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Overview
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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and should report original unpublished research results.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accepted, must not be published elsewhere in a similar form, in any language.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.

Patient Anonymity and Informed Consent
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:
Conflicts 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. If a 
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.
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Statistical analysis is usually necessary to support conclusions. Statistical analyses must be conducted 
by international statistical reporting standards (Altman DG, Gore SM, Gardner MJ, Pocock SJ. 
Statistical guidelines for contributors to medical journals. Br Med J 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.

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.

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 100 No abstract 5 1 1
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Example: In his study, Babbott11 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.
Example: Multiple studies have indicated….1,3,9,16

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….7-10

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:
1. Ang KK, Price RE, Stephens LC, et al. The tolerance of primate spinal cord to re-irradiation. Int J 
Radiat Oncol Biol Phys. 1993;25:459–464.

Journal Article published in non-English Languages:
2. Altuntaş N, Çelebi DT, Koçak M, Andıran N. Yenidoğan bebeklerde direkt coombs testi taraması ve 
pozitifliğinin morbidite üzerine, etkisi; tek merkezd eneyimi. Pam Tıp Derg 2015;8:39-44. (in Turkish)

Book Chapter:
3. Dimery IW. Chemotherapy in head and neck cancer. In: Myerhoff WI, Rice DH, eds. Otolaryngology: 
head and neck surgery, 2nd ed. Philadelphia: WB Saunders, 1992:1027–1045.

Entire Book:
4. Virchow R. Cellular Pathology. Philadelphia: JB Lippincott, 1863.

Software:
5. Epi Info [computer program]. Version 6. Atlanta, GA: Centers for Disease Control and Prevention;
1994.

Online Journals:
6. Friedman SA. Preeclampsia: a review of the role of prostaglandins. Obstet Gynecol [serial online]. 
January 1988;71:22–37. Available from: BRS Information Technologies, McLean, VA. Accessed 
December 15, 1990.

Database:
7. CANCERNET-PDQ [database online]. Bethesda, MD: National Cancer Institute; 1996. Updated 
March 29, 1996.

World Wide Web:
8. Gostin LO. Drug use and HIV/AIDS [JAMA HIV/AIDS Web site]. June 1, 1996. Available at:
http://www.ama-assn.org/special/hiv/ethics. Accessed June 26, 1997.



x

URL (Uniform Resource Locator)
9. (J. M. Kramer, K. Kramer [jmkramer@umich.edu], e-mail, March 6, 1996).

Figures and Tables
Figures and tables should be numbered using Arabic numerals. The same information should not 
appear in both a figure and a table. Each table and figure must be cited in the text and should be 
accompanied by a legend on a separate sheet.
Authors are responsible for all statements made in their work, and for obtaining permission from 
copyright owners to reprint or adapt a table or figure or to reprint quotations from one source 
exceeding the limits of fair use.

Plagiarism Checking
All manuscripts are scanned with a plagiarism checker to deter and prevent plagiarism issues before 
submission. The similarity rate should be less than 25%.

Copyediting and Proofs
Manuscripts will be evaluated based on style as well as the content. Some minor copyediting may 
be done, but authors must take responsibility for clarity, conciseness, and felicity of expression. PDF 
proofs will be sent to the corresponding author. Changes of content or stylistic changes may only be 
made in exceptional cases in the proofs.

Prerequisites Requiring Special Attention
1. Discrimination based on age should be avoided.
2. High lights must be added to the manuscript.
3. Each table and figure must be cited in the text and should be accompanied by a legend on a 

separate sheet.
4. Each reference cited in the text should be listed in the References section.

Copyright Notice
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ND 4.0)” license.

Privacy Statement
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Abstract
Acute scrotal pain in children is a common but diagnostically complex emergency, with testicular torsion being the most time-
critical differential diagnosis. Immediate recognition and surgical referral are essential to prevent irreversible ischaemia. However, 
diagnostic delays remain a leading cause of avoidable orchiectomy and have long-term consequences for fertility, psychosocial 
well-being, and medico-legal outcomes. A narrative literature search was conducted using PubMed, Ovid, Excerpta Medica 
Database, and the Cochrane Library, alongside United Kingdom (UK) guideline repositories including National Institute for Health 
and Care Excellence (NICE), Royal College of Emergency Medicine, Royal College of Paediatrics and Child Health, and National 
Confidential Enquiry into Patient Outcome and Death. Search terms included combinations of “acute scrotum”, “testicular torsion”, 
“paediatric”, “child”, "Testicular Workup for Ischemia and Suspected Torsion (TWIST) score”, “ultrasound”, and “point-of-care 
ultrasound”. Inclusion criteria included pediatric populations (aged <18 years), observational cohorts, systematic reviews, meta-
analyses, and national or international clinical guidelines. Case reports (unless landmark), adult-only studies, and non-English 
publications were excluded. Torsion accounted for approximately 16% of acute scrotal pain cases, with salvage rates declining 
sharply beyond six hours. The TWIST score demonstrated sensitivities exceeding 90%, and point-of-care ultrasound (POCUS) 
expedited triage but must not delay exploration. Sports-related trauma, responsible for approximately half of pediatric genital 
injuries, and vasculitis were frequent diagnostic mimics, complicating timely diagnosis. UK audits revealed that nearly 40% of 
orchiectomies were attributable to in-hospital or transfer delays, rather than to late presentation. Based on this evidence, a TWIST-
based pediatric emergency department-led pathway with structured escalation is proposed to standardise assessment, accelerate 
referral, and reduce variability in practice. All cases of acute pediatric scrotal pain should be managed as testicular torsion until 
torsion has been excluded. Adoption of structured pathways integrating TWIST scoring, NICE-based examination, early referral, 
and POCUS, where available, could reduce orchiectomy rates by 30-40%, although current evidence remains limited by the 
retrospective nature of most studies and the lack of randomised controlled trials.

Keywords: Testicular torsion, acute scrotal pain, pediatric emergency medicine, TWIST score, point-of-care ultrasound, 
epididymitis, orchitis, vasculitis, scrotal trauma

Correspondence: Ahmed Gamal Mohamed Abdelkhalk, MSc PEM, MRCPCH, MBBCh, Clinic of 
Pediatric Emergency Medicine, Northampton General Hospital NHS Trust, Northampton; Royal 
College of Paediatrics and Child Health, London, United Kingdom
E-mail: Drahmed.ga40@gmail.com, Ahmed.abdelkhalk@nhs.net  ORCID: 0009-0000-9906-9873

Doi: 10.4274/jpea.2025.487

https://orcid.org/0009-0000-9906-9873
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Introduction
Acute scrotal pain in children is a relatively frequent 
yet diagnostically complex presentation in pediatric 
emergency departments (PEDs). Although many cases 
are benign, testicular torsion is the foremost concern, 
with a narrow salvage window 
beyond which irreversible 
ischaemia occurs. Delayed 
recognition and referral 
are major contributors to 
orchiectomy, which carries long-
term implications for fertility, 
psychological well-being, and 
medico-legal claims. A broad 
differential diagnosis, including 
torsion of appendages, 
infection, trauma, vasculitis, and 
idiopathic causes, can obscure 
recognition of torsion1.
Despite advances in imaging 
and the development of clinical 
scoring systems, misdiagnosis 
and treatment delays remain 
common. National audits in the 
United Kingdom (UK), including National Confidential 
Enquiry into Patient Outcome and Death (NCEPOD) 
(2024), have attributed up to 40% of orchiectomies 
to in-hospital or system failures rather than to late 
presentation. Internationally, wide variation exists in the 
rates of scrotal exploration, testicular salvage, and the 
use of ultrasound or scoring tools. This inconsistency 
reflects both diagnostic uncertainty and lack of 
universally adopted care pathways2.
Existing literature is dominated by retrospective single-
centre studies and observational cohorts. Randomised 
controlled trials are lacking, and few studies have 
specifically examined the role of the pediatric emergency 
physician in early triage and pathway implementation. 
Furthermore, although clinical scoring systems and 
imaging with point-of-care ultrasound (POCUS) have 
shown promise, their uptake is uneven, and their real-
world impact on reducing orchiectomy rates remains 
uncertain. These gaps highlight the need for reviews 
that synthesise current evidence and provide practical, 
context-specific recommendations3.

Materials and Methods 
A narrative literature search was conducted using 
PubMed, Ovid, Excerpta Medica Database, and the 
Cochrane Library, alongside UK and international 
guideline repositories including National Institute for 
Health and Care Excellence (NICE), Royal College of 
Emergency Medicine, Royal College of Paediatrics and 
Child Health, and NCEPOD. 
Search terms included combinations of “acute 
scrotum”, “testicular torsion”, “paediatric” OR “child”, 
"Testicular Workup for Ischemia and Suspected Torsion 
(TWIST) score”, “ultrasound”, “Doppler”, and “point-of-
care ultrasound”. Reference lists of key articles and 
guidelines were manually screened to identify additional 
relevant studies.

Inclusion criteria included studies of pediatric patients 
(<18 years), including observational cohorts, systematic 
reviews, meta-analyses, quality improvement studies, 
and national or international clinical guidelines addressing 
diagnosis, management, or outcomes of acute scrotal 
pain. Exclusion criteria included adult-only populations, 

non-English publications, and 
isolated case reports, unless 
they were considered landmark 
or practice-changing.
Following screening, 27 studies 
and guidelines were included 
in the narrative synthesis, 
with emphasis on diagnostic 
accuracy, time to surgical 
exploration, and testicular 
salvage outcomes.

Epidemiology
Epidemiology and burden of 
common differentials in the 
pediatric acute scrotum. Overall 
case-mix. Across emergency 
department (ED) series, 
testicular torsion, epididymo-

orchitis, and torsion of a testicular appendage 
together account for more than 85% of acute scrotum 
presentations. In one cohort of 238 boys (0-19 years), 
the diagnoses were torsion (16%), torsion of the 
appendix testis (46%), and epididymitis (35%)1,4.
Testicular torsion. The incidence is approximately 1 
in 4,000 among males under 25 years, with a peak 
incidence at 12-18 years. In England, 2,753 torsion 
admissions were recorded in 2012-132,3.
Morbidity is driven by the time to detorsion; delays 
increase the risk of testicular infarction, atrophy, and 
subfertility, hence the emphasis on immediate surgical 
exploration when torsion is suspected3,4.
Torsion of the appendix testis. It is the primary cause of 
acute scrotum in children. E series reports that about 
46-71% of cases are due to appendage torsion, which 
typically occurs in prepubertal boys. It is self-limited, 
with an excellent prognosis; surgery is reserved for 
diagnostic uncertainty or persistent pain3,5.
Epididymitis/Epididymo-orchitis: The annual incidence 
is about 1.2 per 1,000 boys aged 2-13 years (mean 
age 11 years). Approximately 25% recur within 5 years. 
Epididymitis co-occurs with orchitis in approximately 
58% of cases. Complications include abscess (requiring 
drainage), chronic scrotal pain, and, rarely, testicular 
loss from necrosis6,7.
Isolated orchitis (often mumps-related): Among 
prepubertal cases of mumps, approximately 20% 
develop orchitis. Up to 60% of affected testes show 
some atrophy on follow-up examination. Impaired 
fertility is reported in 7-13%, although sterility is rare 
when involvement is unilateral6,8.
Scrotal/testicular trauma. Overall, testicular injuries 
are uncommon; blunt trauma accounts for 85% of 
cases. Testicular rupture occurs in up to 50% of direct 
blunt injuries; among blunt injuries that were explored, 
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approximately 46% have rupture of the tunica albuginea. 
Consequences include haematocele, atrophy, and, 
rarely, dislocation9.
Incarcerated inguinal hernia: This is a time-critical 
surgical cause of scrotal or inguinal pain with a risk of 
bowel obstruction and necrosis, and requires urgent 
operative reduction10.
Varicocele (usually left-sided): The prevalence is 
approximately 15% in adolescents; it is often incidental 
but can present with dull scrotal pain and is associated 
with testicular asymmetry and subsequent fertility 
concerns. Intervention is considered if pain or growth 
impairment is present11.
Idiopathic scrotal oedema: Typically self-limiting and 
occurring in children under 10 years, it presents with 
superficial oedema extending beyond the scrotum. 
Supportive management is sufficient, and the prognosis 
is excellent1,5.
IgA (immunoglobulin A) vasculitis [Henoch-Schönlein 
purpura (HSP)]: Scrotal involvement occurs in 
approximately 19% of male HSP patients in large 
cohorts (range, 2-32% across studies); it is usually 
acute at diagnosis, and symptoms typically respond to 
steroids. It is an important mimic of torsion and warrants 
Doppler assessment if the patient is stable and torsion 
is unlikely12.
Genitourinary complaints constitute approximately 
0.5-2.5% of PED attendances. Torsion occurs in 
approximately 1 in 4,000 males aged <25 years, with 
peaks in neonates and adolescents; many cases present 
between 12 and 18 years3. Multicenter and large single-
center series report that, in acute pediatric scrotal pain 
cohorts, approximately 16% are torsion, 46% are torsion 
of the appendages, and 35% are epididymitis4,5. Mumps 
orchitis, although reduced post-vaccination, still poses 
a risk of testicular atrophy in post-pubertal males8. 
UK audits indicate that torsion is confirmed in only 
approximately 25% of surgical explorations, reflecting 
diagnostic uncertainty and low thresholds for surgery; 
a significant proportion of orchiectomies are associated 
with in-hospital and system delays2.

Aetiology
The causes of acute scrotal pain in children can 
be classified as ischaemic/traumatic, infective/
inflammatory, neuropathic/referred, or other causes, as 
shown in Table 110,13.
Testicular torsion predominates among ischaemic 
and traumatic causes and remains the most critical 
emergency due to the narrow salvage window. Torsion 

of the appendix testis and torsion of the epididymis are 
the most common benign mimics, typically occurring 
in prepubertal boys, whereas blunt trauma may cause 
haematoma or rupture, or may precipitate torsion in 
predisposed testes. Less common ischaemic events 
include varicocele thrombosis and an incarcerated, 
strangulated inguinal hernia14,15.
Infective and inflammatory causes include epididymitis 
and epididymo-orchitis, which are more common in 
adolescents, are often associated with urinary tract 
infections or sexually transmitted infections, and 
can progress to abscess formation if untreated. Viral 
orchitis, particularly following mumps, carries a risk of 
testicular atrophy and impaired fertility in post-pubertal 
boys. Scrotal cellulitis, abscess, and rare entities such 
as Fournier’s gangrene also fall into this category. 
Vasculitic processes, especially Henoch-Schoenlein 
purpura (IgA vasculitis), can mimic torsion and require 
recognition of systemic involvement6-8,16,17.
Neuropathic or referred pain may arise from ureteric 
colic, urinary tract infection, or hip or abdominal 
pathology. Non-accidental injury should also be 
considered, especially when the clinical picture does not 
fit the reported mechanism11.
Other causes include benign and self-limiting conditions 
such as hydrocele and idiopathic scrotal oedema, as 
well as testicular or paratesticular tumours; the latter 
may present with acute pain resulting from haemorrhage 
or infarction within the lesion. Allergic reactions can 
occasionally cause acute swelling that mimics infection 
or torsion11,18.
Together, these diverse aetiologies highlight the 
challenge for pediatric emergency physicians, who 
must rapidly prioritise torsion while considering 
alternative diagnoses that may mimic or complicate the 
presentation, Table 1 highlights the aetiology of acute 
scrotal pain in pediatric patients10-12.

Clinical Features
The main differentials have characteristic features that 
sometimes overlap. Testicular torsion usually presents 
with sudden, severe pain, a high-riding testis, and 
an absent cremasteric reflex, whereas torsion of the 
appendix testis causes more gradual upper-pole pain 
and may show a blue-dot sign. Epididymitis is insidious, 
often presenting with urinary symptoms and fever, 
whereas orchitis is typically postviral and characterized 
by diffuse swelling and erythema. Other causes, such 
as hernia, trauma, or vasculitis, may mimic torsion and 
should be considered19.

Table 1.
Aetiology of acute scrotal pain in pediatric patients, categorised by ischaemic/traumatic, infective/inflammatory, neuropathic/referred, and other 
causes1,6

Category Representative conditions

Ischaemic/traumatic Testicular torsion; torsion of testicular or epididymal appendages; scrotal haematoma; testicular rupture; varicocele 
thrombosis; strangulated inguinal hernia

Infective/inflammatory Epididymitis; orchitis; epididymo-orchitis; scrotal cellulitis; scrotal abscess; vasculitis (e.g., Henoch-Schönlein 
purpura); Fournier’s gangrene

Neuropathic/referred Ureteric colic; urinary tract infection; referred abdominal or hip pain; nerve entrapment; non-accidental injury

Other Hydrocele; testicular or paratesticular tumour; idiopathic scrotal oedema; allergic reactions



136 Ahmed Gamal Mohamed Abdelkhalk. Acute Scrotal Pain: A Narrative Review

Table 2 presents the key distinguishing findings for 
acute pediatric scrotal pain10,18,19.
Presentation also varies with age. Neonates may show 
oedema or bluish discolouration, suggesting torsion, 
whereas infants often have benign swelling; systemic 
illness is a red flag. In older children, sudden severe pain 
or an absent cremasteric reflex should raise concern; 
in adolescents, acute pain after exertion or voiding 
symptoms may indicate torsion or infection20.
Age-specific features are summarised in Table 3.

Examination of the Pediatric Testes (NICE guidance)
The NICE Clinical Knowledge Summary (2024) 
mandates that all acute pediatric scrotal pain cases be 
managed as torsion6,11:
•	 Inspection: Symmetry, erythema, swelling and lie of 
testis.
•	 Palpation: Consistency, focal tenderness.
•	 Cremasteric reflex: Absence strongly predictive of  
	 torsion.
•	 Blue-dot sign: Pathognomonic for appendage  
	 torsion, in <25% cases.
•	 Transillumination may aid in the diagnosis of  
	 hydrocele.
•	 Abdominal/inguinal exam: Exclude hernia or  
	 referred pain.

Differential Diagnosis of Acute Scrotal Pain
Acute pediatric scrotal pain encompasses a spectrum of 
pathologies, ranging from benign, self-limiting conditions 
to the time-critical emergency of testicular torsion that 
threatens testicular viability. For the pediatric emergency 
physician, the challenge lies in rapid differentiation, often 
within the constraints of limited history, a distressed 
child, and time pressure6,10,11.
Testicular Torsion: Typically presents with sudden, 
severe, unilateral pain, often accompanied by nausea 

or vomiting, and may feature a high-riding or transverse 
testis and absent cremasteric reflex. Doppler typically 
shows reduced or absent intratesticular flow, although 
early or intermittent torsion may yield false-negative 
results. Immediate urological referral for exploration is 
required to maximise salvage, which declines markedly 
after approximately 6 hours11,21.
Torsion of the Appendix Testis: More common at 7-12 
years, with a gradual onset, focal upper-pole tenderness, 
and sometimes a blue-dot sign (<25%). The cremasteric 
reflex is preserved, and Doppler usually shows normal 
or increased testicular flow with a focal avascular 
appendage. Management is supportive (analgesia, rest) 
when the diagnosis is secure22.
Epididymitis: Typically insidious, with dysuria, fever, 
and epididymal tenderness; the cremasteric reflex is 
intact. The Age distribution is bimodal: in infants it is 
often post- urinary tract infection, while in adolescents 
it is sometimes sexually transmitted infection -related. 
Urinalysis may show pyuria and/or bacteriuria, and 
Doppler usually shows hyperaemia of the epididymis 
and/or testis. Treat bacterial infections with antibiotics 
and provide supportive care16,18.
Orchitis: Often viral (e.g., mumps), with fever, diffuse 
testicular swelling/erythema, and sometimes bilateral 
involvement. Doppler generally demonstrates increased 
vascularity rather than absent flow. Management 
is supportive unless bacterial superinfection is 
suspected6,8,17.
Vasculitis (Henoch-Schönlein purpura/IgA vasculitis): 
It may mimic torsion, and scrotal pain or swelling can 
precede the purpuric rash. Assess for arthralgia and 
renal involvement (proteinuria and/or haematuria). The 
cremasteric reflex is preserved, with normal testicular 
flow on Doppler. Manage with analgesia, and consider 
corticosteroids when significant systemic disease is 
present6,12.

Table 2.
Clinical features of the most common causes of acute pediatric scrotal pain, highlighting distinguishing signs and symptoms10,18,19

Condition Typical clinical features

Testicular torsion Sudden onset of severe scrotal pain; high-riding or transverse testis; absent cremasteric reflex; nausea/vomiting; 
progressive swelling

Torsion of appendix testis Gradual onset of pain; tenderness at the upper pole of the testis; “blue-dot” sign; minimal or no systemic 
symptoms

Epididymitis Insidious onset of scrotal pain; dysuria; systemic features (e.g., fever); preserved cremasteric reflex

Orchitis Testicular swelling and erythema; fever; typically, post-viral (e.g., mumps)

Other causes Variable features depending on pathology: - Incarcerated hernia: irreducible groin mass, vomiting - Trauma: 
ecchymosis, swelling - Vasculitis (e.g., HSP): purpuric rash, scrotal oedema

HSP: Henoch-Schönlein purpura

Table 3.
Age-specific clinical presentation and red flag features in acute scrotal assessment to support PED triage and escalation9,11,20

Age group Typical presentation Red flag features
Neonates Hydrocele; scrotal oedema Bluish discolouration; non-palpable testis (suggestive of neonatal torsion)

Infants Benign scrotal swelling Irritability; persistent swelling; signs of systemic illness

Children Occasional mild scrotal discomfort Sudden onset of severe pain; absent cremasteric reflex

Adolescents Transient or activity-related discomfort Acute severe pain following physical exertion; voiding symptoms; risk factors for STI
PED: Paediatric emergency department, STI: Sexually transmitted infection
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Trauma: Commonly sports-related (football, cycling, 
martial arts, horse riding); blunt trauma may cause 
haematoma or rupture, and can precipitate torsion 
in predisposed testes. Up to 50% of pediatric genital 
injuries are sports-related; however, apparent trauma 
does not exclude torsion. Clinicians should therefore 
maintain a high index of suspicion and escalate care 
promptly when red flags are present9,23.

TWIST Score in Risk Stratification
The TWIST score, shown in Table 4, is a simple 
bedside tool that combines key clinical signs—such 
as swelling, testicular hardness, absent cremasteric 
reflex, nausea or vomiting, and a high-riding testis—
to estimate the likelihood of torsion. High scores (≥5) 

are highly predictive of torsion and warrant immediate 
surgical exploration; intermediate scores (3-4) guide 
the use of Doppler or POCUS; and low scores (0-2) 
suggest alternative diagnoses. Studies have shown 
that the score achieves over 90% sensitivity and good 
specificity4,24.

Laboratory and Urine Investigations
Laboratory: Full blood count/C-reactive protein for 
infection; urinalysis for pyuria/haematuria; renal profile 
in vasculitis6,11.
Doppler ultrasound: Sensitivity  89-95%, specificity 93-
99% in expert hands. False negatives occur in intermittent 
torsion26. ED-performed POCUS demonstrates greater 
than 90% and reduces delays, but should not be used 
to postpone theatre27.

Role of the Pediatric Emergency Physician and 
Initial Management
PED physicians are often the first senior reviewers6,7,11:
•	 Structured NICE exam.
•	 Analgesia and documentation.
•	 TWIST application.
•	 POCUS where available.
•	 Escalation to urology within 60 min, theatre ≤1 h 
(Figure 1). 

Figure 1. Proposed pediatric emergency department-led pathway for the assessment and management of acute pediatric scrotal pain, integrating TWIST scoring, 
point-of-care ultrasound, and urgent surgical referral.

TWIST; Testicular Workup for Ischemia and Suspected Torsion

Table 4.
TWIST Scoring System for stratifying risk of testicular torsion in 
children25

Parameter Score
Testicular swelling 2

Hard testis 2

Absent cremasteric reflex 1

Nausea/vomiting 1

High-riding testis 1
*TWIST = Testicular Workup for Ischemia and Suspected Torsion
Score ≥5= high risk (immediate exploration, no imaging) 
Score 3-4= intermediate risk (imaging Doppler/POCUS) 
Score 0-2= low risk (alternative diagnosis)
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Initial management:
If torsion is suspected: Nil per os, IV access, analgesia, 
immediate referral. Manual detorsion only if delay is 
unavoidable1,5.
If non-torsion: Appendix torsion = supportive, 
epididymitis/orchitis = antibiotics, vasculitis = steroids if 
severe1,5.

Discussion
This review confirms that torsion remains a time-
critical emergency, yet UK orchiectomy rates remain 
high due to in-hospital and system delays. A structured 
examination, TWIST scoring, and POCUS help reduce 
uncertainty but cannot replace prompt surgical referral. 
Sports injuries can be a diagnostic trap, as trauma 
may conceal torsion. Vasculitis, though less common, 
requires systemic vigilance28,29.
Clinical Implications: Adoption of checklists and PED-
led fast-track pathways (TWIST ≥5 to theatre ≤1 h) 
has reduced salvage delays at pilot sites. International 
experience supports standardisation to reduce 
variability30.
Integrating PED-led protocolised pathways may 
reduce avoidable orchiectomies by streamlining early 
assessment, minimising unnecessary imaging delays, 
and prioritising rapid access to theatre. UK audit data and 
international series suggest that early escalation, guided 
by structured clinical assessment, can significantly reduce 
the time to detorsion and improve testicular salvage. 
Standardisation of care pathways may also reduce inter-
institutional variability and support consistent, defensible 
clinical decision-making across emergency settings24,31.
This review is unique in combining UK-specific audit 
data with international evidence to propose a practical 
PED-led pathway24,32.

Limitations and Future Directions
This review is limited by reliance on retrospective, single-
centre studies and narrative synthesis. Prospective 
multicenter data remain scarce. Future directions:
•	 Validation of TWIST and POCUS in non-tertiary  
	 centers.
•	 Use of artificial intelligence for image triage and  
	 pathway optimisation.
•	 Quality improvement trials of PED checklists.
•	 Preventive sports medicine collaborations.
•	 Most included studies are retrospective, single- 
	 centre, and lack long-term fertility outcomes; therefore,  
	 prospective UK-wide datasets are urgently needed.

Conclusion
Acute pediatric scrotal pain is a time-critical emergency 
in which delayed recognition of testicular torsion can 
result in irreversible harm. Clinicians must assume 
torsion until it is excluded, perform a structured NICE-
based examination, and escalate promptly for surgical 
assessment. TWIST scoring, selective use of POCUS, 

and PED-led pathways offer pragmatic tools to reduce 
diagnostic uncertainty and treatment delay.
Current evidence is limited by the predominance of 
retrospective, single-centre studies, heterogeneity 
in diagnostic pathways, and a lack of randomised or 
prospective multicentre trials, particularly within UK 
emergency care systems. Future research should 
prioritise prospective pathway validation, evaluation 
of long-term fertility outcomes, and system-level 
interventions aimed at reducing time to theatre. 
Addressing these gaps will be essential to optimise 
outcomes for children presenting with acute scrotal 
pain.
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Abstract
Although the clinical phenotype of periodic fever, aphthous stomatitis, pharyngitis, and cervical adenitis (PFAPA) syndrome is well 
defined, its association with febrile seizures (FS) remains unclear. This study aimed to evaluate potential risk factors associated 
with FS development by comparing PFAPA patients with and without FS. The study included 169 children who were diagnosed 
with PFAPA by a pediatric rheumatologist according to EUROFEVER/PRINTO criteria, and followed up in our tertiary care center 
for at least six months. According to the FS assessment, individuals were assigned to one of two groups. Demographic, clinical, 
and laboratory characteristics were analyzed comparatively between the groups. The prevalence of FS in children with PFAPA was 
8.9%, which was higher compared to the general pediatric population. The age at diagnosis was significantly lower in patients with 
FS, compared to those without FS [32 (13-110) months vs. 53 (12-116) months, p=0.044]. There were no significant variations 
between the two groups regarding demographic, clinical, or laboratory parameters. Although the basic clinical phenotype of PFAPA 
appears largely independent of the presence of FS, the younger age at diagnosis in patients with a history of FS suggests that 
seizures may contribute to earlier clinical recognition of the syndrome. Our findings emphasize the importance of considering 
neurological outcomes in the management of PFAPA.
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Introduction
Periodic fever, aphthous stomatitis, pharyngitis, and 
cervical lymphadenitis (PFAPA) is the most common 
autoinflammatory disorder of childhood, usually 
beginning before the age of five; lasting 3-7 days; and it 
is characterized by recurrent episodes 
of fever every 2-8 weeks. During fever-
free periods, children are completely 
asymptomatic and exhibit normal 
growth and development1. Although 
clinically benign, frequent attacks 
and uncertainties in the diagnostic 
process can reduce children’s well-
being and cause stress for parents2,3. 
Therefore, there is increasing interest 
in treatment options aimed at reducing 
the frequency of attacks4.
Although the main clinical features 
of PFAPA are well characterized, the 
association with febrile seizures (FS) 
remains unclear1. Recurrent episodes 
of high fever, especially in children 
between 6 months and 6 years of age, are a well-known 
risk factor for the development of FS5. In this context, 
the possibility of FS in patients with PFAPA should not 
be dismissed6. It has been suggested that periodic fever 
syndromes such as PFAPA and Familial Mediterranean 
fever may be associated with a higher rate of FS 
compared to healthy children5,6.
Furthermore, genetic predisposition, family history of 
recurrent fever, and duration of attacks were found to 
be associated with FS in children with periodic fever 
syndromes5,7. Although the frequent episodes of high 
fever in PFAPA may lower the seizure threshold, the 
increasing frequency of reported children experiencing 
FS, associated with PFAPA in recent years, suggests 
that the clinical spectrum of the syndrome may be 
broader than previously thought5,6. In addition, the fact 
that cases of aseptic encephalitis with seizures during 
a PFAPA attack have been reported reinforces the need 
for neurological follow-up8.
This study aimed to assess the clinical and demographic 
characteristics of PFAPA patients with a history of 
FS, compare them to PFAPA patients without such a 
history, and identify potential risk factors linked to the 
development of FS.

Materials and Methods

Study Cohort and Data Collection
The study included children in whom PFAPA was 
identified by a pediatric rheumatologist based on the 
EUROFEVER/PRINTO criteria, and who had been 
followed at our tertiary care center for a minimum of six 
months9.
Demographic, clinical, genetic [Mediterranean Fever 
(MEFV) gene variation]; laboratory, and history of FS 
data were obtained retrospectively from the patient 
medical records. The “attack period” laboratory data 
include complete blood count values, C-reactive 
protein, and erythrocyte sedimentation rate, recorded 

during the initial attack after the patients were admitted 
to our department. Conversely, the “non-attack period” 
laboratory data consist of the same markers, measured 
two weeks after the initial assessment, when the children 
were entirely asymptomatic.
This study was approved by the İstanbul Medipol 

University Non-Interventional 
Clinical Research Ethics Committee 
(approval number: 725, date: 
18.07.2024) and conducted 
in accordance with the ethical 
principles of the Declaration of 
Helsinki.

Statistical Analysis
The statistical evaluation of the 
data was carried out using SPSS 
software (version 26.0, Chicago, 
IL, USA). For categorical variables, 
frequencies and percentages 
were reported, and comparisons 
across groups were examined with 
the chi-square test. Continuous 

variables were expressed according to their distribution 
characteristics as mean ± standard deviation when 
normally distributed and as median values with ranges 
when the distribution was skewed. Distributional 
assumptions were checked with the Kolmogorov-
Smirnov test. Depending on normality, either the 
Student’s t-test or the Mann-Whitney U test was applied. 
Logistic regression analysis was employed to determine 
independent predictors of FS. Initially, univariate binary 
logistic regression was performed for variables with a 
p-value <0.2 in the comparison between patients with 
and without FS. Then, these variables and clinically 
significant confounding variables were included in the 
multivariate model. Family history of periodic fever and 
tonsillectomy were considered as confounding factors. 
Odds ratio along with its 95% confidence interval was 
estimated for all variables. The significance level used 
to determine statistical significance was set at p<0.05.

Results

Demographic, Clinical and Laboratory Findings of 
the Cohort
The median age at disease onset among the 169 
patients diagnosed with PFAPA was 30 (2-92) months; 
the median age at diagnosis was 52 (12-116) months; 
and 65.7% (n=111) were male. The median duration of 
attacks was 4 (1-10) days, and the median time between 
attacks was 20 (7-90) days. The median of the highest 
temperature value in the attack was 40 (38-41) °C. The 
median number of monthly attacks was 1 (0-4).
A history of preterm delivery was observed in 16% (n=27) 
of the patients, while a history of small for gestational 
age (SGA) was noted in 6.5% (n=11). Neonatal intensive 
care unit (NICU) hospitalization occurred in 24.9% 
(n=42) of the subjects, and FS were present in 8.9% 
(n=15). The median duration of breastfeeding was 21 (0-
54) months. Consanguineous marriages were reported 
in 14.6% (n=25) of the patients. The family history of 

Highlights

•	 The prevalence of fever syndrome 
prevalence in periodic fever, 
aphthous stomatitis, pharyngitis, 
and adenitis (PFAPA) children 
is higher than in the general 
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•	 PFAPA patients with fever 
syndrome were diagnosed at a 
younger age.

•	 Neurological outcomes should 
be considered in PFAPA 
management.
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FS was 4.1%, (n=7), family history of periodic fever was 
63.9%, (n=108), and family history of tonsillectomy was 
47.3% (n=80). Additionally, the presence of the MEFV 
variation was found in 31.4% (n=53) of the participants.
The clinical findings during the attacks included sore 
throat (n=166, 98.2%), lymphadenitis (n=127, 75.1%), 
abdominal pain (n=101, 59.8%), aphthous stomatitis 
(n=88, 52.1%), fatigue (n=86, 50.9%), myalgia (n=79, 
46.7%), arthralgia (n=67, 39.6%), vomiting (n=51, 
30.2%), headache (n=44, 26%), diarrhea (n=33, 19.5%), 
rash (n=11, 6.5%), constipation (n=8, 4.7%), chest pain 
(n=8, 4.7%), conjunctivitis (n=6, 3.6%), periorbital edema 
(n=3, 1.8%), cough (n=3, 1.8%), rhinorrhea (n=2, 1.2%), 
blood in the stool (n=1, 0.6%), arthritis (n=1, 0.6%), and 
ecchymosis (n=1, 0.6%).

Comparison of PFAPA Patients with and Without 
Febrile Seizures
The age at diagnosis was significantly lower in patients 
with FS compared to those without FS [median 32 (range 
13-110) months vs. median 53 (range 12-116) months, 
p=0.044]. No statistically significant differences were 
observed in other demographic, clinical, or laboratory 
characteristics between the two groups (Table 1).

Risk Factors for Febrile Seizures
Univariate and multivariate logistic regression analyses 
revealed no statistically significant risk factor for FS 
(p>0.05) (Table 2).

Discussion
In this study, clinical, demographic, and laboratory 
characteristics associated with the development of FS in 
patients with PFAPA were evaluated. These parameters 
were evaluated in patients with and without a history of 
FS. The prevalence of FS in patients with PFAPA was 
8.9%. The age at diagnosis was significantly lower in 
patients with a history of FS, whereas the groups did 
not differ with respect to other clinical and laboratory 
findings.
The relationship between periodic fever syndromes and 
FS has received increasing attention in the literature5,6,10. 
While existing studies have generally evaluated limited 
parameters, such as fever or genetic predisposition5,6, 
our study addresses this relationship within a much 
broader clinical and demographic spectrum and presents 
one of the most comprehensive patient series in the 
literature. While the prevalence of FS in the general 
pediatric population varies between 2-5%,11,12 it has 
been reported to be between 8.6% and 18.2% in PFAPA 
patients5,6. In our study, the prevalence of FS was found 
to be 8.9%, which is higher than that in healthy children, 
but consistent with the available data in the literature.
Episodes of fever exceeding 39 to 40 °C, which 
are frequent in PFAPA, are one of the strongest 
environmental triggers for FS in childhood, increasing 
neuronal excitability and lowering the seizure threshold6. 
In our study, the groups did not differ significantly 
with respect to the highest fever values during the 
attack, and high fever was not associated with the 

development of FS. This may be explained by the 
different pathophysiological characteristics of the fever 
response in PFAPA compared to other febrile states. It 
has been reported that PFAPA fevers are shorter and 
more self-limiting than fevers caused by infections, and 
thermal exposure may not last long enough to exceed 
the seizure threshold5,6. It has also been suggested that 
the systemic inflammatory response seen in PFAPA 
stimulates anti-inflammatory mechanisms along with 
proinflammatory cytokine release and that this balance 
may modulate the thermal stress response in the 
brain13-16.
The development of FS is associated with various genetic, 
congenital, environmental, and immunologic risk factors, 
including male sex, family history of FS or epilepsy, 
prematurity, low birth weight, history of hospitalization 
in the NICU, short-term or no breastfeeding, iron 
deficiency anemia, genetic mutations such as PRRT2 
and SCN1A, history of seizures with low fever, and rapid 
rise in fever17-21. It has been previously demonstrated 
that the age at first attack and age at diagnosis are 
significantly lower in PFAPA patients with a history of 
FS, compared to those without. While male sex, a family 
history of periodic fever and tonsillectomy, and MEFV 
variation are more prevalent among PFAPA patients 
with FS history, these differences do not reach statistical 
significance5. However, the relationship between FS and 
prenatal history and breastfeeding duration in patients 
with PFAPA has not been studied to date5,6. In our study, 
no statistically significant difference was found in terms 
of age at first episode, male sex, preterm birth, SGA, 
NICU hospitalization, duration of breastfeeding, family 
history of FS, periodic fever and tonsillectomy, and 
MEFV variation. However, the age at diagnosis was 
found to be significantly lower in patients with a history 
of FS, and this finding is consistent with existing data in 
the literature5. The proinflammatory cytokine response, 
particularly interleukin-1β, is more prominent in patients 
with FS at an early age, lowering the seizure threshold 
accompanying fever and accelerating inflammatory 
processes22,23. This hyperreactive immune response 
is one of the main pathophysiological mechanisms of 
PFAPA syndrome9. It is therefore likely that symptoms 
of PFAPA will appear at an earlier age in these children. 
Furthermore, careful monitoring of febrile episodes in 
those with FS may allow for increased clinical awareness 
and earlier recognition of PFAPA.

Study Limitations
The most important limitation of our study was the limited 
sample size of patients presenting a history of FS, which 
may have restricted the demonstration of stronger 
statistical associations. However, our study included one 
of the largest PFAPA cohorts reported in the literature, 
and systematically compared the demographic and 
clinical profiles of patients, stratified by history of FS. 
In addition, the detailed evaluation of variables such 
as perinatal history, breastfeeding duration, and family 
history provides new perspectives in the literature on 
early life factors that may affect the development of FS 
in PFAPA syndrome.



143Journal of Pediatric Academy

Table 1. 
Comparison of PFAPA patients with and without febrile seizures

PFAPA patients with 
febrile seizures
(n=15)

PFAPA patients without
febrile seizures
(n=154) 

p

Male gender (n, %) 12 (80%) 99 (64.3%) 0.348
Age at first attack (month) [Median (Min-Max)] 12 (6-53) 30 (2-92) 0.087
Age at diagnosis (month) [Median (Min-Max)] 32 (13-110) 53 (12-116) 0.044
Time from first attack to diagnosis (month) [Median (Min-Max)] 14 (6-98) 17 (2-88) 0.767
Duration of attack (day) [Median (Min-Max)] 4 (3-10) 4 (1-10) 0.810
Time between attacks (day) [Median (Min-Max)] 20 (10-60) 20 (7-90) 0.988
Number of monthly attacks [Median (Min-Max)] 1.5 (0-2.5) 1 (0-4) 0.966
Highest fever value in the attack (°C) [Median (Min-Max)] 40 (38.7-41) 40 (38-41) 0.917
Gestational age (n, %)
     Preterm (n, %) 4 (26.7%) 23 (14.9%) 0.265
     Term (n, %) 11 (73.3%) 131 (85.1%) 0.265
Birth weight (n, %)
     SGA (n, %) 2 (13.3%) 9 (5.8%) 0.424
     AGA (n, %) 13 (86.7%) 135 (87.7%) 0.424
     LGA (n, %) 0 (0%) 10 (6.5%) 0.424
NICU hospitalization (n, %) 4 (26.7%) 38 (24.7%) 1.0
Breastfeeding duration (month) [Median (Min-Max)] 22 (0.25-30) 20.5 (0-54) 0.543
Vaccination status (n, %) 15 (100%) 139 (90.3%) 0.366
Allergy history (n, %) 9 (60%) 70 (45.5%) 0.420
Family history
     Febrile seizures (n, %) 2 (13.3%) 5 (3.2%) 0.119
     Periodic fever (n, %) 10 (66.7%) 98 (63.6%) 1.0
     Tonsillectomy (n, %) 6 (40%) 74 (48.1%) 0.745
     Consanguineous marriage (n, %) 2 (13.3%) 23 (14.9%) 1.0
MEFV mutation (n, %) 5 (45.5%) 48 (51.1%) 0.973
     Exome 10 variation (n, %) 3 (27.3%) 27 (29%) 1.0
     M694V variation (n, %) 2 (18.2%) 16 (17%) 1.0
Clinical findings during the attack (n, %)
     Sore throat 14 (93.3%) 152 (98.7%) 0.245
     Lymphadenitis  10 (66.7%) 117 (76%) 0.531
     Abdominal pain 11 (73.3%) 90 (58.4%) 0.397
     Fatigue 6 (40%) 80 (51.9%) 0.540
     Aphthous stomatitis 8 (53.3%) 80 (51.9%) 1.0
     Myalgia  5 (33.3%) 74 (48.1%) 0.412
     Arthralgia 5 (33.3%) 62 (40.3%) 0.805
     Vomiting 2 (13.3%) 49 (31.8%) 0.236
     Headache 4 (26.7%) 40 (26%) 1.0
     Diarrhea 2 (13.3%) 31 (20.1%) 0.738
     Rash 2 (13.3%) 9 (5.8%) 0.253
     Constipation 2 (13.3%) 6 (3.9%) 0.151
     Chest pain 0 (0%) 8 (5.2%) 1.0
     Conjunctivitis 2 (13.3%) 4 (2.6%) 0.090
     Periorbital edema 0 (0%) 3 (1.9%) 1.0
     Cough 0 (0%) 3 (1.9%) 1.0
     Rhinorrhea 0 (0%) 2 (1.3%) 1.0
     Blood in stool 0 (0%) 1 (0.6%) 1.0
     Arthritis 0 (0%) 1 (0.6%) 1.0
     Ecchymosis 0 (0%) 1 (0.6%) 1.0
Laboratory findings in the attack period
     Neutrophil count (×109/L) [Median (Min-Max)] 8.8 (3-15.4) 9 (1.2-27.1) 0.607
    Lymphocyte count (×109/L) [Median (Min-Max)] 3.4 (0.9-7.7) 2.8 (1-9.8) 0.552
    Platelet count (×109/L) [Median (Min-Max)] 298 (171-428) 301 (183-603) 0.716
    CRP (mg/L) [Median (Min-Max)] 43.9 (8.5-152.4) 56.1 (7.9-338) 0.265
    ESR (mm/h) [Median (Min-Max)] 21 (15-51) 25.5 (4-89) 0.836
AGA: Appropriate for gestational age, CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, LGA: Large for gestational age, MEFV: Mediterranean Fever gene, NICU: Neonatal 
intensive care unit, PFAPA: Periodic fever, aphthous stomatitis, pharyngitis, and adenitis, SGA: Small for gestational age, Min: Minimum, Max: Maximum
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Conclusion
The frequency of FS was higher in children with PFAPA 
than in the general pediatric population. Although the 
basic clinical phenotype of PFAPA appears largely 
independent of the presence of FS, patients with a 
history of FS are diagnosed at an earlier age, suggesting 
that these individuals may have been recognized 
clinically earlier. Our findings emphasize the need to 
consider neurological outcomes in the management of 
PFAPA and suggest that future prospective research 
is required to better clarify the association between 
autoinflammatory mechanisms and susceptibility to FS.
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Abstract
Down syndrome (DS) is a genetic disorder characterized by intellectual disability and characteristic facial features. This study aimed 
to evaluate the demographic and clinical characteristics of newborns with a genetically confirmed diagnosis of DS who were admitted 
to the neonatal intensive care unit (NICU). This retrospective, descriptive study included 28 newborns with genetically confirmed 
DS who were admitted to the NICU of a tertiary care hospital between February 1, 2017, and April 30, 2025. Demographic and 
clinical data including sex, gestational age, birth weight, maternal and paternal ages, length of hospital stay, need for mechanical 
ventilation (MV) presence of congenital heart disease (CHD), hypothyroidism, prematurity, renal and abdominal ultrasonography 
(USG) findings, white blood cell (WBC) and platelet counts, and 1st- and 5th-minute APGAR scores were retrospectively reviewed. 
Of the 28 newborns, 53.6% were male and 46.4% were female. Prematurity occurred in 60.7% of cases. The mean gestational 
age was 35.5±2.9 weeks and the mean birth weight was 2590±619 g. Cesarean section was the delivery method in 78.6% of 
cases. The mean maternal and paternal ages were 36.5±6.6 and 41.5±6.5 years, respectively, with 71.4% of mothers aged over 
35 years. CHD was detected in 96.4% of newborns, hypothyroidism in 53.6%, and pathological renal USG findings in 32.1%. 
CHD, hypothyroidism, and pathological renal USG findings were detected in 96.4%, 53.6%, and 32.1% of newborns, respectively. 
MV was required in 71.4% of patients, with a mean duration of 2±8.3 days. The mean hospital stay was 21.5±17.7 days. WBC 
counts were mostly normal, whereas thrombocytopenia occurred in 53.6% of subjects. Surfactant therapy was administered to one 
patient, and 50% of patients were diagnosed with sepsis. Two patients died during follow-up. Newborns with DS may present with 
multiple systemic complications at birth. Early detection of comorbidities, particularly CHD and endocrine disorders, is essential for 
treatment planning. Understanding neonatal characteristics in these patients may inform long-term management.
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Introduction
Down syndrome (DS), the most common chromosomal 
abnormality, is caused by trisomy of chromosome 21 and 
is characterized by intellectual disability and congenital 
anomalies affecting multiple organ systems. It occurs 
in approximately 1 in 700-800 
live births worldwide, with a 
similar incidence across ethnic 
and socioeconomic groups1,2. 
Diagnosis is typically made 
postnatally based on clinical 
features; however, prenatal 
screening and diagnostic 
methods are also available3,4. 
From birth, newborns with DS 
may face numerous health 
challenges. Congenital heart 
disease (CHD), endocrine 
disorders (particularly 
congenital hypothyroidism), 
gastrointestinal anomalies, 
hematological abnormalities, 
immunodeficiencies, and hearing and vision problems 
are common. Many of these infants are born 
prematurely or with low birth weight, which increases 
the need for intensive care and complicates clinical 
management. Respiratory problems, neonatal sepsis, 
feeding difficulties, and mechanical ventilation (MV) 
requirements are also frequently encountered. Hospital 
stays in these patients are often prolonged, depending 
on the presence of complications. The first months of life 
constitute a critical period for these infants, and timely 
interventions can directly affect their quality of life5-8. 
Despite advances in medicine, technology, and global 
assessments, the birth rate of DS neonates has not 
decreased. Assessing the clinical characteristics of 
DS births and comparing their prevalence rates in the 
literature is crucial for both guiding health policies and 
for developing follow-up protocols. This is feasible: the 
demographic, clinical, and laboratory characteristics 
of DS neonates followed within a tertiary healthcare 
system were retrospectively evaluated. The data 
obtained contribute to the diagnosis, treatment, and 
follow-up rates for these patient groups and provide a 
basis for ongoing care.

Materials and Methods
This retrospective cross-sectional study included 
28 patients with genetically confirmed DS who were 
admitted to the neonatal intensive care unit (NICU) of a 
tertiary hospital between February 1, 2017, and April 30, 
2025. Data for the included patients were obtained from 
medical records available in the hospital information 
system. Data on gender, diagnosis, gestational age, birth 
weight, parental age, need for MV, CHD, hypothyroidism, 
renal and abdominal ultrasonography (USG) findings, 
white blood cell (WBC) and platelet levels, 1st- and 
5th-minute APGAR scores, and length of hospital stay 
were recorded retrospectively. Continuous variables 
were expressed as mean ± standard deviation (SD), 
and categorical variables as numbers and percentages. 

Ethical approval for this study was obtained from the 
Toros University Scientific Research and Publication 
Ethics Committee Institutional Review Board (approval 
number: 2025-05/91, date: 15.05.2025).

Statistical Analysis
Data analysis was performed 
using SPSS version 25.0 (IBM 
Corp., Armonk, NY, USA). 
Continuous variables were 
expressed as mean ± SD, 
and categorical variables as 
frequencies and percentages.

Results
Of the 28 newborns included, 
53.6% (n=15) were male and 
46.4% (n=13) were female. 
Seventeen infants (60.7%) 
were born prematurely. Two 
patients were hospitalized for 
suspected gastrointestinal 

obstruction, two for hyperbilirubinemia, three for 
malnutrition, four for cyanosis, one for extreme 
prematurity, and 16 for respiratory distress. The mean 
gestational age was 35.5±2.9 weeks, and the mean birth 
weight was 2590±619 g. Twenty-two infants (78.6%) 
were delivered via cesarean section. None required 
resuscitation at birth. The mean APGAR scores at 1 
and 5 minutes were 7 and 8, respectively. The mean 
maternal and paternal ages were 36.5±6.6 years and 
41.5±6.5 years, respectively. In 71.4% (n=20) of cases, 
the mothers were older than 35 years. Two mothers had 
a history of premature rupture of membranes, and one 
had preeclampsia.
Ten patients (35.7%) had no antenatal diagnosis. 
Neonates without an antenatal diagnosis were born to 
mothers who had no or incomplete antenatal follow-up. 
Patients hospitalized for other diagnoses (respiratory 
distress, desaturation, or nutritional intolerance) 
underwent anomaly screening and genetic analysis 
because physical examination revealed stigmata of DS.
Congenital heart disease was detected in nearly all 
patients, with only one infant having no cardiac anomaly. 
The most common malformation was an atrioventricular 
septal defect (AVSD). Fifteen infants (53.6%) had 
congenital hypothyroidism. Duodenal atresia was 
found in four patients (14.21%), one (3.5%) of whom 
also had an annular pancreas. Hirschsprung’s disease 
was diagnosed in one (3.5%) patient and anal atresia 
in another patient. Renal USG revealed pathological 
findings (e.g., hydronephrosis or an ectopic kidney) in 
nine infants (32.1%); abdominal USG findings were 
mostly normal. Hearing screening tests were normal in 
all cases. Regarding respiratory support, six patients 
(21.4%) were managed with spontaneous breathing, 
while 20 patients (71.4%) required MV. The mean 
duration of ventilation was 22.0±8.3 days (mean ± SD). 
The mean length of hospital stay was 21.5±17.7 days. 
Laboratory findings showed that WBC counts were 
mostly within reference ranges, but thrombocytopenia 
was observed in 53.6% of patients. One infant (3.5%) 

Highlights

•	 Down syndrome (DS) is associated with a 
high prevalence of congenital heart disease 
(96.4%) and hypothyroidism (53.6%) among 
newborns with DS.

•	 Prematurity (60.7%) and low birth weight are 
common, increasing the need for neonatal 
intensive care unit care.

•	 Gastrointestinal anomalies, including 
duodenal atresia and Hirschsprung’s disease, 
were identified.

•	 Thrombocytopenia was observed in more than 
half of the patients (53.6%).
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received surfactant therapy. Fourteen infants were 
diagnosed with sepsis. Two (7.1%) patients died during 
the follow-up period. The demographic characteristics 
of newborns with DS are presented in Table 1, and their 
clinical characteristics are presented in Table 2.

Discussion
In this study, the demographic, clinical, and laboratory 
characteristics of newborns with DS followed at a 
tertiary healthcare center were retrospectively analyzed. 
The findings were compared with the existing literature 
and interpreted to contribute to clinical practice in 
our country. DS is the most common chromosomal 
abnormality among live births, with an incidence 
generally reported between 1 in 700 and 1 in 1,000. The 
presence of multiple systemic anomalies in individuals 
with DS increases neonatal morbidity and mortality1.
In our study, 59.3% of infants were male, consistent with 
the literature. Although many studies report an equal 
gender distribution, some have indicated a slight male 
predominance9.
The mean maternal age in our study was high. This 
finding supports the association between advanced 
maternal age and DS. Especially in pregnancies over 
the age of 35, the risk increases significantly. Similar 
results have been reported in many studies conducted 
worldwide and in Türkiye10-14. Therefore, more effective 
implementation of prenatal diagnostic approaches 
in pregnancies of advanced maternal age is of great 
importance.
Although the mean APGAR scores were between 7 
and 8, some cases had lower scores, which may be 

associated with cardiac or respiratory problems during 
the neonatal period.
Prematurity was observed in 33.3% of newborns with 
DS. Reported rates of prematurity in the literature 
vary, with some studies indicating rates between 15% 
and 30%15-17. Prematurity is an important factor that 
increases morbidity among DS infants and should be 
considered in follow-up and treatment protocols.
The mean birth weight in our study was approximately 
2,750 grams. Although intrauterine growth restriction is 
not commonly seen in DS, some studies have reported 
higher rates of low birth weight17. This may be related 
to accompanying cardiac or gastrointestinal anomalies.
The mean length of hospital stay was 14 days. A 
prolonged hospital stay is generally associated with 
congenital anomalies, feeding difficulties, or infections. 
In DS infants, the presence of CHD significantly 
increases both the need for intensive care and the 
length of hospitalization18.
Approximately 65% of neonatal DS cases are admitted 
to the intensive care unit in the early postnatal period; 
the most common reasons for admission are CHD, 
prematurity, and respiratory distress. The length of stay 
in neonatal intensive care is prolonged depending on 
the presence of complications and the use of MV, and 
mortality rates may be up to eight times higher6.
In our study, the most common accompanying anomaly 
was CHD, present in 96.4% (n=27) of cases, whereas 
the literature reports a prevalence of 40-60%. The 
high rate observed in our study may be attributable 
to the fact that all hospitalized patients underwent 
echocardiographic evaluation during their stay. and the 
reason for our high rate of CHD in children born with DS 
and undergoing echocardiographic evaluation, patients 
are already admitted to intensive care due to respiratory 
problems and heart problems, and many have systemic 
diseases. The most common types of CHD were AVSD, 
ventricular septal defect, and atrial septal defect18,19. 
Since cardiac anomalies are determinants of quality 
of life and prognosis, echocardiographic evaluation 
is recommended for all newborns diagnosed with DS 
during the early postnatal period.
The rate of hypothyroidism in our study was 53.6%. 
Thyroid dysfunction is common in individuals with DS, 
and congenital hypothyroidism is a critical risk factor 
for developmental delay20,21. Therefore, in addition to 
national screening programs, repeated evaluation of 
thyroid function in infants with DS is important.
In our study, duodenal atresia was detected in four 
newborns with DS; in one of these cases, duodenal 
atresia was accompanied by annular pancreas. In 
addition, Hirschsprung’s disease was found in one case 
and anal atresia in another. These findings indicate that 
the frequency and variety of gastrointestinal anomalies 
in DS infants should not be underestimated.
Duodenal atresia is reported to be the most common 
gastrointestinal malformation in DS patients, with 
a prevalence significantly higher than that in the 
general population. According to a systematic review, 
approximately 3% of DS infants have duodenal atresia, 
and in some regions, such as the Middle East, this 

Table 1.
Demographic characteristics of patients diagnosed with Down 
syndrome

(n=28)
Gestational age, weeks* 35.5±2.9 

Birth weight, grams** 25.90±619

Gender, M/F (%) 15 (53.6%)/13 (46.4)

Mode of delivery, C/S/n (%) 22 (78.6%)/6 (21.4)

Patients without prenatal diagnosis, n (%) 10 (35.7%)

5-minute APGAR 8

Mother’s age (year) 36.5±6.6

Father’s age (year) 41.5±6.5

Prematurity, n (%) 17 (60.7%)
*Values are given as mean ± SD. **Values are given as median (minimum-maximum)
C/S: Cesarean section, M/F: Male/female, SD: Standard deviation

Table 2.
Clinical characteristics of patients diagnosed with Down syndrome

(n=28)
Congenital heart disease, n (%) 27 (96.4%)

Congenital hypothyroidism, n (%) 15 (53.6%)

Duodenal atresia 4 (14.2%)

Hirschsprung’s disease 1 (3.5%)

Anal atresia 1 (3.5%)

Renal pathology 9 (32.1%)

Thrombocytopenia 15 (53.6%)

Mortality 2 (7.1%)
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rate can be as high as 6%22. Another study reported a 
prevalence of 3.9% among DS cases, with an annular 
pancreas accompanying approximately 12% of these 
cases18,23. Embryologically, duodenal atresia results 
from failure of recanalization of the duodenal lumen 
during the eighth week of fetal life24. The presence of 
annular pancreas in our patient represents a rare but 
documented association reported in case series of 
patients with DS.
Hirschsprung’s disease occurs at higher rates in 
newborns with DS. While the rate is 1:5000 in the 
general population, it can be as high as 1:150 in infants 
with DS. Failure of neural crest cell migration during 
embryogenesis is the principal mechanism underlying 
its association with DS.
Anal atresia is a rare anomaly, but it has been reported 
among gastrointestinal anomalies in infants with DS, 
with a prevalence of approximately 1% in the DS 
population25. 
Based on these findings, systematic prenatal and 
postnatal evaluations for gastrointestinal anomalies in 
newborns with DS are critical25. In cases of suspected 
duodenal atresia, the “double bubble” sign on radiological 
imaging or prenatal ultrasound findings should be 
promptly evaluated. Furthermore, screening programs 
should include assessments for Hirschsprung’s 
disease and anal atresia to allow appropriate surgical 
preparation. The presence of these anomalies highlights 
the need for a multidisciplinary approach beginning 
at birth for newborns with DS. Systematic screenings 
during the prenatal and postnatal periods are crucial for 
early diagnosis and appropriate surgical planning.
On renal USG, major anomalies were infrequent, 
although minor findings such as pelvicaliectasis were 
detected in some cases. Renal malformations associated 
with DS are rare, but developmental abnormalities of 
the kidney can lead to serious clinical consequences in 
some individuals26.
When laboratory findings were evaluated, WBC 
counts were mostly within reference ranges, while 
thrombocytopenia was observed in 53.6% of cases. 
Hematological abnormalities are common in newborns 
with DS, and thrombocytopenia, in particular, 
requires careful monitoring due to the risk of transient 
myeloproliferative disease and leukemia27,28.
All hematologic abnormalities in our patients returned 
to normal within the second week of hospitalization. 
Therefore, none of our patients were considered to have 
myeloproliferative disease.
In our study, 2 of the 28 newborns with DS (7.1%) died 
during the neonatal period. Published studies indicate 
that mortality among newborns with DS is associated 
with additional risk factors, including prematurity, 
severe CHD, gastrointestinal malformations, immune 
deficiencies, and infections13,25. Especially among 
infants who require intensive care during the first weeks 
of life, complications such as MV and sepsis have been 
reported to increase mortality29.
The reason why the prematurity, CHD incidence and 
anomaly rate in the patients we follow are higher than 

in the literatüre, since our hospital is a city hospital 
with regional hospital status and a perinatal center, the 
follow-up of risky pregnancies and the births of patients 
who may require intensive care are accepted to our 
hospital by referral.
In our series, one of the deceased cases had severe 
CHD, while the other was premature and had severe 
respiratory failure. These findings are consistent with 
the risk factors reported in the literature. Furthermore, 
these cases demonstrate that newborns with DS are not 
solely affected by a chromosomal abnormality but also 
require systemic evaluation and multidisciplinary follow-
up, both of which are vitally important. Early intervention, 
rapid diagnosis, and supportive treatments during the 
neonatal period are considered decisive in improving 
survival in this group.
Study Limitations
One of the most significant limitations of this study is 
that the data were obtained retrospectively from the 
hospital information system. The sample size was small 
because this was a single-center, tertiary-care study that 
included only patients admitted to the NICU. However, 
we believe that our patients with conditions severe 
enough to require intensive care provide important 
data on DS and associated morbidity. Therefore, we 
present important data on mortality and morbidity 
among critically ill patients with DS. Although our data 
are limited in number, they will contribute to the literature 
because of their comprehensive coverage of critically ill 
patients.

Conclusion
Neonates with DS require close monitoring after birth 
due to their multisystem involvement. Information on 
CHD, prematurity, use of respiratory support devices, 
feeding intolerances, structural intestinal pathologies, 
hematological problems, and clinical assessments 
may be obtained. Careful assessment and appropriate 
referral during the neonatal period are critical to 
improving the survival and quality of life of this infant.
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Abstract
Hospital-acquired hyponatremia (HAH) is a common and preventable electrolyte disorder in hospitalized children, and its 
pathogenesis involves a complex interplay among fluid therapy, non-osmotic release of antidiuretic hormone, and underlying 
clinical conditions. This study aimed to determine the incidence of HAH at a tertiary pediatric center and to evaluate the relationship 
among intravenous fluid (IVF) composition, total fluid volume, and sodium supplementation. This prospective observational study 
included all pediatric inpatients admitted during a one-year period. Patients who were normonatremic on admission and received 
IVFs for at least 24 hours were monitored for the development of hyponatremia. At the time hyponatremia was detected, detailed 
clinical data, biochemical parameters [including urinary sodium and serum pro-B-type natriuretic peptide (proBNP) levels], total IVF 
intake, and oral/intravenous sodium supplementation were recorded, covering the previous 24 hours. The cohort was stratified into 
two age groups: younger than 100 days and older than 100 days. Among 8065 hospitalized children, 373 met the study criteria. The 
incidence of HAH was 4.6%. Hyponatremia occurred earlier in infants under 100 days of age (median 6 days) than in older patients 
(median 10.5 days), and moderate-to-severe hyponatremia was more frequent in the younger group. Urinary sodium excretion 
was elevated in most patients, particularly in those older than 100 days. Nearly half of infants who received only IVF developed 
moderate-to-severe hyponatremia, and 35.8% of these infants received sodium supplementation below physiological requirements. 
Serum sodium showed a positive correlation with age and inverse correlations with blood urea nitrogen, creatinine, and proBNP 
levels; no association was found between serum sodium and total IVF volume. In conclusion, HAH remains an important clinical 
problem, particularly in neonates, critically ill children, and oncology patients. Inadequate sodium supplementation—especially 
in young infants—appears to contribute to hyponatremia, even in the absence of fluid overload. These findings underscore the 
importance of individualized fluid prescriptions, routine electrolyte monitoring, and adherence to isotonic fluid strategies to prevent 
iatrogenic hyponatremia in hospitalized children.
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Introduction
Hyponatremia is defined as a serum sodium level 
below 135 mEq/L and is one of the most common 
electrolyte abnormalities in children1. Sodium differs 
from other electrolytes because its concentration is 
adjusted by water balance. 
Increased sodium concentration 
raises plasma osmolality and 
thereby stimulates release of 
antidiuretic hormone (ADH), 
which regulates thirst and renal 
water excretion. Conversely, low 
serum sodium concentration 
decreases plasma osmolality 
and suppresses ADH 
secretion1,2.
The majority of hyponatremia 
cases are hospital-acquired3. 
Hyponatremia is observed in 
15-30% of inpatients. Its daily 
incidence and prevalence were 
reported as 0.97% and 2.48%, 
respectively4. Hospital-acquired 
hyponatremia (HAH) is largely 
iatrogenic, most commonly due to administration of 
hypotonic intravenous fluids (IVF), which may increase 
non-osmotic ADH production in sick children. It remains 
unclear whether hyponatremia is caused by hypotonic 
IVF or by excessive fluid administration. Although 0.45% 
sodium chloride solution with 5% dextrose is hypertonic 
compared to plasma, it behaves differently in the patient 
because glucose is rapidly metabolized; therefore, its 
net effect is “hypotonic”5. For this reason, hypotonic IVF 
have been reported to cause hyponatremia, whereas 
isotonic solutions reduce the risk6. Because hospitalized 
children are at high risk of developing HAH, the routine 
use of hypotonic maintenance fluids has been questioned 
since 20037-9. In response to these concerns, three major 
guidelines were published: the American Academy of 
Pediatrics (AAP, 2018), the National Institute for Health 
and Care Excellence (NICE) guideline (2020), and the 
European Society of Paediatric and Neonatal Intensive 
Care (ESPNIC) guideline (2022). These guidelines 
consistently recommend isotonic maintenance fluids 
for most hospitalized children to prevent iatrogenic 
hyponatremia8,10,11.
Amid ongoing debate, we conducted this study to 
determine the incidence of HAH in children and to 
evaluate not only the type of IVF administered but also 
the effects of total fluid volume and overall sodium intake 
on the development of hyponatremia.

Materials and Methods
The patients hospitalized at Erciyes University Children’s 
Health and Diseases Hospital between October 2013 
and September 2014 constituted the study population. 
The primary outcome of this study was to determine the 
incidence of HAH. Secondary outcomes included the 
evaluation of potential etiological factors contributing 
to the development of HAH. Accordingly, the study was 
conducted in two phases. In the first phase, the incidence 

of HAH was detected prospectively in an observational 
study. For this purpose, the daily number of hospitalized 
patients was recorded to obtain the total annual number 
of inpatients. Body weight, blood pressure, clinical 
findings, and serum sodium values at admission were 
documented. An automated alert system was developed 

to notify the research team when 
hyponatremia was detected 
in any blood samples during 
hospitalization. Thus, patients 
who developed hyponatremia 
after admission were identified, 
and the incidence of HAH was 
calculated as the proportion 
of these patients among all 
inpatients during the study year. 
The inclusion criteria were as 
follows: a) normonatremia at 
admission (135-145 mEq/L); 
b) receipt of any type of IVF 
[isotonic, hypotonic, total 
parenteral nutrition (TPN), 
etc.] for at least 24 hours; c) 
detection hyponatremia (serum 
Na <135 mEq/L) during follow-

up. Patients who were hyponatremic (<135 mEq/L) 
or hypernatremic (>145 mEqL) at admission were 
excluded. For patients with recurrent events, only the 
first hyponatremia episode was included (Figure 1). 
In the second phase of the study, the etiology of 
hyponatremia was evaluated cross-sectionally. When 
hyponatremia was detected during hospitalization, 
patients were re-assessed. Data recorded included 
body weight, blood pressure, physical examination 
findings, 24-hour urine output, the amount and sodium 
content of the IVF administered during the preceding 24 
hours, and the amounts of oral intake and medications 
received. Some patients received only IVF, whereas 
others received both oral therapy and IVF. Since 
infusion rates varied significantly among patients, the 
analysis focused on total sodium intake [intravenous 
(IV) and oral]. Additionally, urinary sodium levels, serum 
uric acid levels, blood urea nitrogen (BUN) levels, serum 
creatinine levels, and serum pro-B-type natriuretic 
peptide (proBNP) levels were measured. 
Due to the large number and heterogeneity of underlying 
diseases and acute illnesses in the study population, 
statistical analyses according to specific diagnoses were 
not feasible. Many patients presented with concurrent 
conditions at the time of HAH, such as pneumonia, 
gastroenteritis, or neurological disorders, precluding 
disease-based subgrouping. Major underlying diagnoses 
and acute illnesses present at the time of hyponatremia 
were therefore recorded descriptively. Surgical patients 
were excluded from the analysis because the pediatric 
hospital was separate from the surgical unit. Considering 
the distinct physiological characteristics of neonates, the 
initial plan was to evaluate neonatal patients separately. 
However, the high proportion of preterm infants, 
particularly early preterm infants would have resulted 
in very small subgroups with insufficient statistical 
power. Although neonates are frequently excluded from 
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similar studies, they were intentionally included in the 
present study because of their inherently fragile fluid 
and electrolyte homeostasis. Therefore, patients were 
grouped into two age categories (≤100 days and >100 
days) to allow a physiologically relevant and statistically 
sound analysis. This age-based stratification, supported 
by previous studies including Storey et al.12, was 
preferred over ward-based grouping because it more 
closely reflects physiological maturity (Figure 1).
Hyponatremia was defined as a serum sodium level 
below 135 mEq/L1,3,4. Serum sodium concentrations of 
130–134 mEq/L, 125-130 mEq/L, and <125 mEq/L were 
defined as mild, moderate, and severe hyponatremia, 
respectively. Hypertension was defined as blood 
pressure above the 95th percentile for age, sex, and 
height, or for gestational age in newborns13. Urine 
output categories were defined as follows: polyuria 
(>4 mL/kg/h), oliguria (<1 mL/kg/h), and anuria (<0.5 
mL/kg/h)14. Daily sodium requirements were defined 
based on established pediatric fluid and electrolyte 
recommendations. In accordance with the classical 
Holliday and Segar approach, a sodium intake of 3 mEq/
kg/day was accepted as the standard requirement15. 
Given that a substantial proportion of the study 
population consisted of neonatal patients, age-related 
physiological differences in sodium and electrolyte 
requirements were taken into consideration. Yapıcıoğlu 
Yıldızdaş et al.16 reported that sodium requirements 
in neonates are approximately 1-2 mEq/kg/day during 
the first postnatal week, increasing to 3-4 mEq/kg/
day thereafter, with greater variability observed in very 
preterm infants due to renal immaturity. Accordingly, in 
the present study, a sodium intake of ≥3 mEq/kg/day 
was categorized as adequate, whereas a sodium intake 
of ≤2 mEq/kg/day was categorized as insufficient.

We retrospectively reviewed all sources of sodium 
intake within the last 24 hours for each patient. Dietary 
intake was assessed by recording whether the patient 
consumed formula, breast milk, or hospital meals. For 
formula-fed infants, both the type and the exact volume 
of formula were recorded. For breastfed infants, breast 
milk volume was estimated from feeding frequency 
and duration, or recorded directly in milliliters when 
expressed breast milk was administered in the neonatal 
unit. For older children receiving hospital meals, we 
confirmed whether the entire meal was consumed. 
Subsequently, a single dietitian calculated the nutrient 
content, including sodium, of the consumed foods using 
the BEBIS (Nutrition Information Program-full 7 version) 
nutrition analysis software based on the daily hospital 
menu. Parenteral sodium intake was evaluated by 
reviewing hourly IVF administration records, including 
fluid type, volume, and sodium concentration. For 
patients receiving TPN, both the sodium content of the 
solution and the infusion rate (mL/min) were recorded. 
Through this systematic approach, total daily fluid and 
sodium intake were calculated accurately for each 
patient. 
Blood samples (2 mL) were collected into a biochemistry 
tube for measurement of serum sodium, BUN, creatinine, 
and uric acid using the Architect C-16000 analyzer. 
Reference values were as follows: BUN 20 mg/dL; 
serum creatinine 0.8 mg/dL; and uric acid 1.7-7.0 mg/
dL. Urine sodium was measured in 1 mL urine samples 
using the same analyzer. Urinary sodium excretion 
was considered high when >20 mEq/L in children and 
>30 mEq/L in neonates. Serum proBNP was measured 
using the Immulite 2000 system with a 2 mL blood 
sample collected in a heparinized tube. A serum proBNP 
measurement is considered elevated if it is above the 
age-specific reference range17. 

Figure 1. The inclusion criteria and the study design
PICU: Pediatric intensive care unit
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Statistical Analysis
All statistical analyses were performed using SPSS 
Statistics 17.0. Normality was assessed using the 
Shapiro-Wilk and Kolmogorov-Smirnov tests. Normally 
distributed variables were expressed as mean ± standard 
deviation, and non-normally distributed variables were 
expressed as median (minimum-maximum). The chi-
square test was used to compare categorical variables; 
the McNemar test for dependent categorical variables; 
the independent t-test for normally distributed continuous 
variables; and the Kruskal-Wallis and Mann-Whitney U 
tests for non-parametric comparisons. A p-value <0.05 
was considered statistically significant. 
Ethics committee approval of the study was obtained 
from the Erciyes University Non-Interventional Clinical 
Research Ethics Committee (decision no: 2013/514, 
date: 30.07.2013) the study was conducted according 
to the principles of the Declaration of Helsinki. .Consent 
was obtained from the parents of the patients included 
in the study. ChatGPT was used to assist with language 
editing and grammatical corrections; all scientific content 
and interpretations were produced and verified by the 
authors.

Results
During one year of follow-up, 8,065 patients were 
hospitalized. Of these, 435 patients met the study criteria. 
After excluding patients with recurrent episodes of 
hyponatremia and those with missing data, 373 patients 
were included in the final analysis. The incidence of 
HAH during the one-year period was 4.6%. Patients 
were evaluated in two age groups: those younger than 
100 days and those older than 100 days (Figure 1). 
Because classification based on underlying or concurrent 
illnesses was difficult, statistical analyses were primarily 
conducted between these two age groups. HAH was 
most frequently detected in the Neonatal Unit (38.9%), 
followed by the Pediatric Hematology-Oncology clinic 
(24.9%) and the Pediatric Intensive Care Unit (13.7%).
Male patients constituted 56% of the study group; 
the median age was 266 days (range: 1-8,342 days). 
While most of the patients were normovolemic and 
normotensive on admission, 17% of infants ≤100 days 
and 19% of older patients were hypervolemic when 
hyponatremia was detected (Table 1). The mean time 
to onset of hyponatremia after hospitalization was 6 
days in infants aged under 100 days and 10.5 days in 
older children. Moderate hyponatremia occurred more 

frequently in younger infants; 14.5% had moderate and 
6.3% had severe hyponatremia (Table 1).
Urinary sodium excretion was elevated in most patients, 
particularly among those older than 100 days (p<0.001). 
On the day hyponatremia occurred, 10% of patients 
were polyuric and nearly 4% were oligoanuric (Table 
2). Biochemical abnormalities detected at the time of 
hyponatremia are summarized in Table 2.
Serum proBNP levels demonstrated a wide distribution, 
and almost half of the patients had elevated proBNP 
levels above age-specific reference ranges (Table 
2). Among patients with elevated proBNP, the rate of 
hypervolemia was significantly higher (24.3%) compared 
those with normal proBNP levels (15.2%, p<0.05) No 
significant associations were found between serum 
proBNP and the degree of hyponatremia, urine output, 
or the amount of IVF administered (p>0.05) (Table 3).
In the last 24 hours prior to hyponatremia, the average 
sodium intake in infants younger than 100 days was 
1.35 mEq/kg/day IV and 1.0 mEq/kg/day orally, and in 
older children was 1.08 mEq/kg/day IV and 2.61 mEq/
kg/day orally. Sodium intake was below physiological 
requirements in 35.8% of patients aged under 100 days 
(Table 2). Serum sodium correlated positively with age 
and negatively with serum proBNP, BUN, and creatinine. 
No significant relationship was found between serum 
sodium and total IVF volume (Table 4). 
When patients were reclassified by hyponatremia 
severity, those with moderate-to-severe hyponatremia 
experienced longer hospital stays before the onset of 
hyponatremia in both age groups. Urine output was within 
the normal range for most patients, although urinary 
sodium excretion was markedly higher in older children 
than in infants. In both groups, moderate-to-severe 
hyponatremia developed in nearly half of the patients 
who received only IVF . Older children with moderate-to-
severe hyponatraemia received larger volumes of IVF, 
although this difference was not statistically significant. 
Among infants and older children with moderate-to-
severe hyponatremia, sodium supplementation was 
below daily physiological requirements in 27.3% and 
14.3%, respectively (Table 5).
Among patients who received only IVF, urinary sodium 
excretion was higher in older children compared with 
infants. Severe hyponatremia occurred significantly 
more frequently in infants under 100 days who received 
lower parenteral sodium supplementation despite 
having lower daily IVF intake compared with older 
patients (Table 6).
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Table 2.
Laboratory parameters and the content of intravenous fluids when hyponatremia was detected

≤100 day >100 day p
Blood urea nitrogen 
Median (min-max)
≤20 mg/dL
>20 mg/dL

9.0 (1-70)
89 (71.2%)
36 (28.8%)

7.0 (2-19)
166 (93.3%)
12 (6.7%)

<0.001

Creatinine
Median (min-max)
≤0.8 mg/dL
>0.8 mg/dL

0.5 (0.01-6.77)
130 (81.8%)
29 (18.2%)

0.35 (0.05-0.5)
196 (91.6%)
18 (8.4%)

0.001

Uric acid
Median (min-max)
≤1.7 mg/dL
1.8-7 mg/dL
≥7.1 mg/dL

2.35 (0.4-12)
34 (21.7%)
104 (66.2%)
19 (12.1%)

2.45 (0.9-5.6)
34 (16.5%)
164 (79.6%)
8 (3.9%)

0.779

Serum sodium 
Median (min-max) 132 (109-134) 133 (123-134) <0.001

Serum proBNP
Median (min-max)
Normal
High

2279 (65-261817)
79 (58.1%)
57 (41.9%)

983 (46-94560)
79 (47.6%)
87 (52.4%)

<0.001

Urine sodium [n (%)] 
Normal 
High 

79 (57.7)
58 (42.3)

24 (12.2)
173 (87.8) <0.001

Excretion of urine [n (%)]
Normal 
Polyuria 
Oligo-anuria 

131 (82.3)
16 (10)
6 (3.7)

171 (85.9)
20 (10)
8 (4)

0.224

Therapy route of fluid [n (%)]
Only with parenteral route
Peroral and parenteral route

50 (31.4)
109 (68.6)

44 (20.6)
170 (79.4) 0.022

Intravenous fluids’ amount [median (min-max)]
Patients receiving parenteral fluid only (mL/m2) 
Patients receiving parenteral and peroral fluid (mL/m2)

1240 (379-2647)
670 (96-4141) 

1820 (166-4190)
1709 (95-4190)

0.001
<0.001

Daily sodium consumption
Peroral (mEq/kg/day)
Parenteral (mEq/kg/day)
Total (mEq/kg/day)

<2 mEq/kg/day 
2-3 mEq/kg/day
>3 mEq/kg/day

Median (min-max)
1.0 (0.08-5.83)
1.35 (0-12.23)
2.86 (0.08-14.91)
n (%)
57 (35.8%)
30 (18.9%)
72 (45.3%)

Median (min-max)
1.08 (0-1.91)
2.61 (0.42-8.57)
3.75 (1.82-8.63)
n (%)
13 (6.1%)
15 (7.0%)
186 (86.9%)

<0.001
<0.001
<0.001

<0.001

Min-max: Minimum-maximum, proBNP: Pro-B-type natriuretic peptide

Table 1.
Evaluation of patients during hospital admission and in the period when hyponatremia develops

≤100 day old (n=159) >100 day old (n=214)
At admission At hyponatremia At admission At hyponatremia

Age (day) (min-max) 15 (1-100) 349 (104-4679)

Blood pressure
High
Normal
Low

-
-
-

0.6%
62.3%
9.4%

1.9%
87.9%
0.5%

1.4%
96.3%
1.9%

Volume status
Hypovolemia
Euvolemia
Hypervolemia

0.6%
97.5%
1.9%

-
83%
17%

0.5%
98.1%
1.4%

-
80.4%
19.6%

Serum sodium (mEq/L)
(min-max)

138 
(135-144)

132
(109-134)

137
(135-143)

133 
(123-134)

Hyponatremia detection time 
(day) (min-max)

6 
(1-71)

10.5 
(1-106)

Severity of hyponatremia
Mild
Moderate
Severe

79.2%
14.5%
6.3%

93.5%
5.1%
1.4%

Min-max: Minimum-maximum
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Table 4.
Correlation between serum sodium level at hyponatremia day and some variables

Variables
Serum sodium
r p

Age 0.186 <0.001

Serum proBNP level -0.166 0.004

Blood urea nitrogen -0.154 0.007

Serum creatinine -0.116 0.026

Urine sodium 0.111 0.042

Total content of sodium (PO+IV) (mEq/kg) 0.093 0.072

Amount of IV fluids (mL/m2/day) -0.065 0.453

Serum sodium at hospitalization -0.031 0.550
BUN: Blood urea nitrogen, PO: Peroral, IV: Intravenous, proBNP: Pro-B-type natriuretic peptide

Table 5.
Comparison of the patients according to the severity of hyponatremia

Variables

Severity of hyponatremia
≤ 100 day old (n=159) > 100 day old (n=214) p-value**

Mild hyponatremia
(Serum Sodium =130-
134 mEq/L)
n=126

Moderate-severe 
hyponatremia
(Serum sodium 
<130 mEq/L)
n=33

Mild 
hyponatremia
(Serum 
sodium =130-
134 mEq/L)
n=200

Moderate-
severe 
hyponatremia
(Serum sodium 
<130 mEq/L)
n=14

Age (day) 18 (1-100) 10 (4-28) 561 (104-5326) 156 (123-190) -

Duration of hospitalisation at 
hyponatremia (day) 6 (1-71) 10 (3-27)) 7 (1-106) 27.5 (22-33) 0.025

Serum sodium (at hospitalization) 137 (135-144) 139 (136-142) 137 (135-143) 136.5 (136-137) -

Serum sodium (at hyponatremia) 133 (130-134) 127 (109-129) 133 (130-134) 125 (123-127) 0.540

Excretion of urine (mL/kg/h) 3.0 (0.36-14) 2.0 (0.32-3.8) 3.1 (1.57-6.25) 3.15 (1.3-5.0) 0,770

Excretion of urine
Oligo-anuria
Normal
Polyuria

1 (0.7%)
107 (84.9%)
12 (9.5%)

5 (15.1%)
24 (72.7%)
4 (12.1%)

8 (4%)
159 (79.5%)
19 (9.5%)

0 (0%)
12 (85.7%)
1 (7.1%)

Urine sodium (mEq/L) 
Median (min-max)
Low*
High 

20 (4-84)
66 (%52.4)
47 (37.3%)

30 (20-59)
13 (39.4%)
11 (33.3%)

77 (20-188)
24 (12%)
160 (80%)

62.5 (39-86)
0 (0%)
13 (92.9%)

<0.001

BUN 9 (1-61) 17 (7-70) 7 (4-33) 5.0 (2.0-8.0) 0.013

Serum creatinine 0.4 (0.01-3.5) 0.7 (0.3-6.77) 0.4 (0.05-0.8) 0.28 (0.17-0.4) 0.017

Serum uric acid
Median (min-max)
≤1.7 mg/dL
1.8-7 mg/dL
>7 mg/dL

2.2 (0.4-12)
30 (23.8%)
82 (65.1%)
13 (10.3%)

3.0 (1.5-8.2)
4 (12.1%)
22 (66.7%)
6 (18.2%)

2 (0.9-5.6)
30 (15%)
154 (77%)
8 (4%)

2.5 (2.0-3.0)
4 (28.6%)
10 (71.4%)
0 (0%)

0.015

Table 3.
Comparison of patients in terms of volume status, severity of hyponatremia and urinary excretion by level of serum proBNP

Variables

Serum proBNP level p-value
Normal
n=158

High
n=144

Volume status
Normovolemia
Hypervolemia

134 (84.8%)
24 (15.2%)

109 (75.7%)*
35 (24.3%) 0.042

Severity of hyponatremia
130-134 mEq/L
<130 mEq/L 

136 (86.1%)
22 (13.9%)

128 (88.9%)
16 (11.1%) 0.492

Excretion of urine
Normal
Polyuria

128 (88.2%)
16 (11.1%)

116 (87.9%)*
16 (12.1%) 0.852

Intravenous fluid amount (mL/m2) 1378 ± 852 1433 ± 843 0.660
*: p<0.05, compared to the patients with normal serum proBNP levels
Min-max: Minimum-maximum, proBNP: Pro-B-type natriuretic peptide
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Discussion 
Hospital-acquired hyponatremia has long been 
recognized as a common yet preventable electrolyte 
disturbance in hospitalized children. Over the past two 
decades, it has gained increasing attention due to its 
association with significant morbidity and its largely 
avoidable nature. This study aimed to determine 
the frequency of HAH and evaluate the influence 
of IVF composition and sodium supplementation 
on its development. Our study, conducted over one 
year and including all hospitalized pediatric patients, 
demonstrated that HAH may develop not only within the 

first 24-48 hours, as reported previously18-20, but also 
during prolonged hospitalizations. Patients admitted to 
intensive care, neonatal, or oncology units exhibited 
a markedly higher risk; nearly half of those receiving 
only maintenance IVF developed moderate-to-severe 
hyponatremia. These findings underscore the importance 
of careful monitoring of both fluid composition and total 
administered volume-particularly in critically ill patients 
or those unable to receive enteral sodium.
Clinical recognition of the dangers of hypotonic 
maintenance fluids dates to the early 2000s, when 
Moritz and Ayus21 reported cases of hyponatremic 

Table 5.
Continued

Variables

Severity of hyponatremia
≤100 day old (n=159) >100 day old (n=214) p-value**

Mild hyponatremia
(Serum Sodium =130-
134 mEq/L)
n=126

Moderate-severe 
hyponatremia
(Serum sodium 
<130 mEq/L)
n=33

Mild 
hyponatremia
(Serum 
sodium =130-
134 mEq/L)
n=200

Moderate-
severe 
hyponatremia
(Serum sodium 
<130 mEq/L)
n=14

Serum proBNP
Normal for age
High for age

2259 (65-70080)
63 (50%)
46 (36.5%)

4943 (498-261817)
16 (48.5%)
11 (33.3%)

732 (46-17676)
73 (36.5%)
82 (41%)

47773(986-
94560)
6 (42.9%)
5 (35.7%)

0.064

Therapy route of fluid
Peroral + intravenous
Only intravenous

91 (72.2%)
35 (27.8%)

18 (54.5%)
15 (45.5%)

163 (81.5%)
37 (18.5%)

7 (50%)
7 (50%) 0.775

Amount of intravenous fluids (mL/
m2/day) 938 (96-4141) 1064 (204-3387) 1772 (95-4190) 1564 (166-2835) 0.034

Intravenous sodium support (mEq/
kg/day) 2.88 (0-7.58) 1.76 (0-14.84) 3.47 (0-19.98) 3.44 (0.48-6.41) 0.121

Peroral sodium consumption (mEq/
kg/day) 0.91 (0.08-5.83) 1.91 (0.54-4.23) 1.15 (0.05-2.71) 0.56 (0.35-0.77) 0.672

Total sodium support (mEq/kg/
day)
<2 mEq/kg/day
2-3 mEq/kg/day
>3 mEq/kg/day

2.66 (0.08-7.56)
48 (38.1%)
24 (19%)
54 (42.9%)

5.31 (0.54-14.91)
9 (27.3%)
6 (18.2%)
18 (54.5%)

3.7 (1.82-8.63)
11 (5.5%)
14 (7%)
175 (87.5%)

3.05 (1.85-4.26)
2 (14.3%)
1 (7.1%)
11 (%78.6) 

0.218

*: The urine sodium cutoff value for newborn is <30 meq/L and for older children <20 mEq/L
**: Statistical analysis was made among patients with severe hyponatraemia by age groups
proBNP: Pro-B-type natriuretic peptide, BUN: Blood urea nitrogen

Table 6.
Characteristics of patients receiving only IV fluid

≤ 100 day (n=50)
Median (min-max)

>100 day (n=44)
Median (min-max) p-value

Hospitalization day 5 (1-100) 6 (1-206) 0.903

Serum sodium when hyponatremia detected 
Degree of hyponatremia
Mild hyponatremia
Moderate hyponatremia
Severe hyponatremia

132 (109-134)

35 (70%)
8 (16%)
7 (14%)

133 (119-134)

37 (84.1%)
6 (13.6%)
1 (2.3%)

0.021

0.046

Excretion of urine 2.6 (0.1-13.3) 2.4 (0.36-6.5) 0.313

Urine sodium 33.5 (7-152) 61 (13-140) 0.004

Intravenous fluids’ amount (mL/m2/day) 1230 (379-2647) 1821 (554-4190) 0.001

Daily sodium consumption 
Parenteral (mEq/kg/day)

<2 mEq/kg/day 
2-3 mEq/kg/day
>3 mEq/kg/day

2.29 (0-6.48)
n (%)
19 (38%)
12 (24%)
19 (38%)

3.2 (0-9.48)
n (%)
6 (13.6%)
7 (15.6%)
31 (70.6%)

0.001

0.002

Min-max: Minimum-maximum
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encephalopathy, including fatalities, in otherwise 
healthy children receiving hypotonic solutions19,20. Their 
observations prompted a major shift away from the 
traditional Holliday-Segar-based hypotonic regimens. 
Subsequently, multiple randomized controlled trials 
and meta-analyses have consistently demonstrated 
that isotonic solutions significantly reduce the risk of 
HAH without increasing hypernatremia, metabolic 
acidosis, or fluid overload19,22-24. Consequently, major 
guidelines—including those from the AAP, the NICE, and 
the ESPNIC—now recommend isotonic maintenance 
fluids for most hospitalized children8,10,11. Despite this 
paradigm shift, HAH has not been fully eliminated, 
underscoring that its pathogenesis is multifactorial and 
extends beyond fluid tonicity.
Although our study was conducted before widespread 
adoption of isotonic maintenance therapy, it offers 
valuable real-world insight into the clinical factors 
contributing to HAH. At that time, isotonic fluids were not 
routinely used; nevertheless, hyponatremia developed 
predominantly in patients with underlying comorbidities, 
prolonged hospital stays, and a positive fluid balance. 
These findings highlight the continued relevance of 
non-fluid-related contributors to hyponatremia, including 
the syndrome of inappropriate antidiuretic hormone 
secretion (SIADH), stress-induced ADH release, and 
low dietary sodium intake. SIADH remains the leading 
cause of euvolemic hyponatremia in hospitalized 
patients and results from persistent ADH secretion 
independent of serum osmolality or intravascular 
volume, leading to hypotonic water retention and 
dilutional hyponatremia25,26. SIADH may be triggered by 
medications, pulmonary disease, malignancies, central 
nervous system pathology, or the physiological stress of 
illness, pain, and surgery26.
Beyond fluid type and volume, our biochemical findings 
provide additional mechanistic insights. Serum sodium 
showed an inverse correlation with BUN and proBNP, 
a positive correlation with total sodium intake (IV and 
oral), and no correlation with total IVF volume. Despite 
the lack of an association between serum sodium 
concentration and total IVF volume, urinary sodium 
excretion was markedly elevated in older children, 
with 87.8% of patients older than 100 days exhibiting 
elevated urinary sodium, supporting the concept 
that HAH reflects impaired free water excretion and 
dysregulated neurohormonal responses rather than 
fluid overload alone. Although ProBNP levels were 
elevated among hyponatremic patients, clinical signs 
of hypervolemia—such as hypertension, edema, or 
hepatomegaly—were generally absent. Elevated 
proBNP may, therefore, represent an early biochemical 
indicator of subtle volume shifts or myocardial wall 
stress, rather than frank hypervolemia. However, 
because an objective assessment of volume status 
using inferior vena cava (IVC) diameter or bioimpedance 
analysis could not be performed, we cannot entirely 
exclude early or subclinical volume expansion. BNP and 
proBNP—released in response to myocardial stretch—
oppose Renin-angiotensin-aldosterone System and 
ADH activity by promoting natriuresis and vasodilation27, 
and the elevation observed in our cohort may reflect 

compensatory neurohormonal activation rather than 
overt circulatory overload.
Consistent with prior studies, HAH was significantly 
more common among neonates, oncology patients, 
and those admitted to the pediatric intensive care unit, 
with rates of 38.9%, 24.9%, and 13.7%, respectively. 
Critically ill children are known to have an increased 
risk of hyponatremia owing to non-osmotic ADH 
release triggered by pain, stress, inflammation, 
mechanical ventilation, and postoperative states28-30. 
Likewise, pediatric oncology patients are particularly 
vulnerable due to chemotherapy-induced nausea, 
gastrointestinal sodium losses, adrenal suppression, 
and medication-associated SIADH, notably from agents 
such as vincristine, cyclophosphamide, and carboplatin. 
Hyponatremia rates of 15-40% have been reported 
in oncology cohorts, consistent with our findings31-33. 
During the study period, the routine use of hypotonic 
fluids likely increased susceptibility in these high-
risk groups. These results collectively reinforce the 
importance of individualized fluid prescriptions and 
proactive electrolyte monitoring, even in the current era 
of isotonic maintenance therapy.
Recent uncertainty regarding the optimal tonicity of 
maintenance fluids in neonates has been clarified, 
at least in part, by the large multicenter prospective 
NEOFLUID study-the strongest available evidence in 
this population. In 420 term newborns, hypotonic fluids 
resulted in a significantly greater decline in serum sodium 
levels and a markedly higher incidence of hyponatremia, 
whereas isotonic fluids maintained stable sodium levels 
without increasing hypernatremia. This challenges the 
long-standing assumption that hypotonic solutions are 
physiologic for neonates and suggests that isotonic 
fluids may be the safer optiononce postnatal renal 
adaptation is complete34. Importantly, our findings paralel 
this interpretation: while fluid tonicity contributes to risk, 
HAH in our cohort was best explained by the interaction 
of fluid choice with patient-specific clinical factors. Taken 
together with the NEOFLUID data, our results support 
a morenuanced understanding of HAH-one in which 
hypotonic fluids may heighten vulnerability, but the 
ultimate development of hyponatremia is determined by 
a broader constellation of neurohormonal, clinical, and 
iatrogenic influences.
In line with current international guidelines (AAP, NICE, 
ESPNIC)8,10,11, our findings support the use of isotonic 
maintenance fluids and close monitoring of serum 
sodium, particularly in neonates and other high-risk 
pediatric populations. Given the high incidence of HAH 
in infants and critically ill children, fluid therapy should 
be individualized, with regular reassessment of sodium 
intake, urine sodium losses, and volume status , rather 
than relying on fluid volume alone. In neonates and 
patients with prolonged hospitalization, careful attention 
to cumulative sodium balance and early recognition 
of inappropriate ADH activity may help prevent 
hyponatremia.

Study Limitations
This study has several notable strengths. Unlike 
many previous reports, we evaluated  all  administered 
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fluids—including maintenance solutions, boluses, and 
TPN—allowing for a comprehensive assessment of 
total sodium and water exposure. The inclusion of 
enteral sodium intake (oral and dietary sources) further 
strengthened our analysis by providing a more accurate 
estimation of overall sodium balance. Additionally, the 
inclusion of patients with prolonged hospitalizations, 
who are often underrepresented in prior studies, offered 
valuable insights into late-onset and cumulative-risk 
forms of hyponatremia.
However, certain limitations should be acknowledged. 
Due to technical constraints, we were unable to assess 
intravascular volume status using IVC diameter or 
bioimpedance analysis. The absence of these objective 
measurements limits our ability to fully exclude subtle 
or early hypervolemia in some patients. Furthermore, 
because the study was conducted at a single center 
during a period when isotonic fluids were not yet widely 
implemented, the findings may not fully reflect current 
practice patterns. Nonetheless, the detailed fluid 
accounting and inclusion of diverse patient populations 
enhance the clinical relevance and generalizability of 
our results.

CONCLUSION
In conclusion, HAH remains an important and 
preventable complication in pediatric practice, occurring 
not only early in hospitalization but also during prolonged 
stays and in high-risk groups such as neonates, critically 
ill children, and oncology patients. While fluid tonicity 
contributes to susceptibility, our findings underscore that 
HAH develop sthrough a complex interaction of clinical, 
neurohormonal, and iatrogenic factors, emphasizing 
the importance of individualized fluid management 
and vigilant electrolyte monitoring. By accounting for 
all administered fluids—including TPN—and enteral 
sodium intake, our study provides a comprehensive 
assessment of sodium balance and highlights that 
IVF therapy can itself be a potent medical treatment 
with potential adverse effects. As clinicians, we must 
remain mindful of the principle  primum non-nocere—
first, do not harm— ensuring that fluid therapy is applied 
thoughtfully, safely, and with careful attention to each 
patient’s dynamic physiologic needs.
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Abstract
Mineral and bone disorder (MBD) is a frequent complication in patients with chronic kidney disease (CKD). Renal replacement 
therapy has been shown to extend the life expectancy of patients with CKD, resulting in MBD becoming a major cause of morbidity. 
The aim of our study was to evaluate bone mineral density (BMD) in patients under follow-up for CKD. Seventy-one pediatric patients 
diagnosed with CKD and followed up were included in this retrospective cross-sectional study. Demographic, clinical, and laboratory 
data, treatment histories, and BMD measures of the lumbar spine (L1-L4) obtained using dual-energy X-ray absorptiometry were 
retrospectively collected from medical records. The mean age of the patients was 13.1±2.9 years; 62.0% were female. Growth 
impairment was common, with median height and weight standard deviation scores of -1.88 (minimum-maximum: -8.66 to 0.63) 
and -1.93 (minimum-maximum: -7.66 to 5.27), respectively. Most patients were pubertal (70.4%), and delayed skeletal maturation 
was observed, with a median bone age of 12.0 years (minimum-maximum: 4.0-19.0). The cohort included patients across all CKD 
stages, with 53.6% in stages 4-5 and 40.8% receiving dialysis. Mean areal BMD was 0.802±0.175 g/cm²; height-adjusted and 
bone-age–adjusted BMD Z-scores were 2.27±1.73 and 1.15±1.90, respectively. In univariate logistic regression analysis, a lower 
bone age–adjusted BMD Z-score [odds ratio (OR)=0.666, 95% confidence interval (CI)=0.458-0.971] and a low physical activity 
level (OR=5.556, 95% CI=1.461-21.126) were significantly associated with increased fracture risk. These findings indicate that 
growth impairment and delayed skeletal maturation substantially affect BMD assessment in pediatric CKD. Bone age-adjusted 
BMD Z-scores and low physical activity levels appear to be important determinants of fracture risk, highlighting the need for a more 
comprehensive approach to bone health evaluation in this population.
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Introduction
Chronic kidney disease-mineral and bone disorder (CKD-
MBD) is defined as a systemic condition encompassing 
abnormalities of bone and mineral metabolism that 
affect skeletal formation and promote vascular and soft 
tissue calcification1. The term “renal 
osteodystrophy (ROD)” is used to 
describe the specific histological bone 
abnormalities observed in the context 
of CKD-MBD1. Children with CKD 
may experience skeletal deformities, 
growth retardation and fractures due 
to impaired regulation of bone and 
mineral metabolism2. Growth failure 
is common in children with CKD, and 
bone pain, deformities, and fractures 
due to the development of ROD can 
also be observed in these patients3. 
Bone demineralization caused by 
mineral homeostasis imbalance is a 
significant factor in the increased morbidity and mortality 
related to bone, fracture risk and cardiovascular disease 
seen in CKD4.
The gold standard for detecting ROD in children with 
CKD is a bone biopsy with histological assessment; 
however, this invasive method is not feasible for 
routine clinical use5. Instead, bone mineralization can 
be assessed using biochemical parameters such as 
parathyroid hormone (PTH) and alkaline phosphatase 
(ALP), and various imaging methods5. Bone mineral 
density (BMD) can be measured easily, with low radiation 
exposure, using dual-energy X-ray absorptiometry 
(DXA)6. However, DXA has several limitations, including 
its two-dimensional nature, which restricts the accurate 
assessment of trabecular and cortical bone, as well 
as uncertainties in the interpretation of results related 
to short stature and growth impairment in patients 
with CKD5. However, it is considered inadequate for 
accurately determining fracture risk5.
In patients with CKD, growth retardation, and short stature 
can significantly affect BMD measurements7. Various 
studies have reported decreased BMD in children with 
CKD8. Conversely, it is known that normal DXA Z-scores 
can be achieved when PTH levels are maintained within 
the normal range5. The aim of this study was to evaluate 
the bone health status, DXA Z-scores, and factors 
associated with fracture risk in CKD patients.

Materials and Methods
This study included pediatric patients with CKD who 
were followed up at the Pediatric Nephrology Clinic 
at İstanbul Medeniyet University Göztepe Training 
and Research Hospital between April 1, 2012, and 
December 31, 2012. A total of 71 patients (44 females, 
27 males) were evaluated during follow-up after CKD 
diagnosis for their treatments, bone health status, and 
factors potentially influencing bone health. This study 
was designed as a retrospective cross-sectional study.
Primary diagnoses, diagnosis dates, ages at diagnosis, 
current weight and height standard deviation scores 
(SDS), bone ages (left hand-wrist films were evaluated 

with the Greulich-Pyle atlas), the difference between 
chronological age and bone age, glomerular filtration 
rate (GFR) values (calculated with the Schwartz 
formula)9, and CKD stages were obtained from the file 
records of all patients included in the study. CKD stages 
were defined according to the the Kidney Disease 

Improving Global Outcomes (KDIGO) 
2012 Guideline10. Treatment records 
were reviewed to determine the 
use of phosphate binders, steroids, 
and immunosuppressive therapy. 
Information was collected regarding 
dialysis status, dialysis modality 
(hemodialysis or peritoneal dialysis), 
and dialysis duration. All patients 
underwent a physical examination 
and their pubertal status was 
evaluated using the Tanner staging 
system. Patients who were at Tanner 
stage ≥2 were considered to be in 
puberty. Patients were questioned 

about their fracture history and physical activity 
levels before and during treatment. A family history of 
osteoporosis was also investigated. The socioeconomic 
status of the families was assessed, and patients were 
classified as low-, medium-, or high-income. Patients and 
their families were interviewed to assess their nutritional 
histories, and their average daily calcium (Ca) intake 
(mg/day) was calculated. Laboratory tests included 
the most recent levels of urea, creatinine, albumin, Ca, 
phosphorus (P), ALP, CaxP, PTH, and 25-hydroxy (25-
OH) vitamin D.
BMD measurements were performed using DXA in the 
lumbar L1-L4 region with a GE Lunar DPX densitometer 
(GE Healthcare, Madison, WI, USA). Areal BMD 
values (g/cm²) were obtained, and BMD Z-scores were 
calculated using reference values appropriate for age 
and by dividing by the standard deviation (SD) for that 
age, using national reference data for Turkish children11. 
BMD Z-scores were adjusted for height age and bone 
age to account for growth impairment and delayed 
skeletal maturation.
Approval was obtained from the Ethics Committee of 
the Göztepe Training and Research Hospital (decision 
number: 20/C, dated: 20/03/2012).

Statistical Analysis
IBM SPSS Statistics for Windows, version 20 (IBM Corp., 
Armonk, NY, USA) was used for statistical analysis. The 
Shapiro-Wilk test was used to evaluate the distribution 
of continuous variables. Normally distributed data 
were presented as mean and SD, and non-normally 
distributed data were presented as median and range 
(minimum-maximum). Categorical variables were 
presented as numbers and percentages. Univariate 
logistic regression analysis was performed to evaluate 
factors affecting fracture risk. Statistical significance 
was assessed at p<0.05.

Results
A total of 71 patients with CKD were included in the 
study. The mean age of the patients was 13.1±2.9 

•	 Height-adjusted bone mineral 
density (BMD) Z-scores may 
appear within the normal range in 
pediatric chronic kidney disease.

•	 Low bone-age-adjusted BMD 
Z-scores may predict fracture 
risk.

•	 Reduced physical activity 
increases fracture risk and 
warrants intervention.

Highlights
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years, with a female predominance (62.0%, n=44). 
Reflux nephropathy was the most common cause of 
CKD, occurring in 40 patients (56.2%). Other causes 
are listed in Table 1.
Demographic and clinical characteristics of the patients 
are shown in Table 2. Anthropometric evaluation 
demonstrated impaired growth, with a median height 
SDS of -1.88 (range -8.66 to 0.63) and a median weight 
SDS of -1.93 (range -7.66 to 5.27). Most patients (70.4%, 
n=50) were pubertal at the time of evaluation, while the 
remaining 29.6% (n=21) were prepubertal. The median 
bone age was 12.0 years (range: 4.0-19.0), and the 
median difference between chronological age and bone 
age was 1.0 years (range: -1.6-6.2).
BMD assessment revealed a mean areal BMD of 
0.802±0.175 g/cm². The mean ± SD BMD Z-score 
adjusted for height was 2.27±1.73, whereas adjustment 
for bone age yielded a mean ± SD Z-score of 1.15±1.9. 
No patient had a height-adjusted DXA Z-score below 
-2, whereas only two patients had a bone age-adjusted 
DXA Z-score below -2.
With respect to CKD severity, patients were distributed 
across all stages of the disease, with the highest 
proportions in stages 4 (28.2%) and 5 (25.4%). Dialysis 
treatment was administered to 40.8% (n=29) of patients. 
The median duration of CKD was 41 months (range: 
2-174 months), while the median duration of dialysis 
was 15 months (range: 1-92 months).
More than half of the patients (54.9%) belonged to a low 
socioeconomic status group, and 15.5% had a family 
history of osteoporosis. A history of fracture was reported 
in 16.9% (n=12) of the cohort. Most patients had normal 
physical activity levels (78.9%, n=56), whereas 11.3% 
(n=8) had low physical activity, and 9.9% (n=7) were 
paraplegic.
Six (8.5%) of the patients received steroid therapy, 4 
(5.6%) received immunosuppressive agents, and 47 
(66.2%) received phosphate binders. The mean daily 
dietary Ca intake was 376.9±102.3 mg/day.
Laboratory features of the patients are shown in Table 
3. The median estimated GFR was 28.5 mL/min/1.73 
m² (range: 7.3-121.3). Correspondingly, median serum 
urea and creatinine levels were elevated: 77.0 mg/dL 
(range: 14.2-212.0) and 3.0 mg/dL (range: 0.68-10.4), 

respectively. Serum albumin levels were generally 
preserved, with a median value of 4.3 g/dL (minimum-
maximum: 1.69-5.07). 
Parameters related to mineral metabolism demonstrated 
notable variability (Table 3). The median serum Ca 
concentration was 9.73 mg/dL (range: 7.27-10.84), 
while the median serum P concentration was 4.87 mg/
dL (range: 3.09-9.93). The median Ca-P product was 
45.6 (range: 29.8-102.5). Markers of bone turnover were 
frequently elevated. The median ALP level was 230.0 
IU/L (range: 56.0-739.0); the median PTH level was 

Table 1. 
Etiology of chronic kidney disease in patients

Disease Number of 
patients (n)

Percentage of 
patients (%)

Reflux nephropathy 40 56.2

Glomerulonephritis 6 8.4

Renal tubular disease 6 8.4

Renal hypoplasia/displasia 5 7

Cystic renal diseases 4 5.6

Unknown etiology 4 5.6

Nephrolithiasis 3 4.2

Chronic pyelonephritis 1 1.5

Atypical HUS 1 1.5

Hypertension 1 1.5
HUS: Hemolytic uremic syndrome

Table 2.
Demographic, clinical characteristics and assessments of bone 
mineral density of the patients with chronic kidney disease

Age, years 13.1±2.9

Sex
   Female 44 (62.0)

   Male 27 (38.0)

Height SDS -1,88 (-8.66-0.63)

Weight SDS -1.93 (-7.66-5.27)

Puberty
    Prepubertal 21 (29.6)

    Puberty 50 (70.4)

Bone age, years 12.0 (4.0-19.0)

Age-bone age difference 1.0 (-1.6-6.2)

BMD, g/m2 0.802±0.175

BMD Z-score, height age adjusted 2.27±1.73

BMD Z-score, bone age adjusted 1.15±1.9

GFR, mL/min/1.73m2 28.5 (7.3-121.3)

CKD stage
    Stage 1 3 (4.2)

    Stage 2 14 (19.7)

    Stage 3 16 (22.5)

    Stage 4 20 (28.2)

    Stage 5 18 (25.4)

Dialysis 
    Dialysis+ 29 (40.8)

    Dialysis - 42 (59.2)

Duration of CKD, months 41 (2-174)

Duration of dialysis, months 15 (1-92)

Socioeconomic status
    Low 39 (54.9)

    Middle 29 (40.8)

    High 3 (4.2)

Osteoporosis in family 11 (15.5)

History of fracture 12 (16.9)

Physical activity
    Normal 56 (78.9)

    Low 8 (11.3)

    Paraplegy 7 (9.9)

Treatment with steroids 6 (8.5)

Treatment with immunosuppressives 4 (5.6)

Treatment with antiphospate 47 (66.2)

Daily calcium intake with diet (mg/d) 376.9±102.3
Values are summarized using mean ± SD, median (minimum-maximum), and n (%)
BMD: Bone mineral density, CKD: Chronic kidney disease, GFR: Glomerular filtration 
rate, SDS: Standard deviation score
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182.0 pg/mL (range: 10.3-1565.0). In addition, vitamin D 
status was suboptimal, with a median 25-OH D level of 
12.6 ng/mL (minimum-maximum: 3.0-68.2).
In univariate logistic regression analysis (Table 4), most 
clinical, laboratory, and BMD-related variables were not 
significantly associated with fracture risk in patients with 
CKD. However, two variables demonstrated statistically 
significant associations. The bone age-adjusted BMD 
Z-score was significantly associated with fracture risk; 
lower scores conferred higher risk [odds ratio (OR): 
0.666, 95% confidence interval (CI): 0.458-0.971; 
p=0.034]. This finding indicates that a decrease in 

bone age-adjusted BMD Z-score is associated with an 
increased likelihood of fracture. In addition, low physical 
activity level was strongly associated with an increased 
fracture risk. Patients with low physical activity had more 
than a fivefold higher risk of fracture compared with 
those with normal physical activity (OR: 5.556, 95% CI: 
1.461-21.126; p=0.012).

Discussion
In our study, the height-age-adjusted BMD Z-scores 
were within the normal range in pediatric patients with 
CKD. Our findings indicate that fracture risk in pediatric 
patients with CKD was primarily associated with bone 
age-adjusted BMD measured by DXA and physical 
activity level, highlighting the multifactorial nature of 
skeletal fragility in children with CKD.
In our study, the most common causes of CKD were 
reflux nephropathy, glomerulonephritis, renal tubular 
disease, and cystic kidney disease. Similarly, in records 
published by the Turkish Society of Nephrology in 2023, 
the most common causes of end-stage renal disease 
in children were reported to be congenital anomalies 
of the renal and urinary systems in 50% of patients, 
glomerulonephritis in 20%, cystic kidney disease in 
15%, and metabolic and tubulointerstitial diseases 
in 14%12. Ağar et al.13 found that the most common 
etiologies of CKD were congenital renal and urinary 
system anomalies (43.9%), hereditary renal diseases 
(25.6%), and glomerular diseases (23.2%).
We also observed significant reductions in height and 
weight SDS in our patients. In a study by Griffin et al.14, 
males with CKD were 1.7 years older, and females were 
2.9 years older than healthy reference participants of 
the same height. Growth retardation in patients with 
CKD is attributable to factors such as protein-calorie 
malnutrition, metabolic acidosis, fluid and electrolyte 
imbalances, metabolic bone disease, anemia, and 
delayed puberty15.
Bone age assessment revealed a tendency toward 
delayed skeletal maturation, as indicated by the median 
difference between chronological age and bone age in 
our study. This discrepancy highlights the importance 
of considering maturational status when interpreting 
growth and bone-related outcomes in this population. 
The presence of delayed bone age in a substantial 
proportion of patients may have influenced BMD 
measurements and their clinical interpretation. Several 
studies have found that short stature and delayed bone 
age are common in patients with CKD, and that the 
incidence of short stature increases significantly as GFR 
decreases2,15-17. However, delayed bone age has been 
reported to be more prevalent during adolescence than 
in early childhood17. In a study conducted in the early 
2000s that evaluated the BMD of 249 pediatric patients 
with end-stage renal disease, 61.4% of patients had 
severe growth retardation (<-2 SD), and 36.8% showed 
clinical signs of bone disease8. Male sex, physical 
inactivity, and avascular necrosis were associated with 
low lumbar spine BMD8. In these patients, Clinical signs 
of bone disease and severe growth retardation were 
associated with a longer duration of renal replacement 

Table 3.
Laboratory features of patients with chronic kidney disease

Urea, mg/dL 77.0 (14.2-212.0)

Creatinin, mg/dL 3.0 (0.68-10.4)

Albumin, g/dL 4.3 (1.69-5.07)

Calcium, mg/dL 9.73 (7.27-10.84)

Phosphorus, mg/dL 4.87 (3.09-9.93)

CaxP 45.6 (29.8-102.5)

ALP, IU/L 230.0 (56.0-739.0)

PTH, pg/mL 182.0 (10.3-1565.0)

25-OH D vitamin, ng/mL 12.6 (3.0-68.2)
Values are summarized using median (minimum-maximum)
ALP: Alkaline phosphatase, Ca: Calcium, P: Phosphorus, PTH: Parathyroid hormone

Table 4.
Univariate logistics regression analysis of the clinical and laboratory 
features and bone mineral density Z-scores for fracture risk in 
patients with chronic kidney disease

Variable OR (95% CI) p
Age 0.975 (0.790-1.204) 0.814

Sex, female 0.553 (0.158-1.930) 0.353

BMD, g/m2 0.015 (0.000-1.006) 0.050

BMD Z-score height adjusted 0.744 (0.505-1.097) 0.135

BMD Z-score bone age adjusted 0.666 (0.458-0.971) 0.034
Age-bone age difference 0.926 (0.563-1.522) 0.761

Puberty 0.341 (0.095-1.219) 0.098

CKD stage 0.750 (0.445-1.264) 0.280

Dialysis 0.680 (0.184-2.512) 0.563

Duration of CKD 1.002 (0.988-1.017) 0.762

Duration of dialysis 0.984 (0.944-1.026) 0.447

Socioeconomic status 0.529 (0.159-1.764) 0.300

Osteoporosis in family 0.445 (0.052-3.852 0.462

Low level of physical activity 5.556 (1.461-21.126) 0.012
Treatment with steroids 0.982 (0.104-9.248) 0.987

Treatment with 
immunosuppressives 1.697 (0.161-17.859) 0.660

Treatment with phosphate 
binders 1.026 (0.275-3.823) 0.970

Daily calcium intake with diet 1.003 (0.997-1.009) 0.391

25-OH D vitamin levels 0.988 (0.929-1.050) 0.686

Serum PTH levels 1.000 (0.998-1.002) 0.977

Serum P levels 0.754 (0.407-1.395) 0.368

Serum CaxP 0.953 (0.887-1.024) 0.190

Serum ALP levels 1.001 (0.997-1.005) 0.524
ALP: Alkaline phosphatase, BMD: Bone mineral density, Ca: Calcium, CKD: Chronic 
kidney disease, P: Phosphorus, PTH: Parathyroid hormone, OR: Odds ratio, CI: 
Confidence interval



165Journal of Pediatric Academy

therapy, including dialysis8. Reports suggest that BMD 
loss may be more pronounced during adolescence, 
regardless of CKD duration and stage, due to increased 
metabolic demands and the fragile balance between 
bone formation and resorption4,18.
The observed differences between height-age-adjusted 
and bone-age-adjusted BMD Z-scores highlight 
the substantial impact of growth status and skeletal 
maturation on the interpretation of DXA measurements 
in pediatric CKD patients. Adjustment for height-age 
resulted in relatively higher BMD Z-scores; no patient 
met the threshold commonly used to define low bone 
density according to ISCD 2019 Pediatric Skeletal 
Health Assessment Guidelines19. In contrast, bone age-
adjusted analysis identified a small subset of patients 
with Z-scores below -2, suggesting that consideration of 
skeletal maturity may reveal reduced bone mineralization 
not apparent with height adjustment alone. Studies 
have shown that BMD in children with CKD5,8,20,21 can 
be reduced or within the normal range. These studies 
were predominantly conducted in the early 2000s; 
BMD values were not adjusted for patients’ height. 
Pluskiewicz et al.22 evaluated BMD in patients with end-
stage renal disease, including 15 pre-dialysis patients 
and 25 who were receiving dialysis; they found that 
BMD was lower in both pre-dialysis and dialysis patients 
compared to healthy controls. In a 5-year prospective 
study, Swolin-Eide et al.21 observed changes in growth 
and BMD in children with CKD and found that 33% of 
patients experienced a decrease in BMD, whereas 60% 
experienced an increase. Growth and BMD Z-scores 
remained stable in the majority of patients. Given the 
continued growth of the children during the 5-year follow-
up period, an increase in BMD was an expected finding. 
The preservation of growth and BMD Z-scores in the 
majority of these patients suggests that CKD patients 
can achieve acceptable growth and bone development, 
depending on each patient’s characteristics and on 
adequate PTH control21.
Bone mineralization deteriorates as the stage of CKD 
progresses3. Wesseling-Perry3 investigated bone histology 
in 52 children with CKD not receiving dialysis; they reported 
that, as the stage of CKD increased, the balance of bone 
formation and resorption, and especially the incidence of 
abnormal mineralization, increased by 29% in stage 2, 
42% in stage 3, and up to 79% in stages 4/53. We did not 
perform histological evaluation in our study.
Twelve of our patients (16.9%) had a history of fractures. 
Denburg et al.23 reported that, in a study of 537 children 
with CKD, 16% of patients had a history of fracture at 
baseline, and the risk of bone fracture increased during 
the follow-up period. High PTH levels were identified 
as risk factors for fractures, whereas phosphate-
binding therapy was found to protect against fracture 
development23. In our study, no significant relationship 
was found between the risk of bone fracture and P, CaxP, 
PTH, ALP, and 25-OH vitamin D levels, or phosphate-
binding treatment.
Another key finding of this study is the strong association 
between low physical activity level and increased 
fracture risk. Physical activity has a protective effect on 
the skeleton24. Mechanical loading stimulates a local 

bone response, particularly in weight-bearing skeletal 
regions23. In this study, 7 (9.9%) patients had paraplegia 
because of meningomyelocele, and 8 (11.3%) patients 
had reduced physical activity. Reduced mobility or 
inactivity may contribute to impaired bone strength 
independent of biochemical abnormalities. The more 
than fivefold increase in fracture risk observed in patients 
with low physical activity underscores the clinical 
importance of maintaining mobility and promoting safe 
weight-bearing activities when feasible.
Interestingly, traditional biochemical markers of CKD-
MBD, including serum ALP, Ca, P, and PTH levels, 
were not significantly associated with fracture risk in 
univariate analysis. This observation suggests that 
fracture risk in pediatric CKD may not be fully captured 
by static laboratory parameters alone and highlights the 
importance of integrating functional and developmental 
factors, such as skeletal maturation and physical activity.
In the early stages of CKD, Ca supplementation and/
or vitamin D supplementation, and maintenance of 25-
OH vitamin D levels >30 ng/mL are recommended25. It 
has been reported that approximately 60% of children 
with CKD have 25-OH vitamin D deficiency, and this 
is independent of the stage of CKD26. In our study, the 
median 25-OH vitamin D level was 12.6 ng/mL. This 
indicates that 25-OH vitamin D levels and patients’ 
adherence to treatment should be monitored more 
closely.

Study Limitations
This study has certain limitations. Its retrospective 
design, absence of healthy controls, and lack of 
histopathological assessment of bone limit the precision 
of our findings on bone microarchitecture. We could 
not report doses of phosphate-binding treatment or the 
number of patients who met CKD-MBD criteria because 
of the retrospective study design. We reported the 
number of patients who received phosphate-binding 
treatment. However, the results still provide valuable 
insight into bone health in pediatric CKD within a real-
world clinical context.

Conclusion
The present findings highlight the clinical relevance 
of incorporating skeletal maturity into the assessment 
of bone health and fracture risk in children with CKD. 
Bone-age-adjusted BMD Z-scores appear to provide a 
more accurate reflection of skeletal vulnerability than 
height-age-adjusted values. Furthermore, the observed 
association between physical activity level and fracture 
risk underscores the importance of functional factors in 
skeletal integrity. Together, these results suggest that 
fracture risk evaluation in pediatric CKD should adopt a 
comprehensive approach integrating bone age-adjusted 
densitometric and physical activity assessments 
alongside standard clinical and laboratory monitoring, 
potentially informing targeted prevention strategies in 
this high-risk population. 
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Abstract
This study aims to highlight the diagnostic challenges of acute abdominal presentations in children with overlapping infectious 
and obstructive features. A 7-year-old girl with recent travel history presented with vomiting, diarrhea, and reduced urine output. 
Examination revealed dehydration and epigastric tenderness. Laboratory investigations showed elevated inflammatory markers, 
with positive stool PCR for enteroaggregative Escherichia coli (E. coli), enteropathogenic E. coli, and norovirus. Red flag features, 
including bilious vomiting and absent bowel sounds, prompted further evaluation. Imaging demonstrated inflammatory changes in 
the right iliac fossa with partial bowel obstruction. The patient was managed with supportive care and nasogastric decompression, 
leading to gradual clinical improvement. She was discharged in stable condition and subsequently demonstrated full recovery with 
appropriate weight gain at follow-up. This case emphasizes the importance of considering mechanical obstruction. In pediatric 
patients presenting with presumed infectious gastroenteritis, particularly when red flag features are present, further evaluation is 
recommended. Early recognition and timely intervention can prevent complications and improve outcomes.

Keywords: Case reports, paralytic ileus, rotavirus infections, Escherichia coli infections

Introduction
Paralytic ileus, also referred to as an intestinal pseudo-
obstruction, is a clinical condition resulting from a disruption 
in the regulatory activity of the autonomic nervous system.
Some of the most common causes of this autonomic 
imbalance include trauma, electrolyte imbalance, bacterial 
or viral gastroenteritis, surgical procedures, and mesenteric 
ischemia1.
Rotavirus is recognized as one of the major causes of 
infectious gastroenteritis globally and is well known to 

cause severe diarrhea. Paralytic ileus develops as a 
complication of potassium losses resulting from severe 
vomiting and diarrhea, or secondary to the inflammation 
and bowel irritation caused by the infection itself. In a study 
conducted in Kosovo, involving 116 children infected with 
rotavirus, researchers reported that 9.5% of these children 
had documented instances of ileus2.
Enteroaggregative Escherichia coli (E. coli) and 
Enterotoxigenic E. coli are known causative agents for 
diarrhea. However, no direct association linking the two with 
paralytic ileus is established so far in any medical literature.
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Case Presentation
A 7-year-old German female, accompanied by her 
parents, presented to the Emergency Department after 
returning from Sri Lanka with a 3-day history of vomiting, 
diarrhea, abdominal pain, and fever.
Family members had similar mild symptoms that 
resolved without complications. On arrival, she 
appeared severely dehydrated and was admitted for 
further management. Initially, she had frequent watery 
diarrhea with no evidence of blood or mucus, and non-
bilious vomiting, which progressed to bilious vomiting 24 
hours post-admission, accompanied by reduced urine 
output.
On physical examination, she was alert, oriented, 
afebrile, with moderate to severe dehydration and 
delayed skin turgor. The abdomen was soft with diffuse 
epigastric tenderness, non-distended, with normal 
bowel sounds, no palpable masses, and no right iliac 
fossa tenderness. She was managed with intravenous 
(IV) fluids, antiemetics analgesics, and was given IV 
metronidazole. A pediatric surgeon recommended 
keeping her nil by mouth (Table 1).
An abdominal ultrasound revealed minimal fluid collection 
at the right iliac fossa associated with echogenic fat 
smudging as well as bowel mural thickening, a computed 
tomography (CT) scan with contrast of the abdomen. 
revealed presence of an inflammatory process implicating 
the right iliac fossa with mural thickening of the terminal 
ileum, cecum, and appendix with proximal small bowel 
loops showing multiple air-fluid levels. The transition point 
was seen in the mid pelvis at the level of the terminal ileum 
with partially collapsed distal small bowel loops and colon; 
the process was associated with mild bilateral paracolic 
gutter and pelvic free fluid, and multiple mesenteric lymph 
nodes (Figures 1-4). This confirmed the presence of a 
partial small bowel obstruction. She was started on IV 
gentamicin and received IV proton pump inhibitor therapy. 
A nasogastric (NG) tube was inserted for decompression. 
She was under continuous monitoring, including. 
Abdominal girth every 8 hours, daily urine and NG output, 
and routine blood tests throughout hospitalization.
On day 4, she developed fever despite ongoing antibiotic 
therapy; and a respiratory viral panel was positive 
for influenza A. She also developed hyponatremia, 
which was managed with temporary NG clamping 
and hypertonic saline. The NG tube was removed on 
day 7, and oral intake gradually improved to liquids 
and a soft diet. She had one episode of loose stool 
prior to discharge on day 8, with no vomiting. She was 
discharged in stable condition on a short course of oral 
metronidazole, oral rehydration solution, probiotics, and 
antipyretics, as needed.

Discussion
Functional ileus is characterized by a non-mechanical 
decrease or arrest of intestinal transit. Although it 
may mimic mechanical obstruction clinically, imaging 
typically reveals the absence of a physical blockage3. 
The pathophysiology is thought to involve a complex 
neuroimmune interaction that is not yet fully understood. 
Recognized risk factors include intra-abdominal 

inflammation, hypokalaemia, and delayed NG tube 
placement3.
This case reports a rare and complex presentation 
of ileus secondary to gastroenteritis in a child with no 
significant past medical history, emphasizing the need 
for a thorough physical exam and consistent monitoring.
Differential diagnoses included infectious enterocolitis, 
post-infectious inflammatory bowel disease flare, 
intussusception, and early stages of inflammatory 
bowel disease. However, the acute presentation and 
positive travel history were more suggestive of a post-
infectious inflammatory reaction, paired with electrolyte 
disturbances leading to ileus.
Management focused on meticulous fluid resuscitation, 
electrolyte replenishment, bowel rest, and NG 
decompression. The gradual improvement without 
surgical intervention highlights the effectiveness of 
conservative management in select cases of ileus4. 
Early involvement of a multidisciplinary team, including 
paediatric surgery, is integral to monitoring and decision-
making. There are very few reports of ileus secondary 
to gastroenteritis in the paediatric population. This 
case contributes to the limited literature highlighting 
post-infectious inflammatory mechanisms leading to 
functional obstruction, and emphasizes the need for 
further research in this area.

Table 1.
Laboratory findings

Test Result Normal range
RBC (x106/uL) 4.64 3.96-5.30

MCV (fL) 79 79-97

MCH (pg) 27 27-33

Hgb (g/dL) 11.5 12.6-17.7

Hematocrit (%) 33.7 37.5-51.0

MCHC (g/dL) 34 32-36

RDW (%) 13.7 12.3-15.4

WBC (×103/µL) 20.2 3.4-10.8

ANC (×103/µL) 13.3 2.5-6

Platelets (×103/µL) 316 150-379

Sodium (mmol/L) 130 134-144

Potassium (mmol/L) 3.6 3.5-5.2

Creatinine (mg/dL) 0.70 0.76-1.27

Albumin (g/dL) 4.2 3.5-5.5

AST (U/L) 16 0-40

ALT (U/L) 11 0-44

ALP (U/L) 126 30-120

Total bilirubin (mg/dL) 0.22 0-1.2

Direct bilirubin (mg/dL) 0.15 0-0.4

Alkaline phosphatase (U/L) 126 134-349

CRP (mg/L) 239 0-4.9

GI panel: (EAEC+EPEC);
Norovirus

Tested positive 
for all 3 strains -

RBC: Red blood cell, Hgb: Hemoglobin, AST: Aspartate aminotransferase, ALT: Alanine 
aminotransferase, CRP: C-reactive protein, EAEC: Enteroaggregative Escherichia coli, 
EPEC: Enteropathogenic Escherichia coli, ALP: Alkaline phosphatase, MCV: Mean 
corpuscular volume, MCH: Mean corpuscular hemoglobin, RDW: Red cell distribution 
width, MCHC: Mean corpuscular hemoglobin concentration, ANC: Absolute neutrophil 
count, GI: Gastrointestinal
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Conclusion
The purpose of this case study is to highlight how an 
uncomplicated case of acute gastroenteritis could 
precipitate ileus due to electrolyte disturbances and 
severity of the infection. Although early surgical 
consultation is warranted in pediatric cases with 
suspected bowel obstruction, this report shows that 
conservative management and timely intervention are 
crucial to avoid long-term complications.
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Abstract
The retropharyngeal abscess (RPA) is an uncommon and potentially fatal infection of the deep spaces in the neck. The global 
incidence is unknown, but it has been reported to be more common in children between six months and six years. The clinical 
manifestations are unspecified and exhibit a different disease etiology from those in adults. The imaging studies are useful to 
reveal details of the severity of the illness and its complications. Treatment options include conservative therapies or surgery. We 
presented the difficult diagnostic case of a 6-month-old male infant with nonspecific symptoms, and an imaging study that showed 
a RPA that did not respond to initial antibiotic therapy. Knowledge of clinical manifestations, primary diagnosis tools, and timely 
treatment of this entity is crucial to avoiding life-threatening complications, especially in infants, given the diagnostic challenge 
posed by the difficulty of identifying symptoms in this population.

Keywords: Retropharyngeal abscess, child, anti-bacterial agents, drug resistance

Introduction
A retropharyngeal abscess (RPA) is a rare and life-
threatening infection of the deep neck spaces1,2. Little 
is known about their global incidence in the paediatric 
population. However, it has been reported to be more 
common in children between six months and six years 
than it is in the adolescent population3. Novis et al.4 studied 

the incidence of deep neck infections (DNI) in paediatric 
populations in the United States from 2000 to 2009 and 
found that RPA increased from 0.10 cases per 10,000 in 
2000 to 0.22 in 2009. The cause of this phenomenon is 
associated with a change in normal oropharyngeal flora 
due to drug-resistant bacterial strains1.
The first clinical manifestations of DNI include prodromal 
illness with upper respiratory symptoms with or without 
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fever, and signs and symptoms secondary to neck 
structure involvement, such as neck swelling and pain, 
limited neck motion, poor appetite, trismus, stridor, and 
respiratory distress1,3. The children deserve special 
attention because the symptoms are unspecified, which 
have a different disease aetiology than in adults1.
The diagnosis is based on clinical manifestations 
and imaging studies such as ultrasound, computed 
tomography (CT), and magnetic resonance imaging, 
which can reveal details on the severity of the illness 
and its complications5. Additionally, abscess cultures 
are strongly recommended to determine the aetiology. 
The treatment strategy should focus on the specific 
patient; sometimes, this requires surgical therapy or a 
conservative approach with antibiotics6.
In the past, these pathologies had a negative prognosis, 
but advances in imaging, surgical techniques, and the 
availability of broad-spectrum antibiotics improved 
the prognosis7. We presented the difficult diagnostic 
and therapeutic case of a 6-month-old male infant 
with nonspecific symptoms and an imaging study that 
showed a RPA that did not respond to initial antibiotic 
therapy.

Case Presentation
A 6-month-old male infant with no prior medical 
issues presented to the emergency room with a 39 °C 
fever, inappetence, and mother-reported abdominal 
pain over the past two days. He was treated with 
antipyretics, without resolution. On presentation, 
the vital signs showed a heart rate of 129 beats per 
minute, a respiratory rate of 18 breaths per minute, a 
temperature of 42 °C, and a weight of 7620 g. The initial 
physical examination showed grade I dehydration, 
and irritation. Subsequently, he was evaluated by 
a paediatrician, and the vital signs showed a heart 
rate of 152 beats per minute, a respiratory rate of 
25 breaths per minute, an oxygen saturation of 98% 
in room air, a temperature of 38.5 °C, and a new 
physical examination indicated moderate dehydration, 
irritability, and cervical rigidity.
Initial laboratory tests showed an elevated white blood 
cell count [27,160/mL, normal range (NR): 6,000-17,500/
mL], neutrophilia (69.1%), lymphopenia (19.9%), and 
thrombocytosis (621,000/mL, NR: 150,000-450,000/
mL),  with a red blood cell count in the lower limit 
(haemoglobin: 11 g/dL, NR: 10.1-12.9 g/dL, haematocrit: 
32.9%, NR: 34-40%), an elevated C-reactive protein (48 
mg/L, NR: <0.3 mg/L), an elevated procalcitonin (1.99 
ng/mL, NR: <0.1 ng/mL), a normal random glucose test 
(137.1 mg/dL, NR: <200 mg/dL), and normal electrolytes 
(chloride: 105.3 mmol/L, NR: 96-106 mmol/L, sodium: 
140.8 mmol/L, NR: 135-145 mmol/L, potassium: 4.71, 
NR: 3.5-4.5 mmol/L). Initial imaging studies with chest 
radiography, abdominal ultrasonography, and head CT 
were within normal limits.
The medical team suspected a neuroinfection and 
started treatment with ceftriaxone 100 mg/kg/day, 
vancomycin 60 mg/kg/day, and acyclovir 60 mg/kg/
day. The cerebrospinal fluid analysis was normal, and 
the cerebrospinal fluid culture, two blood cultures, and 

film array were negative. The urine culture reported 
polymicrobial growth.
Subsequently, the physical examination revealed 
pain from cervical mobilisation. For this reason, the 
paediatrician asked for a neck CT with contrast, which 
showed a RPA measuring 20x10x18 mm that discreetly 
displaces the airway and has a slightly peripheral 
enhancement. Additionally, it showed reactive-looking 
lymph nodes (Figure 1). The paediatrician suspended 
the acyclovir treatment, and he underwent an 
otorhinolaryngology evaluation, which required a follow-
up neck CT to evaluate the antibiotic response and the 
need for a surgical procedure.
During hospitalisation, the patient had persistent fever 
despite medical management, and the laboratory 
control reported a leukocyte count (36,200/mL, 
NR: 6,000-17,500/mL), neutrophilia (54.5%), mild 
anaemia (haemoglobin: 10.1 g/dL, NR: 10.1-12.9 g/
dL, haematocrit: 30.1%, NR: 34-40%), thrombocytosis 
(745,000/mL, NR: 150,000-450,000/mL), and C-reactive 
protein (24 mg/L, NR: <0.3 mg/L). The infectologist 
evaluated the patient and decided to change the antibiotic 
treatment from ceftriaxone to meropenem and continue 
with vancomycin and clindamycin. Considering these 
findings and the worsening of clinical and paraclinical 
status, the medical team decided that surgical treatment 
was necessary, and the patient was referred to a higher-
level hospital.
Consent was obtained from the patient’s mother, in 
accordance with institutional ethical guidelines, prior to 
the inclusion of the infant in the case report.

Discussion 
The nonspecific clinical manifestations of RPA can pose 
challenges for practitioners because this condition may 
mimic other diseases, such as meningitis, epiglottitis, 
and foreign body aspiration8. Our case illustrated that 
problem, first due to the early age of the patient with 
limited communication skills and, second, because 
of the clinical manifestations that led to the suspicion 
of a neuroinfection. The medical team’s expertise in 
suspecting this condition in a child with prolonged fever 

Figure 1. Axial slice of a neck CT scan showing a retropharyngeal abscess (red 
arrow) and a slight displacement of the airway (blue arrow)
CT: Computed tomography
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and altered laboratory test results enabled the unusual 
diagnosis9.
Some authors suggest that alarming signs to consider 
for RPA are odynophagia, cervical pain, dyspnoea, 
stridor, trismus, cervical rigidity, and febrile syndrome7. 
In an infant, some of these symptoms are difficult to 
identify, but fortunately, in this case, the cervical rigidity 
suggested a neuroinfection, and later, the cervical pain 
raised doubt about the diagnosis, so, a CT scan of the 
neck was requested, which revealed the RPA.
In children, common causes of DNI include such as 
haematogenous and suppurative cervical adenitis, 
tonsillitis, and pharyngitis. In adults, the main cause is 
usually related to dental issues.  In terms of causative 
microorganisms of RPA, Staphylococcus aureus (SA) 
is the most common isolate from neck abscesses, but 
polymicrobial isolates such as aerobes, anaerobes, and 
gram-negative organisms are also present in RPA. In all 
cases, that pathology requires empirical treatment with 
broad-spectrum antibiotics6,10. Recently, the incidence 
of methicillin-resistant SA (MRSA) has increased6,11. 
Naseri et al.12 evaluated 21,009 paediatric head and 
neck SA infections between 2001 and 2006 in the 
U.S. and found that MRSA was seen in 21.6% of all 
the patients, increasing from 11.8% in 2001 to 28.1% 
in 2006, representing an increase of 16.3 percentage 
points over six years. The increased use of antibiotics 
may put selective pressure on resistant strains10.
The choice of surgical treatment depends on clinical 
manifestations, imaging reports, and antibiotic 
response11. In this case, the patient required referral to 
a higher level of complexity for a surgical procedure due 
to stationary clinical evolution and a severe worsening 
of laboratory tests. The patient was successfully treated 
requiring abscess drainage, and was subsequently 
discharged without complications.

Conclusion 
RPA is a rare and complex disease requiring special 
attention in the paediatric population. Higher presentation 
rates of this disease appear to be associated with 
patterns of antibiotic resistance. Knowledge of clinical 
manifestations and primary diagnostic tools is essential 
to prompt recognition. The presentation of RPA in infants 
is even rarer, and the diagnosis is challenging due to the 
difficulty in identifying the typical RPA symptoms in this 
population. Timely treatment of this entity is crucial to 
avoiding life-threatening complications, especially in the 
infant population.
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