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Manuscript Preparation Guidelines

J. Pediatr. Acad. (JPA) was established in 2020 as open access and peer-reviewed journal that accepts
articles in English. J. Pediatr. Acad. (JPA) is published 4 times a year. Articles submitted should not
have been previously published or be currently under consideration for publication any place else
and should report original unpublished research results. The journal does not expect any fees for
publication. All articles are available on the website of the journal for all readers.

Instructions for Authors
Scope

Journal of Pediatric Academy (JPA) reports on major advances in the diagnosis and treatment of
diseases in children. Each issue presents informative original research articles, review articles, case
reports, image corners, and letters to the editor from leading clinicians and investigators worldwide.

Ethical/Legal Considerations

A submitted manuscript must be an original contribution not previously published (except as an
abstract or a preliminary report), must not be under consideration for publication elsewhere, and, if
accepted, must not be published elsewhere in a similar form, in any language. Each person listed as an
author is expected to have participated in the study to a significant extent. Although the editors and
referees make every effort to ensure the validity of published manuscripts, the final responsibility rests
with the authors, not with the Journal, its editors, or the publisher. All manuscripts must be submitted
on-line through the journal’s Web site at https://www.jpediatricacademy.com/index.php/jpa

Journal Metrics

External peer review of manuscripts is completed within 8-10 weeks of submission, and accepted
papers are typically published within 8 months. The journal publishes editorial comments, original
articles describing experimental and clinical research, reviews, case reports, image corner, and letters
to the editor. JPA is published in print and online and distributed free of charge.

JPA is publishing 4 issues per year in March, June, September and December.

Each issue will include at least 4 original research articles, and other types such as editorial comments,
invited reviews, clinical guidance, case reports, image corners, and letters to the editor.

Patient Anonymity and Informed Consent

It is the author’s responsibility to ensure that a patient’s anonymity is carefully protected and to verify
that any experimental investigation with human subjects reported in the manuscript was performed
with informed consent and following all the guidelines for experimental investigation with human
subjects required by the institution(s) with which all the authors are affiliated. The authors should
mask patients’ eyes and remove patients’ names from the figures. Photographs with bars placed over
the eyes of patients can not be used in publication unless they obtain written consent from the patients
and submit written consent with the manuscript.

Copyright: The corresponding author will complete and sign the authorship verification questionnaire
within the submission steps.

Conflicts of Interest and Source of Funding

Authors must state all possible conflicts of interest in the manuscript, including financial, consultant,
institutional, and other relationships that might lead to bias or a conflict of interest. If there is no
conflict of interest, this should also be explicitly stated as none declared. All sources of funding should
be acknowledged in the manuscript. All relevant conflicts of interest and sources of funding should
be included on the title page of the manuscript with the heading “Conflicts of Interest and Source of
Funding:”. For example:

Conlflicts of Interest and Source of Funding: A has received honoraria from Company Z. is currently
receiving a grant (#12345) from Organization Y, and is on the speaker’s bureau for Organization X -
the CME organizers for Company A. For the remaining author’s none were declared.

Permissions: Authors must submit written permission from the copyright owner (usually the
publisher) to use direct quotations, tables, or illustrations that have appeared in copyrighted form
elsewhere, along with complete details about the source.
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Manuscript Submission

On-Line Manuscript Submission: All manuscripts must be submitted online through the Web site at
https://www.jpediatricacademy.com/index.php/jpa

First-time users: Please click the Register button from the main top menu and enter the requested
information. Your account will be activated after the approval of the Editorial board.

Authors: Please click the login button from the menu at the top of the page and log in to the system
as an Author. Submit your manuscript according to the author’s instructions. You will be able to track
the progress of your manuscript through the system. If you experience difficulties using the system,
please contact info@jpediatricacademy.com. Requests for help and other questions will be addressed
in the order received.

Preparation of Manuscript: Manuscripts that do not adhere to the following instructions will be
returned to the corresponding author for technical revision before undergoing peer review. Title
Page: Include on the title page (a) complete manuscript title; (b) authors’ full names, highest academic
degrees, affiliations, and ORCID numbers; (c) name and address for correspondence, including fax
number, telephone number, and e-mail address; (d) address for reprints if different from that of the
corresponding author; and (e) all sources of support, including pharmaceutical and industry support,
that require acknowledgment. The title page must also include a disclosure of funding received for
this work.

Highlights: Highlights are mandatory for original articles, and invited reviews as they help increase
the discoverability of your article via search engines. They consist of a short collection of bullet points
that capture the novel results of your research as well as new methods that were used during the study
(if any). Highlights should be submitted in a separate editable file in the online submission system.
Please use ‘Highlights’ in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point).

Unstructured Abstract and Keywords: Limit of the abstracts are given in the table. It must be factual
and comprehensive. Limit the use of abbreviations and acronyms, and avoid general statements (eg,
“the significance of the results is discussed”). List three to five keywords or phrases.

Text: Organize the manuscript into four main headings: Introduction, Materials and Methods,
Results, and Discussion. Define abbreviations at first mention in the text and each table and figure. Ifa
brand name is cited, supply the manufacturer’s name and address (city and state/country). All forms of
support, including pharmaceutical industry support, must be acknowledged in the Acknowledgment
section.

Abbreviations: For a list of standard abbreviations, consult the Council of Biology Editors Style Guide
(available from the Council of Science Editors, 9650 Rockville Pike, Bethesda, MD 20814) or other
standard sources. Write out the full term for each abbreviation at its first use unless it is a standard
unit of measure.

Manuscript Types
JPA publishes the types of articles briefly described below.

Editorial Comment:

Editorial comments aim to provide a brief critical commentary by reviewers with expertise or with a
high reputation on the topic of the research article published in the journal. The authors are selected
and invited by the journal to provide such comments. The text should contain 1500 words or fewer. it
includes 5 figures and/or tables or fewer and 15 references or fewer.

Research Articles:

This is the most important type of article since it provides new information based on original research.
The main text of original articles should be structured with an Introduction, Methods, Results,
Discussion, Conclusion, and References subheadings. Please see Table 1 for limitations for Research
Articles.



Statistical analysis is usually necessary to support conclusions. Statistical analyses must be conducted
by international statistical reporting standards (Altman DG, Gore SM, Gardner M]J, Pocock S]J.
Statistical guidelines for contributors to medical journals. Br Med ] 1983: 7; 1489-93). Information on
statistical analyses should be provided with a separate subheading under the Materials and Methods
section and the statistical software that was used during the process must be specified. Units should
be prepared by the International System of Units (SI). Limitations, drawbacks, and shortcomings of
the original articles should be mentioned in the Discussion section before the conclusion paragraph.

Invited Review:

Invited reviews prepared by authors who have extensive knowledge of a particular field and whose
scientific background has been translated into a large volume of publications with a high citation
potential are welcomed. Submissions from such authors may also be invited by the journal. Reviews
should describe, discuss, and evaluate the current level of knowledge of a topic in clinical practice and
should guide future studies.

Case Reports:

Clinical observations may include case histories that demonstrate novel findings or associations,
important clinical responses when a larger study is not needed to address a specific issue, or a unique
laboratory observation linked to clinical care and/or practice. The text should contain 1500 words or
fewer, with a brief abstract of 200 words or fewer. Abstracts outline background, observation(s), and
conclusions. Include 5 figures and/or tables or fewer and 15 references or fewer.

Image Corner:

For educational purposes, the journal publishes original, interesting, and high-quality clinical images
having a brief explanation (maximum 500 words excluding references but including figure legends)
and of educational significance. The figure legend should contain no more than 100 words. It can
be signed by no more than 5 authors and can have no more than 5 references and 3 figures. Any
information that might identify the patient or hospital, including the date, should be removed from
the image. An abstract is not required with this type of manuscript. The main text of clinical images
should be structured with the following subheadings: Case, and References.

Letters To The Editor:

Letters to the editor should pertain to articles published within the Journal of Pediatric Academy or
highlight important new clinical or laboratory insights. The text should contain 1000 words or fewer.

Table 1.

Limitations for each manuscript type

Manuscript Type Word Limit Abstract Word Limit Reference  Limit Table Limit  Figure Limit
Editorial comment 1500 No abstract 15 2 5
Original Article 3500 300 50 6 6
Invited Review 5000 350 100 6 10
Case Report 1500 200 15 2 5
Image corner 500 No abstract 5 - 3
Letter to the Editor 1000 No abstract 5 1 1
References:

The authors are responsible for the accuracy of the references. Key the references (double-spaced) at
the end of the manuscript. Cite the references in the text in the order of appearance.

In-text Citations:

Assign a number to each reference within the text as you cite it. The citations are identified by Arabic
numbers in superscript. The number must be used even if the author(s) is named in the text.



Example: In his study, Babbott" found that....

New sources are numbered consecutively as they occur in the text. If a source is repeated, so is the
number originally assigned to it.

When multiple references are cited at the same place in the text, use commas without spaces to separate
non-inclusive numbers.
1,3,9,16

Example: Multiple studies have indicated...

If multiple references cited at the same place in the text are inclusive, use a hyphen to join the first and
last numbers.

Example: Multiple studies have indicated that....”°

Placement of the citation numbers is generally at the end of the sentence, unless there are two
individual sets of citations in each sentence. Generally reference numbers should be placed outside of
periods and commas, inside of colons and semicolons.

Cite unpublished data—such as papers submitted but not yet accepted for publication and personal
communications, including e-mail communications—in parentheses in the text. If there are more than
three authors, name only the first three authors and then use et al. Refer to the List of Journals Indexed
in Index Medicus for abbreviations of journal names, or access the list at http://www.nlm.nih.gov/tsd/
serials/lji.html. Sample references are given below:

Journal Article:
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Abstract

Atopic dermatitis (AD) is a chronic inflammatory skin disease with childhood onset. However, children with moderate-to-severe AD
often do not achieve adequate disease control with current broad immunotherapies, leaving them with limited treatment options.
The Janus kinase (JAK)-signal transducer and activator of transcription pathway is central to AD pathogenesis and an emerging
therapeutic target. Ruxolitinib and delgocitinib are two topical JAK inhibitors that have been studied in pediatric populations. This
structured literature review, utilizing a systematic search strategy, aimed to evaluate the efficacy and safety of topical JAK inhibitors
in children under 12 years of age with AD. A systematic search of PubMed/MEDLINE and Cochrane CENTRAL was performed
in accordance with PRISMA guidelines. Eligible studies included randomized controlled trials, open-label extension studies, and
pharmacokinetic and safety studies of topical JAK inhibitors in patients under 12 years of age with AD. Systemic JAK inhibitor
studies, adult-only trials, non-AD eczematous conditions, and non-peer-reviewed sources were excluded. Four eligible trials were
identified. In children aged 2-11 years, ruxolitinib cream (0.75% and 1.5%) significantly improved investigator’s global assessment
0/1 response, Eczema Area and Severity Index-75/90, pruritus, and quality of life compared with the control cream, and efficacy
was maintained in long-term studies. Treatment was well tolerated, with mainly mild application-site reactions and minimal systemic
exposure. Delgocitinib ointment (0.25% and 0.5%) demonstrated consistent efficacy and a favorable safety profile in Japanese
pediatric populations, including infants as young as 6 months, and long-term follow-up studies showed sustained tolerability and
undetectable plasma levels in most patients. Limitations included small sample sizes, short, blinded treatment periods, geographic
restrictions, and a lack of head-to-head comparisons with standard therapies. Although limited, current evidence suggests that
topical JAK inhibitors are effective and well-tolerated in children <12 years of age with AD, offering itch relief and potential as
steroid-sparing options. Multinational, long-term pediatric trials are needed to define their comparative effectiveness and role in
treatment.

Keywords: Atopic dermatitis, pediatric, JAK inhibitors
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Introduction

Atopic dermatitis (AD) is one of the most common
chronic inflammatory skin diseases of childhood,
affecting approximately 20% of United States (US)
children and tens of millions worldwide. It imposes a
significant burden on patients and

families in terms of economic costs m
and reduced quality of life.

the Janus kinase (JAK)
inhibitors show efficacy in children We
under 12 with atopic dermatitis.
improves
global assessment, Eczema Area and
Severity Index, itch, and quality of life
with minimal systemic exposure.
lymphoid cells, further sustain the | « Delgocitinib demonstrates sustained

AD pathogenesis is multifactorial. | * Topical
Epidermal barrier defects permit
allergen entry, while microbial
dysbiosis and immune activation | * Ruxolitinib
amplify disease. T helper type
2 cells (Th2) cytokines, along
with Th17, Th22, and innate

disease burden associated with uncontrolled AD™. This
review summarizes current and emerging JAK-STAT-
directed therapies for AD, emphasizing children under
12 years, for whom data remain sparse despite the high
prevalence and early onset of AD.

Materials and Methods

Data Sources

performed a systematic
search in accordance with the
PRISMA guidelines to identify
clinical studies of topical JAK
inhibitors in children under 12
years of age with AD. The search
strategy and the study selection

investigator’s

inflammatory  response?.  First- benefit and favorable safety in infants process are illustrated in Figure 1.
line therapies such as emollients, and children. PubMed/MEDLINE, PubMed
topical corticosteroids, and | « Trials report mainly mild, localized Central, and Cochrane CENTRAL

calcineurin inhibitors are effective

for many patients. However, related signals.

children with widespread disease | . |arger, multinational pediatric studies
are needed to define long-term safety

are often managed with off-label

systemic  immunosuppressants. and use.

adverse effects without systemic JAK-

(including Embase, ClinicalTrials.
gov, ICTRP, and CINAHL)
were searched from inception
to September 2025 without
language restrictions.  Ethical
approval was not required as this

These include cyclosporine or
methotrexate, each of which
carries a less favorable safety profile®. Dupilumab is
currently the only systemic biologic approved for use in
patients as young as 6 months of age; however, some
patients remain uncontrolled or are intolerant**.

These limitations  highlight the need for
additional, targeted approaches beyond broad
immunosuppression. One such focus is the Janus
kinase (JAK)-signal transducer and activator of
transcription (STAT) signaling pathway, which is central
to AD pathogenesis. It integrates signals from cytokines
such as interleukin 4 (IL-4), IL-13, IL-31, thymic stromal
lymphopoietin, and IL-22°. Activation of this pathway
compromises the epidermal barrier and promotes
inflammation and pruritus®’. Thus, JAK inhibition can
simultaneously block multiple pathogenic drivers. In
adults, treatment options have expanded to include
JAK inhibitors, ranging from topical formulations to
systemic agents such as abrocitinib, upadacitinib, and
baricitinib for more extensive disease?.

However, targeted treatment options for children under
12 remain limited, despite the onset usually occurring
in childhood®. Ruxolitinib cream, a selective JAK1/2
inhibitor that blocks signaling by IL-4, IL-13, and IL-
31, has recently been approved for children as young
as 2 years of age, though its use is restricted to non-
immunocompromised patients with limited body-surface-
area involvement®. Delgocitinib ointment, a pan-JAK
inhibitor targeting JAK1, JAK2, JAK3, and tyrosine
kinase 2 (TYK2), is approved in Japan for pediatric AD
but remains investigational in the US and Europe™ 2.
Safety, however, remains uncertain. Most data derive
from adults, and pediatric use raises additional concerns
about effects on immune maturation™.

Extending JAK inhibitor therapy to this population would
address a critical unmet need and could reduce the

study is a structured literature
review of previously published data. Full electronic
search strategies for all databases are provided
in Supplementary Table 1.

Database searches yielded 185 records in total, of which
9 duplicates were removed. After screening and full-text
review, 4 studies met the inclusion criteria. Of these, 3
were randomized, cream-controlled trials that formed
the basis for the comparative efficacy evaluation, while 1
open-label study contributed safety and pharmacokinetic
evidence. 3 additional ongoing trials were identified and
reported separately (Figure 1).

Study Selection

Eligible studies included randomized controlled trials,
open-label extensions, and pharmacokinetic or safety
studies that (1) evaluated a topical JAK inhibitor, (2)
enrolled patients with a clinical diagnosis of AD, and
(3) reported outcomes for children under 12 years of
age, either exclusively or as a subgroup. Exclusion
criteria were (1) systemic JAK inhibitor studies,
(2) adult-only populations (212 years), (3) non-AD
eczematous conditions, (4) conference abstracts or
registry records without peer-reviewed publication, and
(5) reviews or commentaries. Duplicate records were
manually consolidated, and reasons for exclusion were
documented. When multiple publications reported the
same study (e.g., primary trial reports and subgroup
analyses), these were treated as a single study for
study selection and PRISMA flowcharting. However, all
relevant publications were included in the reference list.

Data Extraction

Key data were extracted from each eligible study, including
study design, population characteristics, intervention
details, efficacy outcomes [e.g., investigator’s global
assessment (IGA) response, Eczema Area and Severity
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Identification of new studies via databases and registers
& Records identified from:
‘{g’ Databases (n = 185): Records removed before screening:
= Cochrane CENTRAL (n = 153) Duplicate records (n =9)
§ PubMed MEDLINE (n = 32)
\
Records screened Records excluded
(n=176) (n=152)
y
_g’ Reports sought for retrieval Reports not retrieved
s (n=24) (n=0)
8
[
Reports assessed for eligibility Oaggﬁ\gst::rsl%:e:;)
(n=24) Subgroup analyses (n = 17)
y
g New studies included in review
3 (n=4)

Figure 1. Identification of new studies via databases and registers

Index (EASI)-75/90, pruritus], and safety findings
(including systemic exposure and adverse events).
Given the small number of eligible studies and the
heterogeneity of study designs, a qualitative synthesis
was performed to summarize the efficacy and safety
findings. No meta-analysis was performed due to the
limited number of eligible studies and heterogeneity in
study design and outcome reporting.

Results

Ruxolitinib

Clinical studies have demonstrated the efficacy and
safety of ruxolitinib cream in children with AD. In the
phase 3 TRuE-AD3 trial, 330 children aged 2-11
years were randomized to receive ruxolitinib 0.75%
cream, ruxolitinib 1.5% cream, or control cream, twice
daily for 8 weeks. At week 8, IGA treatment success
was achieved by 36.6% and 56.5% of children in the
ruxolitinib groups, respectively, versus 10.8% with the
control cream, with parallel improvements in EASI-
75/90, itch, and quality of life. The safety profile was
favorable, with mostly mild application-site reactions and
no systemic JAK-related adverse events's. Subgroup
and pooled analyses confirmed efficacy across age
groups, including adolescents and adults. A maximum-
use study in children with extensive disease (=35% body
surface area) showed rapid disease control by week
4, maintained with as-needed use through 52 weeks,
with reassuring safety and low systemic exposure’.
In a larger cohort study of n=1,075 children over the
age of 6 months, ruxolitinib also increased the rate of
achieving an itch-free state compared with a control

cream, with faster itch resolution observed in children
than in adults’®.

Adverse

Across TRUuE-AD3 (phase 3, n=330; ages 2-11),
ruxolitinib 0.75/1.5% bis in die for 8 weeks was well
tolerated; the safety profile in children matched that
seen in adolescents and adults, with mostly mild
application-site reactions and no systemic JAK-class
safety signals reported during the 8-week blinded
period®™. In the pediatric maximum-use study, 31% of
participants experienced treatment-emergent adverse
events (AEs); no AEs of special interest were reported,
including no serious infections, malignancies, major
adverse cardiovascular events, or thromboses. Mean
steady-state plasma levels also remained below the
adult inhibitory concentration 50 for JAK-mediated
myelosuppression'®. A pooled phase-3 analysis focusing
on the ‘“itch-free state” further supports symptomatic
benefit of topical ruxolitinib; safety findings in those trials
were also favorable'.

Delgocitinib

Delgocitinib ointment has been evaluated exclusively in
Japan for the treatment of pediatric AD. In a phase 2
trial of children aged 2-15 years, both 0.25% and 0.5%
ointment, applied twice daily, significantly improved
modified EASI (mEASI) scores compared with control
cream, with the higher dose providing greater benefit'? 8.
An important limitation of this trial is that children younger
than 12 years were not included in the stratified analysis
due to the limited cohort size. A subsequent phase 3
trial confirmed these findings, with a mean mEASI
reduction of -39.3% versus +10.9% with control cream
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at 4 weeks; extension data supported sustained efficacy
and tolerability through 56 weeks. Based on changes
in the mEASI, delgocitinib demonstrated a significantly
greater improvement in disease severity compared with
vehicle.

Post-hoc analyses showed that up to 71% of children with
mild AD achieved IGA 0/1 with the 0.5% ointment, and
that concomitant use with corticosteroids or tacrolimus
did not raise safety concerns'. In a 52-week trial of
22 infants aged 6 to <24 months, both concentrations
reduced mEASI scores; adverse events were mostly
mild (e.g., viral infections, dermatitis exacerbations),
and plasma levels were undetectable in most samples®.

Adverse

Delgocitinib ointment inhibits JAK1, JAK2, JAK3, and
TYK2, resulting in broad cytokine blockade. While
this may confer additional anti-inflammatory benefit,
it also raises theoretical concerns about safety with
long-term use. However, in pediatric phase 2 and
phase 3 trials with a 52-weeks extension, most AEs
were mild and unrelated; no serious treatment-related
AEs were reported, and efficacy gains were sustained
through the extension'™'. A post-hoc analysis found
no differences in safety signals between the 0.25%
and 0.5% doses, including when co-administered with
topical corticosteroids and/or tacrolimus'™. Among
infants aged 6 to <24 months (n=22; 52-weeks open-
label), 95.5% experienced AEs (e.g., nasopharyngitis,
dermatitis flares), but none were treatment-related.
Plasma delgocitinib was undetectable in most samples,
suggesting minimal systemic exposure?.

Discussion

Topical JAK inhibitors represent an emerging therapeutic
class for pediatric AD, offering rapid antipruritic effects
and improvements in disease severity with generally
favorable safety profiles' 8. Across randomized
and supportive clinical studies, both ruxolitinib and
delgocitinib have demonstrated robust short-term
efficacy in children under 12 years of age, with sustained
benefit observed in extension and maximum-use
studies'®. Importantly, adverse events have been largely
limited to mild, localized reactions; systemic JAK-related
safety signals have not been observed even with longer
treatment durations or application to extensive body-
surface areas'?°. Regulatory updates have further
clarified pediatric indications for ruxolitinib cream?'.
These findings suggest that topical JAK inhibitors may
serve as viable steroid-sparing options for this population.
However, no head-to-head pediatric trials have directly
compared JAK inhibitors with topical corticosteroids or
calcineurin inhibitors. Therefore, inferences regarding
comparative efficacy should be evaluated cautiously.
A comparison of randomized controlled trials of topical
JAK inhibitors in children under 12 years of age with AD
is summarized in Supplementary Table 2.

Beyond trials, limited observational evidence also
supports a growing clinical interest in topical JAK
inhibitors in children. A retrospective study from India
reported that topical JAK inhibitors led to greater
improvements in EASI scores, pruritus, and quality

of life than corticosteroids, without additional safety
concerns?'. Although the design and reporting limitations
temper the interpretation, such findings highlight the
need for well-designed real-world pediatric studies to
complement trial evidence.

Taken together, the available data indicate that topical
JAK inhibitors are effective and well tolerated in children
with AD, with particular strength in pruritus control and
quality-of-life improvement. Topical JAK inhibitors have
also gained considerable traction among clinicians and
patients as rapid, steroid-sparing options, reflecting
their favorable short-term safety and efficacy profiles.
However, further research is needed to establish their
long-term safety, comparative effectiveness, and role in
treatment algorithms relative to that of existing topical
therapies, particularly in children under 12 years of age.

Study Limitations

Several limitations of the available evidence should be
considered. For ruxolitinib, TRUE-AD3 reports primary
outcomes only through 8 weeks, limiting blinded
inference regarding longer-term safety and efficacy.
Its enrollment was restricted to North America, which
may limit generalizability’®. The maximum-use dataset
included a small sample (n=29) and was open-label after
week 4; concomitant therapy adjustments and pro re
nata use may have introduced confounding'®. Evidence
to date is limited to cream-controlled trials, with no head-
to-head pediatric trials versus topical corticosteroids or
calcineurin inhibitors. Regulatory context has evolved
(food and drug administration approval now extends to
children 22 years), but these changes do not address
underlying evidence limitations'-2°,

All pediatric trials of delgocitinib were conducted
exclusively in Japan, limiting global generalizability. The
blinded periods were short (4 weeks), and the extension
phases were open-label and lacked control groups,
thereby permitting rescue therapy and complicating
long-term comparative inference'. Sample sizes were
modest, and some supportive findings were derived from
post-hoc analyses, which are hypothesis-generating
rather than confirmatory.

Ongoing Clinical Trials

Our search identified several ongoing trials investigating
topical JAK inhibitors in pediatric patients with AD.
These include NCT06832618, a phase Ill randomized,
double-blind trial evaluating ruxolitinib cream in children
and adolescents aged 6 to <18 years with moderate
disease, with an estimated primary completion in July
20262%2. In addition, two trials of delgocitinib ointment
are registered in Japan: Japan Primary Registries
Network (JPRN)-jRCTs031240119%, which is assessing
delgocitinib in combination with topical corticosteroids
for remission induction in pediatric patients, and JPRN-
jRCTs031230314%, a randomized controlled study
evaluating delgocitinib ointment for maintenance of
remission. Results from these studies will provide further
evidence on the efficacy and safety of JAK inhibitors
in younger populations. Characteristics of ongoing
pediatric trials are summarized in Supplementary
Table 3.
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Conclusion

Topical JAK inhibitors, particularly ruxolitinib and
delgocitinib, have demonstrated promising efficacy and
a favorable safety profile in children under 12 years
with AD. They offer fast-acting itch relief and potential
for steroid-sparing disease control. Nonetheless, long-
term safety, head-to-head comparisons with established
therapies, and larger global pediatric trials remain
essential to fully define their place in clinical practice.
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Abstract

lodine is an essential trace element for all newborns. The aim of this study was to evaluate iodine levels during the neonatal period
and conditions associated with iodine deficiency by examining thyroid function tests and anthropometric parameters. A retrospective
analysis was performed on 169 screen-positive newborns who were referred to a tertiary pediatric endocrinology clinic. Newborns
were classified according to iodine status and thyroid function. Evaluation was performed on 169 newborns, of whom 50.9% were
female and 49.1% were male. The median spot urine iodine concentration (SUIC) of all the infants was 120 (70-195) ug/L. lodine
deficiency was the most common condition, occurring in 39.6%, and excessive iodine levels were present in 23.1%. Birth weight
and body mass index were significantly lower in the iodine-deficient group, whereas thyroid stimulating hormone (TSH) levels were
higher in the high-iodine group (all p<0.05). A weak positive correlation was observed between SUIC and TSH levels (r=0.202,
p=0.004), whereas a weak negative correlation was observed between SUIC and free thyroxine levels (r=-0.161, p=0.023). In this
referral-based cohort of screen-positive newborns, 28.4% were diagnosed with congenital hypothyroidism, 23.7% with subclinical
hypothyroidism, and 47.9% were euthyroid. lodine deficiency in newborns remains a relevant public health concern in our region. In
addition, elevated iodine levels were detected in approximately one-fifth of the study population. Although iodine status was weakly
correlated with thyroid function parameters, it did not influence the final thyroid diagnosis. These findings suggest that spot urinary
iodine concentration is more appropriate for population-based assessment rather than individual diagnosis of thyroid dysfunction.

Keywords: Congenital hypothyroidism, iodine, newborn, thyroid dysfunctions

Introduction Thyroid hormones regulate growth, metabolism, and
neurodevelopment and are essential for normal fetal
brain and nervous system development. Adequate iodine
intake is crucial for maintaining optimal thyroid hormone
synthesis; therefore, alterations in maternal or neonatal
iodine status may influence intrauterine growth and early

lodine is a vital trace element for the biosynthesis
and structural integrity of thyroid hormones'’. Both a
deficiency and excess of iodine can affect thyroid hormone
synthesis?, and affects thyroid stimulating hormone (TSH)
concentration through a negative feedback mechanism?.
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anthropometric parameters such as birth weight and
body proportionality. Both iodine deficiency and excess
have been associated with variations in fetal growth
patterns, further supporting a potential link between
iodine status and neonatal anthropometric outcomes*.

There is a high requirement for iodine during pregnancy

function tests, and to explore the association between
thyroid dysfunction and iodine status.

Materials and Methods

The study included newborns referred to the Pediatric
Endocrinology Clinic of Erciyes

due to the changing physiology and ) : )
growing fetus?. m University during the past year due

Because iodine crosses the placenta
directly, maternal and fetal iodine
levels are significantly correlated. A
pregnant woman with severe iodine | ,
deficiency is at risk of hypothyroidism
for herself and the fetus.

lodine  deficiency  during  the | . Birth weight, body mass index,
intrauterine period causes
irreversible neurodevelopmental

damage to the fetus. lodine

iodine status.

deficiency is still a common cause | , Spot urine iodine concentration
showed a weak correlation with
TSH and free thyroxine levels.

* lodine status did not alter the final
thyroid diagnosis in newborns. and

of preventable intellectual disability®.
In contrast, excess iodine causes
hypothyroidism by inhibiting thyroid
hormone synthesis via the Wolff-
Chaikoff effect. Some iodine-

» Spot urine iodine concentration
was evaluated in newborns with
thyroid dysfunction.
lodine deficiency was common,
while excess iodine was also
frequently detected.

and thyroid stimulating hormone
(TSH) differed according to

to abnormal newborn screening
(heel prick test) results, particularly
elevated TSH levels. This was a
retrospective observational study.
Urinary iodine levels were measured
simultaneously with thyroid function
tests at the time of referral. The
necessary approvals were secured
from the local ethics committee for
the study This study was approved
by the Ethics Committee of Clinical
Research at the Faculty of Medicine,
Erciyes University (approval no:
2021/567, date: 08.09.2021).

The demographic, anthropometric,
laboratory  information  of

containing supplements taken during

pregnancy, topical antiseptics, and certain medications
can cause excessive iodine intake and could indirectly
affect the fetus and newborn’. A U-shaped relationship
exists between iodine and thyroid hormone synthesis,
with both insufficient and excessive iodine exposure
increasing the risk of congenital hypothyroidism (CH) in
newborns.

The International Council for the Control of lodine
Deficiency Disorders suggested that iodine status
can be determined by urinary iodine levels®. Other
biomarkers such as thyroid stimulating hormone,
free triiodothyronine (fT3) and free thyroxine (fT4) are
used to evaluate iodine status in pregnant women and
newborn infants®. Compared to iodine-sufficient regions,
individuals in iodine-deficient regions may have slightly
higher TSH and fT3 concentrations, while fT4 may be
slightly lower™.

Another approach to estimating the iodine status of a
region is neonatal TSH screening, which is commonly
used to detect CH"'. CH, a prevalent endocrine disorder
in newborns with an incidence of 1 in 2,000-4,000, has
been reported to be increasing. In Turkiye, the birth
prevalence of primary CH has been reported as 1:650".

To ensure normal cognitive and intellectual development,
newborns should be routinely screened for CH, and if
CH is detected, hormone replacement therapy should
be initiated'*". The definition of CH encompasses the
causes of both permanent and transient hypothyroidism.
Dysgenesis accounts for 85% of permanent CH cases,
whereas iodine deficiency is the primary cause of
temporary hypothyroidism'. Since iodine deficiency
rates are high in Turkiye, the incidence of transient CH
is also high (1/752-1/1236)"".

This study aimed to assess iodine levels in newborns
flagged during screening due to elevated TSH, to examine
the correlation of spot urine iodine concentrations
(SUIC) with anthropometric measurements and thyroid

the newborns in the study was

retrospectively retrieved from the
Erciyes University Hospital Information Management
System (HIMS). The study provides no definitive
information on whether iodized or non-iodized salt was
used during the gestational period, whether salt intake
was restricted, whether the birth was by cesarean
section or was normal, and whether antiseptics were
applied after birth.

Cases were excluded if information could not be obtained
from HIMS; if they had been treated in an external
centre; if they had thyroid dysgenesis; if they had been
born prematurely (<37 weeks); or if they exhibited SUIC
values exceeding 500 pg/L, which may reflect acute
iodine exposure, including possible contamination from
iodine-containing antiseptics used in the peripartum
period'®. A total of 169 infants who had thyroid function
tests and iodine levels measured on the same day and
whose file information was available were included in
the study.

The anthropometric measurements of all infants referred
for outpatient heel blood screening during the first 2
weeks of life, including birthweight, length, and head
circumference were determined by the same nurse using
the same scales and recorded in their files. Body mass
index (BMI) was determined by dividing the weight (in
kg) by the square of the height (in meters). Specifically,
BMI- standard deviation (SD) (z-scores) were calculated
based on the World Health Organization (WHO) Child
Growth Standards for infants and children, using the
Lambda-Mu-Sigma method to ensure scientific validity
and reproducibility®.

The Sandell-Kolthoff reaction, using the WHO-
recommended colorimetric ceric arsenic acid solution,
with results reported in pg/L. TSH, fT4, fT3, and
thyroglobulin (Tg) levels were analyzed using the
electrochemiluminescence immunoassay, specifically
the Roche Elecsys E170 from the United States of
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America (USA). For newborns, the standard ranges were
defined as 0.7-15.2 plU/mL for TSH, 0.89-2.2 ng/dL for
FT4, and 0.73-84 ng/mL for Tg. All laboratory analyses
were performed in the accredited central laboratory of
our institution following standardized internal quality
control procedures.

According to the WHO, median spot urinary iodine
concentration (SUIC) values are interpreted as follows:
<99 ug/Lindicate iodine deficiency, 100-199 ug/L indicate
adequate iodine intake, 200-299 pg/L indicate more
than adequate iodine intake, and =300 pg/L indicate
excessive iodine intake, which may be associated with
adverse health effects®. Based on this classification,
newborns in the present study were categorized into
three groups: iodine-deficient (SUIC <99 ug/L), normal
iodine status (SUIC 100-199 ug/L), and high iodine
status (SUIC =200 ug/L). This categorization uses
inclusive boundaries to avoid ambiguity at the cut-off
values. Primary CH was defined as serum fT4 <0.93
ng/dL (normal range: 0.93-1.71 ng/dL) and TSH >10
pIU/mL (normal range: 0.27-4.2 ulU/mL)%. Subclinical
hypothyroidism was defined as TSH> 10 plU/mL with
fT4 within the normal range, and euthyroid status was
defined as both values within the normal range. Within
the Turkish national newborn screening program, a
TSH level of 15 ylU/mL serves as the recall threshold.
Newborns above this limit are reassessed approximately
two weeks after birth with repeat thyroid function testing,
and therapy is commenced if TSH persists above 10
pIU/mL,

Statistical Analysis

The study’s data were statistically evaluated using
SPSS version 23 (SPSS Inc., Chicago, IL, USA). The
Shapiro-Wilk test, histogram, Q-Q graph, and skewness
and kurtosis coefficients were used to assess whether
the data followed a normal distribution. Variables that
did not follow a normal distribution were presented as
median (25"-75" percentile) values. For data with a
normal distribution, descriptive statistics were given as
mean = SD, while categorical data were expressed as
count (n) and percentage (%).

One-way analysis of variance was used to compare
variables among three or more groups with normally
distributed data, and Kruskal-Wallis analysis of
variance was employed for variables that were not
normally distributed. The Spearman correlation test
(for non-normally distributed data) was used to assess
correlations among infant TSH, fT4, Tg, and SUIC.
Results were assessed using 95% confidence intervals,
and a p-value less than 0.05 was considered to indicate
statistical significance.

Results

An assessment was conducted of 169 newborns,
comprising 50.9% females and 49.1% males with a
mean age of 18.07+5.08 days, length of 51.96+2.56 cm,
weight of 3850570 g, and head circumference of 36.5
cm (35-37). The anthropometric and laboratory data of
all the infants are presented in Table 1.

Retrospectively, SUIC results were obtained from
newborns atamean age of 3weeks, and TSH values were
examined. The median SUIC was 120 (70 -195) ug/L for
both males and females, with no significant difference
between the genders (p=0.367). The distribution of
iodine status among newborns is presented in Figure 1.
lodine deficiency was identified in 39.6% of the infants,
whereas excessive SUIC was observed in 23.1% of the
infants. A comparative analysis across iodine status
groups demonstrated statistically significant differences
in birth weight (p=0.03), BMI (p=0.023), and TSH levels
(p=0.031). No significant differences were detected in fT4
and Tg concentrations (p=0.281, p=0.291, respectively).
According to the thyroid function test results (Table 2),
28.4% of the newborns were diagnosed with CH, 23.7%
were diagnosed with subclinical hypothyroidism, and
47.9% were evaluated as euthyroid. The SUIC did
not show a statistically significant difference across
diagnoses (p=0.365).

When the relationship between SUIC and thyroid
function tests was evaluated, a weak positive correlation
with TSH levels (r=0.202, p=0.004) and a weak negative
correlation with fT4 (r=-0.161, p=0.023) were observed.
No relationship was found between SUIC and Tg (r=-
0.045, p=0.291) (Figure 2).

Discussion

This study was conducted in a referral-based cohort
of screen-positive newborns referred to a pediatric
endocrinology clinic due to elevated TSH levels
detected by the national newborn screening program.
Accordingly, iodine levels and iodine-related factors
were evaluated in this selected high-risk population at
a single center. While iodine deficiency was detected in
nearly 40% of newborns, excess iodine was detected

Table 1.
Anthropometric and laboratory data

N=169 (86 females, 83 males) Values
Anthropometric data

Age (day) 18.07+5.08
BW (g) 3245 (3040-3460)
Gestational age (day) 39.45 (38.37-40.00)
Weight (g) 3850+570
Weight (g)-SD -0.04+1.09
Length (cm) 51.96+2.56

Length-SD

Head circumference (cm)

0.00 (-0.69-0.56)
36.50 (35.00-37.00)

Head circumference (cm)-SD 0.08 (-0.96-0.74)

BMI (kg/m?) 14.16+1.47
BMI-SD 0.151+1.01
Laboratory data

SUIC (pg/L) 120 (70-195)
TSH (uIU/mL) 10.17 (5.51-31.39)
fT4 (ng/dL) 1.31 (1.03-1.49)
Tg (ng/mL) 139.00 (66.40-300.00)

Values are presented as mean + SD or median (25"-75" percentile), as appropriate
according to data distribution

BMI: Body mass index, BW: Birth weight, fT4: Free thyroxine, SD: Standard deviation,
SUIC: Spot urine iodine concentration, Tg: Thyroglobulin, TSH: Thyroid stimulating
hormone




58 Acikan et al. Effect of lodine on Thyroid Dysfunction in Newborns

50 4
pg<0.001 10041 px 9 p2 0.031
[e]
40
o 80 4
—31.00— =
2 30 75’ 60 4 le)
£
g J_ =) o
= =4
Q I 6
2
20 4 [ Bl
@ @ a0 T
10 — 20 4
6.00 Bl | 10.30-]
—8.05 —
- — | - =
0 0
lodine Deficient Normal lodine lodine Excess lodine Deficient Normal lodine lodine Excess
[e] [e]
i =0.281 =0.291
200 0 — P 2000 P
1.75 A
1.50 1500 A
—1.36—
o 125 329 1.2 T
> =
g =)
= 5 £ 1000 A
< o o
= s = o
0.75 4 g
500 -
0.50 4
[e]
[e] =
o] O 13400
o 0
lodine Deficient Normal lodine lodine Excess lodine Deficient Normal lodine lodine Excess
=0.03 [=0.023
4500 18 P
o
4250 o 17
_ 4000 e (o] 16
2 o~
s ]
= £
S 3750 1 _ £
7] ~
= = | 14.35-| l-14.50]
< 3500 A = .,
= 3390 ) —13.79—
)
32501 | 3700 |-3210-| 13 4
3000
12 4
2750 4
- - 11 4
T T T T T T
lodine Deficient Normal lodine lodine Excess lodine Deficient Normal lodine lodine Excess

Figure 1. Distribution of laboratory and anthropometric parameters according to iodine status in newborns

BMI: Body mass index, fT4: Free thyroxine, SD: Standard deviation, SUIC: Spot urine iodine concentration, Tg: Thyroglobulin, TSH: Thyroid stimulating hormone

Table 2.

Statistical comparison of laboratory data according to thyroid dysfunctions

Congenital hypothyroidism Subclinical hypothyroidism

Euthyroidism group

group (n=48) group (n=40) (n=81) PRELCD
Values Values Values
Laboratory data
SUIC (pg/L)* 170.60+110.90 142.00+90.40 144.50+110.40 0.365
TSH (ulU/mL)* 70.60 (36.22-100)° 14.1 (10.80-17.48)° 5.21 (4.07-7.46)° <0.001
fT4 (ng/dL)** 0.61+0.212 1.33+0.22° 1.43+0.19° <0.001
Tg (ng/mL)* 300 (295-315)¢ 170.00 (92.20-300)° 85.50 (55.20-156.00)° <0.001

Values are presented as mean + SD or median (25"-75" percentile), as appropriate according to data distribution
*: Kruskal-Wallis test, the significance level is 0.05
**: One-way ANOVA test, the significance level is 0.05

Post-hoc test results are indicated by character (2, ®, ¢). The same character indicate that there is no difference between them, and different character indicate that there is a significant

difference between them
fT4: Free thyroxine, SD: Standard deviation, SUIC: Spot urine iodine concentration, Tg: Thyroglobulin, TSH: Thyroid stimulating hormone
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Figure 2. Correlation between urinary iodine concentration and thyroid function parameters in newborns

fT4: Free thyroxine, SD: Standard deviation, SUIC: Spot urine iodine concentration, Tg: Thyroglobulin, TSH: Thyroid stimulating hormone

in 23%. As expected, body weight was lower in those
with iodine deficiency. Although iodine levels in patients
with CH were similar to those in euthyroid infants and in
infants with subclinical hypothyroidism, the findings of
this study indicate that iodine deficiency and excess are
still problems.

lodine deficiency, which is common in all regions of the
world, indirectly affects the population at all stages of
economic development?'. In a study conducted in 2020,
insufficient iodine was found in the diets of 21 countries
worldwide, with the lowest iodine intake observed
in Madagascar and insufficient intake reported in
European countries (Germany and Finland)?2. TUrkiye is
considered to have mild-to-moderate iodine deficiency
based on epidemiological data?.

In a recent study evaluating iodine status in Turkiye, the
overall median SUIC value in newborns was reported
as 96 (41-191) pg/L overall and 97 (53-190) pg/L in the
Central Anatolian region, where the present study center
is located?*. In our study, the median SUIC value was 120
(70-195) pg/L. However, the newborns included in our
study represent a screen-positive, referral-based group
rather than the general healthy newborn population.
In our cohort, iodine deficiency was detected in 39.6%
of the newborns, whereas 23.1% exhibited iodine
excess. In contrast, another study, conducted within
a neonatal screening and recall framework, reported
a considerably higher median SUIC value of 279 ug/L
and a high prevalence of iodine excess (61.2%) among
newborns. These discrepancies likely reflect differences
in study design, sample characteristics, and perinatal
iodine exposure rather than true regional shifts in iodine
status'®. Astudy of 48 newborns in Tehran, Iran, reported
an adequate median urinary iodine concentration (271
Mg/L). However, CH was excluded from that study?®.
Unlike other studies conducted in this region, the current
study included newborns with CH.

lodine status groups differed significantly with respect
to birthweight, BMI, and TSH levels. (p=0.03, p=0.023,
p=0.031, respectively). The birth weight of infants with
excess iodine was higher than that of infants in the other
groups. Vural et al.?#, similarly reported that newborns

with lower birthweight were at a higher risk of iodine
deficiency. The observation indicated that the potential
risk of iodine deficiency in newborns with a birthweight
<3000 g was increased 1.47-fold (47%) compared to
those with a birthweight >3600 g. In a study conducted
in Spain, the highest median birthweight was observed
in infants born to mothers with adequate SUIC values
in the first or third trimester®. The TSH values differed
significantly by iodine status. The median TSH level in
the iodine-deficient group was 8.05 (3.85-13.17) plU/
mL; although this value was not low in absolute terms,
it was relatively lower than in the adequate and iodine-
excess groups. This observation may be attributed to
the compensatory increase in T3 production, which
maintains euthyroidism and suppresses TSH secretion
even when T4 levels and iodine stores are low?. In
contrast, the higher TSH levels observed in the iodine-
excess group may reflect transient thyroid autoregulatory
inhibition, known as the Wolff-Chaikoff effect, thereby
increasing TSH concentrations. Furthermore, the
neonatal thyroid gland exhibits unique regulatory
characteristics, and the residual influence of maternal
iodine status during the first month of life may modulate
thyroid function test results. In another study examining
the thyroid status of newborns with iodine deficiency in
the same city as the present study, the TSH level was
5.4 (0.63-41.8) pulU/mL, which is similar to the TSH level
in the iodine-deficiency group of the present study?.
However, the previous study evaluated only infants with
iodine deficiency, whereas the current study evaluated
infants across all iodine statuses.

When SUIC was analyzed by thyroid dysfunction, no
substantial differences were observed among the three
groups in this study (CH, subclinical, and euthyroid);
however, the highest numerical SUIC value was
observed in newborns with CH. In a study conducted
in the USA, blood iodine concentrations measured
immediately after birth in infants with CH did not differ
significantly from those of control-group infants. The lack
of difference was attributed to the presence of newborns
in the intensive care unit?®. The same result was seen
in the present study; however, there was no history of
hospitalization, and iodine was measured in urine.
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Study Limitations

This study has several limitations. First, it was conducted
at a single endocrine center and included a limited
number of newborns; therefore, the findings cannot
be generalized to the entire country. Second, maternal
iodine status and dietary intake were not evaluated.
Additionally, BMI during the first month of life may be
influenced by early postnatal fluid shifts and technical
challenges in neonatal length measurement, potentially
reducing its precision for neonatal assessment. To
reduce potential bias, BMI was expressed as WHO-
standardized SD scores rather than raw values, allowing
comparability with internationally recognized growth
references.

Despite these limitations, a major strength of the study
is that detailed anthropometric measurements were
obtained for all newborns that serum thyroid function
tests were evaluated simultaneously with urinary iodine
measurements. This comprehensive approach enabled
us to assess the relationship between iodine status and
CH, subclinical hypothyroidism, and euthyroidism.

Conclusion

Although the mean SUIC values in the newborns were
normal, the number with iodine deficiency was higher.
Although preventive measures have been taken against
iodine deficiency, the results of this study demonstrate
that there is still a high rate of iodine deficiency in
newborn infants. This demonstrates the importance of
the iodine supplementation program and the need to
update it at regular intervals. Another important finding
of this study was that approximately one-fifth of the
cases had excessive iodine. This should be kept in mind
as another possible cause of TSH elevation.
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Abstract

The interplay between family harmony (FH) and caregiving burden is critical to the well-being of both caregivers and care
recipients. This study aims to examine the relationship between FH and caregiver burden among caregivers of children with primary
immunodeficiency. This descriptive study was conducted in 2024 in Konya, Tirkiye. The study population included caregivers of
children. Data were collected from 72 caregivers using the FH Scale and the Zarit Caregiver Burden Scale. The mean FH score was
23.53. The mean caregiving burden score was 44.91, which falls within the moderate burden range. A significant difference in FH
was observed between the treatment groups (intravenous and subcutaneous immunoglobulin) (p=0.047), whereas the caregiving
burden showed no significant difference (p=0.207). Spearman’s correlation analysis revealed a significant positive correlation
between FH and caregiving burden (r=0.252, p=0.032). Caregiving for children with primary immunodeficiency presents unique
challenges that impact both caregiver burden and FH. Home-based therapies appear to offer significant benefits in easing these
challenges. Continued support from healthcare professionals, especially nurses, is essential in promoting caregiver well-being and
maintaining strong family dynamics.
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Introduction

Primary immunodeficiency diseases (PIDs) are a group
of rare, genetically inherited disorders characterized
by the malfunction or absence of components within
the immune system, leaving affected individuals
highly susceptible to infections,

improve overall quality of life'*. Conversely, excessive
caregiving demands in the absence of FH can exacerbate
emotional and psychological strain®. Understanding
this relationship is essential to developing interventions
that support caregivers and promote a balanced and
harmonious family dynamic.

autoimmune conditions, and other m Despite the significant challenges
health complications™?. In children, faced by caregivers of children

PIDs often present with recurrent
infections, delayed growth, or chronic
health  challenges, significantly
impacting their quality of life and
placing unique demands on their |, |4
caregivers®.

PIDs affect millions worldwide, with
an estimated global prevalence
of approximately 1 in 10,000
individuals, though
varies by region due to genetic
and environmental factors*. In
Turkiye, the overall prevalence
of all types of PIDs in the general

positive
family

provides

therapy.

potential

 This study identifies a significant
correlation
harmony
caregiving burden.
evidence that
immunoglobulin
(Ig) therapy is associated with
greater FH than intravenous Ig

subcutaneous

this number | « The findings underscore the
benefits  of
based treatments in supporting
caregiver and family well-being.

with PIDs, there is a notable gap
in research exploring the interplay
between FH and caregiving burden.
While existing studies have addressed
the emotional and logistical demands
of caregiving, few have examined
how FH influences the caregiver’s
ability to cope with these challenges.
Understanding this relationship is
crucial because it can inform targeted
interventions that enhance family
cohesion, reduce caregiver burden,
and ultimately improve the quality of
care provided to children with PIDs.

between
(FH) and

home-

population was estimated to be 30.5

per 100,000 individuals®. Treatment of PID typically
focuses on managing infections and restoring immune
function. Among the most effective therapies are
intravenous immunoglobulin (IVIg) and subcutaneous
immunoglobulin (SClg) replacement, which provide the
antibodies that patients cannot produce on their own.
IVIg is administered directly into the bloodstream in a
clinical setting, requiring regular hospital visits, while
SClg can be self-administered at home, offering greater
flexibility®. Despite their efficacy, both treatments pose
challenges, including potential side effects such as
allergic reactions, headaches, or fatigue. Additionally,
the high cost of immunoglobulin (Ig) therapy, the need
for lifelong treatment, and the logistical burden of
regular infusions place significant emotional, financial,
and physical strain on patients and their families™®.

In the context of caring for children with PIDs, family
harmony (FH) plays a crucial role. FH refers to a state
of mutual understanding, support, and cooperation
among family members. It is characterized by effective
communication,  emotional  connection,  shared
responsibilities, and the ability to navigate conflicts
constructively. A harmonious family environment
contributes to a stable and nurturing home, which can
significantly ease the caregiving burden™.

Caregiving burden, on the other hand, refers to
the physical, emotional, social, and financial strain
experienced by individuals providing care to others'.
For caregivers of children with PIDs, this burden often
stems from the extensive time, effort, and resources
required to meet the complex needs of the children.
The challenges of caregiving can profoundly impact the
caregiver’s overall well-being, leading to stress, fatigue,
and even burnout™.

The interplay between FH and caregiving burden is
critical to the well-being of both caregivers and care
recipients. Asupportive and cohesive family environment
can mitigate stress, enhance coping mechanisms, and

By addressing this gap, the present
study aims to shed light on a critical but underexplored
aspect of caregiving, providing valuable insights that
can guide the development of holistic support systems
for families managing the complexities of PIDs.

Materials and Methods

Aim

To examine the relationship between FH and caregiver
burden among caregivers of children with primary
immunodeficiency.

Design

This descriptive study was conducted between July and
December 2024.

Setting

This study was conducted at an IVIg therapy clinic in a
Medical Faculty Hospital in Konya, Turkiye. The clinic
consists of 10 rooms, including three single bedrooms,
one three-bedroom room, and two bedrooms. The
unit employs a team of seven staff members: three
physicians, two physician assistants, one head nurse,
and one nurse.

Population

The study population consists of caregivers of children
with PID at the Medical Faculty Hospital in Konya,
Turkiye. The inclusion criteria for this study were
caregivers aged 18 years or older of children diagnosed
with PID. Additionally, participants must be directly
involved in providing regular care for the child. Exclusion
criteria included caregivers with a history of psychiatric
disorders that may interfere with the study, caregivers
who are not directly involved in the care of the child, and
caregivers of children with other chronic conditions that
could confound the study results.
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Sampling

The sampling method used in this study was convenience
sampling, in which data were collected from all available
caregivers of children receiving Ig therapy at the clinic.
This approach includes all caregivers who meet the
inclusion criteria during the study period, thereby
ensuring the clinic’s entire caregiver population is
represented.

Data Collection

The research data were collected wusing the
Sociodemographic Information Form created by
researchers, the FH Scale Short Form, and the Zarit
Caregiver Burden Scale. Data collection occurred at
times convenient for the parents, without disrupting
treatment schedules. Parents were introduced to the
data collection forms and asked to complete them within
approximately 5-10 minutes.

Sociodemographic Information Form: This tool, were
developed by the research team, included questions
on age, gender, education level, family type, economic
status, parents’ occupations, total number of children,
duration of the child’s illness, and treatment type (IVIg
or SCIg).

FH Scale Short Form

The scale, developed by Kavikondala et al.”®, was
validated and tested for reliability in Turkish by Kula et
al.’®. FH increases as the scale score increases. The
scale consists of 5 items scored on a 5-point Likert scale
(1=strongly disagree, 5=strongly agree). The total score
ranges from 5 to 25. There are no reverse-coded items
on the scale. Cronbach’s alpha for the Turkish version of
the FH Scale was 0.91.

Zarit Caregiver Burden Scale

The diagnoses were recorded on a standard data entry
form. The Zarit Caregiver Burden Scale, developed
by Zarit et al."” to assess the stress experienced by
caregivers of individuals in need of care, was used to
assess caregivers. The scale consists of 19 items that
assess mental and physical health, social and emotional
experiences, economic status, and interpersonal
relationships. The scale is evaluated based on the total
score. A high score indicates high distress. The scale
uses a Likert-type response format ranging from 1 to
5: “never,” “rarely,” “sometimes,” “often,” and “almost
always”. Accordingly, the lowest score a caregiver can
give is 19, and the highest score is 95. The Cronbach’s
alpha of the caregiver burden rating is 0.83. The scale
was adapted to Turkish by inci and Erdem’8 in 2008, and
its validity and reliability were studied. The evaluation
was conducted using face-to-face interviews with
caregivers and took approximately 10-15 minutes for
each volunteer. The scores obtained were categorized
as ‘“light burden” (19-40), “moderate burden” (41-49),
and “heavy burden” (50-95).

Statistical Analysis

The data collected in this study were analyzed using
descriptive and inferential statistical methods. Descriptive
statistics, including means, standard deviations (SD),
frequencies, and percentages, were used to summarize

the sociodemographic characteristics of the caregivers
and the children, as well as to describe the scores
obtained from the FH Scale Short Form and the Zarit
Caregiver Burden Scale. The Mann-Whitney U test
and the Kruskal-Wallis H test were used to compare
caregiving burden across sociodemographic variables,
including age, gender, education level, and family type.
Additionally, Spearman’s rank correlation was used to
assess the relationship between FH and caregiving
burden. Data were analyzed using International
Business Machines (IBM) Statistical Package for the
Social Sciences (SPSS) statistics, version 26.0 (IBM
Corp., Armonk, New York, United States America). A
significant level of p<0.05 was set for all statistical tests,
and analyses were conducted using SPSS.

Ethical Considerations

The study was conducted in accordance with ethical
guidelines and principles to ensure the protection of
caregivers’ rights and well-being. Ethical approval was
obtained from the Health Sciences Scientific Research
Ethics Committee of Necmettin Erbakan University,
Republic of Turkiye, before commencing data collection
(approval no: 2024/789, date: 05.06.2024). Informed
consent was obtained from all caregivers, and they
were provided with detailed information about the
purpose of the study, their role, and the voluntary nature
of their participation. Caregivers were assured of their
right to withdraw from the study at any time without
facing any negative consequences. All data were kept
confidential, and personal identifiers were removed to
ensure anonymity. The data were stored securely and
were accessible only to the research team. The study
adhered to ethical principles of respect, beneficence,
and justice, ensuring that caregivers’ dignity and privacy
were upheld throughout the research process.

Results

Participants had a mean age of 38.53 years (SD=5.70)
and an average of 2.36 children (SD=0.70). The
mean duration of illness was 4.11 years (SD=2.61).
87.5% of the participants are female. The distribution
of participants’ demographic characteristics is shown
below (Table 1).

As Table 2 shows, the mean score for FH was 23.53
(SD=1.70). The mean caregiving burden score was
44.91, which fell within the moderate burden range,
indicating that participants experienced a moderate
caregiving burden (Table 2).

FH scores differed significantly depending on whether
the children received subcutaneous or IVIg treatment
(p<0.05). Apart from this, it was found that neither
FH nor caregiving burden scores were affected by
characteristics such as gender, family type, treatment
frequency, education level, occupation, family type, or
income type (p>0.05) (Table 3).

Spearman’s correlation analysis reveals a significant
positive correlation between FH and caregiving
burden (r=0.252, p=0.032), indicating that higher FH is
associated with greater caregiving burden (Table 4).
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Table 1.
Distribution of demographic characteristics of participants

Variables N %
Sex
Female 63 875
Male 9 12,5
Education
llliterate 9 12.5
Middle school 17 23.6
Middle school graduate 15 20.8
High school graduate 24 &3
Graduate degree or higher 7 9.7
Family type
Nuclear family 58 80.6
Extended family 11 15.3
Fragmented family 3 4.2
Job
Housewife 49 68.1
Employee 13 18.1
Others 10 13.9
Income level
Income less than expenses 29 40.3
Income greater than expenses 4 5.6
Income equal to expenses 39 54.2
Frequency of check-ups
21 days 17 23.6
Monthly 55 76.4
Type of treatment
IVIg 39 54.2
SClg 33 45.8
Mean SD
Age of parent_s 38 53 570
Number of children
Duration of illness e Ll
4.1 2.61

IVIg: Intravenous immunoglobulin, SClg: Subcutaneous immunoglobulin, SD: Standard
deviation

Discussion

This study aims to examine the relationship between
FH and caregiving burden among caregivers of children
with PID. The study found that gender and family
characteristics did not significantly affect caregiving
burden or FH, whereas the type of treatment significantly
influenced both outcomes, with home-based therapies
(SClg) offering notable benefits.

The demographic data indicate that the parents in this
study are in theirlate 30s to early 40s, an age range during
which balancing caregiving responsibilities and other life
demands can be particularly challenging. The relatively
small family size suggests that caregiving efforts may be
concentrated on fewer children, potentially intensifying
parental burden. Additionally, the mean illness duration
of over four years highlights the chronic nature of
PID, which may contribute to long-term stress and
adaptation challenges for parents. The high proportion
of female caregivers (87.5%) aligns with traditional
caregiving roles, potentially increasing the emotional
and physical toll experienced by mothers. A significant
proportion of participants have a high school education
or lower, which may impact their ability to access and

Table 2.

FH and CB average scores

X SD Min  Max
Total family harmony score 23.53 1.70 19 25

Total caregiving burden score 44 .91 14.37 19 83

FH: Family harmony, CB: Caregiving burden, SD: Standard deviation, Min: Minimum,
Max: Maximum

Table 3.
Comparison of parental characteristics and score averages

FH CB
Parental characteristics
X*SD Test and p X+SD Test and p
Female 23.57+1.64 44.93+14.80 *=
X U*=270.00 p=0.811 LA
Male 23.22+2.16 44.77+11.68 p=0.845
Treatment IVIg 23.25+1.66 U*=475.00 46.74+14.34 U*=532.00
type SClg 23.40+1.70 p=0.047 42.75+14.32 p=0.207
F ¢ check 21 days 23.47+1.80 U*=464.50 48.82+14.42 U*=361.00
requency of check-ups
: y g Monthly 23.54+1.68 p=0.967 43.70+14.27 p=0.160
lliterate 23.44+2.00 46.33+17.52
Middle school 23.58+1.83 H**=2 978 45.64+15.27 H**=2.705
Education Middle school graduate 24.20+0.94 p=0.562 48.93+15.21 p=0.608
High school graduate 23.14+1.77 43.29+13.48
Graduate degree 23.52+1.70 38.28+8.36
Housewife 23.59+1.71 45.53+16.27
H**=1.214 H**=0.379
Job Employee 23.30+£1.37 0=0.545 44.92+8.96 0=0.828
Others 23.50+2.12 41.90+9.93
Nuclear family 23.60+1.64 44.06+£13.23
. . H**=2.218 H**=1.147
Family type Extended family 23.54+1.75 0=0.330 50.90+19.62 0=0.564
Fragmented family 22.00+2.64 39.33+£12.50
Wi 23.5841.57 45.51+14.40
expenses
Income equal to =2 RSB
Income status q 23.35+1.84 p=0.263 56.50+10.08 p=0.137
expenses
WS T 23.5241.70 43.28414.37

expenses

*: Mann-Whitney U test, **: The Kruskal-Wallis H test, p<0.05

FH: Family harmony, CB: Caregiving burden, SD: Standard deviation, 1VIg: Intravenous immunoglobulin, SClg: Subcutaneous immunoglobulin
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Table 4.

Spearman’s correlation between family harmony and caregiving burden

Variable 1 Variable 2

Correlation coefficient Significance (2-tailed)

Family harmony Caregiving burden

0.252* 0.032

*: The correlation is significant at the 0.05 level (2-tailed)

comprehend complex medical information related to
PID management. Additionally, most families rely on
monthly check-ups (76.4%) and [VIg therapy (54.2%),
highlighting the ongoing medical demands contributing
to both financial and emotional strains on caregivers.
However, a cross-sectional dataset of 4,580 individuals
in the United States receiving Ig therapy in 2011 showed
that 54% of patients received SClg, while 46% received
IVIg. Notably, these patients were older, making them
more likely to receive SClg therapy'. In contrast, the
results in our study differ, as the population consists
primarily of children, who are more likely to receive 1VIg
rather than SClg due to medical recommendations and
the need for closer monitoring in pediatric care.

The moderate caregiving burden observed in this
study suggests that, while parents of children with
PID face considerable challenges, they manage
their responsibilities without experiencing extreme
distress. The relatively high FH score indicates that,
despite caregiving demands, families maintain strong
relationships and cohesion. This finding underscores
the importance of fostering continued family support and
providing resources to help caregivers manage their
burden and preserve family well-being.

The absence of significant differences in FH and
caregiving burden between male and female caregivers
suggests that caregivers of both sexes experience
similar levels of stress and support while caring for a
child with PID. However, the significantly higher FH
among parents of children receiving SClg may be
attributable to the convenience of home administration,
which reduces the logistical and emotional strain
associated with frequent hospital Vvisits. Although
parents of children on SCIg reported a lower caregiving
burden compared to those on IVIg (46.74 vs. 42.75),
the lack of statistical significance may be attributable to
the sample size, which highlights the need for further
research with larger samples to better understand the
impact of treatment modality on caregiver well-being.
Although there was no statistically significant difference
in caregiving burden by check-up frequency, parents
who had check-ups every 21 days reported a higher
burden than those with monthly check-ups (48.82 vs.
43.70), suggesting that more frequent medical visits
may add to caregivers’ stress and logistical challenges.
In 2023, a study compared these children and their
parents with healthy children. The study found that both
children and their mothers had significantly lower quality
of life scores and levels of depression and anxiety than
healthy controls. Additionally, the mothers of children
with PID experienced a higher caregiving burden®.

The lack of significant differences in FH and caregiving
burden across education levels suggests that the
challenges of caring for a child with PID are shared among
caregivers, regardless of their educational background.
Similarly, the absence of significant differences across

family types indicates that the overall impact on family
dynamics and caregiving stress remains comparable,
regardless of whether a family is nuclear, extended, or
fragmented. The finding that family income levels did
not significantly affect FH or caregiver burden implies
that financial status alone may not be the primary
determinant of caregiver stress, and other factors such
as emotional support, access to healthcare, and coping
mechanisms may play a more influential role. Another
study, conducted in 2020, examined the experiences
of family caregivers of children with PID regarding
care demands. The study highlighted that caregivers
experience feelings of anguish and low self-esteem due
to the fear of losing their child and the routine nature
of illnesses and hospitalizations. Additionally, the study
noted that needs are often unmet due to incompatibility
with the family budget, and the social support network
plays an essential role as a coping strategy for
caregivers'.

The significant positive correlation between FH and
caregiving burden (r=0.252, p=0.032) suggests that, in
this study, as caregiving burden increases, FH tends
to increase. There are several possible explanations:
a higher burden may temporarily strengthen FH as
members collaborate in caregiving. Alternatively,
families with strong internal harmony might rely solely on
each other, increasing the caregiver’s burden by limiting
external support. Additionally, in highly harmonious
families, caregivers may feel a greater sense of duty,
further intensifying their burden. However, research
has demonstrated a significant negative relationship
between FH and caregiver burden, indicating that
higher levels of FH are associated with lower caregiver
burden?'. Similarly, research involving caregivers of
individuals with schizophrenia reported that a strong
family sense of coherence was linked to a decreased
caregiving burden??. These contrasting findings highlight
the complexity of the relationship between FH and
caregiving burden, suggesting that contextual factors
such as cultural norms, caregiving expectations, and
available support systems may influence this dynamic.
Further research is needed to explore this relationship
more deeply and understand whether it reflects
increased caregiving awareness or other underlying
factors.

Cross-cultural differences may also influence the
perception of caregiving burden and FH. Cultural
values, family structures, and social expectations
regarding caregiving roles vary across societies and
may shape how caregivers interpret and cope with
caregiving responsibilities. In collectivist cultures,
caregiving is often viewed as a family duty, which
may reduce the perceived burden despite substantial
caregiving demands. Therefore, the findings of this
study should be interpreted within the cultural context of
Turkiye, where strong family ties and interdependence
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are common. Previous research has shown that cultural
norms and values can significantly influence caregivers’
perceptions of burden and their coping mechanisms?3.

Implication for Practice

This information has important implications for nursing
practice, particularly in the care of families managing
PID. Nurses play a critical role not only in clinical care
but also in family education, emotional support, and
care coordination. Understanding that home-based
therapies, like SClg, can reduce the caregiving burden
and enhance FH may guide nurses in advocating for
treatment plans that align with family capabilities and
preferences, especially when clinically appropriate.
Additionally, the recognition that caregivers experience
a moderate burden regardless of gender, education,
or income level emphasizes the need for nurses to
assess caregiver strain holistically rather than relying
on demographic assumptions. By acknowledging the
emotional and logistical challenges caregivers face—
especially with frequent hospital visits—nurses can
tailor interventions to provide anticipatory guidance,
connect families with community resources, and offer
psychosocial support. Furthermore, given the complex
relationship between FH and caregiver burden, nurses
should assess family dynamics regularly and encourage
use of both internal and external support systems. This
approach can help sustain family well-being and reduce
the long-term strain associated with chronic pediatric
illness management.

Study Limitations

This study has several limitations that should be
considered when interpreting the findings. First, the
sample size was relatively small (n=72) and was limited
to a single IVIg therapy clinic at a medical faculty hospital
in Konya, Turkiye; this may restrict the generalizability of
the results. Second, information regarding the specific
types of primary immunodeficiency and the duration of
IVIg and SClg treatments was not collected; these factors
may influence caregivers’ experiences and the outcomes
observed. Third, fathers were underrepresented in the
sample because 87.5% of caregivers were women,
which may limit understanding of paternal caregiving
experiences.

Conclusion

This study highlights the complex relationship between
FH and caregiving burden in parents of children with
PID. While demographic factors such as gender, family
type, and income did not significantly impact these
variables, treatment modality played a crucial role,
and home-based SClg therapy was associated with
greater FH and a lower caregiving burden, although
the latter was not statistically significant. The findings
suggest that caregivers navigate significant challenges,
particularly as they balance long-term medical demands
with family responsibilities. Notably, the positive
correlation between FH and caregiving burden raises
important questions about how families manage stress
and support each other. While stronger family cohesion
may foster collaboration, it may also lead to increased

caregiver burden due to reliance on internal support
systems and a heightened sense of duty. These results,
alongside existing literature, underscore the need for
targeted interventions that enhance family support
while alleviating caregiver strain. Future research with
larger samples should investigate the nuanced interplay
among family dynamics, caregiving responsibilities, and
external support systems to inform strategies to improve
caregiver well-being.
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Abstract

This study aimed to identify the frequency of perioperative transfusions and associated factors in pediatric patients at a tertiary
hospital. Data from pediatric patients who underwent surgery between August 1, 2017, and August 1, 2024, were analyzed
retrospectively. Perioperative transfusion was defined as administration of blood products within 24 hours before surgery, during
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presence of a blood disorder [AOR 2.47 (1.31-4.64)], urgent or emergency procedures [AOR 1.37 (1.10-1.69)], pediatric surgery
[AOR 1.66 (1.35-2.04)], surgical duration of 1 hour or longer [AOR 2.83 (2.19-3.65)], preoperative anemia [AOR 1.33 (1.09-
1.64)], preoperative thrombocytopenia [AOR 1.92 (1.43-2.56)], and preoperative abnormal coagulation [AOR 1.39 (1.04-1.86)]
were identified as predictors of perioperative transfusion (p<0.05). Motivated by the need for research into perioperative blood
transfusion in children, this study found a 35.5% rate of perioperative transfusion among pediatric surgical patients and identified
associated factors.
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Introduction

Blood transfusion remains a fundamental therapeutic
intervention within modern healthcare systems, playing
a vital role in the clinical recovery of both adult and
pediatric patients. While transfusion can be life-saving
in  numerous situations,

otentialy otvostonng T
potentially life-threatening

risks and complications.
Therefore, transfusion
indications must be carefully
evaluated, and decisions
should be based on a risk-
benefit analysis. In pediatric
populations, transfusions

was 35.5%.

* The overall rate of perioperative blood
transfusion in pediatric surgical patients

* Preoperative anemia, thrombocytopenia,
and abnormal coagulation were significant
predictors of perioperative transfusion.

determine the frequency of perioperative transfusions
and their associated factors by including all pediatric
surgical patients, without subgroup exclusions. Most
existing studies on perioperative transfusion focus on
specific patient populations and surgical procedures.

Materials and Methods

In this single-center observational
study, data from pediatric patients
who underwent surgery between
August 1, 2017, and August 1,
2024, at a tertiary university hospital
were retrospectively retrieved from
the blood center’'s archives and

« Higher American Society of | analyzed. All patients under the age
span a broad age range, | Apesthesiologists scores, urgent or = ©f 18 who underwent either open or
from intrauterine life | gmergency procedures, and longer surgery | laparoscopic surgical  procedures
through late adolescence. | gy ration increased transfusion risk. were included. No exclusion

Given the physiological and

criteria were defined. Data were

hematological differences

between children and adults, effective pediatric patient
blood management necessitates meticulous planning
and an individualized approach™?2.

The World Health Organization (WHQO) recommends
a patient-centered, evidence-based, and systematic
approach to the transfusion of blood products®. The
safe and rational use of blood and blood components
can reduce unnecessary exposure to transfusions
and improve patient outcomes. A rational approach
to transfusion applies to pediatric patients as well—
preoperatively, intraoperatively, and postoperatively—as
transfusions in these patients have been associated with
increased 30-day mortality, higher rates of postoperative
infection, and longer hospital stays*®.

Globally, between 1% and 9% of all hospitalized
children receive blood product transfusions™. These
rates primarily reflect pediatric patients who received
transfusions during the preoperative, intraoperative,
or postoperative periods, excluding those undergoing
oncology treatment. According to the literature, timely
and life-saving transfusions occur in 7-10% of pediatric
surgeries'. In Europe, neonates and infants account
for 7% of patients receiving transfusions during the
perioperative period. Inthe United States, 18% of children
with trauma receive perioperative transfusions''2. To
the best of our knowledge, there are insufficient data
on perioperative transfusion practices in the pediatric
population in developing countries, including Turkiye.

Anemia is known to be prevalent among the pediatric
population both globally and in Turkiye. However,
there is currently no international consensus regarding
perioperative  blood management in pediatric
patients'™. To improve pediatric perioperative blood
management, further research and development of
universal transfusion strategies are needed. Ensuring
optimal patient care within limited resources, balancing
the risk of perioperative anemia, and implementing
effective patient blood management require, first and
foremost, an understanding of current perioperative
transfusion practices. Accordingly, this study aimed to

obtained by retrospective review of
the demographic, clinical, and laboratory information
recorded in the hospital’s electronic medical record
system. Because the study was designed retrospectively
no written informed consent form was obtained from the
patients. Ethical approval for the study was obtained
from the Clinical Research Ethics Committee of
Mersin University Rectorate (approval no: 977, date:
16.10.2024).

At our hospital, the decision to administer a blood
transfusion is made by the primary attending physician
during the preoperative (pre-op) and postoperative
(post-op) periods. In contrast, during the intraoperative
(intra-op) period, decisions are made by consensus
between the anesthesiologist and the surgeon. In this
study, pre-op hemoglobin (Hb) level was defined as
the last measured value before surgery, and post-op
Hb level was defined as the first measured value after
surgery.

Data collected from hospital records included patients’
demographic characteristics (age, sex); clinical features
(presence of congenital or acquired blood disorders,
presence of chronic illnesses, American Society of
Anesthesiologists (ASA) score; surgical procedure
(emergency, urgent, elective); type of surgery (pediatric
surgery or other surgical specialties); duration of
surgery; need for postoperative intensive care; length of
hospital stay; laboratory parameters (perioperative Hb
levels, leukocyte and platelet counts, prothrombin time
(PT), partial thromboplastin time (PTT), international
normalized ratio (INR), fibrinogen levels; and transfusion
details (type and number of blood components
used during the perioperative period). Patients were
categorized into two groups based on whether they
received a blood transfusion during the perioperative
period. Perioperative transfusion was defined as
administration of blood products within 24 hours before
surgery (pre-op), during surgery (intra-op), or within the
first 24 hours after surgery (post-op).

Anemia was defined as an Hb concentration more than
2 standard deviations below the age-specific mean in
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neonates and infants under 6 months of age. Anemia in
children and adolescents was defined according to the
WHO criteria as: <11.0 g/dL for ages 6-59 months, <11.5
g/dLforages 5-11 years, <12.0 g/dL for ages 12-14 years,
<12.0 g/dL for females aged 15-18 years, and <13.0 g/
dL for males aged 15-18 years'®'®. Thrombocytopenia
was defined as a platelet count less than 150x10%/
mcL, regardless of patient age'’. The upper reference
limits for coagulation tests in our hospital laboratory
were as follows: PT 14.5 seconds, INR 1.2, and PTT
35 seconds. The lower limit for fibrinogen was 170
mg/dL. These thresholds were adopted in the present
study. Due to the absence of universally accepted age-
specific reference and target values for the diagnosis
of coagulopathy in pediatric patients'®, the presence
of an abnormal result in at least one coagulation test
was considered as abnormal coagulation. All laboratory
results analyzed in this study were obtained from the
same biochemistry laboratory.

Statistical Analysis

Data were analyzed using the Statistical Package for the
Social Sciences (IBM Corp., Armonk, NY, USA; version
21.0). The Kolmogorov-Smirnov test and histograms
were used to test for normality. Continuous variables
were statistically described as median [interquartile
range (IQR), 25"-75" percentile] values, and categorical
variables were given as numbers (n) and percentages
(%). Mann-Whitney U test and Wilcoxon signed-rank
test were used to compare two independent and two
dependent groups, respectively. A chi-square test was
used to assess differences in frequencies between
groups. Binary logistic regression, using the ENTER
method, was performed to assess predictors of
perioperative transfusion; independent variables with

p<0.2 in univariate analysis were included. Adjusted
odds ratios (AORs) were calculated at a 95% confidence
interval. The statistical significance level was set at
p<0.05.

Results

A total of 2,062 pediatric patients who underwent
surgery over a seven-year period were included in this
study. All procedures were performed under general
anesthesia. Of these patients, 1,155 (56%) were male,
and the median age (IQR) was 5 (1-13) years. A total of
296 patients (14.4%) were neonates (<1 month), 1,030
(50%) were children (1 month-9 years), and 736 (35.7%)
were adolescents (10-18 years). Perioperative blood
transfusions were administered to 732 patients (35.5%):
267 (36.5%) preoperatively, four (0.5%) intraoperatively,
305 (41.7%) postoperatively, and 156 (21.3%) during
at least two different perioperative periods. The most
frequently used blood component for pre-op, intra-op,
and post-op transfusions was the red blood cell (RBC)
suspension (Figure 1).

Table 1 compares the demographic and clinical
characteristics of transfused and non-transfused
patients. No statistically significant differences were
found between the groups in terms of age and sex
(p=0.079 and p=0.999, respectively). However, the
distribution of age groups differed significantly, with
neonates more frequently represented in the transfused
group (17.2% vs. 12.8%, p=0.043). The ASA score
distribution differed significantly between the two
groups (p<0.001), with a higher proportion of ASA llI
or IV patients in the transfused group (63.3% vs. 40%,
p<0.001). The prevalence of diagnosed blood disorders,
such as hemoglobinopathies, was significantly higher

Pediatric patients undergoing surgery between August 2017 and August 2024

Exclusion
criteria: none

J L Included patients (n=2062): elective

surgery (n=1367), urgent surgery
(n=529), emergency surgery (n=166)

non-perioperative perioperative
transfusion transfusu?*n
(n=1332) (n=732)
! 1
preoperative intraoperative postoperative
transfusion transfusion transfusion
(n=419) 0=12) (n=459)
RBC n=262, FP RBC n=7, FP RBC n=267, FP
n=51, platelet n=2, whole n=32, p]atelet
n=10, >2 types blood n=1, >2 n=6, >2 types
blood product types blood blood product
n=96 product n=2 n=154

Figure 1. Flow diagram for patients included in the study
*: 156 patients were transfused in at least two different perioperative periods
RBC: Red blood cell, FP: Fresh plasma



72 Durak and Tezol. Perioperative Transfusion

Comparison of demographic and clinical characteristics
Transfusion Non-transfusion

(n=732, 35.5%) (n=1330, 64.5%) p-value
Age, years 5(1-13) 6 (1-13) 0.079*
Age groups 0.043**
<1 mo 126 (17.2) 170 (12.8)
1-59 mo 232 (31.7) 455 (34.2)
5-9yr 124 (16.9) 219 (16.5)
10-17 yr 250 (34.2) 486 (36.5)
Sex, male 410 (56.0) 745 (56.0) 0.999**
ASA score <0.001**
I 71(9.7) 363 (27.3)
Il 198 (27.0) 426 (32.0)
1] 414 (56.6) 473 (35.6)
\% 49 (6.7) 68 (5.1)
ASA category <0.001**
-1l 269 (36.7) 789 (59.3)
-1V 463 (63.3) 541 (40.7)
Blood disorder (hemoglobinopathies) 25 (3.4) 21 (1.6) 0.007**
Chronic health condition except blood disorder 320 (43.7) 569 (42.8) 0.710**
Surgery procedure <0.001**
Elective 427 (58.3) 940 (70.7)
Urgent 219 (29.9) 310 (23.3)
Emergency 86 (11.7) 80 (6.0)
Surgery type <0.001**
Pediatric 337 (46.0) 502 (37.7)
Others 395 (54.0) 828 (62.3)
Orthopedic 161 (22.0) 326 (24.5)
Neuro 160 (21.9) 254 (19.1)
Plastic, reconstructive and aesthetic 22 (3.0) 83 (6.2)
Ear, nose, and throat 20 (2.7) 59 (4.4)
Cardiovascular 19 (2.6) 15 (1.1)
Urologic 10 (1.4) 30 (2.3)
Ophthalmologic 3(0.4) 61 (4.6)
Surgery category 0.012**
Non-cardiac 713 (97.4) 1315 (98.9)
Cardiac 19 (2.6) 15 (1.1)
Surgery time, minutes 60 (60-120) 60 (30-60) <0.001*
<60 min 106 (14.5) 468 (35.2) <0.001**
260 min 626 (85.5) 862 (64.8)
Postoperative intensive care requirement 368 (50.3) 465 (35.0) <0.001**
Length of hospital stay, days 5(2-19) 5(1-20) 0.067*
Blood transfusion - -
Preoperative 267 (36.5)
Intraoperative 4 (0.5)
Postoperative 305 (41.7)
Pre- and intraoperative 2(0.3)
Pre- and postoperative 148 (20.2)
Intra- and postoperative 4 (0.5)
Pre-, intra-, and postoperative 2(0.3)

*: Mann-Whitney U test, data are median (IQR), **: Chi-square test, data are number (percentage)
ASA: American Society of Anesthesiologists classification, IQR: Interquartile range, mo: Month, yr: Year, min: Minute
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in the transfused group (3.4% vs. 1.6%, p=0.007),
whereas the presence of chronic illness (excluding blood
disorders) did not significantly differ between the groups
(p=0.710).

Elective and non-cardiac surgeries were more common
in the non-transfused group (70.7% vs. 58.3%, p<0.001;
98.9%vs.97.4%,p=0.012,respectively). Pediatricsurgery
accounted for 46% of surgeries in the transfused group
and for 37.7% in the non-transfused group (p<0.001).
The median (IQR) duration of surgery was longer in
transfused patients [60 (60-120) minutes] compared
with 60 (30-60) minutes in non-transfused patients
(p<0.001). Postoperative intensive care unit admission
was significantly more frequent in the transfused group
(50.3% vs. 35%, p<0.001). However, the length of
hospital stay did not differ significantly between the two
groups (p=0.067). Among all perioperative transfusions,
3 (0.4%) were associated with mild allergic transfusion
reactions. No mortality was observed during the surgery
or on the day after the surgery.

Table 2 shows a comparison of laboratory parameters
between the transfused and non-transfused groups. The

prevalence of preoperative anemia, thrombocytopenia,
and abnormal coagulation was significantly higher in
the transfused group (p=0.007, p<0.001, and p<0.001,
respectively). While the rate of postoperative anemia did
not differ between the groups (p=0.591), the frequencies
of postoperative thrombocytopenia and abnormal
coagulation were higher in the transfused group
(p<0.001 for both). Both pre-op and post-op white blood
cell (WBC) counts were significantly higher in transfused
patients (p=0.001 and p=0.010, respectively).

Postoperative laboratory tests were performed in 1,454
patients (70.5%), whereas 608 patients (29.5%) did
not undergo postoperative laboratory testing. Table 3
compares preoperative and postoperative laboratory
values. In both transfused and non-transfused patients,
the median postoperative Hb levels and platelet counts
were significantly lower than their preoperative values
(p<0.05).

Table 4 presents factors associated with perioperative
transfusion. ASA IlI-1V score [AOR 1.94 (1.56-2.41)],
presence of blood disorder [AOR 2.47 (1.31-4.64)],
urgent or emergency procedures [AOR 1.37 (1.10-

Table 2.
Comparison of laboratory characteristics

Transfusion Non-transfusion p-value
Preoperative CBC values (n=2062)
n 732 1330
Hb (g/dL) 10.5 (9.1-12.0) 10.9 (9.4-12.4) 0.001*
Platelets (10%/uL) 291 (183-413) 317 (233-422) <0.001*
WBC (10%pL) 10.07 (7.17-15.16) 9.32 (7.04-12.58) 0.001*
Preoperative coagulation parameters (n=779)
n 266 513
PT (s) 14 (13-16) 14 (13-15.7) 0.144*
PTT (s) 32 (27-37) 31 (27-35) 0.100*
INR 1(1-1.3) 1(1-1.2) 0.131*
Fibrinogen (mg/dL) 300 (192-442) 301 (225-447) 0.567*
Preoperative
Anemia 440 /732 (60.1) 718/1330 (54.0) 0.007**
Thrombocytopenia 125/732 (17.1) 114/1330 (8.6) <0.001**
Abnormal coagulation 116/266 (43.6) 120/513 (23.4) <0.001**
Postoperative CBC values (n=1454)
n 598 856
Hb (g/dL) 9.5 (8.4-11.1) 9.8 (8.5-11.3) 0.046*
Platelets (10%/uL) 259 (163-383) 311 (204-428) <0.001*
WBC (10%pL) 12.17 (8.70-16.90) 11.12 (8.07-15.17) 0.010*
Postoperative coagulation parameters (n=292)
n 133 159
PT (s) 16 (14-18.7) 14 (13-16) <0.001*
PTT (s) 33 (27-38) 30 (26-34) 0.002*
INR 1.2 (1-1.4) 1.1(1-1.2) <0.001*
Fibrinogen (mg/dL) 268 (167-388) 326 (230-421) 0.027*
Postoperative
Anemia 449/598 (75.1) 632/856 (73.8) 0.591*
Thrombocytopenia 134/598 (22.4) 120/856 (14.0) <0.001**
Abnormal coagulation 90/133 (67.7) 70/159 (44.0) <0.001**

*: Mann-Whitney U test, data are median (IQR), **: Chi-square test, data are number (percentage)
CBC: Complete blood count, Hb: Hemoglobin, PT: Prothrombin time, PTT: Partial thromboplastin time, INR: International normalized ratio, WBC: White blood cell count, IQR: Interquartile

range
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Table 3.

Transfusion (n=598) Non-transfusion (n=856)
Preoperative Hb (g/dL) 10.5 (9.1-12.0) 10.9 (9.4-12.4)
Postoperative Hb (g/dL) 9.5 (8.4-11.1) 9.8 (8.5-11.3)
p-value <0.001* <0.001*
Preoperative platelets (10%/uL) 291 (183-413) 317 (233-422)
Postoperative platelets (10%/uL) 259 (163-383) 311 (204-428)
p-value <0.001* 0.032*
Preoperative WBC count (10%/uL) 10.07 (7.17-15.16) 9.32 (7.04-12.58)
Postoperative WBC count (10%/uL) 12.17 (8.70-16.90) 11.12 (8.07-15.17)
p-value <0.001* <0.001*
Preoperative PT (s) 14 (13-16) 14 (13-15.7)
Postoperative PT (s) 16 (14-18.7) 14 (13-16)
p-value 0.102* 0.291*
Preoperative PTT (s) 32 (27-37) 31 (27-35)
Postoperative PTT (s) 33 (27-38) 30 (26-34)
p-value 0.876* 0.299*
Preoperative INR 1(1-1.3) 1(1-1.2)
Postoperative INR 1.2 (1-1.4) 1.1 (1-1.2)
p value 0.224* 0.789*
Preoperative fibrinogen (mg/dL) 300 (192-442) 301 (225-447)
Postoperative fibrinogen (mg/dL) 268 (167-388) 326 (230-421)
p-value 0.645* 0.390*

*: Wilcoxon test, data are median (IQR)
Hb: Hemoglobin, PT: Prothrombin time, PTT: Partial thromboplastin time, INR: International normalized ratio, WBC: White blood cell, IQR: Interquartile range

Predictors for perioperative transfusion

p Odds ratio 95% ClI for EXP (B)

Lower Upper

Age, year 0.281 1.01 0.99 1.03
ASA
-1V versus I-1I <0.001 1.94 1.56 2.41
Blood disorder
Presence versus absence 0.005 2.47 1.31 4.64
Surgery procedure
Urgent-emergency versus elective 0.004 1.37 1.10 1.69
Type of surgery
Pediatric versus others <0.001 1.66 1.35 2.04
Surgery time
260 min versus <60 min <0.001 2.83 2.19 3.65
Preoperative anemia
Yes versus no 0.005 1.33 1.09 1.64
Preoperative thrombocytopenia
Yes versus no <0.001 1.92 1.43 2.56
Preoperative abnormal coagulation
Yes versus no 0.028 1.39 1.04 1.86
Preoperative white blood cell count, 10%/uL 0.950 1.00 1.00 1.00

ASA: American Society of Anesthesiologists, Cl: Confidence interval, EXP: Exponential

1.69)], pediatric surgery [AOR 1.66 (1.35-2.04)], [AOR 1.39 (1.04-1.86)] were identified as predictors
surgical duration of 1 hour or longer [AOR 2.83 of perioperative transfusion (p<0.05). Neither age nor
(2.19-3.65)], preoperative anemia [AOR 1.33 (1.09- pre-op WBC count was associated with perioperative
1.64)], preoperative thrombocytopenia [AOR 1.92 transfusion (p>0.05).

(1.43-2.56)], and preoperative abnormal coagulation
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Discussion

Given the unique physiological characteristics, surgical
techniques, definitions of anemia, and transfusion
indications in the pediatric population, most studies on
perioperative transfusion have focused on adult patients
or specific pediatric subgroups™®. Motivated by the need
for research investigating the incidence, indications,
and outcomes of perioperative blood transfusion in
children, we conducted a study that identified a 35.5%
rate of perioperative transfusion in pediatric surgical
patients and found the following associated factors:
ASA score, presence of a blood disorder, type and
urgency of surgery, duration of surgery, preoperative
anemia, preoperative thrombocytopenia, and abnormal
preoperative coagulation.

Several single-center studies analyzing RBC transfusion
have reported varying rates of perioperative transfusion
in various pediatric non-cardiac surgeries across different
countries such as 17.5% from Bangladesh, 22.5% from
Germany, 31.1% from China, 34.7% from South Africa,
45% from Turkiye, 58% from Thailand, and 5.8-17.4%
from U.S.22°_ In our study, the overall perioperative
transfusion rate in non-cardiac surgeries was 35.2%. We
found transfusion rates of 39% in neurosurgery, 33% in
orthopedic surgery, 25% in otolaryngologic surgery, 25%
in urologic surgery, 21% in plastic and reconstructive
surgery, and 5% in ophthalmologic surgery. Notably,
cardiovascular surgery was more frequent among
transfused patients, with a 56% perioperative transfusion
rate in this subgroup. Variations in transfusion practices
and study findings may stem from differing transfusion
triggers, types of surgery, patient age and body size,
and the absence of unified clinical guidelines, leading
to physician-dependent decisions®. For example, the
notable preoperative transfusion rate (36.5%) and the
relatively low intraoperative transfusion rate (0.5%)
may reflect our hospital’s preference for preoperative
correction. Since it is more effective at achieving a rapid
increase in Hb levels, clinicians at our hospital may have
preferred blood transfusion over iron therapy. However,
whether this preference is in line with the Patient
Blood Management guidelines is debatable. Because
in the non-immediate term, in other words, in elective
surgeries iron therapy is an attractive alternative to blood
transfusion in optimizing Hb levels before surgery®'. In
our study, the majority of transfused patients underwent
elective procedures, and yet the number of preoperative
transfusions was notable.

Between 2012 and 2023, the incidence of preoperative
anemia in children aged 1-18 years undergoing non-
cardiac surgery in the U.S. was reported at 25.7%, with
an overall transfusion rate of 10.4%?32. In another study,
68% of 741 pediatric patients who received intraoperative
RBC transfusion during non-cardiac surgery were
already anemic prior to surgery, and each 1 g/dL
decrease in initial postoperative Hb was associated with
increased likelihood of transfusion within the first 24 hours
postoperatively®'. Routine complete blood count (CBC)
is not recommended in children undergoing elective or
minor to intermediate surgery, but it is advised before
major surgeries to manage perioperative transfusions

appropriately®®. Coagulation disorders and anemia are
factors not only increasing the risk of perioperative
transfusion but also the likelihood of excessive blood
product preparation®:. In our hospital, we observed that
all patients underwent a preoperative CBC regardless
of the surgical procedure, whereas 37.8% of patients
received preoperative coagulation tests. Preoperative
anemia was present in 56.2% of all patients and 60.1%
of transfused patients. Both transfused and non-
transfused patients had significantly lower postoperative
Hb values than preoperative values. These findings
underscore the prevalence of preoperative anemia and
the importance of its proper management. Intraoperative
fresh plasma (FP) transfusion may not always reduce
postoperative bleeding in pediatric surgeries, whereas
preoperative FP transfusion adjusted by age and body
weight may be more effective®®. Thus, individualized
strategies should guide FP transfusion decisions. In our
study, the perioperative FP transfusion rate was 8%.
While this study does not cover the characteristics of
patients receiving FP, we observed that FP was more
commonly used in pediatric and emergency surgeries.

In pediatric patients undergoing surgeries, factors such
as younger age, female sex, body weight, preoperative
anemia, ASA IV-V scores, emergency procedures,
specific surgical types (neurosurgery, vascular surgery,
cardiac surgery, gynecology, and visceral surgery),
surgical technique, prolonged surgeries, hematologic
disorders, cancer, comorbidities, and postoperative
complications have been reported to increase the risk
of perioperative transfusion?2%%. Qur findings are
consistentwith the existing literature. In our study, ASAIlI-
IV scores, the presence of a blood disorder, non-elective
surgery, pediatric surgical type, surgery lasting =1 hour,
preoperative anemia, thrombocytopenia, and abnormal
coagulation were all associated with an increased risk
of perioperative blood transfusion. No relationship was
observed between perioperative transfusion and patient
age or sex.

Durmus et al.® from Tirkiye reported statistically
significant differences between preoperative and
postoperative mean Hb levels and platelet counts in
pediatric patients and found a significant correlation
between preoperative platelet count and RBC
replacement at postoperative hour 36. Similarly, we
observed significant differences between preoperative
and postoperative Hb and platelet levels, and found
that preoperative thrombocytopenia was associated
with a 1.92-fold increased likelihood of perioperative
transfusion. We came across only one study examining
the relationship between WBC count and pediatric
perioperative transfusion, which reported that increased
preoperative WBC and decreased hematocrit levels
were associated with a higher risk of perioperative
blood transfusion in cancer patients?. In our study,
the preoperative WBC count was significantly higher
in the transfused group, but we found no association
between the preoperative WBC count and perioperative
transfusion. Since routine postoperative CBC is generally
unnecessary for low-risk, asymptomatic patients, one-
third of our sample did not undergo postoperative CBC.
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This finding may indicate that routine postoperative
CBCs could be replaced by targeted testing for patients
with identifiable risk factors.

Transfusion of any blood product in pediatric surgical
patients has been associated with adverse outcomes
such as postoperative lung injury, renal failure,
infections, thrombotic complications, prolonged hospital
stays, and increased mortality®*“°. Therefore, pediatric
guidelines support a restrictive transfusion approach in
the perioperative period and critically ill patients, and
they do not recommend prophylactic transfusions®.
In our study, 52 of 732 perioperative transfusions
(7%) were administered in the absence of anemia,
thrombocytopenia, or abnormal coagulation. These
transfused patients were major trauma cases who had
been operated on by neurosurgeons and/or pediatric
surgeons. We conclude that indications for transfusion
should be monitored more closely and prophylactic
transfusions should be avoided in children with major
trauma.

Intraoperative blood transfusion may not always cause
a transfusion reaction but can lead to complications
depending on the volume and rate of administration?.
There is a need for data on unexpected and undesirable
effects arising from perioperative use of blood products*'.
In our study, mild allergic reactions occurred in 0.4%
of perioperative transfusions. As is known, allergic
reactions are the most common transfusion-related
adverse events in children*2,

Recent studies in adults have developed predictive
models for intraoperative RBC transfusions. Final models
based on preoperative predictors have demonstrated
high predictive accuracy and generalizability. These
models and transfusions managed with individualized
strategies have been suggested to help optimize
preoperative blood ordering and reduce wastage of
RBC units by predicting intraoperative transfusion
requirements**4%. Considering the significant burden
of blood transfusion on hospital systems and national
economies*®, our findings, along with existing literature,
may contribute to the development of practical scoring
systems and predictive models for perioperative
transfusion in pediatric populations and support the
provision of sustainable healthcare services.

Study Limitations

Our study has several limitations. Because this is a
single-center study, our findings cannot be generalized
nationwide, though they may serve as a basis for
multicenter research. Numerous factors can influence
transfusion practices, such as intraoperative blood loss,
patients’ vital signs during the perioperative period,
nutritional status, and history of prior blood transfusion*’.
Certain clinical and demographic characteristics—
including congenital malformations, critical illness
before surgery, preoperative steroid use, malignancy,
malnutrition, inotropic support, gestational age, and
race/ethnicity—have been associated with perioperative
transfusion?. Due to the retrospective archive/chart-
review design of our study at the blood center, we could
not evaluate factors such as transfusion thresholds,
triggers, or clinical indications. Clinicians’ perioperative
transfusion practices may vary significantly*s. We
did not explore the factors influencing clinicians’

decisions regarding transfusion. Moreover, stratifying
perioperative blood management in pediatric patients
into preoperative, intraoperative, and postoperative
periods, or by specific age and patient groups (anemic,
bleeding, and coagulopathic), would have been rational.
We did not conduct such analyses in this study, but
future research could be designed accordingly. The
heterogeneous study population, which included all
pediatric surgical patients aged 0-18 years and lacked
exclusion criteria or stratification, and the unavailability
of data regarding perioperative hemodynamics may
have undermined the validity and interpretability of our
analyses. We did not examine the number of blood
products ordered versus those actually administered.

Conclusions

A perioperative transfusion is reported to occur in 35.5%
of surgeries in pediatric patients; high ASA scores, the
presence of a blood disorder, non-elective surgery,
pediatric surgical type, prolonged surgery, preoperative
anemia, thrombocytopenia, and abnormal coagulation
were identified as associated factors. Identifying
associated factors may contribute to the development
of the most appropriate and practical perioperative
transfusion strategies for children. Most studies in the
perioperative transfusion literature focus on specific
patient populations and procedures. Our study, by
contrast, included all pediatric surgical patients without
subgroup exclusions and reported the predictors of
perioperative transfusion. This approach may provide
easily interpretable outputs for pediatricians, surgeons,
and anesthesiologists, aiding in the assessment
of perioperative transfusion risk and facilitating
individualized blood preparation strategies.
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Abstract

This study investigated final height (FH) achievement in adolescents with type 1 diabetes mellitus (T1D) compared with healthy
controls and examined diabetes-related determinants of FH. This retrospective, single-center study evaluated FH-standard deviation
score (SDS) adjusted for target height (TH) and corrected FH-SDS (cFH-SDS) in 69 adolescents with T1D diagnosed before the
age of 13 and followed for at least four years after diagnosis, compared with 66 matched healthy controls. Mean final height and TH
were significantly higher in the T1D group than in controls (p=0.012 and p=0.025, respectively). However, no significant differences
were observed between groups in FH-SDS, TH-SDS, or cFH-SDS, indicating comparable height achievement relative to genetic
potential. The onset of puberty occurred at a significantly more advanced age in adolescents with T1D compared with controls
(p=0.002). cFH-SDS was significantly higher in patients with tight metabolic control than in those with poor control (p=0.048). A
significant positive correlation was observed between cFH-SDS and TH-SDS (r=0.280, p=0.001). No associations were found
between cFH-SDS and diabetes duration, age at diagnosis, hemoglobin A1c levels, continuous glucose monitoring use, or diabetic
ketoacidosis frequency. Adolescents with T1D achieved final height consistent with their genetic height potential and comparable
to healthy controls, despite delayed pubertal timing. Tight metabolic control may confer a clinically relevant benefit in final height
achievement.

Keywords: Type 1 diabetes mellitus, final height, puberty, metabolic control

linear growth reflects the interplay of genetic background,
nutrition, pubertal development, and endocrine regulation,

Introduction

Type 1 diabetes mellitus (T1D) is one of the most frequent

chronic diseases of childhood and adolescence and
requires lifelong insulin therapy’. In addition to its metabolic
consequences, T1D may influence growth and pubertal
development, which remain key indicators of overall health
and disease control in pediatric patients?. Physiological

and in children with T1D, this balance is often disrupted by
alterations in the growth hormone (GH) insulin-like growth
factor (IGF) axis, particularly reduced IGF-1 availability
and relative hepatic GH resistance associated with poor
glycemic control*#. These alterations may result in impaired
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growth velocity during critical periods of childhood and
adolescence. Consequently, the assessment of growth
outcomes has remained a significant component of
clinical follow-up and research in pediatric patients with
T1D.

Target height (TH) is commonly used to estimate a child’s

reached FH, and had complete anthropometric and
clinical data available for analysis®.

Exclusion criteria applicable to both the T1D and
control groups included conditions known to adversely
affect linear growth or pubertal development, such as
GH deficiency, Turner syndrome, Mauriac syndrome,

genetic height potential and children
with T1D have stature within normal
population ranges, several studies
indicate that some fail to reach this
genetic  potential®®.  Historically,
severe growth failure was observed
in poorly controlled T1D; although
rare with modern insulin therapy,
concerns persist due to reports of
reduced growth velocity, altered
pubertal growth spurts, and variable
effects on final adult height’. Recent
evidence from large cohorts indicates
that long-term metabolic control is
an important determinant of adult
height in individuals with childhood-
onset T1D, with poorer glycemic
control being associated with small
but clinically relevant reductions in
final height (FH)®°. However, studies
that assess FH in relation to genetic
TH and comprehensively examine
associated clinical factors remain
limited, particularly in single-center
cohorts with detailed longitudinal
data. As a result, the impact of T1D
on FH remains a subject of debate.

» Adolescents with type 1 diabetes
mellitus achieved final height
comparable to healthy controls
and consistent with their genetic
height potential, despite a
significantly delayed onset of
puberty.

* Tighter overall metabolic control
was associated with higher
corrected final height standard
deviation score, whereas
no significant  associations
were observed with diabetes
duration, age at diagnosis,
mean hemoglobin A1c (HbA1c)
levels, or frequency of diabetic
ketoacidosis.

» These findings underscore the
importance of interpreting growth
outcomes in relation to genetic
target height and suggest
that comprehensive diabetes
management, beyond HbA1c
alone, supports preserved long-
term growth in youth with type 1

malnutrition, monogenic diabetes,
chronic renal disease, chronic
gastrointestinal disorders, obesity,
non-classical congenital adrenal
hyperplasia, long-term  systemic
glucocorticoid therapy, prematurity,
birth small for gestational age, or
incomplete clinical data, including

missing FH or parental height
measurements'©,
Medical records were reviewed

to identify children with diabetic
ketoacidosis (DKA), defined as
plasma glucose >200 mg/dL with
ketonemia or ketonuria and venous
pH <7.3 and/or bicarbonate <18
mmol/L, and those without DKA™.
The number of DKA episodes per
year was recorded.

Demographic, anthropometric,
and clinical data were obtained
from electronic and written medical
records. Participants’ height was
measured to the nearest 0.1 cm
during routine outpatient visits
using a wall-mounted Harpenden
stadiometer.

Accordingly, this study aimed to diabetes.

FH was defined as the last recorded

evaluate FH attainment in children
with T1D in relation to genetic height
potential and to identify clinical and metabolic factors
associated with deviations from that potential. By
comparing children with T1D who had reached FH with
a healthy control group, we sought to gain further insight
into long-term growth outcomes in pediatric T1D under
current diabetes management practices.

Materials and Methods

This study was conducted as a retrospective, single-
center, comparative study. Adolescents with T1D who
were followed at the Pediatric Endocrinology Clinic,
had been diagnosed before 13 years of age, had
received a diagnosis at least four years earlier, and had
reached FH were included in the study. The study cohort
consisted of 69 adolescents with T1D and 66 age and
sex match healthy controls. A healthy control group,
without chronic disease or known conditions affecting
growth, was included for comparison and matched for
age and sex. The study was conducted in accordance
with the principles of the Helsinki Declaration. This study
was also approved by the Adana City Hospital Scientific
Research Ethics Committee (approval no: 1012, date:
15.01.2026).

Inclusion criteria were defined as a confirmed diagnosis
of T1D according to standard diagnostic criteria, had

height associated with a growth

velocity of <1 cml/year over the
preceding 12 months, in accordance with commonly
accepted criteria in pediatric growth studies'. Height,
weight, and body mass index (BMI) standard deviation
scores (SDS), together with TH-SDS, were calculated
according to chronological age at FH attainment
using nationally representative growth reference data
for Turkish children and adolescents, with validated
calculation methods' 4,

Parental heights were obtained from medical records or
patient-reported data. TH was calculated using standard
sex-specific formulas [boys: [(maternal height + paternal
height)/2]+6.5 cm; girls: [(maternal height + paternal
height)/2]-6.5 cm]’®. TH was expressed in centimeters
and SDS. The difference between FH-SDS and TH-SDS
was defined as corrected FH-SDS (cFH-SDS).

Pubertal onset was defined according to Tanner stage,
defined as breast development of stage Il in girls, and
a testicular volume of at least 4 mL measured using a
Prader orchidometer in boys, and was recorded from
medical records’®"".

For patients with T1D, disease-related variables
included age at diagnosis, duration of diabetes, insulin
treatment modality use of continuous glucose monitoring
(CGM) systems, and duration of CGM use. Metabolic
control was assessed using hemoglobin A1c (HbA1c)
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measurements obtained annually during routine follow-
up visits throughout the entire observation period,
including the final year of linear growth. Mean HbA1c
values were calculated using all available longitudinal
HbA1c measurements. Among the 69 adolescents with
T1D, 40 participant used CGM systems. All patients
were treated with multiple daily insulin injections,
and none used automated insulin delivery systems.
Pediatric endocrinologists reviewed the medical records
and classified participants into two groups according to
metabolic control. Tight metabolic control was defined
as a mean HbA1c level <7.0% or, for patients using
CGM, a time in range (TIR; glucose 70-180 mg/dL)
>70% and was evaluated based on patient records from
three-month follow-up visits'®. Patients who did not fulfill
these criteria were considered to classified as having
poor metabolic control.

Associated autoimmune conditions were systematically
recorded. Celiac disease was defined by positive
serologic markers (anti-tissue transglutaminase
immunoglobulin A and/or anti-endomysial antibodies)
with histological confirmation on small intestinal
biopsy, in accordance with ESPGHAN guidelines, or
by biopsy-sparing diagnostic criteria when applicable.
Autoimmune thyroiditis was defined by the presence
of thyroid autoantibodies (anti-thyroid peroxidase
and/or anti-thyroglobulin antibodies) with or without
thyroid dysfunction)'®?°, Diabetic nephropathy was
defined by persistent albuminuria, confirmed by at
least two abnormal urine albumin-to-creatinine ratio
measurements (=30 mg/g) obtained over a minimum
period of three months, in the absence of other renal
disease’®.

Statistical Analysis

Statistical analyses were performed using SPSS version
25.0. Data are presented as mean * standard deviation
for normally distributed variables and as median (Q,-
Q,) for non-normally distributed variables. Following
descriptive analyses, the Shapiro-Wilk test was used to

Table 1.

assess the normality of data distribution. For comparisons
between two groups, the Independent Samples t-test
was applied to normally distributed variables, whereas
the Mann-Whitney U test was used for non-normally
distributed variables. The association between cFH-
SDS and continuous measurement parameters was
evaluated using Spearman’s rho correlation analysis.
Post-hoc power analysis was performed using G*Power
version 3.1.9.7 to assess the adequacy of the sample
size. The study demonstrated adequate statistical power
(>0.70) for the primary comparisons, including final
height (power=0.72), pubertal onset (power=0.91), and
associations with metabolic control (power=0.70)?'. A
p-value of <0.05 was considered statistically significant
for all analyses.

Results

Comparative analyses of height, TH, cFH-SDS and
timing of pubertal onset between the T1D and control
groups are presented in Table 1. Mean FH was
significantly higher in the T1D group (167.3+£9.2 cm) than
in the control group (163.31£8.7 cm) (p=0.012). Mean TH
was significantly higher in the T1D group (165.2+8.1 cm)
than in controls (162.9+8.0 cm; p=0.025). No significant
between-group differences were observed for FH-
SDS, TH-SDS, weight SDS, BMI-SDS or cFH-SDS (all
p>0.05).

However, age at pubertal onset was significantly higher
in the T1D group (11.1£1.4 years) compared with the
control group (10.3+0.9 years; p=0.002). When analyzed
separately by sex, boys with T1D had a significantly
later age at pubertal onset compared with healthy
controls (11.27£1.17 vs. 10.31+0.89 years, p=0.001),
whereas no significant difference was observed among
girls (10.86+1.62 vs. 10.36+0.88 years, p=0.297). Sex
distribution did not differ significantly between the T1D
and control groups (p=0.093).

In the categorical analyses, cFH-SDS was significantly
higher in patients with tight metabolic control than in

Comparison of FH, TH, FH-SDS, TH-SDS, corrected FH-SDS, and age at puberty onset between the T1D and control groups

T1D (n=69) Control (n=66)
Variable p-value
Mean * SD Median (Q,-Q,) Mean * SD Median (Q,-Q,)
FH (cm) 167.3+9.2 163.348.7 0.012*
TH (cm) 165.248.1 162.948.0 0.025*
FH-SDS -0.17 [(-0.80)-0.40] -0.15 [(-0.79)-0.47] 0.740
TH-SDS -0.36 [(-0.96)-0.10] -0.60 [(-1.30)-0.06] 0.227
cFH-SDS 0.30 [(-3.00)-3.50] 0.45 [(-3.12)-4.18] 0.390
Weight-SDS 0.11 [(-0.80)-1.20] 0.42 [(-0.60)-1.48] 0.758
BMI-SDS 0.24+1.11 0.36+1.25 0.562
Age at pubertal onset (years) 11.121.4 10.3+0.9 0.002*
Girls (years) 10.86+1.62 10.36+0.88 0.297
Boys (years) 11.27+1.17 10.31+0.89 0.001*
Sex T1D n (%) Control n (%) p-value
Male 34 (49.3) 42 (63.6) 0.093
Female 35 (50.7) 24 (36.4)

Data are presented as mean + SD for normally distributed variables and as median (Q,: 1% quartile, Q: 3 quartile,) for non-normally distributed variables. Categorical variables are

presented as number (percentage). *: A p-value <0.05 was considered statistically significant

FH: Final height, TH: Target height, SD: Standard deviation, SDS: SD score, T1D: Type 1 diabetes mellitus, cFH: Corrected FH, BMI: Body mass index
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those with poor metabolic control [0.96 [(-0.73)-5.63]
vs. 0.30 [(-3.50)-2.50], p=0.048). Among patients who
experienced at least one DKA episode during follow-
up (n=28), the median annual DKA rate was 1.0 (1.0-
1.0) episodes/year. Sensor systems were used by 40
patients (58.0%), and the median duration of sensor use
was 3.0 (1.5-3.0) years. In the T1D group, 6 patients
had celiac disease, 7 had autoimmune thyroiditis, and
19 had microalbuminuria; however, cFH-SDS did not
differ significantly according to sex, using CGM systems,
presence of celiac disease, autoimmune thyroiditis, or
microalbuminuria (all p>0.05) (Table 2).

A significant positive correlation was observed between
cFH-SDS and TH-SDS (r=0.280, p=0.001). No significant
associations were found between cFH-SDS and age at
pubertal onset, duration of diabetes, age at diagnosis,
frequency of DKA episodes, duration of CGM systems,
or HbA1c levels (all p>0.05) (Table 3).

Discussion

The present study aimed to evaluate final height
outcomes and the factors influencing growth in the
context of contemporary insulin therapy. The impact of
T1D on linear growth in the pediatric population remains
variable across studies, as chronic hyperglycemia may
impair the GH-IGF-1 axis, while recurrent hypoglycemia
and episodes of DKA may also adversely affect growth
and pubertal development3222,

Clinical observations described severe growth
impairment in patients with poor metabolic controlled
T1D; however, with improvements in overall diabetes
care and the increasing use of advanced diabetes
technologies alongside intensive insulin therapy, growth
outcomes have markedly improved®’24. Recent studies
indicate that most children and adolescents with T1D
are able to achieve final height values comparable to
those of the general population®*?5%. In contrast to our
study, Kaya et al.?” reported that some children with T1D
failed to achieve their genetic height potential and that
poor metabolic control was associated with reduced
growth velocity. Nevertheless, the higher TH observed in

Table 2.

the T1D group emphasizes the need to interpret growth
outcomes in the context of genetic height potential rather
than relying solely on absolute height measurements.
This reflects the inherent relationship between attained
height and TH and indicates that growth outcomes are
more consistent when the achieved height SDS aligns
more closely with genetic expectations.

Our finding that adolescents with T1D achieved final
height comparable to healthy controls is consistent with
previous reports suggesting near-normal adult height
outcomes in the period of improved diabetes care®’.
This finding suggests that children with T1D are able
to achieve their genetic height potential and that the
disease itself does not appear to adversely affect linear
growth. Several cohort studies have demonstrated that,
despite transient growth disturbances, most children
with T1D are able to reach their genetic height potential
when metabolic control is reasonably maintained®”-%. In
a large population-based Swedish cohort, poor glycemic
control was associated with reduced adult height, with
sex-specific differences indicating a greater impact of
prepubertal metabolic control in females and pubertal or
postpubertal control in males®.

One of the notable findings of our study was the
significantly delayed onset of puberty in the T1D group
compared with the control group, consistent with previous
reports of delayed pubertal onset and progression in
children and adolescents with T1D?>%. A prospective
follow-up study by Bizzarri et al.*® demonstrated that,
despite alterations in growth patterns and pubertal timing,
final adult height in intensively treated children with type
1 diabetes did not differ significantly from TH, indicating
preserved growth potential. However, in our cohort, most
patients had acceptable metabolic control, suggesting
that the observed delay may not be attributable solely
to poor glycemic control. Mild physiological stress or
subtle hormonal alterations related to diabetes as a
chronic condition may also contribute to this delay.
Importantly, delayed pubertal onset did not adversely
affect final adult height in our cohort, supporting the
notion of compensatory catch-up growth during later
adolescence. Sex-stratified analysis showed that the

Associations between cFH-SDS and clinical and demographic variables in patients with T1D (n=69)

Variable Category Mean * SD Median (Q,-Q,) p-value
Male 0.09+0.83 0.055
Sex
Female 0.45+0.69
No 0.25+0.83 0.779
CGM systems
Yes 0.30+0.74
Poor 0.30 [(-3.50)-2.50] 0.048*
Metabolic control .
Tight 0.96 [(-0.73)-5.63]
No 0.28+0.78 0.724
Celiac disease
Yes 0.12+0.83
) o No 0.26+0.78 0.678
Autoimmune thyroiditis
Yes 0.39+0.81
No 0.30+0.76 0.636
Microalbuminuria
Yes 0.20+0.84

Data are presented as mean + SD for normally distributed variables and as median (Q,: 1% quartile, Q,: 3 quartile) for non-normally distributed variables. Correlation analyses were
performed using Spearman’s rank correlation coefficient (r), comparisons between categorical variables were conducted using the Mann-Whitney U test, CGM systems. cFH-SDS
CGM: continuous glucose monitoring, cFH: Corrected FH, SD: Standard deviation, SDS: SD score, T1D: Type 1 diabetes mellitus
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Correlation of clinical parameters with cFH-SDS

Variable r p-value
TH-SDS 0.280* 0.001*
Age at pubertal onset 0.104 0.231
Duration time onset diabetes (years) 0.053 0.668
Age at diagnosis (years) 0.04 0.743
Diabetic ketoacidosis episodes per year 0.203 0.094
Duration of CGM systems (years) 0.021 0.866
Mean HbA1c (%) -0.023 0.851

Values are presented as Spearman’s correlation coefficients (r), *: p<0.01 was
considered statistically significant, CGM systems

HbA1c: Hemoglobin A1c, CGM: Continuous glucose monitoring, cFH: Corrected FH,
SDS: Standard deviation score

delay in pubertal onset was more pronounced in boys
with T1D, whereas the difference observed among
girls did not reach statistical significance. This may
partly be explained by the smaller number of girls in the
control group and the resulting limited statistical power.
The effects of T1D-related metabolic disturbances
on pubertal development may differ between sexes,
although larger studies are needed to further clarify
these findings.

The cFH-SDS was significantly higher among patients
with tight metabolic control data compared with
those with poor metabolic control. In contrast, no
significant associations were identified between cFH-
SDS and age at pubertal onset, diabetes duration,
age at diagnosis, HbA1c levels, or frequency of DKA
episodes. The lack of a direct correlation between
HbA1c and cFH-SDS suggests that factors beyond
average long-term glycemic control, such as glycemic
variability, hypoglycemia frequency, and overall
metabolic stability, may influence growth outcomes. The
observed effect when metabolic control was evaluated
categorically highlights the importance of overall
diabetes management quality rather than reliance on
HbA1c alone. This finding suggests that, in this cohort,
long-term growth outcomes may be relatively resilient
to variations in these clinical parameters. Although
this finding should be interpreted with caution, it may
indicate that more detailed glucose monitoring and
closer follow-up are associated with more favorable
growth relative to genetic potential. Notably, the
absence of a significant association between cFH-SDS
and mean HbA1c levels aligns with previous studies
suggesting that HbA1c alone may not fully capture
glycemic variability or short-term fluctuations relevant
to growth®. Interestingly, the association between
higher cFH-SDS and the availability of tight metabolic
control may indicate that closer monitoring and more
detailed assessment of glycemic variability are linked
to more utility growth outcomes. Recent large-scale
registry studies have emphasized the importance
of sustained glycemic control across critical growth
periods, particularly in relation to pubertal timing and
sex-specific growth patterns®??26, Metrics derived
from CGM, such as TIR, may therefore provide
complementary information regarding metabolic control
during critical growth periods. Similar to our findings,
the association between poor glycemic control and
reduced adult height persisted after adjustment for

multiple confounders, including the presence of other
autoimmune diseases and age at onset of type 1
diabetes, suggesting that baseline clinical differences
alone did not fully explain the observed final height
deficit®. The lack of significant differences in cFH SDS
according to sex, CGM use, or the presence of celiac
disease, autoimmune thyroiditis, or microalbuminuria
suggests that these factors did not have a measurable
impact on final height outcomes in our cohort. This
may reflect effective screening and management of
associated autoimmune conditions and microvascular
complications during childhood and adolescence.
However, because the number of patients with these
comorbidities was limited, subgroup analyses were
underpowered, and the findings should therefore be
interpreted confirmed in larger studies.

Study Limitations

Several limitations should be acknowledged. The
retrospective design limits causal inference and
precludes the systematic assessment of bone age,
predicted adult height, and IGF-1 levels at the time of
diabetes diagnosis in our patients, which may have
provided additional insight into early growth patterns. In
addition, the sample size may have limited the ability
to detect subtle associations between metabolic control
and growth outcomes. CGM data were not available
for all patients, potentially introducing selection bias.
The lack of assessment of pubertal growth spurt
parameters, as growth patterns specific to puberty were
not separately analyzed. Despite these limitations, the
study is strengthened by detailed clinical follow-up data
and the evaluation of final height in relation to genetic
TH, allowing a clinically meaningful assessment of long-
term growth outcomes.

Conclusion

In this comparative study, adolescents with T1D attained
final heights comparable to those of healthy peers and
consistent with their genetic height potential, despite
a later onset of puberty. The association between
tighter glycemic control and greater concordance
between achieved final height and genetic height
potential underscores the relevance of optimal diabetes
management during growth.
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Abstract

Hemophagocytic lymphohistiocytosis (HLH) is a rare but life-threatening hyperinflammatory syndrome driven by uncontrolled
immune activation and excessive cytokine release, in which interferon-y (IFN-y) plays a central pathogenic role. Data regarding
targeted IFN-y blockade in secondary HLH remain limited. We report a case of a previously healthy 17-year-old girl who developed
severe secondary HLH, characterized by persistent fever, progressive cytopenia, marked hyperferritinemia, disseminated
intravascular coagulation, multiorgan failure, and life-threatening gastrointestinal bleeding. Despite intensive treatment with
intravenous immunoglobulin, high-dose corticosteroids, anakinra, cyclosporine, and plasmapheresis, the hyperinflammatory state
remained refractory. Emapalumab, a monoclonal antibody targeting IFN-y, was initiated as rescue therapy in the pediatric intensive
care unit, resulting in rapid clinical stabilization and marked laboratory improvement, which allowed tapering of immunosuppressive
treatments. Following recovery from the cytokine storm, a splenectomy was safely performed, revealing an underlying anaplastic
large cell lymphoma. This case highlights the potential life-saving role of emapalumab as a rescue therapy for refractory secondary
HLH and suggests that timely IFN-y blockade may stabilize critically ill patients and facilitate definitive diagnostic and therapeutic
interventions in malignancy-associated HLH.

Keywords: Hemophagocytic lymphohistiocytosis, emapalumab, interferon-y, cytokine storm

Introduction markedly elevated ferritin levels'. Interferon-y (IFN-y) has

. .y , ) . been identified as a central mediator of the cytokine storm
Hemophagocytic lymphohistiocytosis (HLH) is a fulminant  yyjing tissue damage and multiorgan dysfunction in HLH2.

hyperinflammatory condition resulting from dysregulated HLH may arise from inherited immune dysregulation or
activation of cytotoxic lymphocytes and macrophages,  develop secondarily to external triggers such as infections,
leading to excessive cytokine release and rapid clinical malignancies, or immune-mediated diseases, and when
deterioration. Patients commonly present with prolonged associated with rheumatic disorders, itis commonly referred
fever, hepatosplenomegaly, progressive cytopenia, and to as macrophage activation syndrome (MAS)3.
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Emapalumab is a human monoclonal antibody that
selectively neutralizes IFN-y and has been approved
to treat primary HLH and MAS complicating pediatric
and adult Stil's disease*. However, there are still
limited data regarding its use in these conditions. A
recent study reported successful use of emapalumab
in a child with refractory systemic juvenile idiopathic
arthritis complicated by MAS and trisomy 21, further
supporting its life-saving potential in severe IFN-driven
hyperinflammatory states®. In addition, emapalumab
has been increasingly considered as a therapeutic
option in other cytokine storm syndromes, such as
chimeric antigen receptor (CAR) T-cell-associated
hyperinflammation® and malignancy-associated HLH.

In this report, we describe our experience using
emapalumab as rescue therapy in a patient with
secondary HLH who progressed to life-threatening
multiorgan involvement despite intensive conventional
immunosuppressive treatment.

Case Report

A previously healthy 17-year-old girl was transferred to
our tertiary pediatric intensive care unit (PICU) with a
preliminary diagnosis of secondary HLH due to persistent
high fever for 20 days, severe cytopenia, marked
hyperferritinemia, poor general condition, and severe
gastrointestinal bleeding. She had no history of night
sweats or significant weight loss. Her history revealed
that she initially developed arthralgia and high fever,
and splenomegaly was detected concurrently, prompting
evaluation for Epstein-Barr virus (EBV) infection. As
her clinical condition progressively worsened, she
was hospitalized at a center, where she was diagnosed
with secondary HLH. At that hospital, intravenous
immunoglobulin (1 g/kg) was administered, followed
by high-dose methylprednisolone (30 mg/kg/day) and anti-
interleukin-1 therapy (anakinra) (5 mg/kg/day) after
clinical deterioration requiring PICU admission. Despite
these interventions, fever persisted and ferritin levels
continued to rise, leading to plasmapheresis (five
sessions) and anakinra escalation to 10 mg/kg/day.
Because of refractory cytokine storm, despite maximal
doses of corticosteroids, anakinra, and plasmapheresis,
the patient was transferred to our tertiary PICU for
further management.

Her physical examination revealed fever and
hepatosplenomegaly at admission. She did not have
clinically significant lymphadenopathy. Laboratory
investigations demonstrated anemia (hemoglobin:
9.2 g/dL), neutropenia (970/uL), thrombocytopenia
(25,000/pL), elevated C-reactive protein (139 mg/L),
increased transaminases [aspartate aminotransferase
(AST): 138 U/L, alanine aminotransferase (ALT): 121
U/L], marked hyperferritinemia (2,709 ng/mL), and
hypofibrinogenemia.

Abdominal ultrasonography showed hepatomegaly
(165 mm) and splenomegaly (176 mm). Serological
tests for Toxoplasma gondii, Rubella, Cytomegalovirus,
EBV, Parvovirus B19, hepatitis viruses, and human
immunodeficiency virus ruled out acute infection.
Although severe acute respiratory syndrome coronavirus

2 immunoglobulin G was markedly elevated (>4,000 U/
mL), this was attributed to prior vaccination and previous
infection, thus active coronavirus disease 2019 was
excluded.

Bone marrow examination revealed no malignant
infiltration but showed prominent histiocytic proliferation,
consistent with HLH. Given the significant splenomegaly,
Leishmania infection was also considered; however,
serological and molecular tests were negative, and no
amastigotes were detected in the bone marrow.

Genetic testing for primary HLH, including analysis
of STXBP2, PRF1, and UNC13D, as well as whole-
exome  sequencing, revealed no pathogenic
variants. Autoantibody screening, including antinuclear
antibody, anti- double-stranded deoxyribonucleic acid,
and anti-neutrophil cytoplasmic antibody, was negative,
and complement levels were within normal limits. The
patient did not meet the diagnostic criteria for systemic
vasculitis or systemic lupus erythematosus, and
the absence of rash and arthritis also excluded systemic
juvenile idiopathic arthritis.

The patient was diagnosed with secondary
HLH according to the HLH-2004 criteria?® (fulfilling five of
the eight diagnostic items), characterized by persistent
fever for 20 days (=38.5 °C), splenomegaly, cytopenia
affecting three lineages (hemoglobin 9.2 g/dL, neutrophils
970/uL and platelets 25,000/pL), hyperferritinemia
(baseline 2,709 ng/mL; peak level 8,641 ng/mL during
the disease course), hypertriglyceridemia (323 mg/dL)
and hypofibrinogenemia (103 mg/dL). Bone marrow
examination revealed histiocytic proliferation and
findings suggestive of hemophagocytosis. Assessment
of soluble interleukin-2 receptor [soluble cluster of
differentiation (sCD25)], natural Killer-cell cytotoxic
activity, and cytokine profiles could not be performed
due to unavailability of these assays.

After transfer to our tertiary PICU, the patient’s clinical
condition deteriorated further, and she
required endotracheal intubation and mechanical
ventilation. Anakinra, pulse methylprednisolone, and
plasmapheresis were continued. Cyclosporine was
initiated at a dose of 2 mg/kg/day. Due to severe
cytopenia, ruxolitinib and etoposide were avoided.
Her laboratory evaluations revealed findings also
consistent with capillary leak syndrome, multiorgan
failure, and disseminated intravascular coagulation
(DIC) accompanied by severe bleeding. She also
developed profound and refractory thrombocytopenia,
requiring repeated platelet transfusions. Given the
combination of severe DIC, HLH and the possibility
of splenic sequestration, splenic involvement was
considered as a contributing factor. However, due to
the high risk of bleeding, splenic biopsy could not be
performed. A total splenectomy was planned as both a
diagnostic and therapeutic procedure but was postponed
because of a high bleeding risk and the patient’s critical
clinical condition. For the same reason, and because
the patient required mechanical ventilation, advanced
imaging studies, such as positron emission tomography-
computed tomography (CT) or contrast-enhanced CT,
could not be performed. Because of persistent features
of a cytokine storm and an inadequate response to
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treatment, emapalumab was initiated on the second
day after transfer to our PICU. Prophylactic acyclovir,
trimethoprim-sulfamethoxazole, and fluconazole were
started, and the first dose of emapalumab (6 mg/kg)
was administered. Although emapalumab was initially
scheduled at 3 mg/kg every 3 days until day 15, logistical
constraints necessitated adjustments to the dosing
regimen (Figure 1).

Three weeks after the initiation of emapalumab, the
hyperinflammatory state markedly improved, allowing
for the discontinuation of anakinra and tapering of
corticosteroids. Once the patient’s condition stabilized,
a total splenectomy was performed, which revealed
anaplastic large cell ymphoma (ALCL). The patient was
then transferred to the pediatric hematology-oncology
unit for ALCL-specific treatment.

Written informed consent for publication was obtained
from the patient’s legal guardians.

Discussion

This case underscores the potential value of emapalumab
as a rescue strategy in patients with secondary
HLH who fail to respond to intensive conventional
immunosuppressive therapy. Despite escalation of
treatment with high-dose corticosteroids, intravenous
immunoglobulin, anakinra, cyclosporine, and
plasmapheresis, our patient continued to demonstrate
uncontrolled systemic inflammation and worsening
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mPDN
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0 21 24 27 > Days

Transfer to
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Figure 1. Treatment course of the patient, including administration of IVIG, PEX,
CSA, ANK, mPDN, and EMAP. Treatment started with a dose of 6 mg/kg EMAP
on day 2, followed by 1 mg/kg on day 5 due to access difficulties. Subsequent
doses were 3 mg/kg on day 8, 2 mg/kg on day 11, and 3 mg/kg on days 15, 18,
21,25 and 28

IVIG: Intravenous immunoglobulin, PEX: Plasma exchange, CSA: Cyclosporine,
ANK: Anakinra, mPDN: Methylprednisolone, EMAP: Emapalumab, PICU:
Pediatric intensive care unit

cytopenia. Although etoposide-based regimens® and
Janus kinase (JAK) inhibition with ruxolitinib' have
been used in secondary HLH, both approaches may
be associated with important limitations in critically ill
patients. Etoposide may worsen severe cytopenia, and
ruxolitinib may further aggravate thrombocytopenia
and increase susceptibility to infections. In our patient,
the presence of profound cytopenia, DIC, and life-
threatening bleeding raised concerns regarding these
treatments. In this context, targeted IFN-y blockade with
emapalumab was considered a potentially safer strategy
for controlling the cytokine storm. Following initiation of
IFN-y blockade, rapid cytokine control was achieved,
leading to clinical stabilization and enabling a delayed
splenectomy, which ultimately allowed identification of
the underlying ALCL.

HLH associated with malignancy frequently manifests
as a fulminant hyperinflammatory state that may
be clinically indistinguishable from primary HLH".
Available evidence regarding the use of emapalumab
in secondary HLH remains limited and heterogeneous,
comprising infection-related, malignancy-associated,
and treatment-induced forms of the syndrome®”'12, |n
a study involving 15 adults with malignancy-associated
HLH, changes in biomarkers following emapalumab
therapy were evaluated. The results demonstrated
significant reductions in sCD25, AST, ALT, and lactate
dehydrogenaselevels’. Similarly, in our patient, treatment
with emapalumab led to a notable improvement in these
biomarkers, accompanied by marked clinical efficacy
consistent with previously described clinical responses
in both primary and secondary HLH (Figure 2). An adult
patient with B-cell acute lymphoblastic leukemia who
developed refractory HLH after CAR-T therapy was
also successfully treated with emapalumab®. Likewise,
a pediatric case of refractory EBV-associated HLH
achieved remission following emapalumab therapy
after failure of conventional treatments'?. These reports
collectively indicate that IFN-y blockade can be effective
across diverse etiologies and age groups, providing a
targeted therapeutic strategy for otherwise refractory
cytokine storm syndromes.
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Figure 2. Laboratory findings of the patient after transfer to our tertiary pediatric
intensive care unit, showing the course of AST, fibrinogen, platelet, and ferritin
levels throughout treatment.

AST: Aspartate aminotransferase
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IFN-y is considered a key mediator of the
hyperinflammatory cascade in HLH and represents an
important therapeutic target. However, the inflammatory
pathways driving malignancy-associated HLH are likely
heterogeneous and may not be exclusively dependent
on IFN-y signaling™. Therefore, the contribution of
IFN-y—mediated mechanisms may vary depending
on the underlying trigger of HLH. A limitation of this
report is the absence of cytokine profiling, which might
have provided additional insight into the inflammatory
pathways involved in our patient.

Conclusion

In our case, the definitive diagnosis of ALCL was
established only after resolution of the cytokine
storm, underscoring the value of targeted cytokine
inhibition in stabilizing critically ill patients and enabling
definitive diagnostic procedures. In life-threatening
hyperinflammatory states in which the underlying cause
remains uncertain, timely initiation of emapalumab may
serve as a life-saving bridge therapy that facilitates both
disease control and diagnostic clarification, particularly
in patients with progressive organ failure, severe
cytopenia, or inadequate response to corticosteroids,
anakinra, tocilizumab, or JAK inhibitors. However,
the broader use of anti-IFN-y therapy in secondary
HLH requires further validation through large-scale,
multicenter randomized controlled trials.
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Abstract

Pediatric neck swelling is common; the most common pathology encountered in primary care is benign reactive cervical
lymphadenopathy. Internal jugular phlebectasia is rare and may be missed on initial presentation. The Valsalva manoeuvre is
simple yet clinically useful, narrowing the differential diagnosis. Imaging studies, including Doppler ultrasound and contrast-
enhanced computed tomography, are the first-line modalities to confirm the diagnosis and rule out other diagnoses. Management is
primarily conservative, with surveillance follow-up, while surgery is reserved for symptomatic cases or for cases with complications.

Keywords: Internal jugular vein phlebectasia, cervical lymphadenopathy, Valsalva manoeuvre

Introduction

Neck swelling is common in the pediatric population and can
be classified as congenital, inflammatory, and neoplastic
pathologies. Benign reactive cervical lymphadenopathy is
the most common lesion seen in primary care, while other
unusual pathologies like congenital anomalies, neoplasm
and vascular malformations are more commonly seen at
the otolaryngology clinic’. Some of the lesions could be
discovered as incidental findings during head and neck
examinations and may require additional manoeuvres to
elicit the physical signs like Valsalva manoeuvre.

Neck swelling aggravated by the Valsalva manoeuvre
in a child is relatively rare, and the differential diagnoses
could be internal jugular vein (IJV) phlebectasia,

and Neck Surgery, Jalan Pahang, Malaysia

laryngocele, or herniation of a superior mediastinal mass?.
IJV phlebectasia is a benign anatomical variant of IJV of
unknown aetiology, characterised by non-tortuous dilatation
of IJV3. Although rare, differentiating this from other, more
common pathologies such as cervical lymphadenopathy is
paramount because the management is markedly different.

Case Report

Informed consent was obtained from both parents for
case write up including permission for publication of all
photographs and image. A 7-year-old boy with no known
medical illnesses presented with a painless swelling of the
right anterior neck for three months. He initially presented
to primary care with an upper respiratory tract infection and

Correspondence: V Sha Kri Eh Dam, Kuala Lumpur Hospital, Clinic of Otorhinolaryngology-Head
E-mail: kridamrong@gmail.com ORCID: 0000-0003-4802-2260

@@@@ Copyright® 2026 The Author(s). Published by Galenos Publishing House on behalf of Kayseri Child Health Association.

AT This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.


https://orcid.org/0000-0003-4802-2260

90

Eh Dam. Internal Jugular Vein Phlebectasia

acute tonsillitis, and the neck swelling was discovered
during the neck examination. A diagnosis of acute
tonsillitis with cervical lymphadenitis was made, and
he was prescribed a course of oral antibiotics for one
week. Although the other symptoms were completely
resolved after two weeks, the neck swelling persisted.
The tuberculosis workup and other blood investigations
were unremarkable, and he was referred to our tertiary
centre for further management.

On further questioning, he denied a history of trauma
to the neck, prolonged cough, fever, dysphagia,
odynophagia, or changes in voice. There were no
constitutional symptoms, no hyperthyroid or hypothyroid
symptoms, and no family history of malignancy. The
patient and his parents did not notice any aggravating
or relieving factors.

On examination, there was a diffuse swelling of the
right anterior neck, extending from the angle of the
mandible to the level of the cricoid cartilage (Figure 1A).
The overlying skin was normal, non-pulsatile, firm in
consistency, non-tender, immobile and did not fix to the
overlying skin. The swelling did not move with deglutition
but increased in size during the Valsalva manoeuvre
(Figure 1B). Other head and neck examinations,
including flexible nasopharyngolaryngoscopy and
cranial nerve examinations, were unremarkable.

Computed tomography scan of the neck revealed right
IJV was relatively prominent compared to the left side,
with a maximal diameter of 2.4 cm (Figure 2). The
diameter of the left IJV was 0.8 cm. No filling defects
were seen bilaterally. The other structures of the neck,
particularly laryngeal subsites, were unremarkable.

A diagnosis of IJV phlebectasia was made; since
the patient was asymptomatic and had no clinical or
radiological evidence of thrombosis, he was managed
conservatively with regular follow-up.

Discussion

IJV phlebectasia was first described by Harris as a
blood-filled cyst in 19284, however the first definitive
case report was published in 1929 by Zukschwerdt’,
and thereafter further characterised by Gerwig in 19528.
It is a rare type of vascular anomaly and is characterised
by non-tortuous dilatation of the vein, which is different
from the term varix, which refers to tortuous dilatation’.
A systematic review by Figueroa-Sanchez et al.?,
including both pediatric and adult, found 97 original
articles, with a total of 247 cases; 206 cases were
younger than 18 years. Another, more recent, systematic
review by Alkusayer et al.8, which involved only pediatric
cases, found 51 articles with a total of 169 cases.

The predominant symptom is painless neck swelling,
while other symptoms are relatively rare, such as neck
pain, voice changes, shortness of breath, dysphagia,
and Horner’s syndrome?2. Incidental finding during neck
examination is reported in 22% of cases®. This could be
due to the painless small lesion, or the patient has a
relatively thick neck, resulting in less obvious swelling,
which is not of concern to the patient. In addition, the
swelling could be intermittent and visualised only during
straining or while performing the Valsalva manoeuvre.

Figure 1. A diffuse swelling at the right anterior neck, extending from the angle of
the mandible to the cricoid cartilage level (A), increasing in size on the Valsalva
manoeuvre (B)

Figure 2. Contrast-enhanced computed tomography shows right IJV (arrow)
is relatively prominent compared to the left side (arrowhead), with a maximal
diameter of 2.4 cm

IJV: Internal jugular vein

The classical sign is soft swelling on palpation, which,
in more than 90% of cases, increases in size with the
Valsalva manoeuvre?®2,

In our case, neck swelling was found incidentally
on examination when the patient presented with
other complaints. It was initially diagnosed with
cervical lymphadenopathy because the patient had a
concomitant upper respiratory tract infection and acute
tonsillitis. Without performing the Valsalva manoeuvre to
elicit the sign or obtaining a detailed history of straining
that aggravates the neck swelling, the diagnosis of IJV
phlebectasia could be missed. Furthermore, the neck
swelling was firm rather than soft, as typically described
in the literature. This clinical finding can be explained by
the position of the 1JV, which lies medial and posterior to
the sternocleidomastoid muscle.

The differential diagnosis in pediatrics differs from
that in adults. Laryngocele and superior mediastinal
tumour/cysts are the main differential diagnosis in
pediatric patients, while Zenker’s diverticulum and
pharyngocoeles could be added as another differential
diagnosis in adult?8®, Apart from the IJV, other less
common neck veins involved are the external and anterior
jugular veins’. All these lesions become prominent with
the Valsalva manoeuvre. Branchial cyst and cystic
hygroma are other differential diagnoses, especially in
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cases of neck swelling that does not change in size with
increased intrathoracic pressure.

The aetiology remains incompletely understood owing
to the rarity of the disease. Some authors proposed
trauma as the leading cause, such as direct injuries
to the neck, central venous catheterisation, positive-
pressure ventilation and neck surgeries®. Other
proposed theories are congenital origin, abnormal
IJV reduplication, increased scalenus anticus muscle
tone, and compression of the vein between the head
of the clavicle and the cupula of the right lung®. Another
interesting theory proposed by LaMonte to explain the
right-sided predominance of the lesion is the proximity
of the right innominate vein to the right apical pleura,
which transmits intrathoracic pressure to the right [JV3.

Ultrasound with Doppler while the patient is performing
the Valsalva manoeuvre is the preferred imaging study°.
It is radiation-free and readily available with a short
waiting list, but is highly operator-dependent and less
effective at delineating deeper structures. Eksioglu et
al." suggest an anteroposterior diameter of more than
15mm as the cut-off point to diagnose 1JV phlebectasia
based on ultrasound measurement. Another commonly
employed imaging study is contrast-enhanced computed
tomography (CECT), as it provides better definition of
the lesion and its surrounding structures. In the present
case, we chose CECT as the imaging modality because
we considered it provided better information about the
lesion and helped rule out other differential diagnoses.

The complications such as thrombosis and Horner’s
syndrome are rare, while spontaneous rupture is never
reported’. Conservative management is preferred
and safe, whereas surgery should be reserved
for the symptomatic cases or in the presence of
complications®71%. Although it rarely causes significant
problems and may regress on its own, surveillance follow-
up is recommended to observe for any complication’.

Conclusion

IJV phlebectasia is much less common than cervical
lymphadenopathy. Medical practitioners, especially
in primary care, should be aware of this rare disease
entity. Detailed history and examinations, including the
Valsalva manoeuvre, are paramount. An appropriate
imaging study should be employed as the first-line
modality to confirm the diagnosis and rule out other
diagnoses in the differential.
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Abstract

Hot tub folliculitis is a superficial skin infection caused by Pseudomonas aeruginosa (P. aeruginosa), most commonly associated
with exposure to inadequately disinfected hot tubs, whirlpools, or swimming pools. Although well documented in adults, this
condition remains underrecognized in pediatric practice, where it may be misinterpreted as a more serious dermatologic or systemic
infection. We report two cases of P. aeruginosa-associated hot tub folliculitis in otherwise healthy children who developed recurrent
erythematous papulopustular eruptions involving the trunk and extremities after water exposure. In both cases, microbiological
confirmation of P. aeruginosa led to heightened clinical concern, leading to unnecessary systemic antibiotic therapy or referral
to pediatric infectious disease specialists despite the absence of systemic symptoms or immunocompromising conditions. The
diagnosis was ultimately established through careful clinical evaluation and recognition of the exposure history. Both patients
experienced complete resolution with topical therapy and supportive care alone. These cases highlight how detection of P.
aeruginosa in pediatric patients may drive overtreatment disproportionate to disease severity. Consistent with the literature, hot tub
folliculitis in immunocompetent children typically follows a benign, self-limiting course, and systemic antibiotics are rarely required.
Increased awareness among clinicians is essential to improve diagnostic accuracy, avoid unnecessary antimicrobial use, and
support appropriate conservative management.
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Introduction

Folliculitis is a common dermatologic condition
characterized by inflammation or infection of hair
follicles, typically presenting as erythematous papules
or pustules’. While infectious etiologies—most notably
Staphylococcus  aureus—are  predominant, non-
infectious causes such as mechanical irritation or
occlusion may also contribute?.

Hot tub folliculitis, a distinct form of folliculitis, is
caused by Pseudomonas aeruginosa (P. aeruginosa),
an opportunistic pathogen that thrives in warm, moist
environments. This condition typically follows exposure
to inadequately chlorinated hot tubs, whirlpools, or
swimming pools2. Although well-documented in adults
and occasionally reported in outbreaks, pediatric cases
remain relatively rare3.

Clinically, hot tub folliculitis presents as pruritic,
erythematous, papulopustular lesions centered on
hair follicles, often arising within hours to days after
exposure*. Despite its characteristic appearance and
self-limiting course, the diagnosis may be overlooked
or misinterpreted, particularly in pediatric patients.
Isolation of P. aeruginosa from clinical specimens may
prompt concern, occasionally leading to infectious
disease consultation or the initiation of systemic anti-
pseudomonal therapy, although supportive care alone is
generally sufficient'*,

In this report, we describe two pediatric cases of hot
tub folliculitis caused by P. aeruginosa, underscoring its
benign natural history and the importance of recognizing
it as a self-limited condition to avoid unnecessary
diagnostic and therapeutic interventions.

Case Report

Case 1

A 7-year-old girl presented in September with recurrent
erythematous, pustular skin lesions. Approximately
three months earlier, she had experienced a similar
eruption involving the trunk (including the back) and
the left inguinal region, which resolved following topical
therapy. At that time, dermatologic assessment was
consistent with folliculitis, and treatment included topical
nadifloxacin, a fusidic acid-corticosteroid combination,
and a short course of oral azithromycin.

One week prior to the current presentation, similar
lesions reappeared. The pustular skin lesion was
carefully unroofed using a sterile needle, and exudate
from the lesion base was sampled with a sterile swab.
The specimen was promptly placed in transport medium
and sent to the microbiology laboratory. The culture
yielded P. aeruginosa that was susceptible to amikacin
but resistant to ciprofloxacin, prompting referral to a
pediatric infectious disease specialist. The patient was
afebrile and systemically well.

On examination, erythematous papulopustular lesions
were present on the right arm, left inguinal region, and
trunk. Representative lesions on the anterior thoracic
wall along the left mid-axillary line are shown in Figure
1. The palms, soles, and nails were unremarkable. In
view of the absence of systemic symptoms and the

presence of typical cutaneous findings, a diagnosis
of hot tub folliculitis was made. Topical polymyxin and
tobramycin were prescribed. The family was reassured
about the benign, self-limited nature of the condition and
was provided with guidance on managing pruritus and
preventing secondary infection.

Case 2

A 6-year-old girl presented in May with erythematous
macular lesions featuring central white papules, which
were initially localized to the gluteal region and later
spread to the lower extremities and trunk. A swab
specimen was obtained from the skin lesions, as in
the previous case, and processed in the microbiology
laboratory for bacterial culture; the culture yielded P.
aeruginosa. She was treated with a 14 days course of
oral ciprofloxacin, resulting in resolution of the lesions.

Several weeks later, similar lesions reappeared in
the same locations, prompting further evaluation. On
examination, residual hypopigmented macules were
observed in the gluteal region and bilaterally on the lower
extremities. A few isolated pustules with erythematous
bases were noted in the left popliteal fossa. The patient
remained afebrile and appeared well. Laboratory
evaluation showed a white blood cell count of 7,690/
mm?3, with an absolute neutrophil count of 4,300/mm?3
and an absolute lymphocyte count of 2,600/mm?.

Given the clinical course and the absence of systemic
symptoms, systemic antibiotic therapy was deemed
unnecessary. Topical antibacterial agents were
recommended, and the family was reassured about
the typically benign and self-resolving nature of hot tub
folliculitis.

Neither patient had a history of recurrent severe infections,
hospitalization for infections or intravenous antibiotic
treatment for infections, failure to thrive, chronic systemic
disease, malnutrition, malignancy, nephrotic syndrome,
or use of immunosuppressive medication. There was no
family history suggestive of primary immunodeficiency.
A complete blood count was available for the second
patient and did not show neutropenia or lymphopenia.
Although comprehensive immunological testing was not
performed, the clinical history and disease course did
not reveal red flags suggesting primary or secondary
immunodeficiency in either patient. Written informed

Figure 1. Erythematous papulopustular lesions on the anterior thoracic wall
along the left mid-axillary line in a child with hot tub-associated folliculitis
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consent was obtained from the parents of both patients
for publication of this case report.

Discussion

Hot tub folliculitis is a well-recognized cutaneous
infection associated with exposure to recreational
water'. The causative organism, P. aeruginosa, thrives
in inadequately disinfected, warm, moist environments
and can persist on surfaces such as hot tubs, whirlpools,
and swimming pools by forming robust biofilms*®.

Clinical presentation typically consists of pruritic,
erythematous papulopustular eruptions localized to
hair-bearing areas, such as the gluteal region, trunk,
and lower extremities'. Lesions usually appear within 6
to 48 hours after exposure and resolve spontaneously
within 7 to 14 days®. Although the condition is more
frequently reported in adults, particularly during
outbreaks, pediatric cases have also been documented,
especially among school-aged children and young
athletes who are frequently exposed to communal water
sources®. Although recurrences may occur, data on
recurrence frequency and risk factors remain limited.
In a retrospective study of competitive swimmers,
2.7% developed folliculitis, with one-third of these
experiencing more than one episode; however, specific
recurrence data were not well characterized".

Studies indicate that P. aeruginosa accounts for
approximately 80% of hot tub folliculitis cases, with
approximately 20% of cases linked to swimming pool
exposure®. Despite its characteristic presentation and
benign course, the identification of P. aeruginosa often
raises clinical concern due to its well-known association
with severe infections and immunosuppression. This may
lead to infectious disease consultations or the initiation
of systemic anti-pseudomonal therapy, even in the
absence of systemic symptoms'’. Symptom resolution
is generally attributable to the self-limited nature of the
condition rather than antimicrobial treatment?. Systemic
therapy should be reserved for selected cases-those
involving systemic symptoms, immunosuppression,
extensive skin involvement, or complications such as
cellulitis or otitis externa’. In otherwise healthy children,
topical therapy and symptomatic care are typically
sufficient®.

Pediatric presentations may vary. Beyond the classic
papulopustular rash, variants such as “hot hand-hot foot
syndrome,” characterized by painful nodules on palms
and soles, are more common in children®'. In infants,
contaminated bathing materials have been linked to
recurrent P. aeruginosa-associated eruptions™. In older
children and adolescents, atypical presentations—such
as plantar nodules or diffuse eruptions—can mimic
bacterial cellulitis, often prompting unnecessary use of
broad-spectrum antibiotics despite the superficial nature
of the condition'?'3. Family clusters have also been
reported following shared exposure to contaminated
water sources™.

The two cases described here illustrate a common
clinical presentation of hot tub folliculitis and highlight
its typically mild, self-limiting course, consistent with
findings reported in the literature®"'. Despite the absence

of systemic symptoms, the identification of P. aeruginosa
in cultures prompted clinical concern and consideration
of systemic antibiotic therapy in both cases, which
reflects a common tendency to associate P. aeruginosa
with severe infections and immunosuppression. In
both instances, the patients were immunocompetent,
exhibited no systemic signs of infection, and responded
well to topical therapy and supportive care.

Pediatricians should be aware of its typical clinical
features and natural history of hot tub folliculitis, to
guide appropriate management and to recognize it as
a benign, self-limiting condition in otherwise healthy
children, thereby minimizing unnecessary antibiotic use
and alleviating parental concerns.
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