

ASA: American Society of Anaesthesiology, CNS: Central nervous system, CVC: Central venous catheter, df: Degrees of freedom, 3% Chi-square value

Age
Table Il summarizes the relationship between our

defined age intervals and neurosurgical diagnosis, CVC
location and ultrasonographic technique usage.

Among those patients of less than one year old, most
had a malformative disease diagnosis (n=43; 69.4%).
Oncologic diagnosis was the most common neurosurgical
diagnosis in the other age groups. We found a statistically
significant association between age and neurosurgical
diagnosis (p<0.0071).

In those patients of less than one year old, most CVCs
(n=36; 58.1%) were placed in the femoral vein, as was also

the case in patients aged between one and three years old
(n=10; 47.6%). The jugular vein was the most common
location in children aged between more than three years old
and 10 years old (n=28; 57.1%). In children older than 10 years
old, the most common CVC location was the subclavian
vein (n=26; 42.6%). We found a statistically significant
association between age and CVC location (p<0.001).

Ultrasound utilization for CVC placement was higher
among those patients younger than one year old (n=14;
22.6%). There was a statistically significant association
between age and ultrasonographic technique usage
(p=0.030).
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Table lll. Relationship between neurosurgical diagnosis, CVC location and ultrasonographic technique usage, and age (n=193)

Age Chi-square test
Variable Effect size

< - >3- > 2 (df L

1yo 1-3yo 3-10 yo 10 yo ¥ (df) (Cramér's V) p value

Neurosurgical diagnosis
Epilepsy (%) 1(1.6) 1(4.8) 1(2.0) 5(8.2)
CNS Infection (%) 3(4.8) 0 (0.0) 2(47) 3(4.9)
Congenital malformation (%) 43 (69.4) 2(9.5) 3(6.1) 0(0.0) 108.28 (12) 0.432 <0.001
CNS tumour (%) 14 (22.6) 18 (85.7) 36 (73.5) 44 (721)
Vascular (%) 1(1.6) 0 (0.0) 7(14.3) 9 (14.8)
CVC location
Femoral vein (%) 36 (58.1) 10 (47.6) 12 (24.5) 12 (19.7)
Internal jugular vein (%) 24 (38.7) 7(33.3) 28 (57.1) 23 (377) 41.64 (6) 0.328 <0.001
Subclavian vein (%) 2(3.2) 4(19.0) 9 (18.4) 26 (42.6)
Ultrasonographic technique
Yes (%) 14 (22.6) 3(14.3) 5(10.2) 3(4.9)
No (%) 48(77.4)  |18(857) | 44(89.8) | 58(951) 89503) 0.215 0.030
Data presented as n (% of total in each age interval)
df: Degrees of freedom, yo: Years old, y* Chi-square value, CVC: Central venous catheter, CNS: Central nervous system

Discussion

This retrospective observational study involving 193
paediatric patients provided a focused evaluation of
CVC complications in a paediatric neurosurgical cohort,
demonstrating a complication rate of 12.4%, which is
lower than in many of the previously published paediatric
populations where rates often exceeded 40% (18-20). These
studies reported haematological diseases, Hickman-Broviac
catheters, low neutrophil counts and haematological
diseases as risk factors for CVC complications. In our
study, none of the patients had these characteristics,
which may explain our lower rate of complications. The
predominance of delayed complications (91.7% of all
complications), particularly catheter dysfunction, highlights
the unique characteristics of neurosurgical patients and the
perioperative pathways in which CVCs are used.

There was no statistically significant association
between ultrasonographic technique usage and the
presence of complications. However, this finding should be
interpreted with caution. Ultrasound was used in only 13%
of patients, substantially limiting the statistical power of
this study to detect meaningful differences and increasing
the likelihood of a type Il error. In addition, immediate
complications were rare across the entire cohort, regardless
of whether ultrasound was used or not, which may further
reduce the observable effect of ultrasound on complication
rates. Given the strong and consistent evidence supporting
ultrasound-guided CVC placement in paediatric patients
(21-25), including higher success rates and fewer mechanical
complications, our results should not be interpreted as

contradicting the current recommendations. Rather,
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they likely reflect the limited sample size of ultrasound-
guided insertions and the low baseline rate of immediate
complications in this neurosurgical population.

We did not identify a significant association between the
location of the CVC and complications. It has been reported
thatinternaljugular lines have the lowest complication rates
(26) and femoral lines have the highest rate of thrombosis
(11). Conflicting evidence exists regarding infection risks
in femoral lines (27,28). Nevertheless, one observational
study in paediatric surgical patients showed an association
between femoral lines and bloodstream infection (29).
Although CVC location was not statistically associated with
complications in our cohort, age-related anatomical and
procedural considerations should continue to guide site
selection

Interpretation in the Context of Our Cohort

Children undergoing neurosurgical procedures represent
a specific clinical group with distinct vascular access needs. In
our population: most CVCs were employed for intraoperative
management, where rapid fluid administration, vasoactive
infusions, and reliable venous access are required; immediate
complicationswererare, consistentwith modernultrasound-
guided techniques and experienced anaesthesia teams (21-
23); and delayed complications dominated, with device
dysfunction accounting for more than half of all events. This
pattern aligns with the shorter perioperative dwell times
in neurosurgery, where CVCs often remain in place only
briefly postoperatively. Femoral access is more common in
younger children, reflecting anatomical constraints and the
clinical realities of urgent neurosurgical care. ASA-PS 3 was
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the only factor significantly associated with complications,
suggesting that physiological vulnerability rather than
procedural factors played a larger role in catheter failure. To
date, there is a lack of published studies on this association,
butitis logical to assume that more seriously ill patients are
more susceptible to CVC-associated complications.

These findings reinforce the notion that the neurosurgical
perioperative environment is distinct from oncology or critical
care settings, where prolonged device dwell times contribute
more heavily to infectious and thrombotic complications.

Given that all vascular access devices in this cohort
were temporary CVCs placed intraoperatively, our findings
specifically reflect perioperative neurosurgical practice and
should not be extrapolated to other device types such as
peripherally inserted central catheters (PICCs) or midlines.
The absence of these devices in our cohort underscores
the distinct vascular access requirements of paediatric
neurosurgical patients.

Clinical Implications

While CVCs are essential during neurosurgical procedures,
the high proportion of delayed complications in our
cohort underscores the importance of early postoperative
evaluation and the consideration of alternative vascular
access devices when clinically appropriate. Integrating
structured, individualized vascular access planning aligned
with updated paediatric guidance (30) may help to reduce
complication rates and improve overall safety in this
vulnerable population. Additionally, our findings underscore
the need to optimise perioperative vascular access strategies
in this population. As delayed complications, particularly
device dysfunction, were the most frequent events, clinical
teams should routinely reassess the ongoing need for a CVC
after surgery and consider an early transition to alternative
devices when appropriate. PICCs or midlines may provide
safer medium-term options for selected patients, especially
those with oncological diagnoses or anticipated prolonged
postoperative therapy. Shorter CVC dwell times, stricter
criteria for initial CVC placement, and routine consideration
of catheter removal on postoperative day one, unless
central access remains clearly required, may further reduce
complication risks. These approaches are consistent with
contemporary paediatric vascular access guidance and
promote a more individualised, safety-focused strategy for
device selection and maintenance.

Study Limitations

The retrospective design and relatively limited sample
size of this single-centre study must be considered when

interpreting theresults. Given that all vascular access devices
in this cohort were temporary CVCs placed intraoperatively,
our findings specifically reflect perioperative neurosurgical
practice and should not be extrapolated to other device
types such as PICCs or midlines. The absence of these devices
in our cohort underscores the distinct vascular access
requirements of paediatric neurosurgical patients. Missing
data, particularly regarding CVC dwell times, catheter
lengths, calibres, the number of insertion attempts and
coagulation status (e.g. platelet count and the presence of
coagulopathy), reduced the statistical power and prevented
the inclusion of potentially relevant variables in this study.
Nine patients were excluded due to missing CVC location
data, and incomplete documentation was likely affected
by the transition to a new anaesthesia recording system
during the study period. Second, this study’s retrospective
design limited control over confounding factors, and the
six-year timeframe may reflect practices which have since
evolved, particularly the increased adoption of ultrasound
guidance and the decreasing use of femoral access in
younger children. Third, this study was not powerful enough
to detect small effect sizes, and the relatively low incidence
of complications, especially immediate complications, may
have limited our ability to identify subtler associations.
Finally, we did not differentiate between complication types
(immediate vs delayed) in the statistical analysis, which
may partially explain the absence of an association between
ultrasound guidance and complications.

Conclusion

In this paediatric neurosurgical population, CVC
complications occurred in 12.4% of patients, with delayed
device dysfunction being the most common. ASA-PS 3
was the only factor significantly associated with increased
risk, despite strong existing literature associating CVC
location and ultrasonographic technique usage to the
risk of complications. These findings support the ongoing
efforts to optimize catheter maintenance strategies and the
adoption of updated paediatric vascular access guidance.
We acknowledge that our study may have some limitations
and prospective studies are needed in order to further refine
risk prediction and prevention strategies.

Ethics

Ethics Committee Approval: Ethical approval for
this study was obtained from the Ethics Committee of
Centro Hospitalar Universitario de Sdo Jodo (CHUS)), Porto,
Portugal (approval no.: 181/2022, date: 07.09.2022).
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Informed Consent: Retrospective observational study.
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ABSTRACT

Aim: To evaluate etiology-based differences in clinical outcomes among pediatric patients undergoing tracheostomy in a tertiary pediatric
intensive care unit.

Materials and Methods: In this retrospective observational study, the medical records of patients aged 1 month to 18 years who had
undergone tracheostomy between October 2023 and December 2025 were reviewed. The patients were classified into three etiological
groups: neuromuscular diseases, chronic respiratory failure, and upper airway obstruction/malformation. Their demographic characteristics,
mechanical ventilation durations, intensive care and hospital length of stay, complications, and clinical outcomes were analyzed.

Results: A total of 59 patients were included. The most common tracheostomy indications were neuromuscular diseases (52.5%) and chronic
respiratory failure (33.9%). Significant differences were observed among the groups regarding their age, anthropometric measurements, and
mechanical ventilation durations (p<0.05). Those patients with chronic respiratory failure had longer pre- and post-tracheostomy mechanical
ventilation durations and the lowest successful ventilator weaning rate. Early and late complication rates were 10.2% and 25.4%, respectively.
The decannulation rate was 5.1%, and overall mortality was 22%.

Conclusion: Tracheostomy indication was significantly associated with clinical outcomes in pediatric intensive care patients. Those patients with
chronic respiratory failure demonstrated prolonged mechanical ventilation and lower ventilator weaning success. Etiology-based individualized
management strategies warrant further investigation in this population.

Keywords: Tracheostomy, intensive care units, pediatric, respiration, artificial, respiratory insufficiency, neuromuscular diseases

Introduction and analgesic requirements, the facilitation of ventilator
weaning, and a reduction in intensive care burden in selected
patients (1). Previous studies have reported that nearly 1-3%
of children admitted to PICUs undergo tracheostomy during
their clinical course (2).

Tracheostomy is a commonly utilized surgical
intervention in pediatric intensive care units (PICUs)
for those children who require prolonged respiratory
or airway support. The procedure has several potential
benefits, including improved comfort, decreased sedative
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Despite the increasing use of pediatric tracheostomy,
standardized recommendations regarding optimal timing,
indications, and long-term outcomes remain limited
(3-5). The timing of tracheostomy in pediatric populations
varies substantially according to the underlying disease,
expected duration of ventilatory support, and institutional
preferences, generally ranging between several weeks and
months after the initiation of mechanical ventilation (2).
In addition to prolonged mechanical ventilation, common
indications include upper airway obstruction, impaired
airway protection, swallowing dysfunction, ineffective
cough reflex, and inadequate secretion clearance (6).

Several reports have suggested that tracheostomy may
contribute to reduced ventilator-associated complications,
shorter mechanical ventilation duration, and improved long-
term respiratory management (7). Nevertheless, procedure-
related complications such as bleeding, infection, accidental
decannulation, and tracheal stenosis may still occur despite
advances in intensive care practice (8).

Recent updates have further refined our understanding of
contemporary indications, timing considerations, and long-
term care pathways for pediatric tracheostomy, emphasizing
prolonged mechanical ventilation as the predominant
modern indication and highlighting the evolving practices
in decannulation planning and multidisciplinary follow-up
(9,10). Population-level data further indicate that pediatric
tracheostomy rates and associated health care resource
usage continue to evolve over time, underscoring the
ongoing need for etiology-specific outcome data in order to
guide clinical decision-making (11,12).

Although pediatric tracheostomy is widely performed,
studies specifically evaluating the impact of different
etiological indications on clinical outcomes remain
relatively limited. Therefore, this study aimed to evaluate
tracheostomy indications, complications, clinical course,
and etiology-based outcome differences among pediatric
patients managed in a tertiary PICU.

Materials and Methods

Study Design and Population

A retrospective single-center observational study
was carried out in a tertiary PICU in accordance with the
ethical principles of the Declaration of Helsinki. Ethical
approval was obtained from the Institutional Review
Board of University of Health Sciences Tiirkiye, izmir City
Hospital (approval no.: 2026/111; date: 18.02.2026). This
study was conducted in a 54-bed tertiary PICU, which
admits approximately 1,200 patients annually. This study
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was reported in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology-STROBE
statement for observational cohort studies.

The medical records of pediatric patients who had
undergone tracheostomy between October, 2023 and
December, 2025 were retrospectively reviewed following
ethics approval. Follow-up data for decannulation and
mortality outcomes were collected up until December 31,
2025.

Inclusion and Exclusion Criteria

Children aged between 1 month and 18 years who had
undergone tracheostomy and remained in the PICU for at
least 24 hours were included in this analysis. Those patients
with insufficient clinical data or PICU stays shorter than 24
hours were excluded.

The patients were grouped according to their underlying
etiology into three groups: neuromuscular diseases (NMs),
chronic respiratory failure (CRF) secondary to pulmonary
disease, and upper airway obstruction/malformation
(UAO/M). Tracheostomy was considered in those patients
requiring prolonged invasive mechanical ventilation,
persistent upper airway obstruction, impaired airway
protection, or chronic respiratory insufficiency, following a
multidisciplinary evaluation involving pediatric intensivists,
pulmonologists, and otolaryngologists as appropriate.
The patients were classified according to their primary/
predominant clinical indication for tracheostomy, as
determined by the treating multidisciplinary team; those
patients with NM were classified in the NMs group when
NM was considered the primary driver of respiratory failure,
even if chronic respiratory insufficiency was also present as
a consequence of the underlying neuromuscular disorder,
whereas other patients were classified in the CRF group only
when a chronic pulmonary process independent of NM was
the primary/dominant indication. “Chronic lung disease” as
a baseline comorbidity is conceptually distinct from the CRF
etiological group and could be present in patients classified
into any of the three groups.

Data Collection

The data retrieved from electronic hospital records
included demographic information, tracheostomy
indications, duration of mechanical ventilation, duration
of hospitalization, complications, and outcome measures.
Early complications were defined as those occurring within
the first 7 days after tracheostomy, and late complications
were defined as those occurring after day 7.
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Statistical Analysis

All statistical analyses were performed using SPSS
software version 23.0 (IBM Corp., Armonk, NY, USA).
Continuous variables are presented as median and
interquartile range, while categorical variables are expressed
as numbers and percentages. Distribution normality was
assessed using the Shapiro-Wilk test.

Comparisons between groups were conducted using
the Mann-Whitney U or Kruskal-Wallis tests for continuous
variables. Pairwise comparisons following a significant
Kruskal-Wallis test were performed using Dunn’s test with
Bonferroni correction. Categorical variables were analyzed
using chi-square or Fisher’s exact tests where appropriate;
given the small expected cell count in the UAO/M subgroup,
the Fisher-Freeman-Halton exact test was additionally
applied to the 3x2 comparison of ventilator weaning success
by etiological group. Correlations between continuous
variables were evaluated using Spearman correlation
analysis. Statistical significance was accepted at p<0.05.

Results

A total of 59 pediatric patients were included in the
study cohort. NMs and CRF represented the most frequent
indications for tracheostomy. Demographic characteristics
and accompanying comorbidities are summarized in Table I.

A comparison of the etiological groups demonstrated
significant differences regarding age, body measurements,
and mechanical ventilation duration parameters. The
CRF group exhibited markedly prolonged pre- and post-
tracheostomy ventilatory support durations compared
with the remaining groups. Detailed comparisons of the
ventilatory and clinical parameters are shown in Table II.
Pairwise post hoc comparisons (Dunn'’s test with Bonferroni
correction) are presented in Table II.

No statistically significant differences were identified
between the groups in terms of PICU or overall hospital
stay.

Early complications occurred in 10.2% of the patients
(n=6), most commonly cannula-related problems/
displacement (n=4) and air leakage (n=3); no bleeding
was recorded. Late complications were observed in 25.4%
of the patients (n=15), most commonly cannula-related
problems/displacement (n=13) and granuloma (n=4); no
tracheal stenosis, tracheomalacia or airway obstruction was
recorded (some patients had more than one complication).
Cannula displacement/malposition was the most frequently
encountered complication during both the early and late
periods. The overall clinical outcomes and ventilation-
related findings are presented in Table Ill.

The overall decannulation rate was 5.1% (n=3), and
the mortality rate was 22% (n=13). The mortality and
decannulation rates according to their etiological group are
summarized in Table IV; briefly, mortality was 29.0% in the
NMs group, 20.0% in the CRF group, and 0% in the UAO/M

Table I. Demographic characteristics and comorbidities of
patients

Variable n (%) or median (IQR)

Total number of patients 59

Age (months) 11 (4-108)

Male sex 37 (62.7%)

Comorbidities

Genetic syndrome 19 (32.2%)

Neurometabolic disease 17 (28.8%)

Chronic lung disease 10 (16.9%)

Others* 13 (22%)

*Permanent organ dysfunction secondary to various underlying conditions
IQR: Interquartile range

Table Il. Clinical and ventilator parameters according to etiology groups

Variable UAO/M CRF NM p value Post-hoc

Age (months) 5(2.25-54.25) 4 (3-7.63) 62 (12-180) <0.001 NM-UAO/M*, NM-CRF*
Weight (kg) 3.95(3.43-10.88) 3.5(3.23-3.98) 16 (7-44) <0.001 NM-CRF*

Height (cm) 59 (51-95.75) 55 (50.25-57.5) 102 (65-148) 0.001 NM-CRF*
Pre-tracheostomy MV (days) 19 (1.75-34.5) 70.5 (42-96.75) 31(24-36) <0.001 CRF-UAO/M*, CRF-NM*
Post-tracheostomy MV (days) 9 (6-16) 130 (79-394) 16 (9-82) 0.002 CRF-UAO/M*, CRF-NM*
PICU length of stay (days) 71(33.5-154.5) 133 (65.25-199) 67 (54-127) 0.199 -

Hospital length of stay (days) | 140 (75.25-228) 202 (96.5-342) 105 (58-200) 0.059 -

care unit, IQR: Interquartile range

*Statistically significant pairwise comparison
CRF: Chronic respiratory failure, NM: Neuromuscular diseases, UAO/M: Upper airway obstruction/malformation, MV: Mechanical ventilation, PICU: Pediatric intensive
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Table lll. Clinical course, mechanical ventilation, and outcomes

Clinical parameter Median (IQR) or n (%)

Pre-tracheostomy MV (days) 34 (24-65)
Post-tracheostomy MV (days) 25 (11-129)
PICU length of stay (days) 87 (54-177)

Hospital length of stay (days) 124 (65-252)

Complications

Early complications 6 (10.2%)

Late complications 15 (25.4%)

Cannula-related problem/displacement

(early) 4

Air leakage (early) 3
Infection (early) 1
Cannula-related problem/displacement 3

(late)

Granuloma (late) 4
Outcomes

Decannulation 3(5.1%)
Mortality 13 (22%)

MV: Mechanical ventilation, PICU: Pediatric intensive care unit, IQR:
Interquartile range

Table IV. Mortality and decannulation rates according to etiology
groups

Etiology group | n Mortality, Decannulation,
n (%) n (%)

NM 31 9 (29.0%) 2 (6.5%)

CRF 20 4 (20.0%) 0 (0%)

UAO/M 8 0 (0%) 1(12.5%)

CRF: Chronic respiratory failure; NM: Neuromuscular diseases; UAO/M: Upper
airway obstruction/malformation

group, while decannulation was 6.5% in the NMs group, 0%
in the CRF group, and 12.5% in the UAO/M group. Of the
three patients who achieved successful decannulation, one
was a young infant with an underlying genetic syndrome
and upper airway obstruction/malformation who required
prolonged pre-tracheostomy ventilation; one was an infant
with an underlying neurometabolic disorder, classified in
the NM group; and one was an adolescent patient, also
classified in the NM group.

Ventilator weaning success differed significantly
according to the etiological category (y*=9.401, p=0.009).
The highest successful weaning rate was observed in the
UAO/M group, whereas patients with CRF demonstrated
the poorest weaning outcomes. Weaning results according
to the etiological groups are summarized in Table V. This
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Table V. Mechanical ventilation weaning rates according to
etiology groups

Etiology group | Weaned n (%) Continued MV n (%)
UAO/M 6 (75%) 2 (25%)

CRF 3 (15%) 17 (85%)

NM 13 (41.9%) 18 (58.1%)

Statistical test: chi-square (y?=9.401, p=0.009)
CRF: Chronic respiratory failure; NM: Neuromuscular diseases; UAO/M: Upper
airway obstruction/malformation; MV: Mechanical ventilation

finding was confirmed using the Fisher-Freeman-Halton
exact test (p=0.011), given the small expected cell count in
the UAO/M subgroup.

Discussion

The present study demonstrated that underlying
tracheostomy indication was significantly associated with
clinical outcomes in pediatric intensive care patients.
In particular, children with CRF experienced prolonged
mechanical ventilation and lower successful ventilator
weaning rates compared with the other etiological groups.

Our findings are consistent with previous studies
emphasizing the importance of underlying disease
characteristics in determining post-tracheostomy outcomes
(13,14). Can et al. (13) conducted a retrospective study
including 63 pediatric patients in a Turkish tertiary PICU
and reported that upper airway obstruction was associated
with a higher decannulation rate (12.6% overall) and more
favorable weaning outcomes than prolonged mechanical
ventilation for chronic systemic disease, with no deaths
directly attributable to tracheostomy complications.
Similarly, Tsuboi et al. evaluated long-term survival and
decannulation outcomes in a pediatric tracheostomy cohort
and reported that children with underlying neurological and
neuromuscular disorders had lower decannulation rates
and more prolonged ventilator dependence than those with
airway-based indications (14).

In the present cohort, the CRF group consistently
exhibited less favorable outcomes across multiple clinical
parameters. Persistent pulmonary pathology, impaired
respiratory mechanics, and accompanying comorbid
conditions may explain the prolonged dependence on
mechanical ventilation observed in these patients. In
addition, chronic respiratory disorders frequently require
long-term respiratory support, thereby complicating
ventilator liberation. Recent evidence has shown that
tracheostomized children with chronic respiratory disease
are more likely to require home mechanical ventilation and
rehospitalization following discharge (15).
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The prolonged pre- and post-tracheostomy ventilation
durations identified in the CRF group are also consistent
with previous reports demonstrating that prolonged
ventilation and severe comorbidity burden are associated
with poorer prognosis. A systematic review evaluating
pediatric tracheostomy complications reported overall
complication rates approaching 40%, particularly among
younger patients and those with significant underlying
disease (16).

Theoverallcomplicationrateinourstudywascomparable
with previously published pediatric tracheostomy series.
Cannula displacement represented the most common
complication and remains one of the major concerns in
pediatric tracheostomy management.

The relatively low decannulation rate observed in this
study may be explained by the large proportion of patients
with chronic neuromuscular and respiratory disorders. Such
patients frequently fail to achieve complete respiratory
independence, thereby reducing the likelihood of successful
decannulation. Previous reviews have identified effective
cough reflex, preserved neurological function, and adequate
secretion management as major predictors of successful
decannulation, whereas chronic neurological disease is
associated with lower decannulation success (17,18).

The overall mortality rate was 22%. Mortality in this
population is likely more closely related to the severity
of the underlying disease rather than the tracheostomy
procedure itself. Previous studies similarly demonstrated
that long-term survival in pediatric tracheostomy patients is
strongly influenced by the primary diagnosis and associated
comorbidities (14). Noy et al. (19) reported an overall
mortality rate of 26% in a retrospective cohort of children
undergoing tracheostomy, identifying prematurity, young
age, congenital heart disease, and ventilatory dependency
as factors associated with early mortality, while Kili¢ and
Basak Kili¢ (20) reported a lower mortality rate (14.3%) in
a smaller single-center Turkish PICU cohort in which most
deaths were attributed to the underlying disease rather than
tracheostomy-related complications, broadly consistent
with our findings. Beyond mortality, recent population-level
data have also indicated that health care resource usage
and long-term care pathways after pediatric tracheostomy
continue to evolve, further supporting the need for etiology-
specific outcome data such as those presented here (11,12).

Taken together, these findings suggest that pediatric
tracheostomy should not be approached as a uniform
intervention, but rather as an etiology-specific management
strategy. Careful patient selection and individualized follow-

up planning which is tailored to the underlying etiology
warrant further investigation in prospective studies as
potential strategies to optimize both short- and long-term
outcomes.

Study Limitations

This study had several limitations. First, the retrospective
single-center design may limit generalizability. Second, the
duration of mechanical ventilation prior to tracheostomy
was available and analyzed; however, more granular
information regarding the timing of the tracheostomy
relative to the onset of the underlying illness or hospital
admission, which would have allowed for the evaluation
of "early” versus “late” tracheostomy strategies as
discussed in the literature, was not systematically available,
preventing additional timing-based analyses. The optimal
timing of pediatric tracheostomy remains controversial and
no universally accepted recommendations have yet been
established for this patient population (21). Third, baseline
differences in age and anthropometric characteristics
among etiological groups may have partially confounded
the observed associations between etiology and ventilatory
outcomes. Due to the limited sample size in this study,
multivariable adjustment was not performed, and these
associations should therefore be interpreted with caution.
Fourth, the UAO/M subgroup was small (n=8), which limits
the statistical power of pairwise comparisons involving this
group. Finally, patients enrolled toward the end of the study
period had a shorter potential follow-up interval, which
may have limited the ascertainment of later complications,
decannulation, or mortality events in this subgroup.

Conclusion

The underlying tracheostomy indication appears
to be significantly associated with clinical outcomes
in pediatric intensive care patients. Children with CRF
demonstrated prolonged ventilatory dependence and
lower rates of successful ventilator weaning. Etiology-
based differences should therefore be considered during
both pre-tracheostomy evaluation and post-procedural
management. Those patients with upper airway obstruction
tended to exhibit more favorable respiratory outcomes,
whereas chronic respiratory and neuromuscular disorders
were associated with prolonged ventilatory support
requirements. An individualized multidisciplinary
management strategy tailored to the underlying disease
process warrants further investigation as a means to help

optimize outcomes in pediatric tracheostomy patients.
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ABSTRACT

Aim: The purpose of this study was to determine the association between mothers’ breastfeeding self-efficacy for infants aged 0-6 months and
their attitudes toward infant feeding.

Materials and Methods: This descriptive, cross-sectional study was conducted with mothers of infants aged 0-6 months. Data were collected
using a questionnaire assessing sociodemographic characteristics and breastfeeding status, as well as the Breastfeeding Self-Efficacy Scale
and the Infant Feeding Attitude Scale. For the statistical analysis of the data, mean, standard deviation, percentage distributions, and linear
regression analysis were employed.

Results: This study found that the mothers had high levels of breastfeeding self-efficacy (57.66+8.49) and positive infant feeding attitudes
(56.99+7.09). According to the results of the regression analysis, it was determined that the mothers’ breastfeeding self-efficacy scores
positively and statistically significantly predicted their infant feeding attitude scores (8=0.208; p=0.001).

Conclusion: This study showed that mothers’ perceptions of their breastfeeding self-efficacy positively influence their attitudes toward infant
feeding. Accordingly, the development of clinical interventions focused on breastfeeding self-efficacy, particularly during the critical first six
months after birth, may play an important role in increasing breastfeeding success.

Keywords: Breastfeeding, self-efficacy, attitude, mothers

Introduction reduces the incidence and severity of various conditions
in both populations (1). Guidelines from the World
Health Organization and United Nations Children’s Fund
recommend exclusive breastfeeding for the first 6 months,
both the mother and the infant. Consistent evidence followed by continued breastfeeding alongside appropriate

from diverse global settings indicates that breastfeeding and safe complementary foods from 6 months of age until 2

Breastfeeding is recognized as the gold standard for

infant nutrition, offering significant health benefits for
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years of age or beyond (2). Breastfeeding is one of the most
effective strategies to protect children’s health and ensure
their survival. However, contrary to recommendations, less
than half (44%) of infants aged 0-6 months are exclusively
breastfed. If all children aged 0-23 months were breastfed
optimally, the lives of more than 820,000 children under
the age of 5 could be saved each year (3). Breast milk offers
optimal and balanced nutrition. Breastfeeding provides
numerous benefits for both the mother and the baby
and it is fundamental for infants’ health and their long-
term well-being. Evidence indicates that breastfeeding
significantly promotes healthy growth and immune system
development. Those infants who are fed breast milk have
a lower risk of asthma, obesity, diabetes, and severe lower
respiratory tract infections. Concurrently, it has been
reported that breastfeeding mothers have a lower risk of
breast cancer, hypertension, diabetes, endometrial cancer,
and ovarian cancer (4).

Breastfeeding self-efficacy is widely utilized in
breastfeeding research, as defined by Dennis (7) in 1999,
who adapted Bandura's self-efficacy theory to breastfeeding
as being a mother’s perceived confidence and belief in
her ability to breastfeed (5,6). Breastfeeding self-efficacy
theory posits that a mother’s breastfeeding self-efficacy
influences her response (effort and thought patterns) to
breastfeeding, which subsequently affects the initiation and
continuation of breastfeeding behaviours (7). Breastfeeding
self-efficacy is a woman's belief and confidence in her
perceived ability to breastfeed. Knowledge, attitudes, and
intentions regarding breastfeeding also provide an indication
of breastfeeding confidence and they are associated with
improved breastfeeding outcomes (5).

The feeding method for infants aged 0-6 months
is of critical importance for both the infant's and the
mother’s health. The literature frequently emphasizes
the importance of breastfeeding self-efficacy in initiating
and maintaining breastfeeding behaviour. However, there
have been few studies examining the relationship between
mothers’ perceptions of their breastfeeding self-efficacy
and their attitudes toward infant feeding, particularly during
the first six months, which is the most critical period of
development. In this context, this study aimed to determine
the association between mothers’ breastfeeding self-
efficacy and their attitudes toward infant feeding for infants
aged 0-6 months. In order to achieve this primary objective,
this study examined mothers’ levels of breastfeeding
self-efficacy and their attitudes toward infant feeding. In
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addition, this study examined associations between the
sociodemographic and the clinical characteristics of the
mother and infant (e.g., the mother’s age, infant's age,
gestational age, etc.) and the mothers’ breastfeeding self-
efficacy and their attitudes toward infant feeding. This study
hypothesized that the mothers’ levels of breastfeeding
self-efficacy would positively and significantly predict
their infant feeding attitudes (H,) and that the mothers’
educational levels would show a significant association with
their infant feeding attitude scores (H,).

Materials and Methods

Study Design

This descriptive and cross-sectional study was conducted
in order to determine the association between mothers’
breastfeeding self-efficacy for infants aged 0-6 months and
their attitudes toward infant feeding.

Setting and Sample

This descriptive/cross-sectional study was conducted
between June and December 2025 at the outpatient clinics
of Ege University Children’s Hospital in the province of izmir,
Tlrkiye. With its numerous outpatient clinics, this hospital is
one of the region’s major centres, providing comprehensive
pediatric diagnosis, treatment, and care services.

In the study’s main hypotheses, it was planned to
examine the relationships between the independent
variables using correlation coefficients and regression
models. The calculation yielding the highest number
according to the main hypothesis was taken into account.
Using the G*Power (version 3.1.9.2) program (8), at a 95%
confidence level (a=0.05), the standardized effect size was
taken as 0.15 (medium level for the Linear Regression Model
and number of independent variables: 10), as proposed
by Cohen (9) (2013) due to the originality of the study,
and the minimum sample size was calculated as 172 with
95% theoretical power (8). Considering potential data
losses and the risks of incomplete form filling, this study
was completed with 180 participants. Those mothers who
visited the Social Pediatrics (Healthy Child) Outpatient
Clinic and had infants aged 0-6 months, who were literate
in Turkish and had no communication barriers, and who
volunteered to participate in this study were included in the
research. Those mothers who had acute or chronic health
problems themselves or in their infants, as well as those
who did not complete the data collection forms in full, were
excluded from this study.
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Data Collection Tool

The data for this study were collected using the “Case
Report Form”, the "Breastfeeding Self-Efficacy Scale,” and
the “Infant Feeding Attitude Scale”.

Case Report Form: This form was developed by the
researchers in order to collect demographic information
regarding the mothers and infants. It includes questions
concerning the mother's age, educational background,
occupation, parity, whether she has received breastfeeding
education, and the duration of breastfeeding as well as the
infant’s postnatal age, gestational age at birth, and birth
weight (1,4-6).

Breast-feeding Self-Efficacy Scale-Short Form:
Developed by Dennis in 2003 and adapted into Turkish
by Alus Tokat et al. (10) (2008), this scale consists of 14
items. The “Breast-feeding Self-Efficacy Scale-Short Form”
is a 5-point Likert-type scale ranging from 1 (Not at all
confident) to 5 (Always confident). The Cronbach’s alpha
value was found to be 0.94. The total score range for this
scale is between 14 and 70. A high score indicates high
breastfeeding self-efficacy (10).

Infant Feeding Attitude Scale (lowa): This scale,
developed by De La Mora and Russel in 1999, was adapted
into Turkish by Eksioglu et al. (11) (2016). This scale aims to
assess women's attitudes toward breastfeeding. It consists
of 17 items and uses a 5-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree). Eight items on the
scale contain positive statements regarding breastfeeding,
while nine items contain positive statements regarding
formula feeding. The total scale score ranges from 17
(indicating a positive attitude toward bottle-feeding) to
85 (reflecting a positive attitude toward breastfeeding).
The scale has no cut-off value; a high score on this scale
indicates a positive attitude toward breastfeeding. The
scale’s Cronbach’s alpha internal consistency coefficient is
0.71(M).

Data Collection

The data were collected by the researchers between
June and December 2025 at the Social Pediatrics (Healthy
Child) Outpatient Clinic using face-to-face interviews. The
interviews were conducted in the outpatient clinic setting
in a quiet area where the mothers could feel at ease and
where confidentiality was ensured. The data collection
instruments were completed by the mothers under the
supervision of the researchers. The questionnaires were
handed to the mothers, who were allowed to complete
them independently in a quiet area. The researchers

remained on-site throughout the process in order to explain
the questions as needed and to check the returned forms for
any missing items. The administration of the data collection
tools took an average of 15 minutes. The questionnaire forms
were completed either during the infants’ pre-examination
waiting period or at an appropriate time following the
examination in order to avoid any external influences.

Ethical Considerations

Written institutional approval was obtained from the
Medical Research Ethics Committee of Ege University
(approval no.: 25-6T/25, date 20.06.2025) and from the
hospital where this study was conducted (date/ref. no.:
03.06.2025-E.2470168) before carrying out this study.
During the data collection phase, in accordance with the
principles of the Declaration of Helsinki, the mothers were
informed about the purpose and scope of the study; an
“Informed Consent Form” was obtained from those who
agreed to participate. Participants were informed that they
had the right to withdraw from this study at any time,
that the data collected would be used solely for scientific
purposes, and that their personal identifying information
would not be used.

Statistical Analysis

Inthis study, descriptive statistics for the data (frequency,
percentage, mean, standard deviation, median, minimum,
maximum, and the 25% and 75% percentiles) are presented.
The assumption of normal distribution was tested using the
Shapiro-Wilk test. When the normality assumption was not
met, the Mann-Whitney U test was used to compare two
independent groups, and the Kruskal-Wallis test was used
to compare three groups. Post-hoc Bonferroni-corrected
tests were used to identify the group or groups responsible
for the difference. Spearman correlations were performed
in order to examine relationships between continuous
measurements which did not follow a normal distribution.
Linear regression analysis using the stepwise approach was
employed to mathematically model relationships between
dependent continuous variables and independent variables.
Analyses were conducted using the IBM Statistical Package
for the Social Sciences (SPSS) Windows version 27 (SPSS Inc.,
Chicago, IL, USA).

Results

The distributions of the demographic and clinical
characteristics of the mothers and infants participating
in this study were examined and the data obtained are
summarized in Table I. When the educational backgrounds
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of the participating mothers were examined, it was found
that the vast majority of the participants held a bachelor’s
degree (33.3%) or high school diploma (30.0%). Regarding
the mothers’ occupational distribution, 40.6% (n=73) were
not employed in any job, while the total proportion of
mothers working in healthcare (doctors, nurses, and other
healthcare personnel) was determined to be 14.4%.

It was determined that 57.8% of the mothers had only
one child and 97.8% had had a singleton pregnancy. In terms
of the mode of delivery, 73.3% of the mothers (n=132) had
had a caesarean section, while 26.7% (n=48) had given birth
vaginally. When evaluating the mothers’ educational status
regarding breastfeeding, 58.9% (n=106) of the participants
had received prior education. Among those who had received
education, 66.0% (n=70) had been educated by nurses and
34.0% (n=36) by midwives. The mean age of the mothers
included in this study was found to be 30.51+5.04 years. The
average postnatal age of the infants was 3.79+2.12 months,
and the average gestational age at birth was recorded as
37.59+2.12 weeks. The mothers’ average daily breastfeeding
duration was 185.83+101.49 minutes, and the frequency of
breastfeeding was determined to be 9.94+3.2 times per day
(Table 1).

The descriptive statistics and internal consistency
coefficients for the scales used in this study are presented
in Table Il. Analysis of the data from the Breastfeeding
Self-Efficacy Scale revealed that the mothers’ self-efficacy
score was 57.66+8.49. This result indicates that the mothers
included in this study had high self-efficacy regarding
breastfeeding. The reliability analysis of the scale showed
that the Cronbach'’s alpha coefficient was 0.829, indicating a
high level of reliability. Upon examining the scores obtained
from the Infant Feeding Attitude Scale, it was determined
that the mothers’ mean score was 56.99+7.09 and that their
attitudes toward infant feeding were at a moderate level.
The scale’s internal consistency coefficient in this study fell
below the thresholds generally accepted in the literature,
indicating limited consistency. It is noted that while the
Cronbach’s alpha value should be higher than 0.70, a
level of 0.60 is also considered acceptable in exploratory
studies (12). Since the reliability of the scale’s original
form (Cronbach’s alpha=0.71) has been established in the
literature, this scale was included in the analyses despite the
low reliability observed in our study.

Thedistributions of scores on the Infant Feeding Attitude
Scale and the Breast-feeding Self-Efficacy Scale according
to mothers’ demographic characteristics are presented
in Table Ill. When examining the distribution of infant
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Table |I. Distributions of descriptive and demographic
characteristics of mothers and infants
n %
Elementary school il 6.1
Middle school 20 1.1
The mother's High school 54 30.0
educational
background Associate's degree 29 16.1
Bachelor's degree 60 333
Postgraduate degree 6 3.3
Not working 73 40.6
Nurse 6 33
Doctor 7 39
Other healthcare worker | 13 7.2
Mother's occupation
Teacher 16 8.9
Civil servant 5 2.8
Private sector 27 15.0
Other 33 18.3
1 104 57.8
Number of children | 2 59 328
in the family 3 14 78
4 3 1.7
Yes 4 2.2
Multiple pregnancy
No 176 97.8
Vaginal 48 26.7
Mode of delivery
Caesarean 132 73.3
The mother's Yes 106 58.9
status regarding
breastfeeding No 74 411
education
Where/from whom Nurse 70 66.0
was the training
received? Midwife 36 34.0
X%SD (Median) Min-Max.
Maternal age (years) | 30.51+5.04 (30) 19-43
Infant's postnatal
age (months) 3.79+2.12 (4) 0-6
Gestational age at
birth (weeks) 37.59+2.12 (38) 29-42
Birth weight (g) 3062.24+584.18 (3100) 800-4,300
Duration of
breastfeeding 185.83+101.49 (160) 20-600
(minutes/day)
Breastfeeding
frequency (times/ 9.94+3.2 (10) 2-24

day)

SD: Standard deviation, Min: Minimum, Max: Maximum
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feeding attitude scale scores according to the mothers’
demographic characteristics, a statistically significant
difference was found between the mothers’ educational
status and their attitude scores (p=0.008). A numerical
downward trend in attitude scores was observed as the
mothers’ educational level increased. It was found that the
number of children the mothers had (p=0.717) and whether
they had received education on breastfeeding (p=0.543) did
not create statistically significant differences in the total
scores of the infant feeding attitude scale (p>0.05).

When the distribution of breast-feeding self-efficacy
scale scores was examined according to the mothers’
demographic characteristics, no statistically significant
difference was found between the mothers’ educational
status (p=0.102), the total number of children in the family
(p=0.362), and whether they had received education on
breast-feeding (p=0.907) in relation to their breast-feeding
self-efficacy scores (p>0.05) (Table IlI).

Spearman’s correlation coefficients were used to
examine the relationships between the participants’
demographic characteristics and their total scores on the
Infant Feeding Attitude Scale and the Breastfeeding Self-
Efficacy Scale, with these findings being presented in Table
IV. The analysis revealed a positive, weak, and statistically
significant relationship between the total scores of the two
scales (r=0.242; p=0.001). Accordingly, it was determined
that as the mothers’ infant feeding attitudes increased
in a positive direction, their perceptions of breastfeeding
self-efficacy also increased. When other variables were
examined, a negative, weak, and statistically significant
relationship was found between the infant’s postnatal age
and the scores on the Infant Feeding Attitude Scale (r=-0.181;
p=0.015). However, no statistically significant relationship
was found between the mothers’ age, the gestational age
at birth, the birth weight, and the duration of breastfeeding
and the total scores on either scale (p>0.05).

Table II. Descriptive statistics and internal consistency coefficients of the scales used

X+SD (Median) Min-Max. Cronbach'’s alpha
Breast-feeding self-efficacy scale 57.66+8.49 (59) 33-70 0.829
Infant feeding attitude scale 56.99+7.09 (57) 37-77 0.637

SD: Standard deviation, Min: Minimum, Max: Maximum

demographic characteristics

Table Ill. Comparison of scores on the infant feeding attitude scale and the breastfeeding self-efficacy scale according to the mothers’

Infant feeding attitude scale Breast-feeding self-efficacy scale
X+SD Median (IQR) | Teststat. | pvalue | XSD Median (IQR) Test stat. | p value
Elementary school | 62.45+9.34 | 65 (60-69) 63.18+5.4 63 (59-69)
Middle school 59.7+9.03 | 62 (54.5-64.5) 60.4+6.24 | 61.5(55.5-64.5)
Maternal High school 56.54+6.15 | 56.5 (53-61) 56.41+8.67 | 57.5(50-64)
education 15.670° 0.008* 9.194= 0.102
level Associate's degree | 55.9+7.44 | 57 (51-60) 58.7248.28 | 60 (54-67)
Bachelor's degree | 56.27+5.91 | 57 (53-60) 56.42+49.24 | 59 (52-62.5)
Graduate degree 54.67+8.71 | 56 (53-59) 57+6.84 59.5 (53-62)
1 56.51£6.96 | 57 (52-60.5) 57.05+8.46 | 58.5 (52-63)
2 57.47+6.91 | 57 (54-63) 58.19+8.82 | 60 (54-65)
Nﬁ{gber of 0.451° 0.717 3199° 0.362
children 3 58.14+8.97 | 59.5 (53-62) 58.64+7.94 | 58 (54-65)
4 59+7.81 55 (54-68) 64+3.61 63 (61-68)
; Yes 57.26+6.8 57 (53-61) 57.82+8.06 | 59 (54-63)
B;eaStf.eed'”g 0.610° | 0.543 016" | 0.907
education No 56.61+7.52 | 57.5(52-62) 5743+9.13 | 60 (52-65)

*p<0.05, * Kruskal-Wallis test, ®: Mann-Whitney U test
IQR: Interquartile range, SD: Standard deviation
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In order to include categorical variables in the regression
models, dummy variables were created, and certain groups
were selected as references. For educational status, the
elementary school group was taken as the reference.
Linear regression analysis using the stepwise approach was
applied in order to investigate the effect of participants’
Breastfeeding Self-Efficacy Scale scores, as well as their age
and educational status, on the total scores of the Infant
Feeding Attitude Scale. An ANOVA test was conducted
in order to test the significance of the model, and the
established regression model was found to be significant
(F=11.776 and p<0.001). The proportion of the dependent

variable explained by the independent variables in the
model was 5.7% (R?=0.057). Upon examining the VIF values
of the variables in the model, it was determined that all
values were less than 5, indicating no multicollinearity
issues, and there was no autocorrelation problem (Durbin-
Watson statistic: 1.897). The Shapiro-Wilk test was used to
check the standardized residuals, and it was found that the
assumption of normal distribution was met (p>0.05). The
standardized regression coefficient (B) for the Breastfeeding
Self-Efficacy Scale was calculated as 0.208 and this was
found to be statistically significant (p=0.001) (Table V).

Table IV. Relationships between mothers’ demographic characteristics and total scores on the infant feeding attitude and breastfeeding

self-efficacy scale

Infant feeding attitude scale Breast-feeding self-efficacy scale

r -0.091 -0.046
Maternal age

p 0.225 0.543

r -0.181 -0.128
Infant’s postnatal age (months)

p 0.015* 0.086

r -0.105 -0.015
Gestational age at birth

P 0.159 0.846

r -0.135 0.031
Birth weight (g)

p 0.071 0.678

r 0.124 -0.073
Duration of breastfeeding (minutes/day)

p 0.096 0.331

r - 0.242
Infant feeding attitude scale

p - 0.001*

*p<0.05, R: Spearman's correlation coefficient

Table V. Linear regression analysis for the infant feeding attitude scale

Predictors B S.E. std.p |t p ::: ﬁ Cllower z:: f‘; Clupper | yip
Constant 45.004 3.532 12.743 <0.001* 38.035 51.973

Scr:la;t'fee‘“”g self-efficacy 0.208 0.061 |0249 |3432 0.001* 0.088 0.328 1.000
F:11.776 and p<0.001* R?=0.062 and adjusted R?=0.057

Variables not in the model B t p
Maternal age -0.084 -1.155 0.250
Maternal education level (Middle school) 0.108 1.486 0.139
Maternal education level (High school) -0.018 -0.251 0.802
Maternal education level (Associate degree) -0.082 -1.129 0.260
Maternal education level (Bachelor's degree) -0.047 -0.649 0.517
Maternal education level (Postgraduate) -0.058 -0.792 0.430

*p<0.05, S.E.: Standard error, Std.: Standard, Std. B.: Standardized beta coefficient, Cl: Confidence interval, VIF: Variance inflation factor
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Discussion

This study was conducted in order to determine the
association between mothers’ breastfeeding self-efficacy
for infants aged 0-6 months and their attitudes toward
infant feeding. The main findings of this study indicated that
mothers’ breastfeeding self-efficacy scores were positive
and statistically significant predictors of their infant feeding
attitude scores (3=0.208; p<0.05). This result demonstrates
that the mothers’ perceived sense of competence regarding
their breastfeeding abilities serves as a determinant in
shaping their attitudes toward infant feeding.

Discussion of Findings Regarding Mothers’
Breastfeeding Self-Efficacy and Attitudes Toward Infant
Feeding

In this study, the mean breastfeeding self-efficacy score
for the mothers was found to be 57.66+8.49. This finding
indicates that the mothers’ perceptions of their self-
efficacy regarding the breastfeeding process are high. A
review of the literature revealed that a study conducted
by Akca and Yildiz (13) similarly found that mothers’
breastfeeding self-efficacy scores were 54.0+7.1, indicating
a high level of self-efficacy. In this regard, our research
findings are consistent with the literature. However, Akca
and Yildiz (13) reported that those mothers who received
prenatal breastfeeding education (p=0.008) and those with
higher education levels (p<0,001) had higher breastfeeding
self-efficacy scores, which contradicts our findings. The
findings of this study are consistent with those reported by
Konukoglu and Pasinlioglu (14), who found that pregnant
women's perceptions of breastfeeding self-efficacy were
above average. They also noted that participants with
undergraduate and graduate education levels, as well as
those experiencing their second pregnancy, had significantly
higher levels of breastfeeding self-efficacy compared to the
other groups (14). However, these findings differ from our
results, as we found no statistically significant relationship
between breastfeeding self-efficacy and the mothers’
educational status (p=0.102) or their number of children
(p=0.362). The literature highlights the lasting effects of
breastfeeding education on self-efficacy. For instance, a
study conducted by Golnam et al. (15) demonstrated that
self-efficacy scores, which were at an intermediate level
prior to the intervention, increased significantly at the
3- and 6-month follow-ups, whereas the control group
experienced a decline over time. Additionally, other studies
have indicated that breastfeeding education enhances
mothers’ breastfeeding self-efficacy (16,17). These findings
suggest that the high average self-efficacy scores observed

in our study may be related to the fact that more than
half (58.9%) of the mothers in the sample had received
breastfeeding education.

In this study, the mean score on the infant feeding
attitude scale for mothers was found to be 56.99+7.09. This
finding suggests that mothers possess a positive attitude
toward infant feeding, which supports breastfeeding
and prioritizes breast milk. A positive maternal attitude
toward breastfeeding during the 0-6-month period,
which is crucial for the protection and promotion of
infant health, is consistent with the prior literature (18-
22). Similarly, Kurtbeyoglu and Caferoglu (23) determined
that mothers exhibited a positive attitude toward infant
feeding, reporting a mean score of 65.08+6.8. Our study
found an inverse relationship between the mothers’
education levels and their infant feeding attitude scores;
specifically, as the mothers’ education levels increased,
their attitude scores decreased. Additionally, we observed
that the mothers’ number of children (p=0.717) and their
prenatal breastfeeding education status (p=0.543) had
no statistically significant effects on their infant feeding
attitudes. However, contrary to our findings, several studies
in the literature have indicated that infant feeding attitudes
improve as the mothers’ education levels rise (23,24).
Factors such as highly educated mothers returning to work
early during the postpartum period due to employment
and career goals, working conditions, the amount of time
spent at work, and greater financial resources may lead
to the use of formula. This suggests that there may be an
indirect relationship between higher levels of education and
a tendency to use formula.

The Determining Role of Breastfeeding Self-Efficacy
on Infant Feeding Attitudes

The most striking finding of this study was that the
mothers’ breastfeeding self-efficacy scores positively
and statistically significantly predicted their infant
feeding attitude scores (B=0.208; p<0.05). This finding
supports the notion that a mother’s belief in her ability
to breastfeed directly influences her cognitive attitude
toward breastfeeding. This finding aligns with Bandura’s
Self-Efficacy Theory. While previous studies in the literature
have sought to explain mothers’ attitudes toward infant
feeding using demographic variables, our study contributes
a unique perspective to the literature by highlighting the
impact of a psychosocial factor, namely self-efficacy,
on these attitudes. Specifically, Selvi et al. (25) reported
that breastfeeding education significantly increased
self-efficacy perceptions during both the antenatal and
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postnatal periods. However, they noted that high levels
of breastfeeding self-efficacy among mothers did not
influence breastfeeding attitudes during the postnatal
period. This particular finding contrasts with both
Bandura’s Self-Efficacy Theory and the current study (25).
The literature indicates that high levels of breastfeeding
self-efficacy among mothers are directly associated with
the tendency to feed their infants exclusively with breast
milk and with prolonged breastfeeding durations (6,26,27).
Furthermore, this phenomenon is not limited to healthy
pregnancies; even among mothers who had experienced
high-risk pregnancies or delivered premature infants,
high self-efficacy perceptions were positively associated
with breastfeeding success, prolonged breastfeeding, and
increased milk production (28,29). By contrast, Ergezen
et al. (30) found no association between breastfeeding
self-efficacy and breastfeeding success, reporting instead
that as the number of children increased, both mothers’
breastfeeding self-efficacy and breastfeeding success
increased. Additionally, Awaliyah et al. (31) demonstrated
that breastfeeding self-efficacy is positively correlated with
breastfeeding satisfaction (31).

The findings of this study indicate that postpartum
mothers’ levels of breastfeeding self-efficacy have a direct
and decisive effect on their infant feeding attitudes. This
clinical picture redefines the role of nurses who provide
breastfeeding counselling, maternal education, and
postpartum care services. In particular, nurses working in
primary care settings andin areas such asneonatal clinicsand
well-baby clinics should assess breastfeeding self-efficacy
using validated scales during routine infant follow-ups.
Interventions which strengthen the mother’s breastfeeding
self-efficacy (such as peer support, positive feedback, hands-
on demonstrations of breastfeeding techniques, and anxiety
management) should be incorporated into the focus of care.
It is anticipated that as the mother’s perception of self-
efficacy increases, her attitudes toward infant feeding will
also improve positively, thereby ensuring the sustainability
of breastfeeding and thus support mother-infant health.

Study Limitations

The strengths of this study include its focus on mothers
during the first six months which is a critical postpartum
period, the use of validated measurement tools, and the
examination of breastfeeding self-efficacy as a psychosocial
predictor of infant feeding attitudes. This study had some
limitations. This study was conducted at a single centre; this
may limit the generalizability of our findings. Additionally,
in this study, the internal consistency of the Infant Feeding
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Attitudes Scale was lower than the value reported in the
original validity study (Cronbach’s a=0.637 versus 0.71). This
relatively low reliability may be related to the homogeneity
of the study sample, cultural differences, or the narrow age
range of the infants (0-6 months).

Conclusion

In conclusion, this study has demonstrated that the
mothers’ perceptions of breastfeeding self-efficacy are a
significant psychosocial factor in determining their infant
feeding attitudes. It is believed that self-efficacy-focused
clinical interventions and nursing counselling aimed at
enhancing mothers’ confidence in their own breastfeeding
skills, particularly during the first six months postpartum,
may contribute to an increase in breastfeeding success
rates. In this context, it is recommended that healthcare
professionals working in primary care, obstetrics, and
neonatology clinics integrate psychosocial approaches
grounded in theory (such as Bandura’s Self-Efficacy Theory)
into routine breastfeeding education in order to strengthen
mothers’ perceptions of self-efficacy.
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ABSTRACT

Aim: Large language models (LLMs) are increasingly being used by patients and caregivers in order to obtain medical information. This study
evaluated the guideline concordance and public readability of two contemporary LLMs in answering frequently asked questions regarding
common pediatric penile conditions.

Materials and Methods: Five common pediatric penile conditions were evaluated: phimosis, hypospadias, congenital penile curvature,
paraphimosis, and buried penis. Ten standardized questions were developed for each condition, covering diagnosis, treatment, surgical
considerations, complications, and long-term outcomes. A total of 50 questions were submitted to two widely used LLMs in both English
and Turkish. The responses were assessed according to the European Association of Urology Paediatric Urology Guidelines and graded as fully
concordant (Grade 1), partially concordant (Grade 2), partially concordant with inaccuracies (Grade 3), or non-concordant (Grade 4). Public
readability was evaluated using a five-point scale.

Results: ChatGPT (OpenAl, GPT-5.5 version; accessed June 2026) achieved Grade 1 concordance in 40 out of 50 responses (80%), with 49
responses (98%) considered acceptable (Grade 1or 2). Gemini (Google DeepMind, Gemini 3.5 Pro version; accessed June 2026) achieved Grade 1
concordance in 410f 50 responses (82%), and all responses (100%) were classified as acceptable. No Grade 4 responses were identified, and only
one Grade 3 response was observed overall. Concordance rates did not differ significantly between the 2 models (p>0.05). Public readability was
high for both systems (4.60+0.58 vs. 4.67+0.49; p>0.05). No significant differences were observed between the English and Turkish responses.
Reduced concordance occurred in different questions, with only two overlapping areas identified.

Conclusion: Both LLMs demonstrated high guideline concordance and excellent public readability. No clinically significant misinformation was
identified, and most deficiencies reflected omissions of specific guideline details. LLMs may serve as reliable educational resources but should
complement, rather than replace, professional medical consultation.
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Introduction

Pediatric penile conditions constitute a common source
of concern for parents and caregivers. Conditions such
as phimosis, hypospadias, congenital penile curvature
(CPC), paraphimosis, and buried penis frequently prompt
families to seek medical information long before specialist
consultation. Although many of these conditions are benign
or treatable, misconceptions and misinformation may lead
to unnecessary anxiety, delayed presentation, inappropriate
treatment attempts, or unrealistic expectations regarding
outcomes (1).

In recent years, large language models (LLMs) have
emerged as increasingly popular sources of health
information. Millions of users now consult conversational
artificial intelligence platforms for medical advice,
explanationsofdiagnoses,andtreatmentrecommendations.
Consequently, the quality, accuracy, and readability of the
information generated by these systems have become
important topics of investigation (2). Early studies evaluating
LLM-generated medical information reported variable
performance, with concerns regarding factual inaccuracies,
hallucinations, and incomplete recommendations.
However, rapid model development and continuous training
have resulted in substantial improvements in both medical
accuracy and user-oriented communication (3).

Several studies have evaluated the quality of online
health information using content obtained from search
engines, social media platforms, video-sharing websites,
or frequently asked questions (FAQs) collected from public
sources (4). However, standardized evaluations of LLM
performance within narrowly defined pediatric urological
domains remain limited. Furthermore, comparisons
between different languages and between contemporary
LLM platforms are scarce (5).

Pediatric penile conditions represent an ideal model for
such an evaluation as they are frequently encountered in
clinical practice, generate substantial parental concern, and
are associated with numerous recurring questions regarding
diagnosis, treatment, surgery, long-term outcomes, and
fertility (6).

The aim of this study was to assess the guideline
concordance and public readability of LLM-generated
responses regarding common pediatric penile conditions
and to compare the performance of two contemporary LLM
platforms across different languages.

Materials and Methods

Study Design

This cross-sectional comparative study evaluated the
quality and guideline concordance of responses generated
by two LLMs regarding common pediatric penile conditions.
This assessment focused on both the medical accuracy and
the public readability of the responses provided in both
English and Turkish.

Selection of Clinical Topics and Questions

Five commonly encountered pediatric penile conditions
were selected based on their clinical relevance and frequency
in pediatric urology practice:

1. Phimosis,

2. Hypospadias,
3. CPC,

4. Paraphimosis,
5. Buried penis.

In order to ensure a systematic and comprehensive
assessment across all conditions, questions were developed
according to predefined thematic domains commonly
addressed by patients and caregivers seeking health
information. These domains included:

« Definition,

« Epidemiology,

« Etiology,

» Symptoms,

- Diagnosis,

« Classification (when applicable),
e Treatment,

« Surgical considerations,

» Complications,

» Long-term outcomes.

For each disease, ten FAQs were generated, resulting
in a total of 50 questions. Equivalent question sets were
prepared in both English and Turkish.

LLM Response Generation

Each question was submitted separately to the evaluated
LLMs in both English and Turkish. All responses were
generated during the same study period using the default
model settings without additional prompting, refinement,
or follow-up interactions. The responses were collected and
archived for subsequent analysis.
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Guideline Concordance Assessment

The medical accuracy of each response was evaluated
using the current European Association of Urology (EAU)
Guidelines on Paediatric Urology-2026 as the reference
standard (7). Guideline concordance assessments were
performed independently by two pediatric urologists
certified by the European Board of Paediatric Urology. Any
discrepancies in grading were resolved through discussion
and consensus.

Each response was independently reviewed and assigned
one of four concordance grades:

« Grade 1: Fully concordant with the guideline
recommendations,

» Grade 2: Generally concordant but containing minor
omissions or incomplete details,

e Grade 3: Partially concordant but including inaccurate
or potentially misleading information,

« Grade 4: Non-concordant with the guideline
recommendations.

For secondary analyses, responses were categorized as:
» Successful: Grade 1.
« Partially successful: Grade 2.
« Failed: Grade 3 or Grade 4.

Additionally, acceptable responses were defined as
those being Grade 1 or Grade 2.

Public Readability Assessment

In order to evaluate the usefulness of LLM-generated
information for non-medical users, all responses were
assessed for public readability. Readability assessments were
performed independently by two non-medical reviewers
representing the target lay audience. One reviewer was a
native English speaker who evaluated the English responses,
whereas the second reviewer was a bilingual Turkish-English
speaker who evaluated the Turkish responses. Neither
reviewer had a formal medical education or healthcare-
related professional experience, thereby reflecting the
perspective of the typical information-seeking patients and
caregivers.

Readability was evaluated using a five-point Likert-type
scale based on the overall comprehensibility, the clarity
of language, the use of medical terminology, sentence
complexity, and the suitability of the information given for
a lay audience.

Scores were assigned as follows:

« 5 points: Excellent readability; easily understood by the
general public.
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e 4 points: Good readability with minor use of medical
terminology.

« 3 points: Moderate readability requiring some health
literacy.

« 2 points: Poor readability with substantial technical
content.

« 1point: Very poor readability; unlikely to be understood
by a non-medical audience.

Disease-specific and overall readability scores were
calculated separately for the English and Turkish responses.

Statistical Analysis

Categorical variables are presented as frequencies and
percentages, whereas continuous variables are reported
as meanzstandard deviation. Fisher's exact test was used
for pairwise comparisons between the 2 models and the
2 languages, while chi-square tests were used to compare
concordance outcomes among the disease categories.
Readability scores are summarized descriptively and
compared between the 2 languages and the 2 models.
A two-sided p value <0.05 was considered statistically
significant.

Outcomes

The primary outcome was guideline concordance of
LLM-generated responses.

The secondary outcomes included:

« The public readability scores,

« A comparison of the English and Turkish responses,

« A comparison between the LLMs,

« The identification of disease-specific and model-specific
knowledge gaps,

« The distribution of successful, partially successful, and
failed responses.

Importantly, beyond overall concordance rates, the
specific questions associated with reduced concordance
were compared between the 2 models in order to identify
model-specific knowledge-gap profiles.

Results

A total of 50 questions covering five common
pediatric penile conditions (phimosis, hypospadias, CPC,
paraphimosis, and buried penis) were evaluated for each
LLM in both English and Turkish. The responses were
assessed for guideline concordance according to the EAU
Paediatric Urology Guidelines and for public readability.
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Guideline Concordance

ChatGPT

Among the 50 evaluated responses, 40 (80%) were
classified as Grade 1 (fully concordant), 9 (18%) as Grade 2
(partially concordant), and 1 (2%) as Grade 3. No Grade 4
responses were identified. Consequently, 49 of 50 responses
(98%) were considered acceptable (either Grade 1 or Grade
2) (Table I).

Disease-specific Grade 1 concordance rates were 70%
for phimosis, 90% for hypospadias, 80% for CPC, 100% for
paraphimosis, and 60% for buried penis. When acceptable
responses (Grade 1or 2) were considered, concordance rates
reached 90% for phimosis and 100% for all of the remaining
conditions (Figure 1).

No significant differences were observed among the
disease categories regarding successful responses (p=0.37)
or for the acceptable responses (p=0.91).

Gemini

Among the 50 evaluated responses, 41 (82%) were
classified as Grade 1and 9 (18%) as Grade 2. No Grade 3 or
Grade 4 responses were identified. Therefore, all responses
(50/50, 100%) were considered acceptable according to the
predefined criteria (Table Il).

Disease-specific Grade 1 concordance rates were 80%
for phimosis, 80% for hypospadias, 80% for CPC, 90%
for paraphimosis, and 80% for buried penis. Acceptable
response rates (Grade 1 or 2) reached 100% across all
disease categories (Figure 2).

No significant differences were detected among the
disease categories regarding successful responses (p=0.989)
or for the acceptable responses (p=1.000).

Comparison Between Models

Overall guideline concordance was comparable between
the two LLMs. Grade 1 concordance rates were 80% for
ChatGPT and 82% for the Gemini (p=1.000). Acceptable
response rates (Grade 1 or 2) were 98% and 100%,
respectively (p=1.000). The frequency of failed responses
(Grade 3-4) did not differ significantly between the two
models (2% vs. 0%, p=1.000).

Although overall performance was similar, the specific
questions associated with reduced concordance differed
substantially between the two models. Only a limited
overlap was observed in non-Grade 1 responses, suggesting
model-specific knowledge-gap profiles rather than disease-
specific weaknesses.

Table I. Guideline concordance outcomes according to disease category and language

Disease Language Successful (Grade 1) | Partially successful (Grade 1, 2) | Failed (Grade value*
BUABE | 1 (%) n (%) 3,4) n (%) P
English 7/10 (70%) 9/10 (90%) 1/10 (10%)
Phimosis
Turkish 7/10 (70%) 9/10 (90%) 1/10 (10%)
English 9/10 (90%) 10/10 (100%) 0/10 (0%)
Hypospadias
Turkish 9/10 (90%) 10/10 (100%) 0/10 (0%)
English 8/10 (80%) 10/10 (100%) 0/10 (0%)
CPC
Turkish 8/10 (80%) 10/10 (100%) 0/10 (0%)
English 10/10 (100%) 10/10 (100%) 0/10 (0%)
Paraphimosis
Turkish 10/10 (100%) 10/10 (100%) 0/10 (0%)
English 6/10 (60%) 10/10 (100%) 0/10 (0%)
Buried penis
Turkish 6/10 (60%) 10/10 (100%) 0/10 (0%)
English 40/50 (80%) 49/50 (98%) 1/50 (2%) 1.000'
Overall
Turkish 40/50 (80%) 49/50 (98%) 1/50 (2%)
p value (among disease English 0.37! 0.91% -
categories) Turkish | 0.37* 0.91 -

*p values compare distributions of guideline concordance outcomes.
'Overall English versus Turkish comparison (Fisher's exact test).

CPC: Congenital penile curvature

‘Comparison among the disease categories for successful responses (Grade 1) using Fisher-Freeman-Halton exact test.
SComparison among the disease categories for partially successful responses (Grade 1, 2) using Fisher-Freeman-Halton exact test.
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Figure 1. ChatGPT guideline concordance by disease
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Table Il. Guideline concordance outcomes according to disease category and language for Gemini

Disease Language Grade 1 Grade 2 Grade 3, 4 Acceptable responses (Grade 1, 2)
guag n (%) n (%) n (%) n (%)
English 8 (80%) 2 (20%) 0(0) 0 (100%)
Phimosis
Turkish 8 (80%) 2 (20%) 0(0) 0 (100%)
English 8 (80%) 2 (20%) 0(0) 0 (100%)
Hypospadias
Turkish 8 (80%) 2 (20%) 0(0) 0 (100%)
English 8 (80%) 2 (20%) 0(0) 0 (100%)
CPC
Turkish 8 (80%) 2 (20%) 0(0) 0 (100%)
English 9 (90%) 1(10%) 0(0) 0 (100%)
Paraphimosis
Turkish 9 (90%) 1(10%) 0(0) 0 (100%)
English 8(80) 2(20) 0(0) 0 (100)
Buried penis
Turkish 8 (80) 2(20) 0(0) 0 (100)
English 41(82) 9 (18) 0 (0) 50 (100)
Overall
Turkish 41(82) 9 (18) 0(0) 50 (100)
English 0.989 - - 1.000
p value (among disease categories)
Turkish 0.989 - - 1.000
p value (English vs. Turkish) - 1.000 1.000 1.000 1.000

CPC: Congenital penile curvature

Public Readability

ChatGPT

The mean readability scores were high in both languages.
English responses achieved an overall score of 236/250
(4.72+0.48), while Turkish responses achieved 224/250
(4.48+0.66). Although English responses demonstrated
numerically higher readability scores, the difference did not
reach statistical significance (p=0.081).
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Disease-specific readability scores for English responses
ranged from 4.6 to 4.8, whereas Turkish scores ranged from
4.2 to 4.7. No significant differences were observed among
the disease categories for the English (p=0.812) or the
Turkish responses (p=0.091).

Gemini
Gemini also demonstrated high readability in both
languages. English responses achieved an overall readability
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score of 236/250 (4.72+0.45), while Turkish responses
achieved 231/250 (4.62+0.53). No significant difference was
observed between the two languages (p=0.365) (Table III)

Disease-specific readability scores ranged from 4.6 to
4.8 for the English responses and from 4.4 to 4.8 for the
Turkish responses. No significant variations among the
disease categories were detected for the English (p=0.851)
or the Turkish responses (p=0.634).

Comparison Between Models

English readability scores were identical between
ChatGPT and Gemini (4.72 vs. 4.72, p=1.000). Turkish
readability scores were numerically higher for Gemini (4.62
vs. 4.48), although this difference was not statistically
significant (p=0.31). Overall readability scores did not
differ significantly between the two models (4.60+0.58 vs.
4.67+0.49, p=0.54).

Analysis of Non-Grade 1 Responses

Although overall guideline concordance rates were
comparable between ChatGPT and Gemini, the specific
questions associated with reduced concordance differed
considerably between the two models. ChatGPT deficiencies
were mainly related to epidemiological, etiological, and
counseling-related topics, whereas Gemini more frequently

demonstrated omissions involving diagnostic evaluation,
surgical indications, treatment details, and the timing of
interventions.

Only two overlapping areas of reduced concordance
were identified across the 50 evaluated questions (Phimosis
Q4 and Buried Penis Q7). Overall, 15 of 17 non-Grade 1
responses (88.2%) were model-specific, suggesting distinct
knowledge-gap profiles despite similar overall performance
metrics (Table IV).

Overall Findings

Both LLMs demonstrated high levels of guideline
concordance and public readability across all of the evaluated
pediatric penile conditions. No statistically significant
differences were identified between the English and Turkish
responses or between the two models evaluated.

Gemini achieved a slightly higher rate of fully
concordant responses and demonstrated no guideline-
discordant answers. However, these numerical differences
did not reach statistical significance. Importantly, despite
similar overall performance metrics, the specific domains
associated with reduced guideline concordance differed
between the two models, indicating distinct patterns of
knowledge limitations.

100% 100%

60

Percentage (%)

40

20 A

Phimosis Hypospadias

Bm Grade 1 - Full success

Figure 2. Gemini guideline concordance by disease

T00% 100% T00%

CPC Paraphimosis Buried

Penis

B Grade 2 - Partial success
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Table lll. Public readability scores according to disease category and language
Disease ChatGPT English | ChatGPT Turkish | p value Gemini English | Gemini Turkish | p value
Phimosis 4.8+0.4 4.7+0.5 0.640 4.8+0.4 4.7+0.5 0.651
Hypospadias 4.8+0.4 4.5+0.7 0.322 4.7+0.5 4.6+0.5 0.681
CPC 4.6+0.5 4.2+0.8 0.170 4.6+0.5 4.4+0.7 0.576
Paraphimosis 4.7+0.5 4.7+0.5 1.000 4.8+04 4.8+0.4 1.000
Buried Penis 4.7+0.5 4.3+0.7 0.146 4.7+0.5 4.6x0.5 0.681
Overall 4.72+0.48 4.48%0.66 0.081 4.72+0.45 4.62+0.53 0.365
p value (among disease categories) | 0.812 0.091 - 0.851 0.634 -
CPC: Congenital penile curvature
Table IV. Comparison of non-Grade 1 responses between ChatGPT and Gemini
Disease ChatGPT (Grade 2-3 responses) Gemini (Grade 2 responses) Overlap
Q2 (Etiology)
Q3 (demolon QT ey |
Q4 (Symptoms) &
. Q5 (Diagnosis)
Hypospadias Q7 (Need for surgery) Q8 (Ideal age for repair) None
Q2 (Etiology) Q6 (Surgical indication)
cpc Q8 (Sexual function) Q7 (Timing of treatment) None
Paraphimosis None Q6 (Treatment) None
Q2 (Etiology)
. . Q3 (Epidemiology) Q7 (Surgical indication)
Buried penis Q7 (Surgical indication) Q9 (Surgical outcomes) Y
Q8 (Complications)
Overall 10 non-Grade responses 9 non-Grade 1responses 2 overlapping questions

CPC: Congenital penile curvature

Discussion

The present study demonstrated that both of the
LLMs evaluated provided highly accurate and readable
information regarding common pediatric penile conditions.
Guideline concordance rates exceeded 98% for ChatGPT
and reached 100% for Gemini when acceptable responses
(Grade 1 or 2) were considered. Importantly, no Grade
4 responses were identified and only a single Grade 3
response was observed across all of the ChatGPT responses
evaluated. These findings suggest that current-generation
LLMs are capable of delivering information which is largely
consistent with contemporary pediatric urology guidelines.

The performance observed in the present study appears
superior to that reported in many early investigations
evaluating previous generations of LLMs. Initial studies
frequently highlighted concerns regarding hallucinated
information, factual inaccuracies, and inconsistent
recommendations. As model architectures and training
datasets have evolved, however, recent evidence has
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demonstrated progressive improvements in medical
accuracy and clinical reasoning (8). Our findings support
this trend and suggest that current LLM versions may
provide useful supplementary educational information
for both healthcare professionals and the general public.
Nevertheless, clinical decisions should continue to rely on
professional expertise, guideline-based recommendations,
and individualized patient assessments.

Interestingly, despite similar overall concordance rates,
the specific domains associated with reduced concordance
differed considerably between the two models. Only two
overlapping areas of reduced concordance were identified
among the fifty evaluated questions. Most non-Grade
1 responses were model-specific, indicating distinct
knowledge-gap profiles despite comparable overall
performances. This observation suggests that future
evaluations should not focus solely on overall accuracy
rates but should also investigate the nature and distribution
of model-specific deficiencies.
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Another notable finding was the consistently high
readability of the responses. Both LLMs achieved mean
readability scores above 4.5/5 in both English and Turkish,
indicating that the information generated was generally
understandable to individuals without formal medical
training. Although the English responses tended to achieve
slightly higher scores, no statistically significant differences
were observed between the two languages.

Similarly, no significant language-related differences
were identified in guideline concordance. Taken together,
these findings suggest that contemporary LLMs can
provide relatively consistent health information across
different linguistic settings. Such multilingual consistency
may be particularly important for those patients and
caregivers in non-English-speaking regions where access to
specialist pediatric urology resources may be more limited.
The ability of modern LLMs to maintain a comparable
performance across languages may therefore contribute
to reducing language-related disparities in access to health
information (9).

The observed variation among the disease categories
may partly reflect differences in the amount of the available
training data. Conditions such as hypospadias have been
extensively studied and discussed within both scientific
and public domains for decades. A simple search of the
biomedical literature demonstrates that hypospadias has
generated substantially more publications than many other
pediatric penile conditions (10). Consequently, it is not
surprising that the LLMs demonstrated particularly strong
performances in this area. In contrast, less frequently
discussed conditions may provide fewer opportunities for
model training and refinement, potentially contributing to
occasional omissions or incomplete responses.

Compared with previous investigations evaluating online
health information, our study employed a more standardized
methodology. Earlier studies commonly relied on questions
collected from search engines, YouTube, Facebook, Google
Trends, or publicly available FAQ databases (5,11). While
these approaches reflect real-world information-seeking
behavior, they may introduce substantial variability in topic
selection and question complexity. In order to minimize this
variability, we developed a structured question set based on
predefined clinical domains, ensuring consistent coverage
of definitions, epidemiology, etiology, symptoms, diagnosis,
treatment, complications, surgical issues, and long-term
outcomes across all of the disease categories.

Study Limitations

Several limitations should be acknowledged. First,
LLMs frequently generate information beyond the specific
question asked. While this may enhance educational value,
it complicates objective scoring because responses often
contain content not directly addressed by the evaluation
criteria. Second, only those pediatric penile conditions
specifically addressed within the EAU Paediatric Urology
Guidelines were evaluated. Therefore, our findings may not
be generalizable to conditions not covered by these guideline
recommendations. Third, readability assessments were
performed using a limited number of evaluators and may not
fully represent the perceptions of all patient populations. In
addition, readability assessment inherently involves a degree
of subjectivity. Fourth, only two contemporary LLM platforms
were evaluated, and other models may demonstrate different
performance characteristics. Finally, this study focused on
general educational questions commonly asked by families.
Complex clinical scenarios, individualized treatment
decisions, and unusual presentations were not assessed.
Consequently, these findings support thereliability of LLMs for
general patient education but should not be extrapolated to
complex clinical decision-making (12). Visual information was
not evaluated because corresponding illustrations were not
included within the reference guideline used for concordance
assessment. Another important limitation is the dynamic
nature of LLM development. Model architectures, training
datasets, and system updates evolve continuously over
time. Therefore, the present findings should be interpreted
as reflecting model performance during the study period
rather than the permanent characteristics of the evaluated
systems.

Taken together, contemporary LLMs appear capable
of providing accurate and understandable information
regarding common pediatric penile conditions. Although
they cannot replace professional medical consultations,
they may serve as useful educational resources. Continued
reassessment remains necessary as both clinical guidelines
and LLM technologies evolve over time (13,14).

Conclusion

Contemporary LLMs demonstrated high guideline
concordanceandexcellent publicreadability whenanswering
FAQs regarding common pediatric penile conditions.
Importantly, no clinically significant misinformation was
identified in either of the models evaluated, and most
observed deficiencies reflected minor omissions of specific
guideline details rather than inaccurate recommendations.
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No significant differences were observed between the
two models or between the English and Turkish responses.
Although overall performance was similar, the specific areas
of reduced concordance differed between the two models,
suggesting distinct knowledge-gap profiles.

These findings suggest that the current-generation
of LLMs may serve as reliable educational resources for
families and healthcare professionals. However, they should
complement rather than replace professional medical
consultations, particularly in complex clinical situations
requiring individualized decision-making. Further studies
evaluating additional pediatric urological conditions, visual
content, and future versions of LLMs are warranted as both
clinical guidelines and artificial intelligence technologies
continue to evolve over time.
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Can a Large Language Model Effectively Answer
Parents’ Questions About Children’s Oral Health?

® Irem Nur Bitisik!, ® Selcuk Savas', ® Ilgin Timarci2, ® Mehmet Izgi3, ® Ebru Kucukyilmaz Izgi'
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ABSTRACT

Aim: This study aimed to evaluate the readability, quality, and temporal consistency of Turkish responses generated by ChatGPT to frequently
asked questions in pediatric dentistry.

Materials and Methods: Twenty open-ended questions were adapted from the frequently asked questions published on the American Academy
of Pediatric Dentistry parent information page. Each question was submitted to ChatGPT (GPT-4, OpenAl, USA) in Turkish over seven consecutive
days, three times per day, using a new chat session for each interaction, standardized prompts and default system settings. A total of 420
responses were analyzed. Readability was assessed using both the Atesman and Cetinkaya-Uzun readability formulas, while response quality
was evaluated using the Global Quality Score (GQS). Inter-day and intra-day comparisons were performed using repeated-measures ANOVA or
Friedman tests according to the data distribution. Intraclass Correlation Coefficient (ICC) analysis was used to evaluate temporal consistency
(2=0.05).

Results: A significant intra-day variability in the readability scores was observed during the first four days for the Atesman and Cetinkaya-
Uzun formulas (p<0.05), whereas no significant differences were identified during Days 5-7. Between-day comparisons revealed statistically
significant variations in readability scores for both formulations (p<0.001). Atesman’s scores were found to correspond to “moderate difficulty”
and “easy” readability levels, while Cetinkaya-Uzun's scores indicated an “instructional reading level”. By contrast, no significant intra-day or
between-day differences were observed in the GQS scores (p=0.650), and overall quality scores remained consistently high throughout the
study period. The ICC analyses demonstrated good-to-excellent consistency for readability and CQS measurements, with overall ICC values
ranging between 0.906 and 0.961.

Conclusion: The Turkish responses generated by ChatGPT to frequently asked questions in pediatric dentistry demonstrated moderate
readability, high information quality, and good-to-excellent temporal consistency. However, due to the variability in readability scores across
repeated assessments and over time, Large Language Models (LLMS) may serve as supportive tools for patient and parent education, however,
human oversight remains necessary for the interpretation and clinical use of LLM-generated health information.

Keywords: Large language model, pediatric dentistry, readability, patient education as topic

Introduction cognitive processes which are characteristic of human
intelligence through the utilization of computer

Large Language Models (LLM) represent a significant
systems. This development has precipitated substantial

innovation in technology, with the objective of emulating
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transformations across numerous domains, with particular
relevance to the field of healthcare in recent years (1).
The increasing data capacity, more advanced algorithms,
and developments in LLMs have resulted in the wider
use of Al applications in the early diagnosis of diseases,
clinical decision support systems, treatment planning, and
patient information processes (2). These developments
provide rapid and straightforward access to information and
influence the decision-making processes of patients and
their relatives regarding health-related issues (2).

Pediatric dentistry is a specialty in which preventive
approaches and parental education play a decisive role in
treatment success (3). In this context, parents’ access to
accurate, understandable, and accessible information is of
great importance for clinical outcomes. Today, internet-
based information-seeking behaviors have changed with
the widespread use of LLMs, and users have begun to prefer
platforms which provide direct answers to their questions
rather than relying solely on traditional search engines (4,5).
However, the readability and consistency of the information
provided through these platforms have become critical
evaluation criteria, particularly in the field of healthcare.

In recent years, studies investigating the capacity of
ChatGPT to generate health-related information have
increased in the literature (6-10). Nevertheless, when the
current literature is examined, it is evident that most studies
have focused largely on English-language content, while
researchaddressing Turkish-language health-related content,
particularly in the field of pediatric dentistry, remains limited
(11,12). Although recent Turkish studies have evaluated
LLMs’ performance for general parental inquiries as well as
specific pediatric dental contexts such as fluoride education,
sedation-related questions, pulpotomy, and molar incisor
hypomineralization, these studies have primarily focused on
response accuracy or single-timepoint performance (13-17).
Consequently, important aspects of LLM-generated patient
education, including temporal consistency across repeated
interactions, changes in readability over repeated queries,
and the combined evaluation of readability, information
quality, and consistency, remain insufficiently investigated in
Turkish-language pediatric dentistry. Considering the effect
of language structure on readability, the differences in
Turkish in terms of word and syllable structure necessitate
a separate evaluation of the comprehensibility of texts
produced in this language. Therefore, evaluating not only
readability but also the informational quality and temporal
consistency of LLM-generated Turkish health information
has become an important research priority.
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A comprehensive evaluation of LLM-generated health
information requires the use of validated and language-
appropriate assessment tools. For Turkish texts, the
Atesman and Cetinkaya-Uzun readability formulas are
among the most widely used readability indices (18,19).
While the Atesman formula classifies texts according to
their overall reading difficulty, the Cetinkaya-Uzun formula
estimates the educational level required for comprehension,
thereby providing complementary perspectives on textual
readability. In addition to readability, the Global Quality
Score (GQS) is a validated 5-point Likert-type scale widely
used to evaluate the overall quality, educational value, and
usefulness of patient-oriented health information, including
LLM-generated content(20). Together, these complementary
instruments enable a multidimensional assessment of
LLM-generated health information by evaluating not only
its linguistic accessibility, but also its educational quality
and consistency. In order to address the aforementioned
knowledge gaps, the present study adopted a repeated-
measures design in order to comprehensively evaluate the
readability, informational quality, and temporal consistency
of ChatGPT-generated responses using validated Turkish
readability formulas, the GQS, and Intraclass Correlation
Coefficient (ICC) analyses. Accordingly, the present study
aimed to evaluate the readability, overall quality, and
consistency of ChatGPT's responses to frequently asked
questions by patients and parents in the field of pediatric
dentistry. The null hypotheses tested in this study were
determined as follows: (i) The Atesman readability scores
of the responses generated by ChatGPT do not show
statistically significant differences between different days
and repetitions. (ii) The Cetinkaya-Uzun readability scores
of the responses generated by ChatGPT do not show
statistically significant differences between different days
and repetitions. (iii) The GQS scores of the responses
generated by ChatGPT do not show statistically significant
differences between different days and repetitions. (iv) The
responses generated by ChatGPT do not demonstrate a high
level of consistency across different time periods.

Materials and Methods

Study Design

The present study was designed as an observational and
descriptive investigation with the objective of evaluating
the overall quality, consistency, and readability of responses
generated by a LLM (ChatGPT Plus, GPT-40, OpenAl, USA)
to frequently asked questions by patients in the field of
pediatric dentistry. The LLM was accessed on 10™" of June,
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2025 using the default system settings, with no additional
prompting or parameter modification.

Question Preparation

In this study, 20 open-ended questions were prepared
regarding topics frequently asked by patients and parents
in the field of pediatric dentistry. Rather than constituting
a novel questionnaire or psychometric instrument, the
question set was designed to reflect common parental
concerns regarding children’s oral health. The questions
employed in this study were adapted to the scope of the
research based on the frequently asked questions published
on the parent information page of the American Academy
of Pediatric Dentistry (21). The final set of 20 questions
was subsequently reviewed by two experienced pediatric
dentists in order to ensure clinical relevance, clarity, and
appropriateness for Turkish-speaking parents before data
collection. Any differences in wording or content were
resolved through discussion until consensus was reached
before the data collection (Supplementary File 1). As no
accepted methodology exists for determining the number of
questions in LLM evaluation studies, the present sample size
of 20 questions was selected in accordance with comparable
pediatric dentistry studies using parent-oriented, question-
based ChatGPT evaluation designs (13,14,17).

Data Collection

The finalized 20 questions were posed to ChatGPT in
Turkish on three occasions per day for a duration of seven
days. The timing of these data collections was as follows:
in the morning between 08:00-10:00, in the afternoon
between 12:00-14:00, and in the evening between 18:00-
20:00. All questions were entered into the system manually
in a standardized format. Responses were generated using
the ChatGPT web interface under default system settings,
with no custom instructions, system prompts, or parameter
modifications. Each interaction was conducted in a new chat
session. Before every measurement, a new conversation
within the same user account was initiated in order to
prevent carry-over effects from previous interactions and
to ensure the independence of each generated response.
The responses were evaluated by an assistant professor
(10 years of clinical experience) and a professor (15 years of
clinical experience), both specialized in pediatric dentistry.
Any discrepancies in the assessments were resolved through
discussion until a consensus was reached.

Atesman Readability Formula

The Atesman Readability Formula, developed by
Atesman in 1997 as an adaptation of the Flesch Reading Ease

Formula into Turkish, was used to evaluate the readability
level of the texts (18). According to the Atesman readability
formula, readability levels were classified as very difficult,
difficult, moderately difficult, easy or very easy (18).

Cetinkaya-Uzun Readability Formula

This formula, developed to evaluate the readability of
Turkish texts, is based on average word length and sentence
length (19). The readability formula was calculated and
readability levels were classified as frustration reading level
(10th-12* grade), instructional reading level (8-9*" grade) or
independent reading level (5™-7t" grade) (19).

GQS Scale

The overall quality level of the responses was evaluated
using the GQS, a 5-point Likert-type scale (20). The GQS
scale levels were classified as excellent quality, low quality,
moderate quality or high/excellent quality (20).

Statistical Analysis

The statistical analyses were conducted utilizing IBM
SPSS Statistics Version 23.0 (IBM Corp., Armonk, NY, USA).
Continuous variables are presented as meanzstandard
deviation or median (Q1-Q3), while the categorical variables
arepresentedasn (%). In order to assess differences between
repeated measurements, repeated measures ANOVA was
applied when the normal distribution assumptions were
met. In instances where the assumption of normality was
not met, the Friedman test was employed, and if statistical
significance was detected, pairwise comparisons with
Bonferroni correction were conducted. For GQS scores,
the assumptions for repeated-measures ANOVA were
not satisfied; therefore, all within-day comparisons were
performed using the Friedman test.

In order to evaluate the consistency of responses over
time, the ICC was calculated. The analysis was conducted
in accordance with the two-way mixed effects and absolute
agreement model [ICC (3,k)] (22). Inter-rater agreement
was determined by calculating Cohen’s Kappa coefficient
(23). In all analyses, the level of statistical significance was
accepted as p<0.05.

Results

The results are presented according to the predefined
outcome measures, including readability, overall quality, and
temporal consistency of the ChatGPT-generated responses.

The findings obtained using the Atesman readability
formula are presented in Table I. A significant difference
was observed among repeated assessments within Days
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1-4 (p=0.017, p=0.016, p=0.003, and p=0.018, respectively),
whereas no significant intra-day differences were detected
for Days 5-7 (p=0.937, p=0.754, and p=0.222, respectively).
Furthermore, between-day comparisons revealed
statistically significant differences in Atesman readability
scores (p<0.001). The highest mean readability score was
observed on Day 2, Repetition 1 (79.2+15.1), whereas the
lowest mean score was recorded on Day 7, Repetition 2 (60.3
+15.6). Despite these statistically significant differences,
the readability scores remained within the same readability
category throughout the study period, indicating that the
observed variations were not associated with a meaningful

change in the practical readability of the generated

The results obtained using the Cetinkaya-Uzun
readability formula are presented in Table Il. A significant
intra-day variability was observed among repeated
assessments on Days 1-4 (p=0.022, p=0.020, p=0.003,
and p=0.009, respectively), while no significant differences
were detected on Days 5-7 (p=0.887, p=0.525, and p=0.399,
respectively).
revealed statistically significant differences in readability
(p<0.001).
significant differences were observed, these variations did
not result in meaningful changes in the corresponding

Furthermore, between-day comparisons

scores Similarly, although statistically

educational reading levels, suggesting that the practical
comprehensibility of the responses remained largely stable

responses. over time.
Table I. Comparison of Atesman readability scores between days and repeated assessments within each day
Day Mean % SD Median (Q1-Q3) Repetition Mean = SD Median (Q1-Q3) p value
Repetition 1 64.4+14.92 62.8 (56.3-78.3)
Day 1 69.4+16.24% 72.3 (58.4-81.6) Repetition 2 75.7+14.8° 72.1(68.7-81.7) p=0.017%
Repetition 3 68.1£17.2% 73.6 (64.8-79.2)
Repetition 1 79.2+15.1° 77.8 (71.3-85)
Day 2 73.7+18.25¢ 75.1(61.7-86.8) Repetition 2 69.4+20° 69.9 (57.2-83.2) p=0.016*
Repetition 3 72.4+18.5% 72.4 (64.6-79.7)
Repetition 1 71.3£12.22 71.5 (61.4-81.4)
Day 3 68.9+16.83"¢ 70.4 (57.1-80.3) Repetition 2 61.1+15.5° 62.7 (49.1-70.4) p=0.003*
Repetition 3 74.3£19.6%° 77.9 (61.9-84.9)
Repetition 1 69.8+152 68.2 (59-81.4)
Day 4 72.3+14.65¢ 73.5 (61.2-82.4) Repetition 2 76.2+16.9° 73.8 (63.8-94.3) p=0.018*
Repetition 3 70.7£11.1%®° 70.1(63.2-76.2)
Repetition 1 71.6+16.3° 76.5 (62.7-81.5)
Day 5 71.1+14.28 72.1(60.8-80.1) Repetition 2 70.8+10.9° 71.6 (62.7-79.8) p=0.937¢
Repetition 3 70.6£15.4° 69.9 (59-78.6)
Repetition 1 76.1£12° 77.6 (69.6-83.6)
Day 6 75.3+14.2¢ 77.2 (65.1-87.9) Repetition 2 75.8£17.7° 75.9 (60.5-88.1) p=0.754*
Repetition 3 73.9+12.7° 74 (65.2-82.3)
Repetition 1 65.9+14.4° 64.8 (55.6-74)
Day 7 63.3+15.4* 64.8 (51.6-73.9) Repetition 2 60.3+15.6° 57.3 (47.4-70.2) p=0.222¥
Repetition 3 63.6+16.2° 65.1(56-72.9)
fsm)eaer?s_jrx value <0.00m Ssestc\e/\gii:e?t;egiztjg <0.00m
Data are presented as mean + SD and median (Q1-Q3)
£ Friedman test, *: Repeated measures ANOVA
*Comparisons between repetitions within each day were performed using repeated-measures ANOVA for normally distributed data and the Friedman test for non-
normally distributed data
Different lowercase superscript letters (*°) indicate statistically significant differences between repeated assessments within the same day (p<0.05)
Different uppercase superscript letters (*#¢) indicate statistically significant differences between days (p<0.05)
SD: Standard deviation; Q1: First quartile; Q3: Third quartile
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The results of the GQS evaluation are presented in
Table Ill. No statistically significant differences were found
between repetitions within the same day for any of the
days analyzed (respectively: p=0.497; p=0.595; p=0.368;
p=0.692; p=0.311; p=0.174; p=0.054). In the analysis in which
all repetitions were evaluated together (15t-21t repetitions),
no significant difference was detected (p=0.650).

The ICC analysis results for the Atesman readability
scores are presented in Table IV. Reliability ranging
from moderate to good was observed in the within-day
repeated measurements (ICC=0.588-0.883). In the analysis
evaluating all repetitions together, the ICC value was 0.958
[95% confidence interval (Cl): 0.925-0.980]. All ICC values
were found to be statistically significant (p<0.001).

The ICC analysis results for the Cetinkaya-Uzun
readability scores are presented in Table V. Moderate, good,
and excellent levels of reliability were obtained in the
within-day repeated measurements (ICC=0.650-0.919). In
the analysis evaluating all measurements together, the
ICC value was 0.961 (95% Cl: 0.932-0.982). All ICC values
obtained in the analyses were statistically significant
(p<0.001).

The ICC analysis results for the GQS scores are presented
in Table VI. In the analysis evaluating all measurements
together, the ICC value was 0.919 (95% Cl: 0.919-0.979).
ALl ICC analyses were found to be statistically significant
(p<0.001).

Table Il. Comparison of Cetinkaya-Uzun readability scores between days and repeated assessments within each day

Day Mean * SD Median (Q1-Q3) Repetition Mean * SD Median (Q1-Q3) p value
Repetition 1 39.2+8.1° 39.7 (32.5-46.6)

Day 1 41.6+9.4% 431 (35.2-47.9) Repetition 2 4548 5 42.4 (40.1-48.4) p=0.022¢
Repetition 3 40.6+10.7® 43.9 (38.6-47.2)
Repetition 1 47.9+9.8° 45.4 (42.5-50.7)

Day 2 441411.78¢ 45.2 (37.4-50.8) Repetition 2 471+12.3° 42.8 (32.8-48.1) p=0.020*
Repetition 3 43.6+10.8% 43.9 (37.4-47.8)
Repetition 1 42177 41.5(38.9-47.7)

Day 3 41149.8%8 41.8 (34.7-47.) Repetition 2 37.3£9.4° 36.2(31.3-42.8) p=0.003*
Repetition 3 43.9+11.6® 45 (35.8-49.6)
Repetition 1 42.2+9.2° 40.5(34.3-50.4)

Day 4 43149.25¢ 43.9 (36.9-48.5) Repetition 2 45.4+10.6° 42.7 (38.1-55.3) p=0.009*
Repetition 3 41.6+7.4° 39.8 (35.6-46.6)
Repetition 1 42.9+8.7° 43.7 (37.2-48.6)

Day 5 42.6+8.2° 427 (36.4-47.6) Repetition 2 42146 414 (37.2-48.4) p=0.887*
Repetition 3 42.849.7° 40.7 (36.3-46.4)
Repetition 1 45.3+7.6° 45.3 (41.3-49.3)

Day 6 44.8+8.8¢ 46.3 (39.1-51.4) Repetition 2 45.6+10.82 44.6 (38.4-53.6) p=0.525*
Repetition 3 43.4+7.9° 42.7 (37.7-48.1)
Repetition 1 39+9.7° 37.2 (31-44.3)

Day 7 38.1£9.4% 38.5(31.7-43.8) Repetition 2 36.6+9.5° 36 (31.2-40.8) p=0.399*
Repetition 3 38.5+9.7¢ 39.2(34.7-43.8)

Data are presented as mean + SD and median (Q1-Q3)

£: Friedman test, *: Repeated measures ANOVA

*Comparisons between repetitions within each day were performed using repeated-measures ANOVA for normally distributed data and the Friedman test for non-

normally distributed data
Different lowercase superscript letters (>°) indicate statistically significant differences between repeated assessments within the same day (p<0.05)

Different uppercase superscript letters (*®¢) indicate statistically significant differences between days (p<0.05)
SD: Standard deviation; Q1: First quartile; Q3: Third quartile
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Table I1l. Comparison of Global Quality Score (GQS) scores according to days and repeated assessments within each day

Day Repetition Mean £ SD Median (Q1-Q3) p value
Repetition 1 4.4+0.59 4 (4-5)
Day 1 Repetition 2 4.2+0.77 4 (4-5) p=0.497
Repetition 3 4.3+0.55 4 (4-5)
Repetition 1 4.3+0.64 4 (4-5)
Day 2 Repetition 2 4.2+0.89 4 (4-5) p=0.595
Repetition 3 41+0.97 4 (4-5)
Repetition 1 4.2+0.67 4 (4-5)
Day 3 Repetition 2 4.3+0.57 4 (4-5) p=0.368
Repetition 3 4.3+0.57 4 (4-5)
Repetition 1 4.2+0.99 4 (4-5)
Day 4 Repetition 2 4.3+0.57 4 (4-5) p=0.692
Repetition 3 4.2+0.70 4 (4-5)
Repetition 1 4.5+0.51 4 (4-5)
Day 5 Repetition 2 4.3+0.66 4 (4-5) p=0.311
Repetition 3 4.3+0.57 4 (4-5)
Repetition 1 4.3+0.47 4 (4-5)
Day 6 Repetition 2 4.2+0.88 4 (4-5) p=0.174
Repetition 3 4.4+0.50 4 (4-5)
Repetition 1 4.0+1.05 4 (4-5)
Day 7 Repetition 2 4.3+0.79 4 (4-5) p=0.054
Repetition 3 4.2+0.75 4 (4-5)
Between-day comparison - - - p=0.650
Data are presented as mean + SD and median (Q1-Q3)
Within-day comparisons were performed using the Friedman test
SD: Standard deviation, Q1: First quartile, Q3: Third quartile
Table IV. ICC reliability analysis of Atesman readability scores
Repetitions ICC 95% CI Interpretation p value
A1-A2-A3 0.736 0.448-0.887 Moderate p<0.001
A4-A5-A6 0.836 0.649-0.930 Good p<0.001
A7-A8-A9 0.733 0.421-0.887 Moderate p<0.001
A10-AT1-A12 0.883 0.746-0.950 Good p<0.001
A13-A14-A15 0.812 0.600-0.920 Good p<0.001
A16-A17-A18 0.588 0.117-0.826 Moderate p<0.001
A19-A20-A21 0.802 0.589-0.915 Good p<0.001
Al-A21 0.958 0.925-0.980 Excellent p<0.001

ICC values were calculated using a two-way mixed-effects model with absolute agreement [ICC (3,k)]

A1-A21 represent sequential Atesman readability measurements across all repetitions and days
ICC: Intraclass Correlation Coefficient, Cl: Confidence interval
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Table V. ICC reliability analysis of Cetinkaya-Uzun readability scores

Repetitions ICC 95% Cl Interpretation p value
1-C2-C3 0.699 0.386-0.869 Moderate p<0.001
C4-C5-Cé 0.870 0.722-0.945 Good p<0.001
C7-C8-C9 0.797 0.555-0.915 Good p<0.001
C10-C11-C12 0.919 0.818-0.966 Excellent p<0.001
C13-C14-C15 0.799 0.574-0.915 Good p<0.001
C16-C17-C18 0.650 0.261-0.851 Moderate p<0.001
C19-C20-C21 0.822 0.629-0.924 Good p<0.001
a1-c21 0.961 0.932-0.982 Excellent p<0.001
ICC values were calculated using a two-way mixed-effects model with absolute agreement [ICC (3,k)]

C1-C21 represent sequential Cetinkaya-Uzun readability score measurements across all days and repetitions

ICC: Intraclass Correlation Coefficient, CI: Confidence interval

Table VI. ICC reliability analysis of GQS scores

Repetitions ICC 95% ClI Interpretation p value
G1-G2-G3 0.839 0.663-0.931 Good p<0.001
G4-G5-C6 0.596 0.137-0.829 Moderate p<0.001
G7-G8-G9 0.867 0.722-0.943 Good p<0.001
G10-GN-G12 0.783 0.543-0.908 Good p<0.001
G13-G14-G15 0.791 0.564-0.91 Good p<0.001
G16-G17-G18 0.767 0.517-0.900 Good p<0.001
G19-G20-G21 0.906 0.803-0.960 Excellent p<0.001
G1-G21 0.919 0.919-0.979 Excellent p<0.001

G1-G21 represent sequential GQS measurements across all days and repetitions

ICC values were calculated using a two-way mixed-effects model with absolute agreement [ICC (3,k)]

ICC: Intraclass Correlation Coefficient, Cl: Confidence interval, GQS: Clobal Quality Scale

Discussion

The findings of the present study demonstrated that
ChatGPT-generated responses to frequently asked question
in pediatric dentistry generally exhibited a moderate level of
readability, high quality scores, and overall good consistency
betweenrepetitions. However, variability in readability scores
was observed both within the same day and across different
days. Accordingly, the first and second null hypotheses,
proposing that the Atesman and Cetinkaya-Uzun readability
scores did not differ significantly across different days
and repetitions, were rejected. The third null hypothesis,
which proposed that GQS scores did not demonstrate
significant differences over time, was accepted, whereas
the fourth null hypothesis, which proposed that ChatGPT
responses did not demonstrate a high level of consistency
over time, was rejected. Collectively, these results suggest
that although ChatGPT maintains a relatively stable level of
informational quality over time, the linguistic complexity of

its responses may fluctuate depending on when the same
prompt is submitted.

According to the findings obtained in the present study,
the readability results demonstrated that the Atesman
readability scores were generally within the range of 60-80,
indicating that the responses were between the “moderately
difficult” and “easy” reading levels. Similarly, the Cetinkaya-
Uzun scores ranging between 35 and 47 suggested that
the contents could be classified within the “instructional
reading level” category. These results indicate that the
responses are understandable for a certain user population.
However, the “instructional reading level” identified by
the Cetinkaya-Uzun formula approximately corresponds
to an eighth- to ninth-grade educational level, suggesting
that individuals with limited educational attainment or
lower health literacy may still experience difficulties in
fully comprehending or applying the information provided.
Consequently, readability should be considered as an
important determinant of the practical usefulness of LLM-
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generated patient education materials, in addition to their
factual accuracy and informational quality.

Previous studies have similarly reported that the
readability levels of health-related content generated by
LLMs is generally acceptable, although substantial variation
exists depending on the clinical topic, language, and
assessment method employed (24-27). In a study conducted
by Aypar Akbag (26), the mean Atesman readability score
of content related to gestational diabetes generated by
ChatGPT and Gemini was reported as 77.8. The researchers
stated that these contents had a high level of readability and
were considered understandable for users (26). Similarly,
in a study conducted by Boztas Demir and Gorgilld (27),
the Turkish responses generated by ChatGPT and Gemini
to patient questions in the field of orthodontics were
reported to be generally adequate in terms of accuracy,
comprehensiveness, and readability. Erdat et al. (25) also
reported that ChatGPT’s responses to questions related
to colorectal cancer demonstrated moderate readability
and good quality characteristics. Overall, the findings of
the present study are consistent with this growing body of
evidence indicating that LLM-generated health information
is generally understandable and of acceptable educational
quality. Nevertheless, direct comparison across studies
should be interpreted cautiously as the evaluated clinical
topics, response languages, and readability formulas differ
considerably.

When the literature specific to pediatric dentistry is
considered, an interesting pattern emerges. Although
direct numerical comparison is limited by differences in
language and readability indices, Kocaoglu et al. (15) and
Aydin Varol et al. (16) similarly reported that ChatGPT-
generated responses addressing procedural or guideline-
based pediatric dental topics in English generally required
university-level reading ability. By contrast, the parental
frequently asked questions evaluated in the present
study demonstrated moderate-to-easy readability. This
discrepancy is likely attributable to the inherently greater
linguistic complexity of procedure-oriented subjects, such
as pediatric dental sedation and pulpotomy, compared with
preventive oral health information intended for parents,
rather than reflecting a true language-related difference.
These observations further emphasize that the readability
of LLM-generated responses depends not only on the
characteristics of the language model itself, but also on the
complexity and intended audience of the clinical topic being
addressed.
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One of the notable findings of the present study was
that readability scores varied significantly despite the use
of identical prompts. Significant differences were observed
both between repeated assessments performed on the
same day and between different days, indicating that the
linguistic characteristics of ChatGPT-generated responses
are not entirely stable over time. This situation may be
explained by the probabilistic nature of LLMs. LLMs do
not always generate the same output for the same input
and may demonstrate variability in characteristics such
as sentence structure, word choice, and text length. As
readability indices are inherently sensitive to these textual
characteristics, fluctuations in readability scores are
expected even when the underlying informational content
remains largely unchanged. These findings suggest that
readability assessments performed at a single time point
may not adequately represent the linguistic variability
of LLM-generated health information. Importantly, the
temporal fluctuations observed in the present study
provide support for concerns regarding potential model
drift and response variability which have previously been
discussed in the pediatric dentistry literature. Kocaoglu
et al. (15), for example, identified their cross-sectional
design as an important limitation and recommended
repeated longitudinal evaluations in order to determine
whether chatbot performance changes over time. Similarly,
Aydin Varol et al. (16) acknowledged that the temporal
consistency of individual chatbots could not be assessed
within their study design, while Ucar Glindogar and Sarioglu
(17) limited repeated evaluations to a single day, precluding
an assessment of between-day variability. By employing a
seven-day, three-times-daily repeated-measures protocol,
the present study directly addresses this methodological gap
and demonstrated that although the overall informational
quality of ChatGPT responses remains remarkably stable,
their linguistic complexity may fluctuate across repeated
interactions. These findings indicate that temporal
reproducibility constitutes an independent dimension of
LLM performance which cannot be adequately captured by
conventional single-timepoint evaluations.

When the quality evaluation was examined, ChatGPT
responses demonstrated a consistent performance with
high GQS scores across all time periods, and no significant
differences were observed between repetitions. Similarly,
previous studies have reported that the responses of LLMs
in the healthcare field are generally of moderate-to-high
quality (28,29). In a systematic review published in 2024,
Li et al. (29) reported that ChatGPT mostly demonstrated



Bitisik et al.
Readability, Quality, and Consistency of a Large Language Model

“passing” or "moderate” performance across different
healthcare applications, although it was not yet considered
fully reliable for clinical use. In another systematic review,
ChatGPT was reported to have a broad range of applications
in healthcare education, research, and clinical practice,
offering significant advantages in areas such as improving
writing quality, data analysis, and patient education
(28). That same study also emphasized that despite high
efficiency and explanatory capacity in content generation,
risks such as inaccuracies, bias, and “hallucinations” remain
important concerns. The phenomenon of “hallucinations”,
defined as the ability of LLMs to generate different or
inaccurate responses to the same input, has been
highlighted as a potential risk for users, particularly in the
healthcare field (28,29). Therefore, despite the high-quality
scores observed, such systems should not be regarded
as definitive standalone sources of information. Recent
discussions regarding the design philosophy of LLMs further
reinforce these concerns. Contemporary LLMs are generally
optimized to generate a response to user prompts rather
than explicitly indicating uncertainty or declining to answer.
Consequently, inaccurate or unsupported information
may occasionally be presented in a fluent and confident
manner, making it difficult for users to distinguish between
reliable and erroneous content. In the context of pediatric
dentistry, where parents may rely on online information
to make decisions regarding their children’s oral health,
this behavior highlights the importance of professional
verification and reinforces that LLM-generated information
should complement, but not replace, clinical judgment.

The stability of GQS scores observed in the present
study parallels findings reported in recent pediatric
dentistry investigations. Both Karamiftloglu et al. (14)
and Aydin Varol et al. (16) similarly observed no significant
differences in GQS values, although their comparisons were
performed between different chatbot platforms rather
than across time. Considered together with the present
findings, these studies suggest that GQS may represent a
relatively robust measure of the overall educational quality
of LLM-generated content, remaining comparatively stable
regardless of whether the source of variation is model
selection or repeated prompting over time. Furthermore,
Kocaoglu et al. (15) demonstrated no significant association
between DISCERN quality scores and Flesch-Kincaid
Grade Level readability scores across multiple chatbots,
supporting the concept that readability and informational
quality constitute distinct dimensions of LLM-generated
health information. The present study further strengthens
this interpretation by demonstrating that readability may

fluctuate substantially over time while overall quality
remains stable, indicating that linguistic accessibility and
informational quality should be evaluated independently
rather than being considered interchangeable indicators of
content performance.

Nevertheless, consistently high GQS scores should not
be interpreted as evidence of complete factual reliability.
Recent pediatric dentistry studies have demonstrated that
even LLM-generated responses rated highly for quality may
contain fabricated or inaccurate references. Ucar Glindogar
and Sarioglu (17) reported that although DeepSeek Rl
demonstrated greater overall consistency and accuracy
than ChatGPT-40 when generating information related to
molar-incisor hypomineralization, both models exhibited
substantial rates of fabricated citations. Similarly, Saglam
et al. (13) found that the accuracy of cited references was
consistently lower than the accuracy of the explanatory
content itself across all evaluated LLMs. Taken together with
the present findings, these observations indicate that fluent
language, stable quality scores, and coherent explanations
should not be interpreted as guarantees of source reliability.
Consequently, LLM-generated health information,
particularly when intended for patient education, should
continue to undergo professional verification before being
incorporated into clinical communication or educational
resources.

Upon examination of the consistency analyses evaluated
in the present study, it was seen that the responses
generated by ChatGPT generally exhibited a satisfactory
level of consistency, as evidenced by the high ICC values
obtained. In particular, the high ICC values observed in
the analyses evaluating all repetitions collectively suggest
that the model is generally capable of producing stable
and predictable responses to similar prompts. However,
the presence of significant differences in readability scores
both within the same day and across different days, despite
the absence of significant differences in GQS scores over
time, suggests that LLMs may exhibit variability in linguistic
complexity while maintaining a more stable level of overall
information quality. The findings, when considered as
a whole, suggest that the evaluation of health-related
content generated by LLMs should consider not only a
single response, but also temporal variability and response
consistency over time.

From a clinical perspective, when the findings obtained
from this study are evaluated collectively, LLMs appear to be
potentialtoolswhich maysupportrapid accesstoinformation
for parents in the field of pediatric dentistry. However, the
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results also demonstrate that these systems should not be
considered completely reliable and standardized sources of
information. In particular, the fact that readability levels
may not be equally suitable for all user groups and that
responses may exhibit a certain degree of variability over
time suggests that LLMs should be regarded as supportive
tools in clinical practice. Although the Cetinkaya-Uzun
readability scores corresponded to the instructional reading
level (approximately the 8™-9%™ grade), this level may still
exceed the reading and health literacy skills of a substantial
proportion of caregivers. Consequently, despite the
consistently high quality of the information provided, some
parents may experience difficulty in fully understanding or
applying the generated recommendations. Furthermore, the
possibility that semi-technical or clinical expressions may be
misinterpreted by individuals with low health literacy should
also be taken into consideration. These findings highlight the
importance of optimizing the readability of LLM-generated
patient education materials in addition to ensuring their
informational quality particularly as such tools are intended
for use by diverse populations with varying levels of health
literacy. Therefore, it is recommended that health-related
information provided by LLMs should, when necessary, be
supported by expert evaluation and interpreted with caution.

From a methodological perspective, the present study
possesses several important strengths. Unlike previous
investigations which primarily adopted cross-sectional or
single-timepoint designs, the present study incorporated a
longitudinal repeated-measures protocol consisting of three
independent assessments per day over seven consecutive
days. This design enabled simultaneous evaluations of
readability, information quality, and temporal reproducibility
while minimizing the likelihood that the findings reflected a
single stochastic response. Furthermore, the combined use
of two validated Turkish readability formulas, the GQS, and
intraclass correlation analyses provided a multidimensional
assessment framework, allowing for the complementary
evaluation of linguistic accessibility, educational quality,
and response stability. Such an approach offers a more
comprehensive characterization of LLM-generated patient
education materials in comparison to studies relying on a
single evaluation metric.

Study Limitations

Nevertheless, several limitations should be considered
when interpreting the findings. First, the present study
evaluated only ChatGPT; therefore, the results cannot
be generalized to other LLMs, which may demonstrate
different linguistic characteristics, quality profiles, or
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temporal stability. This deliberate methodological choice
allowed for a rigorous repeated-measures design focused
on the temporal reproducibility of a single model but
precluded direct comparisons between competing
LLMs. Future studies incorporating multiple LLMs within
longitudinal repeated-measures protocols would help
determine whether the temporal variability observed in
the present study is model-specific or represents a more
general characteristic of contemporary LLMs. Second,
the evaluation period was limited to seven consecutive
days. Given that commercial LLMs undergo continuous
algorithmic refinement and periodic updates, longer follow-
up periods may reveal additional patterns of temporal
variation which could not be captured within the present
study. Finally, although readability, information quality,
and temporal consistency were comprehensively assessed,
this study did not evaluate the factual accuracy, reference
validity, or clinical correctness of the generated responses.
These dimensions remain essential components of the
performance of LLMs and should be incorporated into
future investigations in order to provide a more holistic
assessment of LLM-assisted patient education.

Conclusion

This study demonstrated that the Turkish responses
generated by ChatGPT to frequently asked questions in the
field of pediatric dentistry generally exhibited moderate
readability, high quality, and good consistency. However,
variability in readability scores was observed both within the
same day and across different days. The findings obtained
indicate that LLMs may be used as supportive tools in
patient and parent information processes; however, as
the generated content may vary in terms of readability
and consistency, these systems should not be regarded
as completely reliable sources of information in clinical
settings without human supervision and expert evaluation.
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ABSTRACT

Ochoa syndrome is a rare disorder characterized by abnormal facial expression and severe lower urinary tract dysfunction. We report a two-
year-old girl with recurrent urinary tract infections and a novel homozygous HPSE2 exon 5-11 deletion. Early recognition and timely intervention
are essential in order to prevent renal damage and improve clinical outcomes.

Keywords: Ochoa syndrome, urofacial syndrome, HPSE2, recurrent urinary tract infection, vesicostomy

Introduction

Ochoa syndrome, also referred to as urofacial syndrome
(UFS), is a rare disorder characterized by the coexistence
of abnormal facial expression and lower urinary tract
dysfunction in the absence of an identifiable neurological
or anatomical obstruction. Affected individuals typically
demonstrate an inverted facial expression during smiling or
laughing (1). UFS follows an autosomal recessive inheritance
pattern, and pathogenic variants involving the inactive
heparanase-2 (HPSE2) gene have been identified in the
majority of reported cases (2). As the characteristic facial
findings may be subtle during early childhood, recognition
of this syndrome can be delayed, leading to recurrent
urinary tract infections (UTlIs) and progressive upper urinary
tract damage. We present this case in order to emphasize
the importance of early recognition of Ochoa syndrome

as a rare but significant cause of severe lower urinary tract
dysfunction, recurrent UTI, and chronic kidney disease.

Case Report

A two-year-old girl was referred with recurrent febrile
UTIs. Physical examination demonstrated poor weight gain
and failure to thrive associated with repeated infectious
episodes. Perineal and lumbosacral examinations were
unremarkable. However, an abnormal inverted facial
expression while smiling was noticed during clinical
evaluation (Figure 1). Antibiotic prophylaxis was initiated.

There was no known family history of Ochoa syndrome
or other hereditary urinary tract disorders, and no
known parental consanguinity. Urinary ultrasonography
demonstrated bilateral grade 3 hydroureteronephrosis,
severe bladder wall thickening, and thinning of the left
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renal parenchyma. Dimercaptosuccinic acid scintigraphy
revealed cortical irregularities, upper pole parenchymal
thinning, and mild dilatation of the left collecting system.
Voiding cystourethrography demonstrated vesicoureteral
reflux together with trabeculation and diverticular changes
of the bladder wall.

Based on the coexistence of characteristic facial
findings and severe lower urinary tract dysfunction,
Ochoa syndrome was suspected. Molecular confirmation
was obtained through whole exome sequencing analysis.
Sequence evaluation did not reveal any pathogenic or likely

pathogenic single nucleotide variants associated with the
phenotype. However, copy number variation (CNV) analysis
identified a homozygous deletion within the 10q26.3 region
(Hg19: chr10:100242132-100481844), involving exons 5-11 of
the HPSE2 (NM_021828.4) gene. No additional morbid OMIM
genes were identified within the deleted region.

This deletion had not previously been reported in
databasesincluding DGV orgnomAD. According to American
College of Medical Genetics and Genomics criteria, the CNV
was classified as likely pathogenic. Integrative Genomics
Viewer analysis demonstrated a complete absence of read
depth across exons 5-11of the HPSE2 gene, whereas adequate
read depth was present in the control samples processed in
the same sequencing run (Figure 2). Confirmation analysis
was planned; however, multiplex ligation-dependent probe
amplification (MLPA) confirmation could not be performed
because no specific probe for HPSE2 was available. In
addition, the parents declined segregation analysis.
Despite continuous antibiotic prophylaxis, the
patient experienced two episodes of urosepsis requiring
hospitalization during follow-up. Considering the severity
of the lower urinary tract dysfunction and the patient’s
clinical condition, vesicostomy was performed. During
the first postoperative year, she remained infection-free
and demonstrated improvement in growth parameters
appropriate for her age. Follow-up radiological evaluation
showed improvement of the upper urinary tract. Based on
her favorable clinical course, radiological improvement,
and satisfactory cystoscopic bladder mucosal appearance,
vesicostomy closure with anti-reflux surgery was performed
in the 14 postoperative month.
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Figure 2. Integrative Genomics Viewer analysis demonstrating the homozygous HPSE2 exon 5-11 deletion in the patient.
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Discussion

Ochoa syndrome, also known as UFS, was initially
described clinically in the early 1960s. In 1979, the term
‘Ochoa syndrome’ was introduced by Elejalde (4) following
genetic investigations of the affected families (3). The
diagnosis of Ochoa syndrome is established in the presence
of one or both of the following findings: 1) inverted facial
expression accompanied by clinical and radiological evidence
of lower urinary tract dysfunction, and 2) identification
of a homozygous pathogenic variant involving the HPSE2
or leucine-rich repeats and immunoglobulin-like domains
protein 2 (LRIG2) gene.

Lower urinary tract dysfunction in these patients may
manifest with recurrent UTls, dysuria, urinary incontinence,
frequency, urgency, or enuresis, and may eventually progress
to end-stage renal disease if left untreated (5). Although the
characteristic paradoxical facial expression during smiling
is considered highly suggestive of the syndrome, it may
remain unrecognized as bladder-related symptoms usually
dominate the clinical presentation.

From a genetic perspective, UFS is an autosomal
recessive disorder caused by pathogenic variants affecting
both alleles of either the HPSE2 or LRIG2 gene (6). Advances
in next-generation sequencing (NGS) technologies over the
last decade have significantly improved the identification
of inherited Mendelian disorders. NGS allows for the
simultaneous evaluation of multiple genomic regions in
a single analysis and has become a practical and cost-
effective diagnostic approach for those patients with
suspected genetic diseases (7). Nevertheless, conventional
NGS analysis may be insufficient for the detection of
CNVs, including exon-level deletions, which represent an
important mechanism underlying many genetic disorders.
The incorporation of CNV detection algorithms into NGS-
based diagnostic workflows has therefore substantially
increased diagnostic accuracy in genetically heterogeneous
conditions (8,9).

In the present case, whole exome sequencing combined
with CNV analysis identified a homozygous deletion
involving exons 5-11 of the HPSE2 gene in the 10g26.3
region, which was classified as likely pathogenic. Previous
studies have highlighted the functional importance of exon
deletions affecting HPSE2. Beaman et al. (10) demonstrated
four possible heparanase-2 isoforms generated through
differential splicing of exons 3 and 4. In addition, Daly et
al. (2) described a family with UFS carrying a whole exon 3
deletion in HPSE2. Unlike previously reported variants, our
patient demonstrated a homozygous deletion spanning
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exons 5-11, a finding that has not previously been described
in association with UFS. This observation further expands
the known mutational spectrum of HPSE2. The absence
of isoforms involving exons 5-11 may interfere with the
pathways required for normal bladder innervation and facial
muscle function, thereby contributing to the typical clinical
phenotype observed in UFS.

Although the molecular findings strongly supported
the diagnosis, several limitations should be acknowledged.
Confirmatory MLPA analysis could not be performed because
a specific probe for HPSE2 was unavailable, and the family
declined segregation analysis. Despite these limitations, our
findings support the growing evidence regarding the central
role of HPSE2 in the pathogenesis of Ochoa syndrome
and underline the importance of comprehensive genomic
analysis in rare inherited disorders. However, extensive
genetic confirmation should not delay the initiation of
treatment, since timely management remains essential for
the preservation of renal function and the improvement
of long-term outcomes, particularly considering that
approximately 16% of patients may not harbor currently
recognized mutations (1).

Conclusion

In children presenting with severe lower urinary tract
dysfunction, recognition of the characteristic inverted facial
expression may facilitate an earlier diagnosis of Ochoa
syndrome. Timely intervention is essential in order to reduce
the risk of progressive renal impairment.
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