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EDITORIAL / EDİTORYAL

The opening issue of volume 13 arrives at a moment of remarkable momentum in our discipline. Within the span of a single week 
in March 2026, the Surviving Sepsis Campaign (SSC) released its second-ever pediatric-specific guidelines1,2 the Society of Critical 
Care Medicine (SCCM) published the first evidence-based framework for end-of-life care in pediatric and neonatal intensive care 
units,3 and the updated Pediatric Readiness in the Emergency Department joint policy statement-released in January 2026-began 
reshaping how emergency departments across the world prepare for critically ill children.4 Rarely have so many foundational 
documents converged in such a brief period, each carrying direct implications for the clinicians and researchers who form the 
readership of this journal.

The 2026 SSC Pediatric Guidelines, published simultaneously in Pediatric Critical Care Medicine and Intensive Care Medicine 
on March 23, 2026, represent a substantial expansion from their 2020 predecessor.1,2,5 The updated document now contains 
61 statements-of which 20 address entirely new questions-covering recognition and management of infection, hemodynamics 
and resuscitation, ventilation, adjunctive therapies, and, for the first time, long-term follow-up of children who survive sepsis.1 
Among the most practice-changing recommendations are the conditional suggestion to use point-of-care cardiac and lung 
ultrasound (POCUS) to guide resuscitation when local training and resources allow; the recommendation against routine 
use of procalcitonin to guide antimicrobial de-escalation when effective stewardship programs are in place; the suggestion 
to target conservative oxygen saturation (SpO2 88-92%) rather than liberal targets (>94%) following initial resuscitation in 
intubated children with sepsis; and the recommendation for routine infectious diseases consultation in children with sepsis and 
documented bloodstream infections.1,2 These guidelines also formally acknowledge the 2024 Phoenix Sepsis Criteria alongside 
traditional definitions, reflecting the evolving landscape of pediatric sepsis identification.6 Importantly, the panel introduced a 
new category of “in our practice” statements for areas where evidence remains insufficient but clinical guidance is needed-a 
pragmatic approach that resonates with the daily realities of our emergency departments and intensive care units, particularly 
in resource-variable settings.2

One week earlier, the SCCM published its 2026 Guidelines on the Care and Management of Pediatric and Neonatal Intensive 
Care Patients at the End of Life-the first-ever GRADE-based guideline specifically addressing end-of-life care in pediatric critical 
care.3 Developed by a 21-member multidisciplinary panel including intensivists, nurses, palliative care specialists, bioethicists, and 
bereaved parents, this document provides five conditional recommendations and one good practice statement encompassing 
advance care planning, palliative care consultation, systematic symptom management, bereavement support, and health equity 
in end-of-life care.3 For those of us who daily witness the intersection of maximal therapeutic effort and the limits of medicine, 
this guideline offers not only clinical direction but also ethical grounding for conversations that remain among the most difficult 
in our practice.

The third landmark development-the 2026 Joint Policy Statement on Pediatric Readiness in the emergency department-was 
released in January 2026 by the American Academy of Pediatrics, the American College of Emergency Physicians, and the 
Emergency Nurses Association, with endorsement from multiple national organizations.4 Building on robust evidence that high 
levels of pediatric readiness are associated with a 76% reduction in mortality risk for critically ill children and a 60% reduction for 
injured children, the updated statement now extends its scope to freestanding emergency departments, emphasizes universal 
suicide screening in adolescents, calls for multidisciplinary review of all pediatric deaths and adverse events, and places greater 
emphasis on pediatric mental health preparedness.4 The 2026 National Pediatric Readiness Project Assessment, which opened 
on March 3, 2026, provides a structured framework for emergency departments worldwide to evaluate and improve their 
capacity to care for children-a mission that lies at the very heart of our journal’s identity.
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It is against this backdrop of global guideline transformation that we present the current issue.

The six original research articles and four case reports in this issue collectively illustrate the breadth of challenges encountered in 
pediatric emergency and critical care settings across multiple countries. Gürsoy Durak et al.7 present a prospective comparison 
of high-flow nasal cannula (HFNC) therapy versus salbutamol with standard oxygen in infants with bronchiolitis, demonstrating 
earlier clinical improvement with HFNC as measured by serial respiratory clinical scoring-a finding that aligns with the growing 
body of evidence supporting HFNC as a first-line respiratory support modality in selected populations. Their observation of 
reduced emergency department re-admission rates with HFNC, despite longer initial hospitalization, raises important questions 
about how we define treatment success and whether short-term metrics adequately capture patient-centered outcomes.

Bilen et al.8 offer an elegant contribution to the diagnostic approach of foreign body aspiration by demonstrating that quantitative 
radiodensity measurement on standard chest radiography nearly doubles the detection rate of aspiration-related hyperinflation-
from 42.9% to 80.7%. In an era of advanced imaging, this study reminds us that substantial diagnostic gains can be achieved 
through more rigorous analysis of readily available tools, an approach particularly relevant for resource-limited settings.

Yavuz et al.9 provide a sobering 23-year analysis of cardiovascular surgical outcomes in Down syndrome patients, identifying 
postoperative systemic inflammatory response syndrome and high RACHS-1 surgical risk category as the strongest predictors of 
mortality. Their finding that comorbidity was paradoxically associated with lower mortality-likely because the underlying cardiac 
defect, rather than associated conditions, drove outcomes-underscores the complexity of risk stratification in this vulnerable 
population.

The study by Söngüt et al.10 demonstrates that even a brief 15-minute structured first-aid training session can significantly 
improve parental knowledge of pediatric head trauma management, with a strong effect size. This work speaks directly to the 
community-based preventive strategies that the updated Pediatric Readiness statement emphasizes.4 Gupta et al.11 from North 
India document a shifting epidemiological pattern in childhood poisoning, with corrosive household cleaners now surpassing 
kerosene as the leading agent-a change that demands updated prevention strategies and public health messaging.

Aycan et al.12 present a comprehensive single-center analysis of pediatric acute liver failure, demonstrating that toxic and drug-
induced etiologies-predominantly mushroom poisoning and medication overdose-constitute the most common cause and follow 
a milder clinical course than other etiologies. Their 81% overall survival rate, achieved through early intensive care and timely 
liver transplantation, reflects the advances in multidisciplinary management that have transformed outcomes in this historically 
devastating condition.

The case reports in this issue carry their own urgent messages. Bayramov et al.13 describe severe myocardial injury in an 
adolescent following consumption of multiple energy drinks-a scenario increasingly encountered in pediatric emergency 
departments worldwide and one that demands regulatory attention and public awareness. Aydın and Battal14 present two 
adolescent cases illustrating the life-threatening consequences of social media “challenges”-one surviving severe hyponatremia, 
the other succumbing to aspiration during an eating contest-reminding us that the digital environment has become a significant 
source of pediatric morbidity and mortality.

The bibliometric analysis by Martuti et al.15 provides a valuable cartography of non-invasive ventilation research in children, 
revealing the expansion of this field from neonatal oxygenation toward broader clinical outcomes including extubation failure, 
weaning protocols, and mortality metrics. Their identification of Southeast Asia as an underrepresented region presents a clear 
opportunity for collaborative research that this journal is well-positioned to facilitate.

As we look forward, the convergence of the new SSC Pediatric Guidelines,1 the SCCM End-of-Life Guidelines,3 and the Pediatric 
Readiness statement4 creates both a challenge and an opportunity. The challenge lies in translating these evidence-based 
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recommendations into practice across diverse healthcare settings-from tertiary academic centers to rural emergency departments, 
from high-income to low- and middle-income countries. The opportunity lies in the research questions these guidelines generate: 
how should we implement POCUS-guided resuscitation in settings with limited training infrastructure? What are the optimal 
conservative oxygenation targets across different pediatric age groups and disease states? How do we integrate mental health 
screening into already burdened emergency department workflows? And how do we ensure that end-of-life care guidelines are 
culturally adaptable across the diverse communities we serve?

This journal remains committed to publishing rigorous, clinically relevant research that addresses these questions and advances 
the care of critically ill and injured children worldwide. I invite our readers-clinicians, researchers, and trainees alike-to engage 
with the work presented in this issue, to challenge its findings, and to build upon them in their own practice and scholarship.

Prof. Hayri Levent Yılmaz, MD.

Editor-in-Chief

Journal of Pediatric Emergency and Intensive Care Medicine
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 Abstract

Introduction: As the benefit of many pharmacologic treatments for 
bronchiolitis is a source of debate, investigations of more effective, 
easy-to-apply treatment modalities of acute bronchiolitis remain up-
to-date.

Methods: In this study, nebulised salbutamol plus standard oxygen 
(S) and HFNC (HF) therapies were administered to children younger 
than two years of age, with a respiratory clinical score (RCS) ≥4 
points, who presented with a first episode of acute bronchiolitis.

Results: The mean age of 72 patients was 7.8±0.4, and 59.7% were 
younger than six months. The mean RCS of the patients at admission 
was 8.42±2.026 points. A significant decrease was observed in the 
mean RCS scores evaluated at 1-2-4-8 hours, from the first hour 
(p<0.05). The mean length of hospital stay and duration of oxygen 
therapy were 70±64.6 (4-288) and 67.7±62.2 (4-264) hours. Within 
the first few days after discharge, 50% of the patients returned to 
the pediatric emergency department (PED). The mean RCS showed 
a difference in favour of the HF group from the second hour of 
treatment (p=0.002). Expected improvement was not observed in 
17.1% of the patients in the S group only, thus HF should be added. 
Patients in the HF group and patients in whom HF was added to 
S had higher hospitalisation rates (p=0.017), longer hospital stays 
(p=0.002), and longer duration of oxygen therapy (p=0.001). Re-
admission to PED after discharge was observed in 64.2% of the 
cases in the S group only (p<0.001). 

Conclusion: In this study, it may be said that HFNC treatment 
provides earlier and faster clinical improvement in children with 
bronchiolitis and reduces re-admissions related to the same disease. 

Keywords: Acute bronchiolitis, salbutamol, high flow nasal oxygen 
therapy

 Öz

Giriş: Bronşiolit için birçok farmakolojik tedavinin faydası tartışma 
konusu olduğundan, akut bronşiolit için uygulanması kolay daha etkili 
tedavi yöntemlerinin araştırılması konusu güncelliğini korumaktadır.

Yöntemler: Bu çalışmada; iki yaşından küçük, solunum klinik skoru 
(RKS) ≥4 puan olan ve ilk akut bronşiolit atağıyla gelen çocuklara 
nebulize salbutamol + artı standart oksijen(S) ve yüksek akışlı nazal 
kanül oksijen tedavisi (HF) tedavileri uygulandı.

Bulgular: Yetmiş iki hastanın ortalama yaşı 7,8±0,4 idi ve %59,7’si altı 
aydan küçüktü. Hastaların kabul anındaki ortalama RKS’si 8,42±2,026 
puandı. İlk saatten itibaren 1-2-4-8 saatte değerlendirilen ortalama 
RKS skorlarında anlamlı bir düşüş gözlendi (p<0,05). Hastanede kalış 
süresi ve oksijen tedavisinin süresi ortalamaları sırasıyla 70±64,6 
(4-288) ve 67,7±62,2 (4-264) saatti. Taburcu olduktan sonraki ilk 
birkaç gün içinde hastaların %50’si tekrar çocuk acil servisine (PED) 
başvurdu. Ortalama RKS, tedavinin ikinci saatinden itibaren HF 
grubunun lehine farklılık gösterdi (p=0,002). Sadece S grubunda 
hastaların %17,1’inde beklenen iyileşme görülmedi ve HF eklenmesi 
gerekti. HF grubundaki hastalar ve S’ye HF eklenen hastalarda daha 
yüksek hastane yatış oranları (p=0,017), daha uzun hastanede kalış 
süreleri (p=0,002) ve daha uzun oksijen tedavisi süreleri (p=0,001) 
vardı. Taburcu olduktan sonra PED’ye tekrar başvuru sadece S 
grubunda %64,2 oranında görüldü (p<0,001).

Sonuç: Bu çalışmada; HFNC tedavisinin bronşiolitli çocuklarda daha 
erken ve daha hızlı klinik iyileşme sağladığı ve aynı hastalığa bağlı 
tekrar yatışları azalttığı söylenebilir.

Anahtar Kelimeler: Akut bronşiolit, salbutamol, yüksek akımlı nazal 
oksijen tedavisi

 Şule Zuhal Gürsoy Durak,  Özlem Tolu Kendir,  Nilgün Erkek,  Ömerhan Başpınar,  Ramazan Gürlü
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Introduction

As the benefit of many pharmacologic treatments for 
bronchiolitis is a source of debate, supportive care, including 
supplemental oxygen for hypoxemia, is currently the mainstay 
of treatment for bronchiolitis.1-4 Recently, various clinical 
studies have reported that the high-flow nasal cannula oxygen 
therapy system (HFNC) may be a safe treatment option that 
can improve SpO

2
, respiratory rate, heart rate, and blood gas 

parameters in paediatric patients with acute lower respiratory 
tract infections.5-8 However, as in many parts of the world, 
physicians continue to manage patients in our country with 
their individual experiences and decisions.9,10

Objective

The aim of this study is to perform a non-blind, open label, 
quasi-randomised, prospective crossover trial in infants under 
24 months with a first clinically diagnosed bronchiolitis, 
comparing nebulised salbutamol plus standard mask 
oxygen therapy to HFNC therapy in a paediatric emergency 
setting in our center. The primary outcome is treatment 
success of salbutamol plus standard mask oxygen or HFNC 
therapy. Treatment success is defined as a decrease of at 
least two points in respiratory clinical score (RCS) scores or 
a downward change in the clinical severity category of the 
patients. Secondary outcome measures comprise (a) the rate 
of hospitalisation; (b) length of stay in hospital; (c) the rate 
of transfer of children to the pediatric intensive care unit; 
(d) length of oxygen therapy; (e) measurement of patients’ 
comfort scores; (f) measurement of adverse side effects.

Materials and Methods

We included infants with the diagnosis of acute bronchiolitis 
that is defined as a viral respiratory infection with nasal 
discharge and wheezy cough, and in the presence of fine 
inspiratory crackles, or high-pitched expiratory wheeze 
on admission to the pediatric emergency room. Inclusion 
criteria were; infants aged ≤24 months with their first acute 
bronchiolitis attack, RCS ≥4 points, and/or having SpO

2
<94% 

on room air, and/or having respiratory acidosis in their blood 
gases. Infants with previous episodes of wheezing, any chest 
or upper airway deformity and/or trauma limiting respiratory 
function, chronic (cardiac, respiratory, immunological, 
neurological, or metabolic) disease under treatment, and 
urgent need for advanced respiratory support on admission 
were excluded. 

In our prospective clinical intervention study, patients were 
selected according to the pre-specified criteria mentioned 
above, and every 4th patient was randomized to receive HFNC 
oxygen therapy considering the limits of the study budget. 

During the assignment of patients to treatment groups, 
ranking numbers were used to determine that every fourth 
patient would be in the HFNC group, and the total number 
of patients who started with and those who added HFNC 
treatment was restricted to the available sets. The allocation 
of patient to the treatment groups using method that were 
not truly random but intended to produce similar groups This 
quasi-randomization was used because true randomization 
was not feasible. Emergency department staff were not 
blinded in terms of the implementation of treatment, clinical 
evaluation, and scoring. Our study was planned and conducted 
as a pediatric resident thesis. The assistant physician and the 
responsible faculty member, who collected and evaluated 
the study data, were not involved in the treatment process 
and clinical evaluation of study patients. Ethical approval was 
obtained from the Local Clinical Researches Ethics Committee 
of Akdeniz University (15.11.2017-674), and the trial was 
overseen by a steering committee, consisting of senior 
pediatrics faculty members, for the ethical and rigorous 
conduct of the trial. Governance approval from the university 
hospital has been obtained. There was no registration in 
another clinical study system. Informed written consent was 
obtained from a parent of each child.

All patients were clinically evaluated for study inclusion by 
pediatric emergency department (PED) physicians using 
standard history and physical examination. The RCS system 
is a reliable scoring method that can be calculated quickly 
and easily, with 0-4 points indicating mild severity,5-8 points 
indicating moderate severity, and 9-12 points indicating 
severe respiratory distress clinical category.11-13 The RCS takes 
into account the 4 parameters, namely, respiratory rate, 
retractions, dyspnea, and wheezing. Each parameter is scored 
in four steps, with scores ranging from 0 to 3 points, as shown 
in Figure 1. Pretrained PED physicians assessed the RCS score 
of patients included in the study just before the allocation, 
and at the 1st, 2nd, 4th, and 8th hour of treatment.

Treatment in the first group was started with HFNC, and in 
the second group was started with standard mask oxygen 
therapy and salbutamol nebulisation. If the expected response 
was not achieved by the end of the second hour, salbutamol 
nebulisation was added to HFNC in the first group, or HFNC 
was added to salbutamol in the second group. Support with 
HFNC was not removed when placing the jet nebuliser face 
mask, in patients requiring a change in therapy. The PED 
physician deemed a treatment change was required; if RCS 
scores of the patient were not decreased by at least two 
points, or increased above baseline, and/or if a downward 
change in the clinical severity category was not achieved 
and/or if there was further decrease or no improvement in 
SpO

2
 measurements, or if the patient showed obvious non-

compliance with the treatment. After commencing the trial, 
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Figure 1. Course of RCS scores in treatment groups
RCS: Respiratory clinical score, HFNC: High-flow nasal cannula oxygen therapy system

Respiratory clinical scoring tool Assessment time (hour)

Variables Features Points 0 1st 2nd 4th 8th

Respiratory rate/min <30 0          

  ≤45 1          

  ≤60 2          

  >60 3          

Retractions None 0          

(Work of breathing) Subcostal OR intercostal 1          

  At least 2 of them subcostal/intercostal/substernal OR nazal flaring 2          

 
At least 3 of them subcostal/intercostal/substernal/suprasternal/ 
supraclavicular OR nazal flaring/head bobing

3          

Dyspnea Normal feeding vocalizations and activity 0          

(Shortness of breath) Any of them difficulty feeding decreased vocalization OR agitated 1          

  At least 2 of them difficulty feeding decreased vocalization OR agitated 2          

  Any of them stops feeding no vocalization drowsy OR confused 3          

Wheezing None 0          

  End-expiratory wheeze only 1          

  Long lasting OR whole expiratory wheeze 2          

  Inspiratory and expiratory wheeze OR diminished breath sounds OR both 3          

Total RCS score* Time 0: 1st: 2nd: 4th: 8th:

Heart rate/min** ≤150 0          

  ≤160 1          

  ≤170 2          

  >170 3          

Saturation SpO
2
 %** ≥95 0          

  ≥94 1          

  ≥90 2          

  <90 3          

*: Based on the total score obtained there can be 3 clinical categories of respiratory distress Mild (0-4) Moderate (5-8) Severe (9-12)
**: Heart rate and saturation SpO

2
 are evaluated separately apart from scoring
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RCS scores were evaluated at 0, 1, 2, 4, and 8 hours, along 
with hourly vital signs and SpO

2
% measurements of the 

patients. 

Implementations and Protocols

HFNC therapy

Heated and humidified HFNC oxygen is delivered via Airvo 
2 device, through an Optiflow junior infant size cannula 
(OPT316) of Fisher & Paykel Healthcare. Initial settings were 
2 L/kg/min flow and 100% inspiratory oxygen fraction (FiO

2
); 

then, according to physician’s clinical judgement, flow rate 
increments of 2 L/min (to a maximum of 25 L/min) were 
made at quarter-hour intervals and FiO

2
 titrated to ≤40% to 

maintain SpO
2
 ≥95%. All patients received standard care at the 

discretion of PED physicians. To wean the treatment, patients 
who achieved RCS <4 points for at least 8 hours under HFNC 
therapy underwent a gradual reduction of the flow rate by 10-
25%. They were monitored for 2 hours after each change. If 
the infant was clinically stable and able to maintain saturations 
≥95% for at least 2 hours after the flow rate decreased below 4 
L/min, HFNC therapy was ceased and the patient was switched 
to low flow oxygen therapy with a mask. Oxygen support 
was turned off completely once a patient receiving standard 
oxygen therapy with a mask remained stable and maintained 
SpO

2
 ≥95% for at least four hours.

Salbutamol treatment

Salbutamol was given 0.15 mg/kg (maximum 2.5 mg/dose), 
every 4 hours at most, using the small-volume jet nebuliser 
via face mask with 5-10 L/min oxygen flow supplied to the 
device. Patients were given low-flow (5-10 L/min) oxygen 
support with a simple mask to maintain SpO

2
 ≥95 between 

treatments.

COMFORT Behaviour Scale (CBS)

CBS is a measurement tool to assess pain, distress, and 
sedation in pediatric patients under a variety of respiratory 
supports. The CBS, scored out of 30 points in total, indicates 
optimal patient comfort between 11 and 22 points; ≥23 
points are interpreted as insufficient comfort, while ≤10 points 
indicate excessive sedation.14-17 PED nurses assessed comfort, 
calmness, and tolerability of the patients during both HFNC 
and salbutamol nebulisation therapies within half an hour of 
initiating each treatment. The assessment was done once by a 
pre-trained nurse, who waited for 10-15 minutes for the child 
to get used to the environment and the practice. Total CBS 
was calculated by scoring 6 behavioural parameters, such as 
alertness, calmness/agitation, respiratory response, physical 
movement, muscle tone, and facial expression, assigning each 
a score of 1-5 points.

The physicians and nurses working in the PED were informed 
about the study protocol in advance and trained for scoring 
evaluation.

The history and examination findings of all patients at the 
time of admission; hourly temperature, saturation, heart 
rate, blood pressure, and respiratory rate; and the RCS 
scores calculated at 0-1-2-4-8 hours of the treatment were 
recorded on the prepared forms. CBS points, as well as any 
side effects, problems, and complications observed during 
the treatments, were also recorded. The patients’ file records 
were accessed, and respiratory viral agents, laboratory results 
(haemogram, blood gases, C-reactive protein, procalcitonin, 
blood electrolytes, and glucose), and history of recurrent 
bronchiolitis in clinical follow-up, which were available, were 
recorded on the data collection forms. The length of stay in 
hospital and intensive care unit was recorded. Patients were 
contacted by telephone within the first 7 days after discharge 
and asked about persistence of symptoms and any history of 
readmission to the hospital or PED within a few days.

Statistical Analysis

Based on previous studies we estimated treatment failure 
rates of different modalities were 7-20% in infants with 
bronchiolitis.4 An unequal distribution of a sample size 
involving 72 infants is necessary to have ≥80% power at a 
5% significance level to assess the difference between two 
treatment modalities (Suresh KP, Chandrashekara S. Sample 
size estimation and power analysis for clinical research studies. 
J Hum Reprod Sci 2012;5:7-13). 

SPSS V.23 was used for data entry; continuous data were 
presented as mean and standard deviation (SD) or median 
and interquartile range (IQR) depending on variable 
distribution; categorical data were presented using number 
and percentage. X2, Mann-Whitney U test, dependent sample 
t-test, Spearman’s rho pairwise correlation analyses, related 
samples Freidman’s Two-Way Analysis and Kruskal-Wallis 
test and One-Way ANOVA test with applying Bonferroni 
adjustment of repeated measurements were used in the 
comparisons between the treatment groups according to 
the characteristics of the variables with a significant p-value 
<0.05. 

Results

Seventy-two children who were followed up in the emergency 
department of a university hospital, which has an annual 
admission of 45,000 pediatric patients, between 01.10.2018 
and 31.03.2019 and who met the criteria were included 
in the study. A total of 229 eligible patients with acute 
bronchiolitis were identified during this period. Of these, 157 
were excluded due to RCS <4 points, recurrent bronchiolitis, 
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the presence of other comorbidities, or family refusal 
(summarized in Figure 2).

Of the 72 patients included in the study, 59.7% were under 
6 months at admission, and their mean age was 7.8±0.4 
months. The whole study group was evaluated altogether, 
the mean initial RCS was 8.42±2.02 points, and half of the 
patients were considered to have bronchiolitis with serious 
clinical severity (RCS>8). A significant decrease in the mean 
RCS scores of the patients was observed within hours under 
treatment (6.82±1.92, 5.13±2.20, 4.28±2.29, 3.58±2.37 
points at 1, 2, 4, and 8 hours, respectively) (p<0.05). A 
decrease of at least 2 points from the baseline was achieved 
in RCS scores at the second and fourth assessment hours 
in 85.3% and 98.5% of the patients, respectively. 51.4% of 
the patients were hospitalised in the ward and 4.2% in the 
intensive care unit. No patient died in the study group. The 
mean length of hospital stay was 70±64.6 hours; 50% of the 
patients were readmitted to PED with respiratory complaints 
within the first few days following discharge; and 59.7% had 
bronchiolitis again in the 20-month follow-up. Children who 
were readmitted to PED or hospital in the early period had 
recurrent episodes of bronchiolitis during follow-up (p=0.002). 

The initial treatment groups [HFNC (HF) and salbutamol+mask 
oxygen (S)] were similar in terms of socio-demographic and 
clinical characteristics except that a higher proportion of 
children in the HFNC group came from crowded families 

(p=0.014). Socio-demographic characteristics and clinical and 
laboratory findings of the initial treatment groups are given in 
Tables 1a and 1b. 

The mean heart rate of the patients decreased below 150 
beats/min, which is the tachycardia limit value in children under 
2 years of age, and the mean respiratory rate decreased below 
50/min, which is the tachypnoea limit value, at the 1st hour 
in the HF group and after the 4th hour in the S group.18 HFNC 
had to be added to the treatment, in 17.1% of those whose 
treatment was started with salbutamol plus mask oxygen, 
whereas no treatment change was required in any patient in 
the HFNC group. Among the patients in group S, those who 
required HFNC, 90.9% were older than 6 months, 81.8% had 
a baseline RCS >10 points, and 72% had hypoxia in blood 
gases. Having older patients’ age (p=0.00), higher RCS scores 
at 1st and 2nd hours (p=0.001 and 0.025), wheezing at 2nd 

hour (p=0.003), and higher retraction scores at 1st to 4th hours 
(p=0.005 and 0.02) made a significant difference in terms of 
treatment change. The courses of clinical characteristics and 
outcomes of patients in three treatment groups are given in 
Tables 2a-d. Patients who were initially treated with HFNC 

Figure 2. A flowchart showing numbers of patients assessed, excluded from 
the study and included into treatment groups
HFNC: High-flow nasal cannula oxygen therapy system

Table 1a. Socio-demographical features of initial study groups

Parameter
HFNC 
(n=8)
n (%)

Salbutamol 
(n=64)
n (%)

p-value

Gender

Female 3 (37.5) 22 (34.4)  

Male 5 (62.5) 42 (65.6) 1

Age (months)

0-3 2 (25) 17 (26.6)  

4-6 1 (12.5) 23 (35.9)  

7-12 2 (25) 14 (21.9)  

13-24 3 (37.5) 10 (15.6) 0.385

Prematurity <36 weeks 2 (25) 13 (20.3) 0.669

Caesarean birth 7 (87.5) 45 (70.3) 0.429

Respiratory support in neonatal 
period

2 (25) 10 (15.6) 0.613

Exclusive breast feding for the first 6 
months

4 (50) 43 (67.2) 0.436

Regular prophylactic use of vitamin D 5 (62.5) 53 (86.9) 0.106

Age-appropriate vaccination 7 (87.5) 64 (100) 0.111

Care in a day-care center 0 (0) 6 (9.4) 1

History of food allergy/eczema in 
child

2 (25) 10 (15.6) 0.613

Family history of asthma 4 (50) 24 (37.5) 0.703

Smoking history at home 5 (62.5) 34 (53.1) 0.719

Crowded family environment 6 (75) 18 (28.1) 0.014

Low economical level 0 (0) 13 (20.3) 0.336

HFNC: High-flow nasal cannula oxygen therapy system
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and took the (HF+S) treatments were evaluated together 
(15/19 patients, 79%); it was observed that more patients 
were hospitalized from this group (p=0.017) than from the 
S group (25/53 patients, 48%). Length of hospital stay was 
significantly longer in patients whose treatment was started 
with HFNC and/or had HFNC (p=0.002). In 3 patients younger 
than 2 months, hospitalized in the pediatric intensive care 
unit, 2 of whom were male, the RCS were 9 and 10, and 
one of them was followed under HFNC. Two of the three 
patients who were discharged after 72-168 hours of follow-
up returned to PED in the early period; both were in the 
salbutamol group. Readmission to PED was significantly higher 
in the salbutamol group because of persistent complaints in 
the first few days after discharge (p=0.00). No complications 
related to treatment interventions were observed in any 
patient in the study groups.

The mean CBS score evaluated in a total of 33 children 
was 13.9±5.1 points, indicating the optimal comfort level 
(between 11-22 points) in 60.6% of those examined. It was 
not applied to all patients because pre-trained nurses were 
not on duty or the PED was overcrowded and the evaluation 
period had passed. CBS did not differ according to patients’ 
age, clinical disease severity, initial RCS scores, and treatment 
modalities (mean ± SD, min-max CBS: 18-6, 4.64±12.13 points 
in HF group and 24-7, 5.25±14.56 points in S group, p=0.330) 
of the patients (p>0.05). 

Discussion

In this single-centre prospective clinical intervention study, we 
compared the effects of HFNC with nebulised bronchodilator 
and standard oxygen therapy, on the clinical course of infants, 
mostly younger than 6 months, in our emergency department 
follow-up presenting with a first episode of bronchiolitis of 
moderate to severe clinical severity Prospective hourly follow-
up for 8 hours in PED, and re-evaluated with objective clinical 
scoring are the strengths of the study. As a weakness of the 
study, due to the small number of participants, results should 
be interpreted with caution.

RCS scoring has been defined as a reliable tool.11 In this 
sense, with repeated examinations, the RCS may help the 
clinician to determine the severity of bronchiolitis, need for 
hospitalisation, follow-up of treatment response, change, 
and or addition of treatment, and need for intensive care by 
providing non-invasive objective evaluation that is not based 
on clinical experience.17 In the present study, patients were 
significantly relieved earlier in the HF group compared to the 
S group in terms of RCS scores, clinical severity category, heart 
rate, respiratory rate, wheezing, and chest retractions, which 
are indicators of respiratory distress in bronchiolitis. In this 
study, although the mean heart rate of the patients decreased 
below 150 beats/min, and the mean respiratory rate decreased 
below 50/min at the 1st hour in the HF group and after the 
4th hour in the S group, the improvement in the mean heart 
rate from the first hour and in the mean respiratory rate only 
at the 8th hour was statistically significant in favour of the HF 
group. Consistent with these findings, in infants diagnosed 
with bronchiolitis and pneumonia who were treated with 
HFNC and did not need a change in treatment, many studies 
in the literature have emphasized that the clinical evaluation 
criteria for response to treatment include improvements in 
SpO

2
% and S/F ratio, RCS from the first hour, and regression 

of tachycardia in the early period.10,19-24 On the other hand, 
there are studies reporting that improvement in respiratory 
rates was achieved over a longer period ranging from 1 to 
6 hours under HFNC treatment.5,19-23 Although the present 
study was limited by a small number of patients, it may be 

Table 1b. Clinical and laboratory findings of initial study groups

Parameter
HFNC 
(n=8) 
n (%)

Salbutamol 
(n=64) 
n (%)

p-value

Complaints at admission

Cough 6 (75) 43 (67.2)  

Respiratory distress 2 (25) 16 (25)  

Fever and the others* 0 (0) 5 (7.8) 1

Examination findings at admission 

Fever >38 °C 3 (37.5) 9 (14.1) 0.123

Tachypnoea >50/min 5 (62.5) 49 (76.6) 0.404

Tachycardia >150/min 6 (75) 48 (75) 1

Desaturation <95% 2 (25) 14 (21.9) 1

Dyspnoea 8 (100) 59 (92.1) (0.658)

Retractions 8 (100) 60 (93.7) 0.764

Wheezing 8 (100) 62 (97.9) 0.063

Others** 2 (25) 9 (14.1) 0.412

Laboratory findings at admission***

Anemia <10 gr/dL 1 (14.3) 17 (27.9) 0.666

Leukocytosis >15.000/mm3 1 (14.3) 12 (19.7) 0.706

CRP >2 mg/dL 1 (12.5) 9 (14.1) 0.836

Acidosis (pH <7.35) 1 (12.5) 13 (22) 0.518

Hypercarbia (pCO
2
>45 mmHg) 0 (0) 5 (8.5) 0.462

Respiratory clinical score at admission

4-8 points 6 (75) 31 (48.4)  

9-12 points 2 (25) 33 (51.6) 0.262

Comfort behaviour score (n=33/72 45.8%)

Over-sedation 10 points 3 (37.5) 6 (24)  

Optimal comfort 11-22 points 5 (62.5) 15 (60)  

Inadequate comfort 23 points 0 (0) 4 (16) 0.429
*: Diarrhea vomiting söre throat runny nose, **: Rales dehydration increased 
anterior-posterior chest diameter oropharyngeal hyperemia tonsillar hypertrophy 
plus postnasal serous discharge, ***: Venous blood gasses were obtained in 67/72 
patients (93%) hemogram was obtained in 68/72 patients (94%), HFNC: High-flow 
nasal cannula oxygen therapy system, CRP: C-reactive protein
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said that the clinical severity in infants with a first attack of 
bronchiolitis was relieved more rapidly with HFNC. Similarly, in 
a systematic review study which embraces 14 research articles 
on HFNC usage in pediatric emergency setting, Yurtseven et 
al.24 reported that HFNC therapy was better than standard 
oxygen therapy and was at least as effective as other supports 
of non-invasive ventilation.

When the entire study group was evaluated together, 85.3% 
and 98.5% of the patients had at least a 2-point decrease in 
the mean RCS score at the second and fourth assessment 
hours, respectively, compared to the baseline. In addition, a 
significant difference was found in the mean RCS scores of 
the HF and S treatment groups from the 2nd hour onwards. In 
this respect, it is reasonable to conclude that in infants with 
moderate to severe bronchiolitis, it is rational and guiding 
to assess treatment failure, modifications, and the need for 
additional treatment (excluding clinical deterioration). This 
assessment can be conducted at the 2nd hour at the earliest 
based on the RCS score after the initiation of treatment. In a 
prospective pilot study, Mayfield et al.5 compared HFNC with 
standard oxygen therapy in infants under 1 year of age with 
bronchiolitis, with one quarter of the infants in both groups 

receiving salbutamol therapy simultaneously. They reported 
that in patients who did not respond to treatment, heart rate 
and respiratory rate were significantly higher at 3 hours, with 
an increasing trend in respiratory rate >50/min, and heart rate 
>150/min.10 Similarly, in a multicentre prospective randomised 
study, tachycardia, tachypnoea, persistent and gradually 
increased oxygen requirements between the 2nd and 3rd hours 
of follow-up were taken as criteria in determining treatment 
failure and the need for additional treatment.25 In another 
study from Türkiye, the presence of persistent tachypnoea 
and tachycardia after the second hour in patients who did 
not respond to treatment was highlighted.25

In the study group, 15.2% of the patients required treatment 
modification because the expected improvement was not 
achieved. Although all of the patients whose treatment 
was changed were in the S group (17.1%), the difference 
between the groups did not reach statistical significance due 
to the small number of patients in the HF group. Patients 
who underwent treatment change had significantly higher 
scores for RCS points, wheezing, and retraction at the 2nd 
assessment hour and afterwards. Consistent with this, a 
multicentre prospective randomised controlled PARIS study 

Table 2a. Course of RCS scores and heart and respiratory rates under treatment

Parameter

Treatment groups

Evaluation 
time

HFNC (n=8) Salbutamol (n=53) Salbutamol + HFNC (n=11)
p-valueMean ± SD  

(95% CI for mean)
Mean ± SD  
(95% CI for mean)

Mean ± SD 
(95% CI for mean)

RCS score

0. hour 8.25±1.16 (7.28-9.22) 8.32±1.97 (7.78-8.87) 9.00±2.72 (7.17-10.83) 0.588

1st hour 5.38±1.40 (4.20-6.55) 6.72±1.75 (6.23-7.20) 8.36±2.11 (6.95-9.78) 0.031

2nd hour 3.25±1.03 (2.38-4.12) 5.13±1.86 (4.62-5.65) 6.45±3.32 (4.22-8.69) 0.006

4th hour 2.88±1.55 (1.58-4.17) 4.36±2.11 (3.78-4.94) 4.91±3.23 (2.73-7.09) 0.008

8th hour 2.13±1.95 (0.49-3.76) 3.85±2.24 (3.22-4.47) 3.36±3.00 (1.34-5.39) 0.002

RR/min

0. hour 57.0±13.0 (46.1-7.8) 61.8±13.4 (58.1-65.5) 62.7±12.8 (54.1-71.3) 0.595

1st hour 47.3±15.1 (34.7-60.0) 56.4±11.6 (53.2-59.6) 56.8±11.3 (49.2-64.4) 0.134

2nd hour 46.7±14.5 (34.5-58.9) 52.3±9.8 (49.5-55.0) 54.7±19.8 (41.3-68.0) 0.37

4th hour 46.3±18.43 (30.96-61.79) 48.66±10.07 (45.88-51.44) 48.73±19.66 (35.52-61.94) 0.894

8th hour 37.25±18.9 (21.4-53.0) 44.7±9.8 (41.9-47.4) 43.6±14.3 (43.0-53.2) 0.263

HR/min

0. hour 161.8±14.8 (149.4-174.2) 160.7±16.6 (156.1-165.2) 154.6±44.6 (124.6-184.6) 0.702

1st hour 142.5±15.2 (129.7-155.2) 158.2±16.9 (153.5-162.9) 145.1±49.7 (111.7-178.6) 0.053

2nd hour 142.8±27.6 (119.8-165.9) 158.4±21.0 (152.5-164.2) 148.3±25.4 (131.2-165.4) 0.113

4th hour 133.5±22.2 (114.9-152.0) 151.7±18.0 (146.7-156.7) 135.6±21.6 (121.0-150.1) 0.006

8th hour 119.0±23.2 (99.6-138.4) 142.5±15.8 (138.2-146.9) 126.1±23.2 (110.5-140.8) 0

RCS: Respiratory clinical score, RR: Respiratory rate, HR: Heart rate, HFNC: High-flow nasal cannula oxygen therapy system, CI: Confidence interval, SD: Standard deviation
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comparing HFNC and nasal low-flow oxygen treatments in 

infants with bronchiolitis under one year of age showed that 

treatment failure was twice as high in the standard nasal 

oxygen group (12% vs. 23%). Persistent tachycardia (56% 

and 69%), tachypnoea (72% and 76%), and high clinical 

assessment scores (77% and 78%) were found in both groups 

in a significant proportion of patients requiring treatment 

change. Franklin et al.22 reported that successful results 

were obtained in 62% of patients switched from standard 

treatment to HFNC. This literature supports the results that 

there was no need to switch to another advanced treatment 

or intensive care unit admission for patients in our study group 

who received HFNC as part of their treatment modification.

The whole study group was evaluated together. The mean 
hospital stay of the patients was found to be 70 hours, 
which is similar to the literature.26-28 However, patients in 
the present study whose treatment was started with HF 
and then continued with additional HF were hospitalised at 
a significantly higher rate and stayed in hospital for longer 
periods, as recently reported in a multicenter prospective 
study.29 Although some reports on the use of HFNC at 
home have begun to be included in literature recently, the 
safety of home use is controversial.30-33 Another issue that 
has not been fully clarified in HFNC therapy is the weaning 
protocol. As applied in our hospital, the recommendations in 
the literature include stepwise, controlled tapering schemes 
spread over extended hours. These rationales may explain 

Table 2b. Course of RCS sub parameters under treatment

Parameter Evaluation time   HFNC (n=8) Salbutamol (n=53) Salbutamol + HFNC (n=11)
p-value

      n (%) n (%) n (%)

Retraction

0. hour
Mild 1 (12.5) 16 (30.2) 1 (9.1)

0.322
Moderate-severe 7 (87.5) 37 (67.8) 10 (90.9)

1st hour
Mild 3 (37.5) 25 (47.2) 1 (9.1)

0.061
Moderate-severe 5 (67) 28 (52.8) 10 (90.1)

2nd hour
Mild 7 (87.5) 39 (73.6) 3 (27.3)

0.004
Moderate-severe 1 (12.5) 14 (26.4) 8 (72.7)

4th hour
Mild 7 (87.5) 43 (81.1) 4 (36.4)

0.009
Moderate-severe 1 (12.5) 10 (18.9) 7 (83.6)

8th hour
Mild 0 45 (84.9) 7 (63.6)

0.121
Moderate-severe 8 (100) 8 (15.1) 4 (37.4)

Dyspnoea

0. hour
Mild 3 (37.5) 20 (37.7) 2 (18.2)

0.509
Moderate-severe 5 (62.5) 33 (62.3) 9 (81.9)

1st hour
Mild 7 (87.5) 26 (49.1) 4 (36.4)

0.075
Moderate-severe 1 (12.5) 27 (50.9) 7 (63.6)

2nd hour
Mild 7 (87.5) 35 (66) 7 (63.6)

0.508
Moderate-severe 1 (12.5) 18 (34) 4 (37.4)

4th hour
Mild 7 (87.5) 38 (71.7) 8 (72.7)

0.824
Moderate-severe 1 (12.5) 15 (28.3) 3 (27.3)

8th hour
Mild 7 (87.5) 41 (77.4) 9 (81.8)

1
Moderate-severe 1 (12.5) 12 (23.6) 2 (18.2)

Wheezing

0. hour
Mild 3 (37.5) 8 (15.1) 2 (18.2)

0.317
Moderate-severe 5 (62.5) 45 (84.9) 9 (81.8)

1st hour
Mild 5 (62.5) 24 (45.3) 2 (18.2)

0.129
Moderate-severe 3 (37.5) 29 (54.7) 9 (81.8)

1st hour
Mild 8 (100) 39 (73.6) 7 (63.6)

0.02
Moderate-severe 0 14 (27.4) 4 (37.4)

2nd hour
Mild 8 (100) 40 (75.5) 5 (45.5)

0.479
Moderate-severe 0 13 (24.5) 6 (54.5)

4th hour
Mild 8 (100) 41 (77.4) 10 (90.9)

0.509
Moderate-severe 0 12 (23.6) 1 (9.1)

Mild takes 0 OR 1 points, Moderate-severe takes 2 OR 3 points. RCS: Respiratory clinical score, HFNC: High-flow nasal cannula oxygen therapy system
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the higher rate and longer duration of hospitalization of the 
patients in the HF group.8,34-38 However, due to presence of a 
very wide distribution range and large SD necessitate careful 
interpretation of the comparison results for length of hospital 
stay.

In the present study group, 50% of the patients presented to 
the PED again with respiratory complaints within the first few 
days following discharge. There was no difference between 
patients whose treatment was continued at home (47.5%) and 
those who were hospitalised (42.5%) in terms of readmission 
to PED. The fact that one third of the study group consisted 

of infants younger than 3 months and more than half of 
them were boys, as well as the fact that one out of every 
two infants was exposed to smoking at home, may explain 
the high rate of readmission to the emergency department. 
In addition, families may have been more concerned about 
their previously healthy infants who had their first episode of 
bronchiolitis. We did not evaluate the outcome of re-visits to 
PED in our study. In our study group, HFNC therapy seemed 
to be significantly advantageous in terms of the need for 
readmission to PED. In the literature, return visits to the hospital 
within 3 to 30 days following discharge in children who were 

Table 2d. Patients’ treatment times

Parameter

Treatment groups

p-value
HFNC
(n=8)

Salbutamol
(n=53) Salbutamol + HFNC (n=11)

Mean ± SD 
(95% CI for mean)

Mean ± SD
(95% CI for mean)

Mean ± SD
(95% CI for mean)

Length of hospital stay, hours 
97.0±58.3 
(48.1-145.8)

56.2±59.0 
(39.9-72.5)

116.7±71.6 
(68.5-164.8)

0.007

Duration of oxygen uptake, hours
97.0±58.3
(48.1-145.8)

54.9±57.7 
(39.0-70.8)

107.6±66.9 
(62.6-152.6)

0.012

HFNC: High-flow nasal cannula oxygen therapy system, SD: Standard deviation, CI: Confidence interval

Table 2c. Patients’ outcomes and course of clinical respiratory severity categories under treatment

Parameter Evaluation HFNC (n=8) Salbutamol (n=53) Salbutamol + HFNC (n=11)
p-value

    n (%) n (%) n (%)

Clinical respiratory severity category*

0. hour 

Moderate 6 (75) 28 (52.8) 3 (27.3)
0.12

Severe 2 (25) 25 (47.2) 8 (72.7)

1st hour

Mild 1 (12.5) 2 (3.8) 0 (0)

0.001Moderate 7 (87.5) 44 (83) 4 (36.4)

Severe 0 (0) 7 (13.2) 7 (63.6)

2nd hour

Mild 4 (50) 12 (22.6) 3 (27.3)

0.034Moderate 4 (50) 39 (73.6) 4 (36.4)

Severe 0 (0) 2 (3.8) 4 (36.4)

4th hour 

Mild 5 (62.5) 23 (43.4) 4 (36.4)

0.195Moderate 3 (37.5) 30 (56.6) 6 (54.5)

Severe 0 (0) 0 (0) 1 (9.1)

8th hour        
Mild 6 (75) 29 (55.8) 6 (54.5)

0.332Moderate 2 (25) 23 (44.2) 4 (36.4)

Severe 0 (0) 0 (0) 1 (9.1)

Patients’ outcome in PED Hospitalized 2 (25) 28 (52.8) 2 (18.2) 0.062

  Outpatient 6 (75) 25 (47.2) 9 (18.8)  

Re-admission to PED Yes 0 34 (64.2) 2 (18.2) 0

*: Mild: Takes 0-4 points, Moderate: takes 5-8 points, Severe: Takes 9-12 points, PED: Pediatric emergency department, HFNC: High-flow nasal cannula oxygen therapy system
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hospitalized and treated for acute bronchiolitis, or whose 
treatment was continued at home after observation in the 
emergency department, have been reported as 23.8-34.2%. 
Readmissions to the hospital have been reported as 3.7-8%, 
respectively. It was emphasized that most of the return visits 
were due to prolonged recovery from bronchiolitis rather than 
clinical worsening. Also, supporting present study findings, it 
has been demonstrated that factors such as age <3 months, 
male sex, respiratory syncytial virus positivity, and exposure to 
cigarette smoke may increase the risk for readmission to PED 
and re-hospitalisation in infants with bronchiolitis.39-44 

Acute bronchiolitis shows a course in which the most intense 
symptoms are seen in the first 3-4 days, gradually decreasing 
and mostly improving in 7-14 days.39,45 Patients in group S, 
who had a shorter duration of inpatient hospitalisation, may 
have returned to PED with respiratory complaints during the 
period spent at home. However, it has also been reported in 
the literature that the number of days of inpatient treatment 
has no effect on the frequency of readmission.45 On the other 
hand, there may be a difference due to the small number of 
patients in group HF. In this regard, evaluation based on the 
study group’s data would be insufficient and is a limitation.

The CBS of the initial treatment modalities did not differ 
statistically in the present study, which may be another 
restriction due to the number of patients. In a recent study, 
it was reported that comfort and satisfaction in children with 
bronchiolitis were greater with HFNC,46 as observed by both 
nurses and parents. However, in detail, median CBS scores in 
those groups (13, IQR 9-15 vs. 17, IQR 13-23) both indicate 
optimal comfort levels as observed in our present study.

Study Limitations

Although the results show that HFNC treatment provides rapid 
clinical improvement in infants with first acute bronchiolitis, 
the small number of participants is a limitation of this study. 
Constraints of the study budget limited the number of 
patients in the HFNC treatment group. The small sample size 
in the HFNC group is the main weakness of this study that 
might diminish statistical power and affect the interpretation 
of the results.

Conclusion

With the results of this study, which was evaluated on a limited 
number of patients, it may be said that HFNC seems effective 
and reliable in addressing dyspnea and retraction findings 
associated with increased workload. It produces earlier and 
faster clinical improvement measured by RCS than S in infants 
presenting with the first episode of acute bronchiolitis with 
moderate to severe clinical severity. It reduces return visits 

to PED related to the same disease. However, it seems to 
be disadvantageous in terms of longer hospital stay. There 
is a need for studies with large-scale groups regarding the 
shortening of hospital stay, trials on faster weaning protocols, 
and/or the applicability of HFNC treatment at home. 
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 Abstract

Introduction: Chest X-ray (CXR) is the primary imaging method for 
the diagnosis of foreign body (FB) aspiration (FBA) and the most 
common finding is ipsilateral hyperinflation due to air-trapping. FB 
related hyperinflation can be subtle and difficult to detect in the 
evaluation of the CXR. Radiodensity measurement of the lungs 
on CXR could be useful for the diagnosis of FBA. The aim of this 
study is to evaluate the diagnostic effectiveness of quantitative 
measurement of lung radiodensity in detecting hyperinflation on 
CXR of the patients with suspected FBA.

Methods: Records of patients who underwent rigid bronchoscopy 
for evaluation of FBA between January 2008 and June 2020 were 
reviewed retrospectively. Initial CXR of the patients were re-evaluated 
quantitatively by measuring lung radiodensity in FBA present and 
FBA absent groups.

Results: FB was detected in 154 patients, while FB was not detected 
in 87 patients during bronchoscopy. FB was in right lung in 89 
patients, in left lung in 51 patients thus unilateral FB was present 
in 140 patients. Records of initial CXR evaluation of these 140 
patients with unilateral FB showed unilateral lung hyperinflation 
in 60 patients (42.9%) and no unilateral hyperinflation in 80 
patients (57.1%). Lung radiodensities of the FB-present lungs were 
statistically significantly less dense compared with radiodensities 
of the contralateral lungs. A 5.5% or more lung radiodensity 
difference compatible with hyperinflation were found in 113 out 
of 140 patients (80.7%) with unilateral FB during lung radiodensity 
measurements. During the initial CXR evaluation, the hyperinflation 
detection rate was 42.9%, with the lung radiodensity measurement, 
the hyperinflation detection rate increased to 80.7%

 Öz

Giriş: Direkt akciğer grafisi (PA-AC grafisi), yabancı cisim aspirasyonu 
(YCA) tanısında birincil görüntüleme yöntemidir ve en yaygın bulgu 
hava yolu tıkanıklığına bağlı gelişen ipsilateral havalanma artışıdır. 
Yabancı cisim (YC) ile ilişkili havalanma artışının PA-AC grafisi ile 
değerlendirilmesi her zaman kolay olmayabilir. Akciğerlerin, PA-
AC grafisi üzerindeki radyodansitelerinin ölçülmesi, YCA tanısı için 
yararlı olabilir. Bu çalışmanın amacı, şüpheli YCA olgularında PA-AC 
grafisinde havalanma artışının tespitinde akciğer radyodansitesinin 
kantitatif ölçümünün tanısal etkinliğini değerlendirmektir. 

Yöntemler: Ocak 2008 ile Haziran 2020 tarihleri arasında YCA 
nedeniyle rijit bronkoskopi yapılan hastaların kayıtları geriye 
dönük olarak incelendi. YCA olan ve olmayan gruplarda akciğer 
radyodansitesi ölçülerek hastaların başlangıç PA-AC grafileri yeniden 
değerlendirildi.

Bulgular: Yüz elli dört hastada rijit bronkoskopi sonucunda 
yabancı cisim tespit edilirken, 87 hastada tespit edilmedi. Tek taraflı 
yabancı cisim tespit edilen 140 hastanın 89’unda yabancı cisim 
sağda, 51 hastada ise solda idi. Tek taraflı yabancı cisim saptanan 
hastaların PA-AC grafileri retrospektif olarak değerlendirildiğinde, 
60 hastada (%42,9) tek taraflı havalanma artışı tespit edilirken, 80 
hastada (%57,1) PA-AC grafisinde havalanma artışı izlenmemişti. 
Akciğer grafileri radyodansite ölçümü ile değerlendirildiğinde 
yabancı cisim bulunan akciğerlerin radyodansiteleri, karşı akciğer 
radyodansitelerine göre istatistiksel olarak anlamlı derecede daha 
az yoğundu. Rijit bronkoskopi ile tek taraflı yabancı cisim tespit 
edilen 140 hastanın 113’ünde (%80,7) akciğer radyodansitesi 
ölçümleri sırasında tek taraflı hava hapsi ile uyumlu en az %5,5’lik 
bir akciğer radyodansitesi farkı bulundu. Başlangıç PA-AC grafisi 
grafisi değerlendirilmesi ile radyodansite ölçümü sonrası yapılan 
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Introduction

Foreign body aspiration (FBA) is associated with morbidity 
and mortality related to diagnostic delay during childhood.1 
Delayed or missed diagnosis of FBA causes long-term 
complications, such as pneumonia, bronchiectasis, and 
atelectasis.2,3 Diagnosis and early removal of the foreign 
body (FB) are vital for reducing potential complications 
and mortality.4,5 Bronchoscopy is the gold standard for the 
diagnosis and treatment of FBA.6,7 

Chest X-ray (CXR) is the primary and frequently used imaging 
modality for diagnosing FBA. The most common finding in 
CXR is ipsilateral hyperinflation due to air-trapping (34-71%).8-10

FB-related hyperinflation can be subtle and difficult to detect 
during CXR evaluation. Radiodensity measurements of the 
lungs using CXR can be useful for diagnosing FBA.10,11 This 
study aimed to evaluate the diagnostic effectiveness of 
quantitative lung radiodensity measurement for detecting 
hyperinflation on CXR in patients with suspected FBA.

Materials and Methods

Study Design and Population

The Institutional Clinical Research Ethics Review Board Dokuz Eylül 
University approved this study (approval no: GOA-5781, 2021/03-
56, date: 01.02.2021). The records of patients who underwent 
rigid bronchoscopy for FBA evaluation between January 2008 
and June 2020 were retrospectively reviewed. The reviewed 
parameters were age, sex, presenting symptoms, duration of 
symptoms, records of initial CXR findings, anatomic location 
of the FB as detected during bronchoscopy, complications, and 
length of hospital stay. Initial CXRs of patients were re-evaluated 
quantitatively by measuring lung radiodensity. Two groups were 
formed in the study.

1-	 FB-present group: This group comprised patients who 
underwent rigid bronchoscopy with suspected FBA and FB.

2-	 FB-absent group: Patients who underwent rigid 
bronchoscopy with suspected FBA but without FB detection.

Study Setting

(Radiographic density measurement of a CXR), posterior-
anterior CXRs were obtained using M-Cabinet CXA (Phillips 
Medical System, Hamburg, Germany) and evaluated 
using Sectra Systems (Sectra Myrian, Expert 2.0/0502). 
Examination parameters were 6-8 mA, and 60-75 kV, 
depending on the patient’s age and weight. Digital data from 
CXR were sent to a picture-archiving and communication 
system (PACS; Sectra, İzmir, Türkiye). For quantitative 
assessment, a radiodensity calculation system was used 
to measure the mean density on CXR. The radiologists 
worked blindly without knowing the bronchoscopy results 
during the radiodensity measurement on CXR. Radiodensity 
measurements were made using region of interest (ROI) 
drawings: ROIs for the entire right or left lung were drawn. 
The margin of the lung was delimited by the rib cage, cardiac 
border, and diaphragm (Figure 1).

Statistical Analysis

Data were analyzed using SPSS software for Windows version 
22 (SPSS, Chicago, IL, USA). The compliance of the data to 
normal distribution was examined by visual (histograms and 

Figure 1. Chest X-ray showing lung regions of interest. The lung margin is 
delimited by the rib cage, cardiac border, and diaphragm

değerlendirmenin karşılaştırılmasında hava hapsinin tespit oranının 
%42,9’dan %80,7’ye yükseldiği görüldü. 

Sonuç: Şüpheli YCA hastalarında PA-AC grafisi üzerindeki 
radyodansitenin kanitatif ölçülmesi, yabancı cisimle ilişkili hava 
hapsinin tespitini ve PA-AC grafisi tanısal etkinliğini artırabilir. 

Anahtar Kelimeler: PA-AC grafisi, yabancı cisim aspirasyonu, 
radyodansite ölçümü 

Conclusion: Quantative lung radiodensity measurement of CXR in 
patients with suspected FB aspiration could increase the efficiency of 
FB related hyperinflation detection. 

Keywords: Chest X-ray, foreign body aspiration, radiodensity 
measurement 
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graphs) and analytical (Kolmogorov-Smirnov/Shapiro-Wilk 
tests). Because the data did not conform to the normal 
distribution, the parameters between the groups were 
evaluated by Kruskal-Wallis variance analysis. In cases of 
significant differences between groups, the Mann-Whitney 
U test was used for post-hoc pairwise comparisons. The 
statistical significance level was set as p<0.05.

Results

In total, 241 patients were hospitalized with a preliminary 
diagnosis of FBA. The female to male ratio was 93/148 
(38.6/61.4%). The mean patient age was 30.6±1.6 months 
(range, 1-160 months).

The histories of 162 patients suggested FBA, 54 patients did 
not suggest FBA, and 25 patients’ histories were inconclusive. 
Among these, 159 patients had a history of cough, 55 had a 
history of choking, 85 had wheezing, 60 had bruising, 36 had 
fever, and 31 had a history of chronic lower respiratory tract 
infection. The mean time from symptom onset to presentation 
to the emergency department was 178.423.1± hours (range, 
24-1440 hours) (median 24 hours).

Bronchoscopy findings: FB was detected in 154 patients 
(63.9%) patients, whereas it was not detected in 87 patients 
(36.1%) during bronchoscopy. The FBs were located in the 
right lung in 89 patients, in the left lung in 51 patients, in both 
lungs in 5 patients, and in the trachea in 9 patients. Overall, 140 
patients presented with unilateral FB. Average bronchoscopy 
conduction time averaged 10.9±0.4 minutes (range, 5-60 
minutes). Nine patients (3.7%) required reintubation and 
intensive care monitoring after bronchoscopy due to 
airway edema and difficulty in spontaneous breathing. In 4 

patients, bronchoscopy was repeated because the FB could 
not be removed completely during the first bronchoscopy. 
Thoracotomy was performed in three patients (1.2%) because 
the FB could not be removed during bronchoscopy. There is 
no mortality in our study.

Radiological evaluation: A unilateral bronchoscopy-proven 
FB was present in 140 patients. Records of the initial CXR 
evaluation showed hyperinflation on the right side in 37 
patients and on the left side in 23 patients. Records of the 
initial CXR evaluation showed unilateral lung hyperinflation 
in 60 patients (42.9%) and no unilateral hyperinflation in 80 
patients (57.1%) (Table 1). Hyperdense FB was detected in 
the right lung in 5 patients and the left lung in 1 patient.

Lung radiodensity measurements are presented in Table 
2. The lung radiosensitizes of the FBs (ipsilateral lungs) 
were significantly less dense than the radiosensitizes of the 
contralateral lungs. The lung radiosensitizes of the FB-absent 
groups in both lungs were not significantly different. When 
the raw lung radiodensity measurements were analyzed 
individually, lungs with FB were 5.5% to 21.7% denser than 
contralateral lungs in patients with FB. 

Contralateral lung FB-related hyperinflation detection rates 
during the initial CXR assessment and after lung radiodensity 
measurement are presented in Table 1. Of the 140 patients with 
unilateral FB, while hyperinflation was detected in 60 patients 
(42.9%), hyperinflation was not detected in 80 out of 140 
patients (57.1%) during the initial CXR evaluation. However, 
5.5% or more lung radiodensity differences compatible with 
hyperinflation were found in 113 out of 140 patients (80.7%) 
during lung radiodensity measurements (Table 1). During the 
initial CXR evaluation, the hyperinflation detection rate was 

Table 1. Contralateral lung hyperinflation detection rates with initial CXR assessment versus quantitative radiodensity measurement 
(patients with bilateral and tracheal foreign bodies were excluded)

Initial CXR assessment 
(n=140)

Lung radiodensity measurement* 
(n=140)

Hyperinflation (+)
n (%)

Hyperinflation (-)
n (%)

Hyperinflation (+)
n (%)

Hyperinflation (-)
n (%)

FB in right lung
n=89

37 (41.5%) 52 (58.5%) 74 (83.1%) 15 (16.9%)

FB in left lung
n=51

23 (45.1%) 28 (54.9%) 39 (76.5%) 12 (23.5%)

Total 60 (42.9%) 80 (57.1%)	 113 (80.7%)	 27 (19.3%)

*: 5.5% or more lung radiodensity difference between ipsilateral and contralateral lung was defined as presence of foreign body related hyperinflation, CXR: Chest X-ray, FB: 
Foreign body

Table 2. Lung radiodensity measurements of CXR (mean ± SEM)

FB-present in right lung
(n=89)

FB-present in left lung
(n=51)

FB-absent group
(n=87)

Right lung 979.5±60.1* 1076.8±63.6 1141.0±82.0

Left lung 1096.5±69.8 928.4±66.8* 1158.5±82.7

*: p<0.01 compared with contralateral lung, CXR: Chest X-ray, FB: Foreign body, SEM: Standard error of the mean 
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42.9%, and the lung radiodensity measurement revealed that 
the hyperinflation detection rate increased to 80.7% (Table 1).

Evident right hyperinflation on the CXR is shown in Figure 2A. 
The CXR of the patient with FB in whom no hyperinflation 
was detected in the initial CXR evaluation showed a 6.4% 
density difference compatible with hyperinflation detected in 
the lung radiodensity measurement of the CXR (Figure 2B).

On the other hand, the initial CXR findings of the five 
patients were not consistent with bronchoscopy findings. 
Although hyperinflation was detected on the left side in three 
patients and on the right side in two patients, FB was found 
on the contralateral side during bronchoscopy. However, 
CXR lung radiodensity measurements were consistent with 
bronchoscopy findings. 

Postoperative management: In the postoperative period, 
66 patients received nebulized salbutamol, 23 received 
nebulized budesonide, and 20 received nebulized adrenaline 
due to airway reactivity and dyspnea. In the postoperative 
period, 19 patients required 4-6 L/min O

2
, and cold steam 

was applied to 40 patients. The length of hospital stay was 
42.72.6± hours (range 7-96 hours) (median 41 hours).

Discussion

FBA is a preventable emergency pathology in childhood. 
Delayed diagnosis of FBA is associated with the risk of 
pneumonia, pneumothorax, respiratory failure, and mortality.3 
In a series of 11,000 pediatric patients with FBA, the overall 
mortality risk was 2.5%.3 Bronchoscopy is the most effective 
method for the diagnosis and treatment of FBA.6,7 The 
prognostic results of bronchoscopy are encouraging when 
FBs are removed properly. Therefore, an early diagnosis of FB 

and immediate intervention is important for the successful 
treatment of FBA.5,12

A significant history of FB is an indication for bronchoscopy 
alone.9 In the present series, the major symptoms were 
cough (65.9%), choking (22.8%), and wheezing (35.3%). 
The sensitivity and specificity of symptoms at diagnosis were 
75.3% and 50.6% for cough, 22.1% and 75.8% for choking, 
and 42.8% and 78.2% for wheezing, respectively.

The rate of negative bronchoscopy in the present study was 
36.1%. Therefore, radiological imaging is crucial in patients 
with suspected FBA to reduce potential complications. CXR 
is the primary imaging modality for FBA evaluation. The 
most common finding in CXR after FBA is hyperinflation.8-15 
The determination of lung radiodensity is a quantitative 
measurement method that can be used during CXR 
evaluation.10,11 Decreased ipsilateral lung radiodensity due 
to unilateral hyperinflation is a typical radiological finding in 
FBA.10,11 Calculating the radiodensity ratio of both lungs in CXR 
is useful for the diagnosis of FBA.10,11 Song et al.10 measured 
CXR lung radiosensitizes in 22 children with bronchoscopy-
proven unilateral FB and compared the radiodensities before 
and after bronchoscopic FB removal. Song et al.10 found that 
the CXR radiodensity of the ipsilateral lung was lower than 
that of the contralateral lung and significantly increased after 
bronchoscopic FB removal. Caliskan et al.11 measured CXR 
lung radiosensitizes in 33 children with bronchoscopy-proven 
unilateral FB and found that the presence of unilateral FB 
decreased the lung radiodensity of the ipsilateral lung. The 
present series is the largest in the literature, comprising 140 
patients with bronchoscopy-proven unilateral FB. The current 
study is the first study to compare the hyperinflation detection 
rate during initial CXR assessment with the hyperinflation 

Figure 2. A) Evident right middle and lower lobe hyperinflation on the CXR of a 6-year-old boy, B) Normal CXR appearance without evident hyperinflation in a 
7-year-old boy. Lung radiodensity measurements of this patient showed 6.4% less left lung radiodensity, indicating hyperinflation

CXR: Chest X-ray
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detection rate during CXR lung radiodensity measurement. 
This study showed that quantitative evaluation of CXR through 
lung radiodensity measurement increased the detection rate 
of FB-related hyperinflation from 42.9% to 80.7%. We believe 
that quantitative measurement of lung radiodensity in patients 
with suspected FBA could decrease the misinterpretation rate 
of CXR due to individual or technical reasons. 

Conclusion

We conclude that  quantitative lung radiodensity measurement 
on CXR in patients with suspected FBA may increase the 
efficiency of FB-related hyperinflation detection.
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Abstract Öz Öz

Giriş: Down sendromlu (DS) ve kardiyak patolojisi olan hastaların 
cerrahi risklerinin belirlenmesi amaçlanmıştır. Amacımız, tek bir 
merkezden deneyimlerimizi paylaşmak ve kardiyak cerrahi geçiren 
DS’li hastalarda risk faktörlerini belirlemektir. 1996-2019 yılları 
arasında Hacettepe Üniversitesi’nde kardiyak cerrahi geçiren 18 yaş 
altı hastalar incelenmiştir.

Yöntemler: Bu geriye dönük kohort çalışması, konjenital kalp 
hastalığı (KKH) cerrahisi geçiren tüm pediyatrik DS’li hastaları 
içermektedir.

Bulgular: Çalışmaya 175 hasta dahil edildi. Yetmiş beş hasta 
(%42,8) erkekti ve hastaların ortanca yaşı 7 aydı (1-86 ay). En sık 
görülen kardiyak patoloji atriyal septal defekt (%19,2), ardından 
atriyoventriküler septal defekt (%18,7) ve ventriküler septal defekt 
(%11,3) idi. Doğuştan kalp cerrahisi için risk ayarlaması kalp cerrahisi 
sınıflandırmasına göre, hastaların çoğu kategori 2 (%41,7) ve kategori 
3 (%42,3) idi. Altmış bir hastaya (%34,9) ameliyat sonrası dönemde 
sistemik enflamatuvar yanıt sendromu (SIRS) tanısı konuldu. Yedi 
hastada (%3,4) ekstrakorporeal membran oksijenasyonuna ihtiyaç 
duyuldu. Genel mortalite oranı %30,3 idi.

Sonuç: Tek bir merkezde yürütülen bu çalışma, DS’li belirli bir hasta 
grubunda KKH örüntüsünü ve kalp cerrahisiyle ilişkili risk faktörlerini 
ortaya koydu. Ameliyat sonrası SIRS ve yüksek riskli cerrahi 
prosedürlerin artan mortalite riskiyle bağlantılı olduğu bulundu.

Anahtar Kelimeler: Kardiyovasküler cerrahi, Down sendromu, risk 
faktörleri

 Abstract

Introduction: The aim of this study was to determine the surgical 
risks in patients with Down syndrome (DS) and cardiac pathology. 
We aim to share our single-center experience and identify risk 
factors among patients with DS undergoing cardiac surgery. Patients 
under the age of 18 who underwent cardiac surgery at Hacettepe 
University between 1996 and 2019 were included.

Methods: This retrospective cohort study included all pediatric 
patients with DS who underwent surgery for congenital heart 
disease (CHD).

Results: A total of 175 patients were included in the study. Seventy-
five patients (42.8%) were male and the median age of the patients 
was 7 months (1-86 months). The most common cardiac pathology 
was atrial septal defect (19.2%), followed by atrioventricular septal 
defect (18.7%) and ventricular septal defect (11.3%). According to 
the risk adjustment for congenital heart surgery classification, most 
patients were in category 2 (41.7%) and category 3 (42.3%). Sixty-
one patients (34.9%) were diagnosed with systemic inflammatory 
response syndrome (SIRS) in the postoperative period. Seven 
patients (3.4%) needed extracorporeal membrane oxygenation. 
Overall mortality was 30.3%.

Conclusion: This single-center study characterized the pattern of 
CHD in a specific cohort of patients with DS and identified risk 
factors associated with cardiac surgery. Postoperative SIRS and high-
risk surgical procedures were associated with an increased risk of 
mortality.

Keywords: Cardiac surgery, Down syndrome, risk factors
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Introduction

Down syndrome (DS) is the most common chromosomal 
abnormality among live-born infants, and DS is characterized 
by a variety of dysmorphic features, congenital malformations, 
and medical conditions.1 Approximately half of individuals 
with DS have congenital heart disease (CHD).2 In the largest 
population-based study, cardiovascular abnormalities were 
detected in 342 (42%) of 821 babies born with DS between 
1985 and 2006 in the northeastern region of England.3 
Twenty-three percent had more than one abnormality, and 
the secondary lesion was most commonly an atrial septal 
defect (ASD) or a patent ductus arteriosus (PDA). Primary 
lesions were ranked by frequency as follows: endocardial 
cushion defect (37%), ventricular septal defect (VSD) (31%), 
ASD (15%), tetralogy of fallot (TOF, 5%), and PDA (4%). Given 
the risk of mortality and morbidity in postoperative patients, 
follow-up care is as critical as the surgical procedure itself. The 
first 24 hours are particularly high risk and require intensive 
monitoring. Pediatric intensive care units and pediatric cardiac 
intensive care units (PCICU) play an increasingly essential role 
in managing these critical periods.4

In this study, we aimed to report the experiences of patients 
with DS who underwent congenital heart surgery at a single-
center over 23 years and determine associated risk factors.

Materials and Methods

This study was conducted in the PCICU of Hacettepe University 
Hospital. All pediatric patients (0-18 years) who underwent 
open CHD surgery between 1996 and 2019 and were admitted 
to PCICU were evaluated; those with DS were included in 
the study. Our pediatric intensive care unit comprises 16 beds 
and is managed by four pediatric intensivists. The PCICU has 
six beds and is overseen by six cardiovascular surgeons who 
rotate on a schedule. Approximately 350 pediatric surgical 
procedures are performed each year. In our unit, standardized 
protocols are implemented for the perioperative management 
of pediatric cardiac surgery patients. Each patient is visited 
by the intensivist both preoperatively and postoperatively. 
Following surgery, recommendations are provided regarding 
mechanical ventilation settings and medical treatments 
are prescribed as indicated. Patients are visited regularly 
throughout their intensive care stay, except in emergency 
situations when immediate intervention is required. Upon 
transfer from the intensive care unit, follow-up visits are 
conducted in the ward to ensure continuity of care. Patient 
data were obtained from the hospital archive. Demographic 
variables, cardiac pathology, type of surgery, pump times, 
complications, need for transfusion, laboratory parameters, 
duration of mechanical ventilation, development of systemic 
inflammatory response syndrome (SIRS), length of PCICU 

stay and hospital stay, additional disease information, and 
mortality were recorded. The risk adjustment for congenital 
heart surgery (RACHS-1) score was used to classify surgeries.5 
Ethical approval for this study was obtained from the 
Hacettepe University Non-Clinical Research Ethics Committee 
(approval no: 2019/08-27, date: 19.03.2019). All participants 
were informed about the study, and written consent was 
obtained. The study excluded patients with missing data, an 
uncertain diagnosis of DS, or admission without subsequent 
surgery.

Statistical Analysis 

Descriptive statistics for continuous variables were presented 
as the mean and standard deviation when the assumption of 
normality was met, and as the median (minimum-maximum) 
for non-normal distributions. Moreover, categorical variables 
were presented with frequencies and percentages. The 
assumption of normality was assessed using the Kolmogorov-
Smirnov test, a histogram, and a boxplot. Two independent 
groups were compared using an independent-samples t-test 
or the Mann-Whitney U test, depending on whether the 
assumptions were met. To assess the association between 
two categorical variables, Pearson’s chi-square test or Fisher’s 
exact test was used. A two-tailed p-value <0.05 was considered 
to indicate statistical significance. All statistical analyses were 
performed using IBM SPSS Statistics software, version 23.0.

Results

One hundred and eighty-six DS patients underwent CHD 
surgery during the study period, of whom 175 with accessible 
medical data were included in the study. Seventy five patients 
(42.8%) were male and 100 (57.2%) were female. The median 
age of the patients was 7 months (range, 1-86 months). 
Among 175 patients, a total of 276 cardiac diagnoses were 
recorded. The most common cardiac pathology was ASD 
(19.2%), followed by endocardial cushion defect (18.7%) and 
VSD (11.3%) (Table 1). In patients with multiple defects, the 
most common defects were ASD and VSD (22.8%).

Surgical technical information was available for 175 patients. 
According to the RACHS-1 score, 27 patients (15.4%) were 
in category 1, 73 patients (41.7%) were in category 2, 74 
patients (42.3%) were in category 3, and one patient (0.6%) 
was in category 4. Surgical procedure risk groups, mortality, 
and survival rates by RACHS-1 risk group are presented in 
Table 2.

SIRS developed in 61 patients (34.9%) during the 
postoperative period. Mortality was observed in 50.8% of 
patients with SIRS. These patients accounted for 57% of the 
total mortality. The relationship between the development 
of SIRS and mortality was considered statistically significant 
(p<0.001). One hundred and fifty eight patients required blood 
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transfusion during and after the operation, and 17 patients 
did not require transfusion. Transfusion was required in 98 of 
110 survivors (89.2%) and in 46 of 48 non-survivors (96.3%). 
There was no statistically significant association between the 
need for blood transfusion and mortality (p=0.154). A total 
of seven patients (3.8%) required extracorporeal membrane 
oxygenation (ECMO) for low cardiac output syndrome; two 
patients were weaned from ECMO during the postoperative 
period.

Some patients had more than one accompanying anomaly or 
disease. A total of 79 additional diagnoses were identified in 
70 patients, some of whom had more than one comorbidity. 
The most common of these was hypothyroidism (29 patients, 
36.7%). When the effect of comorbidity on patient mortality 
was examined, surviving patients had a higher comorbidity 
burden. Mortality was observed in 34.9% of patients without 
comorbidity (106 patients), compared with 23.2% of patients 
with comorbidity (69 patients) (p<0.05).

After the surgical procedure, the median mechanical 
ventilatory length of stay (MV LOS) for all patients was 2 days. 

MV LOS was 2 days (min: 0, max: 60 days) in survivors and 4 
days (min: 0, max: 52 days) in non-survivors (p<0.05).

The median PCICU LOS for all patients was 6 days. While the 
median length of stay in the intensive care unit was 6 days 
(min: 2 days, max: 114 days) for surviving patients, it was 8 
days (min: 5 days, max: 108 days) for non-survivors (p=0.06).

Intraoperative cardiac pump times were recorded for 69 
patients. Median pump time was 83 minutes (range: 1-256) in 
survivors and 71.5 minutes (range: 14-213) in non-survivors. 
There was no statistically significant relationship between 
intraoperative pump time and mortality (survivors vs. non-
survivors; p=0.508). In total, seven patients required ECMO, 
and two of them could be weaned from ECMO.

Fifty-three (30.3%) of 175 patients died, and 36 (67.2%) of 
them were female. When we examined the RACHS-1 grouping 
among the patients who died, we found that patients in 
category 3 constituted 66% of deaths. Compared with 
categories 1 and 2, patients undergoing category 3 surgical 
procedures have a significantly higher risk of death (p<0.001). 
All identified risk factors are detailed in Table 3.

Table 1. The most common cardiac pathological diagnoses of patients

Cardiac pathology n Percent Percent of cases

Atrial septal defect 80 19.2% 45.7%

Endocardial cushion defect 78 18.7% 44.6%

Ventricular septal defect 47 11.3% 26.9%

Tetralogy of fallot 40 9.6% 22.9%

Patent ductus arteriosus 15 3.6% 8.6%

Double outlet right ventricle 12 2.9% 6.9%

Transposition of great arteries 4 1% 2.3%

Table 2. Surgical procedure risk groups, mortality, and survival rates

RACHS-1 categories*

1 2 3 4 Total (n)

Survivor Patients 22 (18.0%) 60 (49.2%) 39 (32.0%) 1 (0.8%) 122

Non-survivor Patients 5 (9.4%) 13 (24.5%) 35 (66%) 0 (0.0%) 53

Total Patients 27 (15.4%) 73 (41.7%) 74 (42.3%) 1 (0.6%) 175

*: Risk adjusted classification for congenital heart surgery, RACHS-1: The risk adjustment for congenital heart surgery

Table 3. Risk factors of the patients according to preoperative and postoperative features

Risk factors Survivor Non-survivor p-value

SIRS; n, (%) 33 (26.1%) 30 (56.6%) <0.001

Blood transfusion; n, (%) 98 (89.2%) 46 (96.3%) =0.154

RACHS-1 category 3,4; n, (%) 35 (66%) 40 (32.8%) <0.001

Comorbidity; n, (%) 122 (70%) 53 (30%) <0.005

MV LOS; mean ± SD (day) 4.5±8.2 8.5±11 <0.005

LOS PCICU; mean ± SD (day) 8.8±10.5 13.6±15.2 =0.06

Pump time; mean ± SD (min) 85.8±45.9 79.5±39.9 =0.508

SIRS: Systemic inflammatory response syndrome, RACHS-1: The risk adjustment for congenital heart surgery, MV LOS: Mechanical ventilatory length of stay, LOS PCICU: Length of 
stay pediatric cardiac intensive care unit, SD: Standard deviation
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Discussion

DS patients frequently have cardiac pathologies, which are 
the leading cause of mortality and morbidity. In the current 
study, 57.1% of the patients were female; a total of 58 
patients died, of whom 36 (67.9%) were female. The most 
common cardiac abnormality in DS patients was ASD. Some 
of the patients had more than one cardiac abnormality. Most 
surgical procedures were classified in RACHS-1 categories 2 
and 3. As expected, the mortality rate was higher in high-
risk procedures. The RACHS-1 cardiac surgical procedure 
group had the highest number of patients in category 3, 
and an increase in risk category caused increased mortality. 
Mortality was higher in patients who developed SIRS. When 
comorbidity was assessed, the most common comorbidity 
was hypothyroidism, and comorbidities were less common in 
patients who died. Patients who died had longer stays on MV 
and in intensive care. In total, 7 patients required ECMO, and 
two were weaned from ECMO. 

CHD is observed in 40-50% of individuals with DS and is 
an important determinant of survival.6 The actual rate and 
relative frequency of certain anomalies vary with the method 
of detection.6 The most common cardiac malformation 
reported in DS was an endocardial cushion defect, followed 
by ASD, VSD, PDA, aortic coarctation, and TOF.7 In our study, 
consistent with previous reports, the most common cardiac 
pathologies were ASD and endocardial cushion defects. All 
patients diagnosed with DS during the prenatal and postnatal 
periods should be examined for these defects. 

RACHS-1 is a widely used methodology for risk stratification 
in pediatric and congenital cardiac surgery.5 This risk 
classification enables rare surgical operations to be classified 
into homogeneous risk categories. Higher categories in the 
classification indicate that riskier surgeries are performed. In 
our study, surgical procedures were most frequently classified 
in risk categories 2 and 3. A statistically significant association 
was found between increasing risk group level and mortality. 
Mortality rates increase as the RACHS-1 risk category of 
operations performed in patients with DS increases.

It is known that DS patients are vulnerable to infections and 
SIRS, and studies on the immune system of DS have shown 
multiple, complex lymphoproliferative and myeloproliferative 
alterations.8 When investigating why immunodeficiency is 
seen at such high frequency in children with DS, researchers 
have expressed differing opinions. Ferrari and Stagi9 

documented a normal proportion of CD4+ T-cells, whereas 
the percentage of suppressor-cytotoxic CD8+ lymphocytes 
was significantly increased. In contrast, Corsi et al.10 showed 
that peripheral CD4+ T-cells were lower in children with DS, 
whereas mean values of cytotoxic CD8+ T-cells were close to 

the normal range. 34.9% of our patients experienced SIRS 
postoperatively. Faria et al.11 reported a significant association 
between severe infections (particularly pneumonia and 
sepsis) and CHD. In this study, SIRS was present in 85% of 
DS patients with CHD. DS patients with CHD must be closely 
monitored for development of infection or SIRS, especially in 
the postoperative period. Infection control measures must be 
implemented, and PCICU LOS must be shortened to prevent 
the development of infections. 

Children with DS are at an increased risk for certain health 
problems, including cardiovascular abnormalities, head 
and neck abnormalities, extremity problems, behavioral 
and psychiatric disorders, gastrointestinal tract anomalies, 
growth deficiency, obesity, ophthalmologic disorders, hearing 
impairment, endocrine abnormalities, hematologic disorders 
(e.g., acute lymphoblastic leukemia), pulmonary complications, 
and immunodeficiency.12 When additional anomalies were 
investigated in our patients, hypothyroidism was the most 
common (36.7%). According to the literature, the prevalence 
of CHD in DS has been reported to range from 2% to 16.5%. 
This considerable variation may be attributed to differences in 
diagnostic methods and criteria, study sample sizes, and the 
periods during which the investigations were carried out.13 
Although additional anomalies would conventionally be 
considered unfavorable, we observed an inverse association 
between their presence and mortality in our patients. We 
considered mortality in our patients to be associated with the 
underlying CHD rather than with other comorbidities. 

Previous studies have reported that long-term mechanical 
ventilation is a significant predictor of mortaity after cardiac 
surgery.14 Prolonged MV LOS is closely associated with 
multi-organ failure and mortality. In the current study, we 
demonstrated that MV LOS was longer in non-survivors. 

ECMO provides pivotal perioperative support to pediatric 
patients undergoing cardiac surgery.15 Extracorporeal life 
support organization guidelines regarding the indication for 
ECMO in patients with a DS diagnosis do not specify any 
contraindications.16 Only lethal chromosomal abnormalities 
(e.g., trisomy 13 or 18) are contraindications to ECMO. In a 
large cohort study conducted by Cashen et al.17 623 of 46.862 
ECMO patients were diagnosed with DS. The prevalence of 
patients diagnosed with DS and undergoing ECMO was 13.5 
per 1.000. There were no differences in hospitalization and 
mortality rates between these patients and non-DS patients. 
In our study, seven patients required ECMO, of whom two 
were weaned from ECMO. DS is not a contraindication to 
ECMO, and ECMO can be beneficial when applied in a timely 
manner for appropriate indications.
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Study Limitations

A limitation of this study is that it was conducted at a single-
center, and some patients’ information could not be retrieved 
because of the extended study period.

Conclusion

This single-center study revealed the pattern of CHD in a specific 
group of patients with DS and the risk factors associated with 
cardiac surgery. It was found that postoperative SIRS and 
high-risk surgical procedures are linked to an increased risk 
of mortality.
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 Abstract

Introduction: Pediatric head trauma is one of the leading causes 
of emergency visits and can result in serious complications. Parents, 
often the first responders in such situations, generally lack adequate 
knowledge of appropriate first-aid. Educational interventions may 
help bridge this gap and improve emergency preparedness. This 
study aimed to evaluate the effectiveness of a short-duration first-
aid training program in improving parents’ knowledge of pediatric 
head trauma.

Methods: A pre-test-post-test interventional design was used 
to assess the effectiveness of first-aid training. The study was 
conducted among 101 parents at a primary healthcare center in 
Türkiye. Participants received a 15-minute structured first-aid training 
focused on the signs and symptoms of pediatric head trauma 
and on appropriate emergency responses. A 13-item knowledge 
questionnaire was administered before and after the training. Data 
were analyzed using paired samples and independent-samples 
t-tests, as appropriate.

Results: The mean total knowledge score increased significantly 
from 10.47±1.54 (pre-test) to 11.81±1.52 (post-test) (p<0.001). The 
effect size (Cohen’s d =0.88) indicated a strong impact. Comparison 
of sociodemographic characteristics and average knowledge scores 
between groups showed statistical significance (p<0.001). Parents 
of children who had experienced head trauma or emergency 
department visits exhibited notably higher post-test scores.

Conclusion: Short, structured first-aid training significantly improves 
parental knowledge of pediatric head trauma. Incorporating such 
programs into routine pediatric and community health services 
may enhance early recognition and response to head injuries. 

 Öz

Giriş: Pediyatrik kafa travması acil servis ziyaretlerinin önde gelen 
nedenlerinden biridir ve ciddi komplikasyonlara yol açabilir. Genellikle 
bu gibi durumlarda ilk müdahale bulunan bireyler ebeveynler olduğu 
için, doğru ve etkili bir ilk yardım konusunda yeterli bilgiye sahip 
olmaları önemlidir. Eğitimsel müdahaleler bilgi boşluğu kapatmaya 
ve acil durum hazırlığını iyileştirmeye yardımcı olabilir. Bu çalışma, 
ebeveynlerin pediyatrik kafa travması hakkındaki bilgilerini artırmada 
kısa süreli bir ilk yardım eğitim programının etkinliğini değerlendirmeyi 
amaçlamaktadır.

Yöntemler: İlk yardım eğitiminin etkinliğini değerlendirmek amacıyla 
ön-test-son-test müdahale tasarımı kullanıldı. Çalışma, Türkiye’deki 
bir birincil sağlık merkezinde 101 ebeveyn ile yürütüldü. Katılımcılar, 
pediyatrik kafa travmasının belirtileri, semptomları ve uygun acil 
müdahalesine odaklanan 15 dakikalık yapılandırılmış bir ilk yardım 
eğitimi aldılar. Eğitimden önce ve sonra 13 maddelik bir bilgi anketi 
uygulandı. Veriler bağımsız örneklem t-testi, eşleştirilmiş t-testi ve 
etki büyüklüğü hesaplamaları kullanılarak analiz edildi.

Bulgular: Ortalama toplam bilgi puanı 10,47±1,54’ten (ön-test) 
11,81±1,52’ye (son-test) önemli ölçüde arttı (p<0,001). Etki büyüklüğü 
(Cohen’in d =0,88) güçlü bir etki gösterdi. Sosyodemografik özellikler 
ile bilgi puan ortalamalarının gruplar arası karşılaştırılması istatistiksel 
olarak ileri düzeyde anlamlılık gösterdi (p<0,001). Kafa travması 
veya acil servis ziyaretleri yaşayan çocukların ebeveynleri test sonrası 
belirgin şekilde daha yüksek puanlar gösterdi.

Sonuç: Kısa, yapılandırılmış ilk yardım eğitimi ebeveynlerin pediyatrik 
kafa travması hakkındaki bilgisini önemli ölçüde yükseltti. Bu 
tür programların rutin pediyatrik ve toplum sağlık hizmetlerine 
dahil edilmesi, kafa yaralanmalarına erken tanı ve müdahaleyi 
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Introduction

Head trauma is a leading cause of emergency department 
visits and mortality among young children, accounting for 
39.7% of pediatric traumatic injuries.1,2 The Centers for 
Disease Control and Prevention report that 7.0% of children 
aged 3-17 experience a serious head injury.3 The percentage 
of children suffering a significant head injury increases with 
age and is almost three times higher in children aged 15-17 
(11.7%) than in children aged 3-5 (4.0%).3 In addition, head 
trauma causes 600.000 emergency department visits and 
7.400 deaths among children under 18 years of age each year 
worldwide.4 The mortality rate due to traumatic brain injury 
(TBI) is higher in children under 4 years of age than in those 
aged 5-14 years; the annual mortality in the younger group is 
5 per 100.000 children.5-7

A head trauma of the same severity can lead to worse 
outcomes in children than in adults.8,9 It has been reported that 
even in children without obvious neurological deficits resulting 
from head trauma, impairments in academic performance, 
attention, concentration, memory, and executive functions 
may be observed, and some of these symptoms may appear 
only months or years after the initial injury.2,5,7-9 Therefore, it 
is not possible to know when, where, or how these traumas, 
which can significantly affect the lives of children and their 
parents, may occur. For this reason, it is important that 
parents, who spend most of their time with their children, 
know appropriate approaches and first-aid interventions in 
the event of any accident or injury, including head trauma.10,11 
However, no study in the literature specifically addresses how 
parents can administer first-aid to their children who have 
sustained head trauma. Given that early and appropriate 
first-aid interventions can prevent complications, parental 
education is a key component of pediatric emergency 
preparedness. 

Nurses play a critical role in educating caregivers about 
pediatric emergencies, including head trauma. However, 
structured first-aid training programs are not widely 

implemented in clinical practice. This study aims to bridge this 
gap by evaluating the impact of a first-aid training program 
for parents on their knowledge of pediatric head trauma.

Hypothesis of the Research

H
1
: First-aid training significantly improves parents’ knowledge 

regarding pediatric head trauma.

Materials and Methods

Study Design and Participants

The study was conducted from November 2023 to May 2024 
at a primary health care institution in Türkiye. A pre-post test 
interventional design was used to assess the effectiveness of 
first-aid training. To determine the required sample size, an 
a priori power analysis was conducted using G*Power 3.1 
software. With an effect size of 0.5, an alpha of 0.05, and 
80% power, a minimum of 88 participants were required. To 
allow for potential dropouts, 101 participants were included 
to ensure sufficient statistical power. 

The inclusion criteria were:

• Being the parent or primary caregiver of a child under 18 
years old.

•	 Being able to read and write in Turkish.

•	 Willingness to participate and provide informed consent.

Exclusion criteria included parents who had formal first-aid 
training or those with medical backgrounds (e.g., healthcare 
professionals).

Ethical Approval

The study was carried out in accordance with the Declaration 
of Helsinki. Ethics committee approval for this research was 
obtained from the Hitit University Non-Interventional Research 
Ethics Committee (approval no: 2023-17, date: 01.11.2023).

artırabilir. Gelecekteki programlar, öğrenmeyi pekiştirmek ve 
kalıcı bilgi eksikliklerini gidermek için teorik ve uygulamalı eğitimi 
birleştirmelidir. Bu tür müdahalelerin birincil sağlık hizmetlerine ve 
ebeveyn eğitimine entegre edilmesi, toplumun hazırlığını artıracak 
ve ebeveynlerin pediyatrik acil durumlara etkili bir şekilde müdahale 
etmelerini sağlayacaktır.

Anahtar Kelimeler: İlk yardım, ebeveyn bilgisi, ebeveyn eğitimi, 
pediyatrik kafa travması

Future programs should combine theoretical and hands-on training 
to reinforce learning and address persistent knowledge gaps. 
Integrating such interventions into primary healthcare services and 
parental education will enhance community preparedness and 
empower parents to respond effectively to pediatric emergencies.

Keywords: First-aid, parental knowledge, parental training, pediatric 
head trauma
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Strengths of Study

This study contributes to the limited body of literature on 
first-aid training for parents specifically focused on pediatric 
head trauma. Its strengths lie in targeted intervention design, 
structured training, and pre- and post-test evaluations with 
measurable outcomes. The inclusion of sociodemographic 
subgroup analyses deepens understanding of which parental 
groups may benefit most from such training. Although similar 
studies have examined general first-aid education, this study 
makes a novel contribution by addressing a high-risk, high-
impact topic in pediatric emergency care in a community-
based setting. Furthermore, ensuring the validity of the survey 
forms and, in the future, developing them into a scale could 
be considered important methodological contributions.

Implementation of the Study

The first-aid training was developed based on the 
recommendations of the European Resuscitation Council First-
aid Guidelines.12 Consent was obtained from parents who 
presented to the primary health care center for reasons such 
as vaccination or treatment, to ascertain their willingness to 
participate in the study. The training included:

•	 A 15-minute interactive session led by a certified first-aid 
instructor. The training was intentionally designed as a 
15-minute intervention to ensure feasibility and accessibility 
within primary health care settings, where parents often 
have limited time. Similar short-format educational models 
have been shown to improve caregivers’ knowledge of 
first-aid topics.10,11 This duration was therefore considered 
both practical and sufficient for delivering essential first-aid 
information on pediatric head trauma.

•	 Visual educational poster detailing signs, symptoms, and 
immediate actions for head trauma.

•	 Q&A session where parents could ask clarifying questions.

Participants completed a pre-test before the training and a 
post-test immediately after.

Data Collection Instruments

The study utilized a self-administered questionnaire, which 
included:

•	 A demographic information form (age, education, prior 
knowledge of first-aid, history of child head trauma, etc.).

•	 A 13-item head trauma first-aid knowledge test (true/false 
format) was developed based on existing literature.7,11 To 
determine the parents’ knowledge levels regarding first-aid 
for head trauma, responses were scored as 1 point for a 
correct answer and 0 points for an incorrect answer.

Validity and Reliability

Content validity was ensured by an expert panel of two 
emergency physicians, two pediatricians, and two first-aid 
instructors. A pilot study involving 10 parents was conducted, 
and the questionnaire was revised for clarity. Cronbach’s 
alpha coefficient for the knowledge test was 0.78, indicating 
acceptable reliability.

Statistical Analysis

Data were analyzed using SPSS 21.0. The distribution of the 
data was assessed using the Shapiro-Wilk test, which indicated 
a normal distribution. Therefore, parametric tests were used 
in the analyses. Descriptive statistics were summarized as the 
mean, standard deviation, and minimum and maximum for 
numerical variables, and as number and percentage (%) for 
categorical variables. To compare mean scores, the paired 
t-test was used for within-group comparisons (before and 
after training), and the independent-samples t-test (for two 
groups) and one-way analysis of variance (for three or more 
groups) were used for between-group comparisons across 
sociodemographic characteristics. Effect size (r) was evaluated 
according to Cohen’s (1988) classification: r=0.1 (small), 
r=0.3 (medium), r=0.5 (large). Statistical significance was set 
at p<0.05. Additionally, subgroup analyses were conducted 
to examine the impact of child-related variables (e.g., trauma 
history, gender, emergency room visit status) on parental 
awareness. These variables were included in the analysis 
because they are among the factors reported in the literature 
as influencing parental awareness and first-aid responses.

Results

In the study, the mean total knowledge score of parents 
regarding first-aid for head trauma was found to be 
10.47±1.54 before the training and 11.81±1.52 after the 
training. The effect size (Cohen’s d =0.88) indicated a strong 
effect. The comparison of the mean scores before and after 
was highly significant (p<0.001; Figure 1).

Table 1 presents a comparison of pre-test and post-test 
knowledge scores by sociodemographic variables. The mean 
age of the parents was 29.3±6.0 years; the majority were 
mothers (94.1%), were married (97.0%), and had at least 
a high school education (67.4%). Most participants were 
unemployed (70.3%) and lived in nuclear families (89.1%). 
The training significantly improved knowledge scores across 
all sociodemographic subgroups (p<0.001; Table 1).
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Table 2 presents the relationship between children’s head 
trauma history and parents’ first-aid knowledge scores. 
Overall, 31.7% of parents reported that their child had 
previously experienced head trauma, most commonly due 
to falls from a height (90.6% of cases). The mean age of 
affected children was 2.9±1.8 years, and 51.5% were male. 
The training significantly improved knowledge scores in 
all subgroups (p<0.001 for all within-group comparisons). 
Additionally, parents whose children had experienced head 
trauma had higher post-test scores (12.16±1.09) compared 
with those whose children had not (11.63±1.67), although 
the difference did not reach statistical significance (p>0.05). 
Notably, parents who previously sought emergency care 
for head trauma had significantly higher post-test scores 
(p=0.049). Similarly, parents of male children who had 
sustained head trauma scored significantly higher on the 
post-test compared with parents of female children who had 
sustained head trauma (p=0.001; Table 2).

The comparison of item score averages for parents’ knowledge 
of first-aid for head trauma before and after the training is 
shown in Table 3. Average total correct answer scores for 
parents’ knowledge of first-aid for head trauma increased in 
most cases, compared with before the intervention. However, 
the comparison of item score averages for items 1, 3, 4, 6, 7, 
10, and 12 was found to be statistically significant (p<0.05; 
Table 3).

Figure 1. Comparison of parents’ total knowledge score averages regarding 
first-aid in head traumas
CI: Confidence interval

Table 1. Sociodemographic characteristics of parents and comparison of knowledge scores before and after training (n=101)

Descriptive characteristics X̄ ± SD Min-max
Pre-test Post-test

Test/p-valueb

X̄ ± SD Test/p-valuea X̄ ± SD Test/p-valuea

Parent’s age 29.31±5.98 18-45 10.47±1.54
2.379
<0.001

11.81±1.52
2.831
<0.001

-29.698
<0.001

Child’s age 5.05±5.10 0-18 10.50±1.37
2.379
<0.001

11.50±1.04
1.402
0.039

 9.803
<0.001

n %

Participating parent

Mother 95 94.1 10.45±1.55 -0.583
0.561

11.75±1.55 -1.420
0.159

61.014
<0.001Father 6 5.9 10.83±1.47 12.66±0.51

Level of education

Primary school 16 15.8 10.62±0.31 0.192

0.965

12.18±0.83 1.572

0.176

37.649
<0.001Secondary school 20 19.8 10.20±2.09 12.00±1.58

High school 32 31.8 10.46±1.50 11.96±1.30

Associate degree 16 15.8 10.56±1.36 10.87±2.02

Undergraduate 17 16.8 10.56±1.45 11.81±1.68

Marital status

Single 3 3.0 10.66±0.57 0.217

0.829

12.33±0.57 0.598

0.551

54.803

Married 98 97.0 10.46±1.56 11.79±1.54 <0.001

Working status

Working 30 29.7 10.80±1.76 1.378

0.171

11.96±1.42 0.660 52.708

<0.001Not working 71 70.3 10.33±1.43 11.74±1.57 0.511
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Table 1. Continued

Descriptive characteristics X̄ ± SD Min-max
Pre-test Post-test

Test/p-valueb

X̄ ± SD Test/p-valuea X̄ ± SD Test/p-valuea

Income level

Income is less than my expenses 19 18.8 10.63±1.37 0.120

0.887

12.00±0.81 0.530

0.590 51.210
<0.001

Income is equal to my expenses 67 66.3 10.43±1.60 11.83±1.57

Income is more than my expenses 15 14.9 10.46±1.59 11.46±1.99

Family type

Nuclear family 90 89.1 10.48±1.54 -0.021

 0.983

11.84±1.46 0.671

0.504

58.636
<0.001Traditional (extended) family 11 10.9 10.50±1.64 11.50±2.12

Total number of children

1 52 51.5 10.84±1.30 3.654

0.029

11.67±1.58 0.583

0.560

 9.160
<0.0012 28 27.7 10.25±1.48 11.85±1.79

3 and above 21 20.8  9.85±1.95 12.09±0.88

Total number of people living in the house

3 45 44.6 10.81±1.34 0.911

0.477

11.79±1.48 1.000

0.422

38.546
<0.0014 28 27.6 10.32±1.46 12.10±1.37

5 24 23.8 10.12±2.00 11.70±1.45

6 and above 4 4.0 10.50±0.57 10.50±3.10

Place of residence

Province 97 95.0 10.41±1.54 -1.698

 0.093

11.77±1.55 -0.933

0.353

50.817

<0.001District 4 4.0 11.75±1.25 12.50±0.57

Child has chronic disease

Yes* 96 95.0 10.43±1.56 -1.076

 0.285

11.81±1.56 0.018

0.986

61.572

<0.001No 5 5.0 11.20±1.09 11.80±0.44
a: Independent sample t-test for pairwise comparisons, ANOVA for three or more comparisons, b: Paired t-test; statistical significance: p<0.05, *: heart: n=3; eye: n=1; asthma: n=1; 
kidney: n=1; epilepsy: n=1, Marshall syndrome: n=1; immunodeficiency: n=1, SD: Standard deviation

Table 2. Distribution of children’s head trauma history and parents’ knowledge of first-aid in head trauma

Items n %
Pre-test Post-test

Test/p-valueb

X̄ ± SD Test/p-valuea X̄ ± SD Test/p-valuea

Child has head trauma

Yes 32 31.7 10.74±1.26 -1.225
0.224

12.16±1.09 -1.594 52.061

No 69 68.3 10.33±1.65 11.63±1.67  0.114 <0.001

Number of head injuries the child has 
had since birth

Mean ± SD 
1.27±0.73

10.36±1.43
0.270
0.788

12.54±0.93
-1.746
 0.084

52.840
<0.001

Cause of head trauma

Fall from height (such as balcony, bed, 
window)

29 90.6 10.86±1.24 1.490
0.242

12.13±1.12  0.374
 0.691

38.871
<0.001

Accident/injury with a motorbike 3  9.4  9.50±2.12 12.50±0.07

Age of the child at the time of the 
trauma

Mean ± SD 
2.93±1.83

10.66±1.22
0.000
1.000

12.33±0.81
-1.859
 0.086

19.550
<0.001

Gender of traumatized child

Female 15 48.5 10.62±1.20 -0.833
 0.411

11.56±1.26  -3.487
 0.001

40.775
<0.001Male 17 51.5 11.00±1.36 12.70±0.46

Knowing first-aid for head trauma

Yes 12 11.9 10.50±1.54 0.536
0.593

11.50±1.73  0.752
 0.454

58.865
<0.001No 89 88.1 10.25±1.60 11.85±1.50

Emergency room visit due to head trauma

Yes 25 24.8 10.80±1.22 -1.213
 0.228

12.32±1.02 -1.970
 0.049

59.643
<0.001No 76 75.2 10.36±1.63 11.64±1.63
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Discussion

Although awareness and prevention efforts aimed at reducing 

head trauma have increased in recent years, it remains one 

of the major health problems among children.3 Parents, 

as the primary caregivers responsible for creating a safe 

environment and responding to injuries, play a critical role 

in both prevention and early intervention.13 However, most 

parents are unaware of their need for first-aid training until 

they are invited to attend structured educational programs, 

which are often organized and led by nurses. In this study, a 

pediatric nurse-led training program focusing on first-aid for 

pediatric head trauma was implemented, and its impact on 
parents’ knowledge levels was evaluated.

When children experience accidents, their parents are typically 
the closest caregivers. Therefore, it is crucial for parents to 
possess a high level of basic first-aid knowledge and practical 
skills to prevent mortality and morbidity. In the study, 94.1% 
of the participating parents were mothers. This finding 
is consistent with several studies in the literature10,11,14,15 

which indicate that mothers are the primary caregivers in 
most societies. These results underscore the importance of 
prioritizing mothers in accident-prevention initiatives and in 
the development of first-aid training programs.

Table 2. Distribution of children’s head trauma history and parents’ knowledge of first-aid in head trauma

Items n %
Pre-test Post-test

Test/p-valueb

X̄ ± SD Test/p-value X̄ ± SD Test/p-value

Hospitalization for head trauma

Yes 3 3.0 11.33±0.57 -0.975
 0.332

13.0±0.0 -1.373
 0.173

61.668
<0.001No 98 97.0 10.44±1.56 11.77±1.53

a: Independent sample t-test for pairwise comparisons, ANOVA for three or more comparisons, b: Paired t-test; statistical significance: p<0.05, SD: Standard deviation

Table 3. Parents’ first-aid knowledge item score means in head trauma

Items Pre-test Post-test Score of
change p-valuea*

1. If my child loses consciousness after receiving a blow to the head, I think it is a head 
injury.

0.93±0.25 0.99±0.09 0.05±0.27 0.033

2. If my child vomits forcefully when he/she is struck on the head, I think he/she has a 
head injury.

0.99±0.09 0.98±0.14 0.00±0.17 0.566

3. If my child sustains a blow to the head with resulting swelling, I would consider it a 
head injury.

0.85±0.35 0.95±0.21 0.09±0.36 0.007

4. If my child sustains a blow to the head and a black-and-blue discoloration is present 
under the eye and behind the ear, I would suspect a head injury.

0.79±0.40 0.89±0.31 0.09±0.45 0.032

5. If my child utters meaningless words after he/she sustains a blow to the head, I would 
suspect that he/she has a head injury.

0.95±0.21 0.94±0.23 0.00±0.22 0.657

6. If my child makes sounds such as crying or moaning when he/she receives a blow to 
the head, I would suspect he/she has a head injury.

0.69±0.46 0.83±0.37 0.13±0.46 0.004

7. If my child has a blow to the head and there are any broken bones or bleeding in the 
head, I apply pressure directly to the area with a cloth.

0.23±0.47 0.67±0.47 0.43±0.60 <0.001

8. If my child experiences a blow to the head and, within 48 hours, develops any of the 
following: a headache; pain in the neck or back; tingling or loss of sensation in the hands 
and fingers; or fluid discharge from the nose or ears, I consider the child to have a head 
injury.

0.93±0.25 0.96±0.19 0.02±0.33 0.368

9. If I suspect that my child has sustained a head injury, I immediately call 112 and avoid 
moving him/her.

0.98±0.14 0.96±0.19 0.01±0.19 0.320

10. In the event of a fall from a height or from a bicycle, I try to lift my unconscious child 
from where he/she is and take him/her to the hospital as quickly as possible.

0.58±0.49 0.85±0.35 0.26±0.52 <0.001

11. In cases of falls, such as from a height or from a bicycle, I immediately call 112 and 
ensure that my child does not move, even if he or she is conscious.

0.91±0.28 0.96±0.19 0.04±0.32 0.132

12. In the event of a fall from a height, such as from a bicycle, if the accident area is 
dangerous and my child needs to be moved, I carry my child upright by dragging him/her 
without shaking her.

0.67±0.47 0.83±0.37 0.15±0.41 <0.001

13. If my child falls from a height or from a bicycle, and there is danger at the accident 
site requiring that my child be carried, I ensure the head-neck-body axis is maintained 
during transport and remains immobilized until the call arrives.

0.95±0.21 0.99±0.09 0.03±0.24 0.103

a: Paired t-test, *: Statistically significant p<0.05
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Consistent with Hughes et al.16 this study found that short-
distance falls, including falls from couches, beds, or a 
standing position, were the primary cause of head trauma 
in children. Although rates varied across studies, falls were 
consistently identified as the most common cause of head 
trauma, particularly in children aged 0-4 years.2,17,18 The 
mean age of the children who sustained head trauma in 
the study was consistent with previous research.19-21 The 
higher prevalence in young children is likely attributable to 
their increased curiosity, incomplete physical and cognitive 
development, and inadequate parental supervision. 
Furthermore, anatomical factors such as larger head-to-body 
ratios, incomplete brain myelination, and open cranial sutures 
increase their susceptibility to head trauma.22,23 From a clinical 
and public health perspective, these results highlight the 
urgent need for targeted fall prevention interventions and 
parental supervision strategies, particularly for toddlers and 
preschool-aged children. In addition, the higher rate of head 
trauma among boys than among girls, as observed in this 
study, is consistent with findings in the literature.3,17,20,21,24 The 
higher frequency of head trauma in boys may be attributed 
to parents’ greater provision of preventive care to girls and to 
boys’ greater propensity for risky, physically active play.

It is important for parents to be familiar with quick and 
effective first-aid practices to ensure their children’s safety. 
However, many studies have shown that parents’ first-aid 
knowledge and practices are inadequate.25-31 Compared to 
these studies, the majority of parents in our study reported 
a lack of knowledge about first-aid for head injuries, which is 
not surprising. These findings highlight the need for targeted 
first-aid training programs specifically tailored to pediatric 
head trauma. In addition, head trauma is a leading cause 
of emergency department visits among young children.17,32 
In the study, fewer than half of the parents of children with 
head trauma sought emergency care. This may be because 
parents fail to recognize head injury symptoms or perceive 
them as minor.

The literature shows that parents’ first-aid knowledge 
and practice levels can be improved through training.10,33 
Comparison of mean scores before and after first-aid training 
showed a statistically significant improvement, indicating that 
the training was effective. This finding is consistent with El Seifi 
et al.24 who found a significant increase in mothers’ first-aid 
knowledge after training, and with Cetinkaya and Odabasi10 
who reported similar improvements in parents’ understanding 
of pediatric burns. The post-training improvement in 
knowledge scores demonstrates that even brief, structured 
education can yield meaningful learning gains. The present 
study extends these findings by focusing specifically on 
pediatric head trauma-a critical yet understudied area-and 
demonstrating that a 15-minute nurse-led poster-based 

session can significantly enhance caregiver knowledge from 
a practical standpoint, such brief interventions are feasible to 
integrate into routine pediatric visits, immunization clinics, or 
community health programs.

Clinical findings of head trauma have been described in the 
literature.2 Particularly in children who have experienced an 
accident affecting the head and neck region, signs such as 
loss of consciousness, swelling of the head, bruising under 
the eyes and behind the ears, or sounds such as crying or 
moaning may indicate head trauma.2,34,35 In the study, 
parents’ mean scores on the 1st, 3rd, 4th, and 6th post-test items 
increased, and these increases were statistically significant. 
Increased parental clinical signs of head trauma is crucial for 
early recognition and intervention of head injuries.

Immobilizing children who have sustained a head injury, 
without moving their heads, is crucial to maintaining their 
breathing and ensuring their survival, because head trauma 
can be associated with fatal TBI.36,37 Therefore, administering 
appropriate first-aid in cases of head trauma is crucial for the 
child’s health and survival. Statistically significant differences 
between the pre-test and post-test mean scores, particularly 
for items 7, 10, and 12 in Table 3, have important implications 
for addressing potential misconceptions held by parents. 
Increasing parents’ knowledge and awareness regarding head 
trauma is a critical responsibility for preventing morbidity and 
mortality.

Study Limitations

This study has several limitations that should be considered 
when interpreting the findings. First, the absence of a control 
group limits the ability to attribute improvements solely to 
the training intervention. Second, the study assessed only 
short-term knowledge gains; no follow-up was conducted to 
evaluate knowledge retention or real-life application. Third, 
the sample was drawn from a single primary healthcare center 
in Türkiye using convenience sampling, which may limit the 
generalizability of the findings to other populations or settings. 
Additionally, the questionnaire used to measure knowledge 
was developed by the researchers; although content validity 
and reliability were assessed, psychometric properties, such as 
construct validity, were not fully established.

Conclusion

This study demonstrated that a brief, educational intervention 
improved parents’ knowledge of first-aid for pediatric head 
trauma. Strengthening such community-based educational 
models can contribute to early recognition, appropriate 
management, and ultimately, a reduction in preventable 
morbidity and mortality. Future programs should combine 
theoretical and hands-on training to reinforce learning 
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and address persistent knowledge gaps. Integrating such 
interventions into primary healthcare services and parental 
education will enhance community preparedness and 
empower parents in responding effectively to pediatric 
emergencies.
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 Abstract

Introduction: Childhood poisoning, resulting from exposure to 
various substances through ingestion, inhalation, or contact, is a 
major global health concern. In India, the increased availability of 
household, agricultural, industrial, and pharmaceutical chemicals 
has led to an increased incidence of accidental poisonings among 
children aged 1-5 years. This study examines the prevalence, types, 
and outcomes of childhood poisoning in India, highlighting the role 
of sociodemographic factors and parental behaviors. Hospital data 
underscore the need for improved education and safety practices, 
including effective counseling and strategies to support behavioral 
change, to reduce incidents and improve long-term outcomes.

Methods: This prospective study was conducted in a tertiary-care 
hospital in North India from December 2022 to August 2023 to 
analyze the burden and types of childhood poisoning and to assess 
the influence of sociodemographic factors using the modified 
Kuppuswamy scale (2023). Secondary outcomes included clinical 
outcomes and post-counseling behavioral changes, assessed at the 
two-month follow-up. Follow-up, conducted through telephonic 
consultations, evaluated late sequelae, repeat poisonings, and 
changes in safety practices.

Results: One hundred and two pediatric poisoning cases were 
enrolled, representing 1.53% of all pediatric emergencies (n=6630). 
Most cases occurred in children aged 1-5 years (74.7%, n=76), 
predominantly male (66.7%, n=68), with higher incidence in 
metropolitan areas (62.7%, n=64) and in lower socioeconomic 
groups (81.4%, n=83). Household cleaning agents (40.2%, n=41) 
and hydrocarbons (23.5%, n=24) were the leading causes, reflecting 

 Öz

Giriş: Çocukluk çağı zehirlenmeleri; yutma, soluma veya temas 
yoluyla maddelere maruz kalma sonucu ortaya çıkan önemli 
bir küresel halk sağlığı sorunudur. Hindistan’da evsel, tarımsal, 
endüstriyel ve farmasötik kimyasalların artan erişilebilirliği, 1-5 
yaş arası çocuklarda kazara zehirlenmeleri artırmıştır. Bu çalışma, 
Hindistan’da çocukluk çağı zehirlenmelerinin prevalansını, türlerini 
ve sonuçlarını inceleyerek sosyodemografik faktörler ve ebeveyn 
davranışlarının rolünü vurgulamaktadır. Hastane verileri, etkili 
danışmanlık ve davranış değişikliği yoluyla eğitim ve güvenlik 
uygulamalarının güçlendirilmesi gerekliliğini ortaya koymaktadır.

Yöntemler: Aralık 2022-Ağustos 2023 tarihleri arasında Kuzey 
Hindistan’da bir üçüncü basamak hastanede yürütülen bu ileriye 
yönelik çalışmada, çocukluk çağı zehirlenmelerinin yükü ve türleri 
ile sosyodemografik faktörlerin etkisi 2023 modifiye Kuppuswamy 
ölçeği kullanılarak değerlendirildi. İkincil sonuçlar; klinik seyir ve 
iki aylık takip sonrası danışmanlıkla oluşan davranış değişikliklerini 
içerdi. Takipte geç sekeller, tekrarlayan zehirlenmeler ve güvenlik 
uygulamalarındaki değişiklikler telefon görüşmeleriyle değerlendirildi.

Bulgular: Toplam 102 pediyatrik zehirlenme olgusu çalışmaya alındı 
ve tüm pediyatrik acil başvurularının %1,53’ünü (n=6630) oluşturdu. 
Olguların çoğu 1-5 yaş grubunda (%74,7; n=76), erkeklerde (%66,7; 
n=68) ve metropoliten bölgelerde (%62,7; n=64) görüldü; düşük 
sosyoekonomik gruplarda daha yüksekti (%81,4; n=83). En sık 
nedenler evsel temizlik maddeleri (%40,2; n=41) ve hidrokarbonlardı 
(%23,5; n=24); bu durum kerosen zehirlenmesindeki azalmayı 
göstermektedir. Asit bazlı korozif temizleyiciler yaygındı. Beş yaş 
üzeri çocuklar, yaşı büyük kardeşi olanlar ve geniş ailede yaşayanlarda 
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Introduction

Poisoning refers to injury resulting from exposure to an 
exogenous substance that causes cellular damage or cell 
death. This exposure can occur through ingestion, inhalation, 
injection, or direct contact. The severity and outcome of 
poisoning in children depend on several interrelated factors, 
including the type, amount, and form of the poison, the 
route of exposure, the child’s age and nutritional status, the 
presence of other toxins, and concurrent diseases or injuries.1

In India, a developing nation, the use of various household, 
agricultural, industrial, and pharmaceutical chemicals has 
surged. The presence of these in households and surrounding 
areas contributes to an increased incidence of accidental 
poisoning among children, who are naturally curious.2 The 
vast majority of cases belong to children aged 1-5 years.3,4 
The common types of poisoning observed in them include 
kerosene (hydrocarbons), household cleaning agents 
(corrosives), turpentine, medications, insecticides, among 
others. 

An analysis of data across multiple regions of India indicates 
that hydrocarbon poisoning, particularly kerosene, is the 
predominant type of poisoning in the country.3,5 The 
incidence of hydrocarbon poisoning is notably higher in rural 
areas compared to urban areas. Additionally, rural regions 
experience higher rates of snake bites, ingestion of poisonous 
plants, and exposure to unknown substances. Over time, 
the nature of these available agents has changed because of 
lifestyle shifts and regional development, resulting in altered 
poisoning patterns. 

Across the globe, thousands of children are brought to the 
hospital with cases of accidental poisoning that could have 
been avoided with better education and preparedness.6-9 

Parents’ behavior regarding childcare and safety practices 
also plays an important role in determining the causes and 
incidence of accidental poisoning among children.

This study examined the prevalence and types of childhood 
poisoning and the influence of sociodemographic factors on 
these events. The study also assessed outcomes at presentation 
and at two months’ follow-up, focusing on long-term effects, 
repeat incidents, and changes in parents’ safety behaviors 
after counseling provided to all parents during hospital stays 
about safe storage practices for poisonous substances.

Materials and Methods

A prospective observational study of poisoning among 
children under 12 years of age was conducted in the clinic 
of pediatrics at a tertiary-care hospital in North India from 
December 2022 to August 2023. The study commenced after 
obtaining approval from the Maulana Azad Medical College 
and Associated Hospital Institutional Ethics Committee 
(approval no: F.1/IEC/MAMC/MD/MS 92/04/2022 No.371, 
date: 29.08.2022). This study investigated the burden and 
types of childhood poisoning and examined the influence of 
sociodemographic factors. It addresses child-specific factors 
(e.g., pica), parental dynamics (e.g., educational status), 
family characteristics (e.g., family type, number of children, 
crowding, and urban or rural setting), and the use of home 
child-proofing measures. Details of the poison encompass 
type, quantity, accessibility, and packaging, whereas ingestion 
events are categorized according to how they were discovered. 
Post-ingestion symptoms and parents’ actions, including 
initial steps taken and presentation to the hospital, were 
analyzed. Hospital outcomes, previous poisoning episodes, 
and nutritional status were also evaluated. 

zehirlenme insidansı daha düşüktü. Olguların %84,3’ü başarıyla 
taburcu edildi; korozif zehirlenme nedeniyle iki ölüm görüldü. 
Takipte tekrarlayan zehirlenme saptanmadı ve ebeveyn danışmanlığı 
depolama uygulamalarını belirgin şekilde iyileştirdi.

Sonuç: Çalışma, çocukluk çağı zehirlenmelerinde korozif maddelerin 
öne çıktığını ve kerosen zehirlenmelerinin azaldığını göstermektedir. 
Ev içi risklerin azaltılması, ebeveyn eğitiminin güçlendirilmesi ve 
sağlık sistemlerinin geliştirilmesi kritik olup, danışmanlık önlemede 
kilit rol oynamaktadır.

Anahtar Kelimeler: Toksikoloji, klinik profil, zehirlenme, pika, çocuk 
güvenliği uygulamaları

a shift from the earlier predominance of kerosene. Corrosive cleaners-
mainly acid-based-were common. Being older than five years, having 
older siblings, and living in a joint family were associated with a 
lower incidence of poisoning. Outcomes were favorable in most 
cases, with 84.3% successfully discharged; two deaths occurred due 
to corrosive poisoning. Follow-up showed no repeat incidents, and 
parental counseling significantly improved storage practices.

Conclusion: The study demonstrates a changing pattern in 
childhood poisoning, with corrosive agents emerging as the most 
common cause and kerosene poisoning declining. Addressing 
household risks, strengthening parental education, and improving 
healthcare systems are essential, with counseling playing a pivotal 
preventive role.

Keywords: Toxicology, clinical profile, poisoning, pica, child safety 
practices
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At discharge, the parents of the enrolled patients were 
counseled on child safety practices, child-proofing, and 
childcare, including adequate nutrition. A follow-up 
telephone call was conducted at two months to monitor for 
delayed effects, recurrent episodes, and behavioral changes 
in parents or family members. A single investigator collected 
daily data using a predesigned proforma; the data were then 
analyzed to characterize the spectrum of poisonings and 
their outcomes.

At discharge, all parents received a structured counselling 
session focused on preventing future poisoning episodes. 
The counselling was delivered in person by the investigator, 
a pediatric resident, and was supervised by a consultant 
pediatrician. Each session lasted approximately 15 minutes 
and followed a standardised checklist consisting of seven 
domains. Counseling was delivered verbally and supported by 
simple demonstrations, such as how to lock cabinets, when 
relevant. The parents were also encouraged to ask questions 
and seek clarification.

A telephone follow-up at two months after discharge was 
conducted to enquire about recurrent episodes, changes in 
the child’s behaviour, improvement in pica (if present), and 
implementation of recommended safety practices at home.

Statistical Analysis

The data collected were entered into an MS Excel sheet and 
analyzed using descriptive statistics. The categorical responses 
are expressed as percentages. Continuous data were 
presented as mean (±2 standard deviation) for parametric 
variables and median (interquartile range) for non-parametric 
variables. 

Results

This study spanned from December 2022 to August 2023. 
Notably, 1.53% (102) of all pediatric emergency admissions 
(n=6630) were due to poisoning. Most patients were 1-5 
years old (74.7%, n=76); males predominated (66.7%, 
n=68). Urban areas accounted for 62.7% (n=64) of cases, 
and 84.3% (n=86) of cases were from within the city. Ninety-
five incidents (93.2% of the total) occurred in and around 
the house. Only 6.8% (n=7) of cases were reported outdoors. 
Corrosive agents were the leading cause of poisoning 
(40.2%, n=41), followed by hydrocarbons (23.5%, n=24) 
and drugs (17.6%, n=18). Acid-based toilet cleaners were 
the most common corrosives, and turpentine was the most 
common hydrocarbon (Tables 1-3). Pallor was observed in 
73.5% (n=75) of patients, while 61.8% (n=63) exhibited pica. 
Anemia was present in 85.3% (n=87) of the children. Among 
these, 68 (78.2%) also exhibited pallor, whereas 19 (21.8%) 
were anemic without pallor. Of the 75 children with pallor, 

68 (90.7%) had anemia and 7 (9.3%) did not. The highest 
incidence of poisoning occurred during the summer (41.2%, 
n=42) and monsoon (30.4%, n=31) seasons. Corrosive and 
hydrocarbon poisonings peaked in summer and the monsoon 
(73%, n=30; 66.6%, n=16, respectively). Drug ingestion (Table 
4) spiked in winter (61.1%, n=11), while insecticides (Table 
5) and venomous animal bites surged during the monsoon 
(70%, n=7 and 60%, n=3 respectively). 

Among parents, 30.4% (n=31) had only a primary-school 
education, 45.1% (n=46) had a high-school education, 
23.5% (n=24) had graduate degrees, and 1% (n=1) had 
postgraduate qualifications. Regarding socioeconomic 
status, 51 (50%) belonged to the lower class, 32 (31.4%) 
to the upper lower class, and 19 (18.6%) fell into the lower 
middle class. Thirty-six children (35.3%) were second-born, 
27 (26.5%) were first-born, and 25 (24.5%) were third-
born. In the majority of cases, two children were at home 
(37.3%, n=38), followed by three (29.4%, n=30), four 
(12.7%, n=13), and one (12.7%, n=13). Of the children, 
91.2% (n=89) were from nuclear families. Only 5.9% (n=6) 

Table 1. Type of poisoning agent

Poisoning agent Number of patients Percentage

A Corrosives 41 40.2%

B Hydrocarbons 24 23.5%

C Drugs 18 17.64%

D Insecticides 10 9.86%

E
Venomous animal 
bitesa 5 4.9%

F Miscellaneousb 4 3.9%

Total 102 100%
a: Three cases of snake bite by common krait, one snake bite by cobra, and one 
case of scorpion bite, b: One case each of ingestion of camphor, silica powder, clay 
and soap

Table 2. Type of corrosive agent

Type of corrosive Number Percentage 
(out of total)

A Toilet cleaner (hydrochloric acid) 27 26.47%

B
Bleach [sodium hypochlorite (alkali)], 
used for laundry

7 8.86%

C Phenyl (carbolic acid, a weak acid) 4 3.92%

D Caustic soda (sodium hydroxide) 2 1.96%

E Vinegar [acetic acid (weak acid)] 1 0.98%

Table 3. Type of hydrocarbon

Type of hydrocarbon Number Percentage 
(out of total) 

A Turpentine (paint thinner) 15 14.7%

B Kerosene 7 8.86%

C Machine oil 1 0.98%

D Naphthalene (aromatic hydrocarbon) 1 0.98%
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of children had both parents working, whereas 94.1% 

(n=96) had one parent working.

The choice of storage containers for toxic agents is crucial 

to prevent accidental poisoning. Transparent water bottles 

were most commonly used (48.5%, n=47), followed 
by attractive packaging (16.5%, n=16), and empty soft 
drink bottles (14.4%, n=14). Fewer agents were stored in 
medicine bottles (10.3%, n=10) or in containers marked 
as hazardous (10.3%, n=10). The majority of toxic agents, 
98% (n=99), were easily accessible to patients because 
they were within physical reach, clearly visible, and lacked 
child-resistant packaging, permitting easy opening (Table 
6).

In our study, most ingestion events (89.2%, n=91) were 
promptly observed or otherwise detected by parents, 
particularly in cases involving corrosives and hydrocarbons, 
in which symptoms developed rapidly. In a small percentage 
(8.8%, n=8), children alerted parents to their distress, whereas 
in 2% (n=2) of cases, children kept the ingestion a secret, 
which eventually led parents to identify the cause of illness.

Notably, 97.1% (n=99) of events were accidental, while 
only 2.9% (n=3) were reported as homicidal. In one case, a 
mother attempted suicide by ingesting an agricultural-grade 
herbicide (paraquat) herself and by feeding it to her baby. In 
another case, a mother attempted suicide by ingesting bleach 
mixed with milk and by feeding it to both her children. After 
exposure, about half (47.5%, n=46) of the patients induced 
vomiting at home by parents/caregivers through digital 
stimulation of the throat, while 52.5% (n=51) took no home-
based action. About 58.8% (n=57) arrived within 30 minutes, 
20.6% (n=20) at 30 minutes to two hours, and 20.6% (n=20) 
after more than two hours. Vomiting was the predominant 
symptom at hospital presentation (67.6%, n=66).

Most patients had a 1-3-day hospital stay (59.8%, n=58), 
15.6% (n=15) stayed for 4-7 days, and 11.8% (n=11) were 
required to stay over seven days while 12.8% (n=12) got 
discharged on the same day. Pediatric intensive care unit 
(PICU) stay was required for 11.8% (n=11) of patients. Out of 
41 patients with corrosive ingestion, 61% (n=25) underwent 
upper gastrointestinal endoscopy. Two patients died during 
treatment, representing a mortality rate of 1.96% (n=2). In 
both fatal cases, the offending agent was a corrosive toilet 
cleaner that had been stored in water bottles.

At discharge, parents of enrolled patients were counselled, 
according to the standardised checklist (Table 7), about 
child safety practices, child-proofing, and childcare, including 
proper nourishment. Two months after discharge, 82 of 86 
patients were successfully reached by telephone, with only 
four (4.66%) lost to follow-up. Parents exhibited significant 
behavioral changes regarding the storage of potentially 
poisonous agents, with 96.3% (n=94) making efforts 
to prevent accidental ingestion. No repeated accidental 
ingestions occurred (Table 8).

Table 4. Type of drugs

Type of drugs Number Percentage 
(out of total)

A
Belonged to the patient and given in 
wrong dosage

10 9.86%

B Paracetamol 3 2.94%

C Dextromethorphan 3 2.94%

D Thyroxine 2 1.96%

E Phenytoin 2 1.96%

F Belonged to other family members 8 7.84%

G

Other drugs: promethazine, 
cannabinoid, permethrin, 
propranolol, aripiprazole, olanzapine, 
hydrogen peroxide, salicylic acid

1 each 0.98%

Table 5. Type of insecticides and pesticides

Type of insecticides 
and pesticides Number Percentage (out 

of total)

A
Pyrethroid (mosquito 
repellent liquid)

6 5.9%

B
Brodifacoum 
(anticoagulant 
rodenticide)

2 1.96%

C Paraquat (weed killer) 1 0.98%

D
Organophosphate 
(insecticide)

1 0.98%

Table 6. Type of storage containers, appearance, availability and 
accessibility of agents

Characteristics
Number Percentage

Type of storage containers

Transparent water bottle 47 48.5%

Attractive packaging 16 16.5%

Soft drink bottles 14 14.4%

Medicine bottles 10 10.3%

Hazardous marked containers 10 10.3%

Appearance 

Colored 70 72.10%

Transparent 27 27.90%

Availability

Easy to acquire 63 64.9%

Difficult to acquire 34 35.1%

Accessibility

Easy to access 95 98%

Out of reach 2 2%
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Discussion

In our study, accidental poisonings accounted for 1.53% of all 
pediatric emergency admissions, which is similar to the 1.05% 
reported at our centre in 20093 and consistent with studies by 
Jadhav et al.10, Koh et al.6, and other studies across India.2,4,9 
Most affected children (76.4%) were aged 1-5 years, a trend 
widely reported in the literature.2,5,6,9-11 This age group is more 
prone to accidental ingestion due to exploratory behaviour 
and limited awareness. A male predominance (66.7%) was 
also noted in line with the findings of Brata Ghosh et al.2 and 
Tarvadi et al.12

A higher proportion of cases were from metropolitan areas 
(62.7%) and from lower socioeconomic strata (81.4%), 
according to the modified Kuppuswamy scale (2023). The 
World Health Organization World report on child injury 
prevention reports similar observations, highlighting increased 
poisoning risks among lower-income groups.1

Corrosive household cleaners were the most common 
agents (40.2%), followed by hydrocarbons (Tables 1-3). This 
represents a shift from earlier studies, including Parekh and 
Gupta13 and our 2009 data, where kerosene dominated. 
More recent work by Suting et al.9 also reports a decline 
in kerosene ingestion comparable to our findings (6.8%). 
Turpentine has now replaced kerosene as the predominant 
hydrocarbon (Table 3). The rise in ingestion of corrosive 

cleaners may reflect reduced kerosene use and changes in 
household practices. Acid-based toilet cleaners accounted for 
the majority of corrosive ingestions (65.8%), whereas bleach 
accounted for 17.3% (Table 2). Western studies also report 
a rise in ingestions of household cleaners, although alkaline 
agents predominate.5,6,11,14

Hydrocarbons ranked second, with turpentine accounting 
62.5% of cases and often linked to painting activities. 
Pharmaceuticals ranked third among substances involved 
in unintentional ingestions (17.64%). Paracetamol and 
dextromethorphan were the most prevalent medications 
(16.5% each) and were often administered incorrectly. Other 
drugs (mainly thyroid medication and anti-epileptic drugs) 
belonging to family members were accidentally ingested 
(Table 4). These patterns resemble findings from North India 
and Western countries.2,9,13,15,16

Venomous bites accounted for 4.9% of cases, predominantly 
snake bites (80%) and scorpion bites (20%), consistent with 
the species commonly found in Northern India (Table 1). A 
seasonal rise in poisonings was observed during summer 
(41.2%) and the monsoon (30.4%), emphasizing the role of 
environmental factors.

Most incidents (93%) occurred at home, consistent with 
previous reports.1,2,5 Children older than five years experienced 
fewer episodes, possibly owing to greater awareness. Family 
dynamics may also play a role, with larger families providing 
increased supervision.

Anemia was present in 87 children: 68 (78.2%) had pallor 
and 19 (21.8%) did not. Among 75 children with pallor, 7 
(9.3%) were not anemic. Therefore, pallor detected anemia 
reasonably well but was unreliable in excluding it. Similar 
patterns are described in populations with mild anemia. The 
high rates of pica and pallor suggest underlying nutritional 
deficiencies that may contribute to both anemia and 
behavioral tendencies. Previous studies have also reported an 
association between anemia and pica.17,18

Parents with higher levels of education were more likely 
to adopt child-proofing measures (24.5% of parents), 
suggesting a association between education and safety 
awareness.8 Storage practices played a major role, with toxic 
agents commonly stored in transparent bottles (48.5%) or 
in attractive containers (16.5%). Improper storage occurred 
in 79.4% of cases, and nearly all agents (98%) were easily 
accessible. Availability in the community was also high 
(64.9%). These findings highlight the need to address unsafe 
storage and accessibility.1,2,16

Nearly half of caregivers attempted to induce vomiting, usually 
through digital stimulation, indicating persistent knowledge 
gaps regarding appropriate first aid. 

Table 7. Standardised counselling checklist

1.
Secure 
medications

- Keep meds locked up and out of reach.
- Use child-resistant packaging.

2. Chemical safety

- Store household chemicals in locked cabinets.
- Restrict access to cleaning products and 
agents.
- Follow guidelines for disposal.

3. Child-proofing
- Install safety locks on cabinets.
- Secure personal care items.

4. Education

- Teach children about the dangers of 
ingesting substances and about their safe 
handling.
- Emphasize that products are not toys.

5. 
Emergency 
information

- Keep poison control number accessible.
- Take the child immediately to the nearest 
hospital.
- Do not try to induce vomiting at home.

6. Supervision
- Keep a close eye on young children.
- Be cautious in unfamiliar environments, and 
monitor during outdoor play.

7.
Proper food 
storage

- Store food items securely, away from harmful 
substances.

Table 8. Attitude changes in parents after counselling

Attitude changes in parents Number of cases Percentage

Yes 79 96.3%

No 3 3.7%
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The study assessed patients’ treatment and recovery. The PICU 
admission rate was 11.8%, while mortality was low (2%). A 
similar study conducted by Brata Ghosh et al.2 showed a PICU 
admission rate of 11.7%, with a mortality rate of 2.7%. A 
fall in mortality rates has been observed over the last few 
decades. A mortality rate of 8.9% was reported in a study 
conducted by Jayashree and Singhi19 over the period from 
1993 to 2008. A mortality rate of 4.4% was reported in a study 
by Aggarwal et al.20 during 2010-13. At discharge, detailed 
discussions with parents led to significant behavioral changes. 
Parents have become more cautious about children’s access 
to household cleaning agents and have switched to safer 
alternatives, ensuring that hazardous substances are kept out 
of reach and are not stored in improper containers. The study 
implies that sources like the mass media can spread important 
information to a larger population and can help people learn 
safe storage practices, thereby reducing childhood poisoning. 
This collective effort can substantially decrease poisoning 
incidents, creating a safer environment for children.

Study Limitations

This study was conducted in a single tertiary-care hospital 
with a small sample size, which may limit the generalizability 
of the findings. Although the hospital receives children from 
many states and has a varied case mix referral bias is likely 
because more severe cases are typically referred to tertiary 
centers. The results may therefore differ from those seen in 
primary or district-level facilities. Larger multicenter studies 
in the future would help confirm and strengthen these 
findings.

Conclusion

This study examines childhood poisoning incidents, identifying 
accidental poisoning as the cause in the majority of cases. 
Household substances, most commonly toilet cleaners, are 
frequent agents of poisoning, and hydrocarbon poisonings 
have shifted from kerosene to substances such as turpentine 
oil. Seasonal patterns and family dynamics significantly 
influence poisoning incidents. Educational initiatives 
demonstrate positive outcomes, emphasizing the importance 
of targeted interventions and improved storage practices, 
thereby creating a safer environment for children.
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 Abstract

Introduction: Pediatric acute liver failure (PALF) is a life-threatening 
multisystem disorder characterized by rapid hepatic dysfunction. This 
study aimed to describe the etiologies, intensive care management, 
and outcomes of children with PALF admitted to a tertiary pediatric 
intensive care unit.

Methods: We retrospectively reviewed 53 children with PALF 
admitted to our pediatric intensive care unit between January 2014 
and December 2019. Demographic characteristics, etiology, intensive 
care interventions, and clinical outcomes were analyzed.

Results: Toxic or drug-induced causes (43.4%) and indeterminate 
etiologies (32.1%) were most frequent. Twenty patients (37.7%) 
required invasive mechanical ventilation, 22 (41.5%) underwent 
plasma exchange, 11 (20.8%) received continuous renal replacement 
therapy, and 7 (13.2%) underwent liver transplantation. The mean 
pediatric intensive care unit stay was 7.4±9.0 days. Patients with 
toxic/drug-induced PALF required fewer interventions and had lower 
sepsis rates than those with other etiologies (p<0.01).

Conclusion: Early recognition and comprehensive supportive care 
improve outcomes in children with PALF. Toxic or drug-induced PALF 
is associated with a milder clinical course. Continuous assessment 
of prognostic indicators is essential to guide management and 
decisions regarding liver transplantation.

 Öz

Giriş: Pediyatrik akut karaciğer yetmezliği (PAKY), karaciğer 
fonksiyonlarının kısa sürede yerine getirilememesi sonucu gelişen, 
birden fazla organ sistemini etkileyebilen ve yaşamı ciddi biçimde 
tehdit eden bir hastalık tablosudur. Bu çalışmada, üçüncü basamak 
bir çocuk yoğun bakım ünitesine yatırılan PAKY tanılı çocukların 
etiyolojik dağılımları, yoğun bakım sürecindeki tedavileri ve klinik 
sonuçlarının değerlendirilmesi amaçlanmıştır.

Yöntemler: Ocak 2014 ile Aralık 2019 tarihleri arasında çocuk 
yoğun bakım ünitesine kabul edilen 53 PAKY tanılı çocuk geriye 
dönük olarak incelendi. Hastaların demografik özellikleri, hastalığa 
yol açan nedenler, uygulanan yoğun bakım tedavileri ve klinik 
sonuçları değerlendirildi.

Bulgular: En sık saptanan nedenler zehirlenme veya ilaca bağlı 
etiyolojiler (%43,4) ile nedeni belirlenemeyen olgular (%32,1) idi. 
Hastaların 20’sinde (%37,7) invaziv mekanik ventilasyon gereksinimi 
gelişti, 22’sine (%41,5) plazma değişimi uygulandı, 11’i (%20,8) 
sürekli böbrek destek tedavisi aldı ve 7 hastaya (%13,2) karaciğer 
nakli yapıldı. Çocuk yoğun bakım ünitesinde ortalama yatış süresi 
7,4±9,0 gün olarak saptandı. Zehirlenme veya ilaca bağlı PAKY 
olgularında, diğer nedenlere bağlı olgulara kıyasla daha az yoğun 
bakım girişimi uygulandığı ve enfeksiyon gelişme oranlarının daha 
düşük olduğu görüldü (p<0,01).
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Introduction

Pediatric acute liver failure (PALF) is a potentially life-
threatening condition in previously healthy children due to 
its rapidly progressive course. The PALF study group defines 
ALF by the following criteria: no prior evidence of chronic 
liver disease; biochemical markers of acute liver injury or 
coagulopathy; and encephalopathy with a prothrombin time 
(PT) >15 seconds or international normalized ratio (INR) 
>1.5 not correctable by vitamin K, or PT >20 seconds or INR 
>2 regardless of encephalopathy.1 PALF represents one of 
the most challenging critical illnesses in pediatric patients, 
owing to its association with severe multisystem organ 
failure, unpredictable complications, and the need for urgent 
decisions about emergent liver transplantation (LT).2

The clinical course of PALF may be influenced by age, geographic 
location, underlying etiology, and genetic background. PALF is 
most frequently observed in neonates and infants, followed 
by teenagers.1,3,4 In neonates, liver failure is commonly caused 
by immunological, viral, or hematological etiologies, whereas 
in teenagers it is most commonly due to drug-induced injury.1,3 
However, in a significant proportion of cases, the underlying 
cause remains unidentified.1,5-8 Currently, no standardized 
method exists to grade the severity of PALF in children for 
either research or clinical practice.9

Several clinical and laboratory variables have been associated 
with worse outcomes, including younger age; cerebral edema; 
neurological status; multisystem organ failure; prolonged PT; 
elevated levels of ammonia (NH

3
), bilirubin, and creatinine; 

hepatic encephalopathy (HE) grade at onset and peak; and 
pediatric end-stage liver disease (PELD) score.7,9-15 Despite 
advances in critical care and LT, PALF outcomes remain 
suboptimal.13,16-19 For eligible patients, LT can be lifesaving, 
with reported survival rates of 62-83% when modern 
supportive care is combined with transplantation.1,6,20

This study retrospectively analyzed, over a six-year period, 
children diagnosed with ALF in our pediatric intensive care 
unit (PICU). We aimed to describe etiologies, clinical course, 

and outcomes and to explore associations between commonly 
used prognostic markers, such as PELD and pediatric risk of 
mortality (PRISM) scores, and survival outcomes.

Materials and Methods

We retrospectively reviewed the medical records of 53 patients 
with PALF who were admitted to our PICU between January 
2014 and December 2019 (a six-year period). Patients from the 
neonatal period up to 18 years of age were eligible. Children 
diagnosed with ALF who required PICU care were included. 
The study was approved by the Ankara University Institutional 
Review Board (approval no: İ5-215-19, date: 14.11.2019). 
As this was a retrospective chart review, informed consent 
was waived by the institutional review board. The data were 
collected through medical record review; therefore, individual 
patient consent was not required.

Demographic data, including age and sex, were collected, 
along with PALF etiology, HE grades, and PRISM scores at 
admission. For patients under 12 years of age, PELD was 
calculated; for patients aged 12 years or older, the model for 
end-stage liver disease (MELD) score was calculated using the 
online calculator.21 Patient information, including presenting 
complaints, symptom duration, parental consanguinity, 
growth failure, and prior drug exposures, was recorded. 
Physical examination findings at admission, including 
ascites, jaundice, hepatomegaly, splenomegaly, edema, and 
encephalopathy, were also documented.

Etiologies were classified into six categories: metabolic, 
autoimmune, infectious, drug- or toxin-related, indeterminate, 
and other or unclassified. The term “indeterminate” was defined 
as cases in which no viral markers, drug or toxin exposure, 
or metabolic causes were identified. “Other” included rare or 
unclassified causes that did not fit into the main categories.

To explore potential prognostic differences by etiology, 
patients were divided into two groups: group 1 comprised 
patients with toxic ALF, and group 2 comprised patients with 
ALF from other causes. This classification was based on the 

Sonuç: PAKY tanılı çocuklarda erken tanı ve etkin destekleyici 
tedavi, klinik sonuçların iyileştirilmesinde belirleyici rol oynamaktadır. 
Zehirlenme veya ilaca bağlı PAKY olguları genellikle daha hafif bir 
klinik seyir göstermektedir. İzlem sürecinde hastalığın gidişatını 
gösteren bulguların düzenli olarak değerlendirilmesi, karaciğer 
nakli gereksiniminin zamanında belirlenmesi açısından büyük önem 
taşımaktadır.

Anahtar Kelimeler: Pediyatrik akut karaciğer yetmezliği, çocuk 
yoğun bakım, hastalık gidişatı, karaciğer nakli, plazma değişimi 

Keywords: Pediatric acute liver failure, intensive care, prognosis, 
liver transplantation, plasma exchange

 Abstract  Öz



Aycan et al.
Pediatric Liver Failure: Management and Prognosis

41

hypothesis that the underlying etiology may influence the 
severity of organ dysfunction, the response to supportive 
therapy, and the clinical course. Clinical and laboratory 
parameters, including PELD or MELD scores, alanine 
aminotransferase (ALT), aspartate aminotransferase, NH

3
, 

PT, INR, and the need for invasive or non-invasive respiratory 
support, plasma exchange (PEX), and continuous renal 
replacement therapy (CRRT), were compared between 
groups to evaluate etiology-specific differences in disease 
progression and outcomes.

Supportive therapies were administered according to each 
patient’s clinical status and etiology, including electrolyte and 
glucose replacement, N-acetylcysteine, antibiotics, laxatives, 
H2-receptor blockers, PEX, CRRT, respiratory support, and 
LT. Indications for LT included progressive coagulopathy or 
worsening HE despite maximal supportive care. Radiological 
assessments (abdominal ultrasound, hepatobiliary Doppler, 
abdominal computed tomography), electroencephalography, 
and liver biopsy were performed when clinically indicated. 
Complications, including sepsis, gastrointestinal bleeding, 
cerebral edema, seizures, spontaneous bacterial peritonitis, 
acute kidney injury, and adrenal failure, were recorded. 
Neurological outcomes at discharge were assessed using the 
pediatric cerebral performance category scale (PCPC).22

Definitions

PALF was defined according to the criteria established 
by the PALF study group.23 The severity of HE was graded 
clinically as follows: grade 1, slowness of mentation; grade 2, 
drowsiness and confusion; grade 3, very sleepy but arousable, 
combative, and hyperreflexic; and grade 4, unconsciousness 
with decerebrate or decorticate posturing.24 PRISM scores 
were calculated using 14 physiological variables,25 while PELD 
and MELD scores were determined as previously described for 
patients aged 12 years or older and for those younger than 
12 years, respectively.26,27 Pediatric malnutrition was defined 
using weight-for-height z-score (WHz) or body mass index 
for age, with WHz considered a sensitive early indicator of 
growth faltering.28

Statistical Analysis

All statistical analyses were conducted using IBM SPSS 
Statistics for Windows, version 11.0 (IBM Corp., Armonk, NY, 
USA). Continuous variables were first evaluated for normality 
using the Shapiro-Wilk test. Variables with approximately 
normal distributions were presented as mean ± standard 
deviation, whereas non-normally distributed variables were 
reported as median (interquartile range). Median values were 
primarily used for variables with skewed distributions, such as 
PICU length of stay, ALT, blood ammonium level, INR, PELD 
and MELD scores.

Comparisons between groups were performed using 
Student’s t-test for normally distributed continuous variables 
and the Mann-Whitney U test for non-normally distributed 
continuous variables. Categorical variables were analyzed 
using the chi-square test or Fisher’s exact test, as appropriate.

To identify potential prognostic factors associated with poor 
outcomes (death or LT), logistic regression analysis was 
performed, including key clinical and laboratory parameters 
such as ALT, INR, PELD, and NH

3
 levels.

A p-value <0.05 was considered statistically significant; and 
significant values are highlighted in bold. This approach 
ensures that the selection of descriptive statistics and 
inferential tests is consistent with the data distribution and 
aligned with the study’s objective of identifying prognostic 
indicators in PALF.

Results

Over a 6-year period, 53 children diagnosed with PALF were 
evaluated; 29 (54.7%) were male. At presentation, the 
median age was 42 months, and parental consanguinity was 
present in 18 patients (34%). The etiology was identified in 
36 patients, while in 17 (32.1%) it remained indeterminate. 
Toxic hepatitis was the most frequent cause, accounting for 
23 cases (43.4%), followed by metabolic disorders (7 cases, 
13.2%), infectious diseases (1 case, 1.9%), and other or 
unclassified causes (5 cases, 9.4%) (Table 1). Age distribution, 
presenting complaints, and clinical findings are summarized 
in Table 1.

Neurological assessment at admission revealed normal 
function in 19 patients (35.8%), HE grade I-II in 16 (30.2%), 
grade III in 14 (26.4%), and grade IV in 4 (7.5%). Laboratory 
results and treatment details are summarized in Table 1.

Respiratory support was not required in 28 patients (52.8%), 
whereas 20 patients (37.7%) required invasive mechanical 
ventilation, 4 patients (7.5%) required non-invasive ventilation, 
and 1 patient (1.8%) required high-flow nasal cannula oxygen. 
PEX was performed in 22 patients (41.5%), predominantly 
among patients in the indeterminate-etiology group. CRRT 
was required in 11 patients (20.8%), including continuous 
venovenous hemodialysis (n=5), continuous venovenous 
hemodiafiltration (n=5), and peritoneal dialysis (n=1). The 
majority of patients requiring CRRT had metabolic ALF. LT was 
performed in 7 patients (13.2%), all from living donors, with 
the most frequent indications being indeterminate and toxic- 
or drug-related ALF.

During the PICU stay, complications included suspected or 
proven sepsis in 20 patients (37.7%), gastrointestinal bleeding 
in 5 patients (9.4%), cerebral edema in 5 patients (9.4%), 
acute kidney injury in 10 patients (18.9%), and adrenal failure 
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Table 1. Demographic, clinical, laboratory characteristics, and treatments of children with pediatric acute liver failure

Variable n/median (IQR) % (fraction) Unit/notes

Age group

>1 month 2 4% (2/53)

1-12 months 14 26% (14/53)

1-5 years 17 32% (17/53)

>5 years 20 38% (20/53)

PALF etiology

Toxic 23 43% (23/53) Mushroom 8, drug overdose 15

Indeterminate 17 32% (17/53)

Metabolic 7 13% (7/53)
Urea cycle 3, MMA 1, tyrosinemia type 1 1, mitochondrial 
1, orotic aciduria 1

Other 5 9% (5/53)

Infectious 1 2% (1/53)

Complaints

Nausea and vomiting 33 62% (33/53)

Confusion 28 52% (28/53)

Weakness 17 32% (17/53)

Jaundice 10 18% (10/53)

Diarrhea 5 9% (5/53)

Weight loss 4 8% (4/53)

Abdominal pain 2 4% (2/53)

Fever 1 2% (1/53)

Bloody stool 1 2% (1/53)

Cough 1 2% (1/53)

Clinical findings

Hepatomegaly 17 33% (17/53)

Jaundice 16 30% (16/53)

Splenomegaly 8 16% (8/53)

Edema 3 5% (3/53)

Ascites 1 2% (1/53)

Rash 1 2% (1/53)

Laboratory results

Hemoglobin 10.8 (9.1-12.3) g/dL

WBC 8.928 (5.100-12.400) cells/mm3

Platelet count 199.000 (85.000-325.000) cells/mm3

PT 31.2 (14-49) Second

APTT 61.4 (36-86) Second

INR 2.51 (1.7-3.3) -

ALT 168.7 (90-280) U/L

AST 1.423 (450-2.600) U/L

GGT 123 (55-190) U/L

Total bilirubin 5.8 (2.2-9.0) mg/dL

Direct bilirubin 2.6 (1.0-4.5) mg/dL

Total protein 5.6 (4.9-6.2) g/dL

Albumin 3.4 (2.9-3.9) g/dL

BUN 12.4 (6-18) mg/dL

Creatinine 0.53 (0.3-0.7) mg/dL

Glucose 92 (72-110) mg/dL

Alpha-fetoprotein 4.746 (1.200-8.100) U/L

Alpha-1 antitrypsin 1.5 (1.0-2.0) mg/dL

Blood ammonium 24.1 (12-35) μmol/L
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in 1 patient (1.8%). At discharge, PCPC scores were 1 in 32 
patients (60.4%), 2 in 8 patients (15.1%), 3 in 3 patients 
(5.7%), and 6 in 10 patients (18.9%). The mean PICU length 
of stay was 7.38±9 days (median 4 days). Overall survival was 
81.1% (43 patients); there were 10 deaths (18.9%), which 
occurred most commonly in patients with metabolic disease

Table 2 summarizes disease severity scores and key laboratory 
parameters in patients with toxic- or drug-induced ALF 
(group 1) compared with patients with ALF from other 
causes (group 2). Group 1 exhibited lower PELD scores, 
ALT levels, and INR values, indicating milder liver injury. 
Although MELD and PRISM scores were higher in group 2, 
these differences did not reach statistical significance. Use 
of CRRT and PEX was more common in group 2; however, 
after applying the Bonferroni correction for multiple 
comparisons (adjusted significance threshold of 0.005), 
these differences were not statistically significant. Both 
CRRT and PEX were initiated based on established clinical 
criteria, including severe encephalopathy, worsening renal 
function, fluid overload, or abnormal laboratory markers 
indicative of liver failure.

Notably, five patients initially classified as having indeterminate 
PALF underwent whole-genome sequencing during long-
term follow-up, resulting in definitive diagnoses in all cases. 
These included mitochondrial depletion syndrome and 3-beta-
hydroxy-delta-5-C-27-steroid dehydrogenase deficiency, both 
established causes of PALF; biotinidase deficiency, a rare 
metabolic contributor to liver dysfunction; and spinocerebellar 
ataxia type 21 coexisting with Ehlers-Danlos syndrome type 3, 
which are unlikely to cause liver failure directly but may reflect 
broader multisystem involvement.

Discussion

ALF, although rare, can be fatal. While survival rates have 
improved due to advances in intensive care and timely LT, 
no specific medical therapy has been established.1 This study 
aimed to evaluate the etiological characteristics and prognostic 
outcomes of children admitted to our PICU between January 
2014 and December 2019.

Consanguinity is reported in up to 10% of the global 
population29 and 25.1% of the population in Türkiye;30 

Table 1. Continued

Variable n/median (IQR) % (fraction) Unit/notes

Required treatments

Fluid, electrolyte, and glucose replacement 53 100% (53/53)

N-acetyl cysteine 51 96% (51/53)

H2 blocker 46 87% (46/53)

Oral/IV antibiotics 38 71% (38/53)

Laxative 37 70% (37/53)

Antifungal therapy 30 57% (30/53)

L-ornithine/L-aspartate 29 55% (29/53)

Total parenteral nutrition 28 53% (28/53)

Anticonvulsants 9 17% (9/53)

Hypertonic saline infusion 8 15% (8/53)

IQR: Interquartile range, PALF: Pediatric acute liver failure, MMA: Methylmalonic acidemia, WBC: White blood cell, PT: Prothrombin time, APTT: Activated partial thromboplastin 
time, INR: International normalized ratio, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, GGT: Gamma-glutamyl transferase, BUN: Blood urea nitrogen, IV: 
Intravenous

Table 2. Clinical and laboratory differences between toxic/drug-induced and other pediatric acute liver failure groups

Parameter Group 1
Median ± SD

Group 2
Median ± SD p-value (test used)

PICU length of stay (days) 3.9±4.02 10.03±10.71 0.07 (Mann-Whitney U)

ALT (U/L) 65±32 514±259 0.021 (Mann-Whitney U)

Ammonium (μmol/L) 107±63.8 286.7±467.5 0.548 (Mann-Whitney U)

INR 2±1.07 2.85±1.32 0.003 (Mann-Whitney U)

PELD score 6±4.16 27±9.05 0.0001 (Mann-Whitney U)

MELD score 14±7.97 33±16.8 0.456 (Mann-Whitney U)

CRRT and PEX were initiated based on clinical criteria, including severe encephalopathy, worsening renal function, fluid overload, or laboratory indicators of liver failure.
Significance was initially evaluated at p<0.05. After Bonferroni correction for multiple comparisons, the adjusted significance threshold is 0.005; therefore, differences in CRRT and 
PEX usage should be interpreted cautiously.
SD: Standard deviation, PICU: Pediatric intensive care unit, ALT: Alanine aminotransferase, INR: International normalized ratio, PELD: Pediatric end-stage liver disease, MELD: Model 
for end-stage liver disease
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in our cohort it was observed in 34% of patients. A one-sample 
proportion Z-test comparing our cohort to the national rate 
yielded a Z-score of 1.49 (p=0.135), indicating that this difference 
was not statistically significant. Therefore, although numerically 
higher, consanguinity in our cohort cannot be considered 
significantly more frequent than the national average.

In our series, toxic drug-related (43.3%) and indeterminate 
(32.1%) etiologies were the most common causes of ALF. 
International studies have reported an indeterminate-etiology 
as the predominant finding.1,31,32 In developed countries, ALF 
secondary to viral hepatitis accounts for less than 10% of 
cases.6,33 A prior Turkish study conducted between 1997 and 
2003 reported infectious causes in 35% of cases.34 In contrast, 
none of our patients had hepatitis-related ALF, likely reflecting 
improved sanitation, rising socioeconomic standards, and the 
introduction of the hepatitis A vaccination program in Türkiye 
in October 2012.

Wild mushroom ingestion is a recognized cause of toxic 
ALF. Globally, more than 5.000 species of mushrooms exist, 
approximately 3% of which are poisonous.35,36 In Türkiye, 
mushroom poisoning is primarily due to cyclopeptide toxins,37,38 
and the specific species ingested are unknown in over 90% of 
cases.38,39 In our cohort, most cases of toxic ALF were caused 
by mushroom poisoning. Particular attention should be paid to 
children with a family history of poisoning, especially in regions 
with seasonal agricultural workers engaged in mushroom 
cultivation. Public education and healthcare-provider awareness 
are essential, as clinical presentations vary depending on the 
species ingested and children are at high risk for exposure to 
wild or improperly cooked mushrooms.37

Although intoxications with colchicine and metformin were 
classified as toxic ALF, these agents do not primarily target 
hepatocytes, and management is guided by systemic toxicity 
rather than by liver-specific failure. These patients were 
included because their hospital courses were severe and 
prolonged, requiring PICU admission and management of liver 
dysfunction as part of multisystem involvement. Colchicine 
intoxication was particularly relevant to Familial Mediterranean 
Fever, an autosomal recessive autoinflammatory disease 
prevalent in the Turkish population (1 in 400-1.000).40-42 
Children treated with colchicine may be at increased risk 
of toxicity, highlighting the need to limit inappropriate or 
excessive exposure to colchicine.

The most common presenting symptoms and physical 
findings were nausea, vomiting, confusion, jaundice, 
and hepatomegaly, consistent with previous studies from 
Türkiye.34,43 Notably, no cases of Wilson’s disease were 
identified. One patient developed ALF secondary to varicella-
zoster virus (VZV) infection despite the absence of underlying 
immunosuppression, which contrasts with prior reports 

linking VZV-induced ALF to immunocompromised states.44 
Liver ultrasound was the most frequently used radiological 
modality, in line with previous studies.45

In our cohort, survival without LT was 67.9%, which is higher 
than previously reported rates of 28-33%.6,7,44 Early referral 
and timely supportive intensive care likely contributed to 
improved spontaneous survival.46 LT was performed in seven 
patients, all of whom survived and were discharged from 
the PICU, thereby highlighting its critical role in improving 
prognosis.47 CRRT, PEX, and LT were performed in 21.8%, 
41.5%, and 13.2% of patients, respectively, compared with 
18%, 14%, and 50% of patients reported by Di Giorgio et 
al.48

Evaluation of prognostic factors revealed that patients with 
toxic drug-related ALF required fewer interventions-including 
IMV, PEX, and CRRT-than did patients with ALF from other 
etiologies. In our cohort, toxic or drug-related ALF was 
associated with a relatively more favorable clinical course, 
consistent with previous reports.1

Study Limitations

This study has several limitations. Its retrospective design and 
relatively small, single-center sample limit the generalizability 
of the findings. A substantial proportion of patients 
remained without a definitive diagnosis, highlighting gaps 
in current knowledge of PALF etiology and the limitations 
of available diagnostic tools. The absence of a standardized 
severity grading system for PALF complicates comparisons 
across studies and hinders the development of universally 
accepted clinical guidelines. Although prognostic indicators, 
such as PELD and PRISM scores, were assessed, the lack of 
validated PALF-specific models limits the accuracy of outcome 
prediction. Future multicenter prospective studies employing 
standardized criteria and advanced molecular diagnostics are 
warranted to address these challenges.

Conclusion

PALF is a life-threatening condition that requires prompt 
recognition and intensive management. Early referral to a 
PICU and, when indicated, to an LT center markedly improves 
spontaneous survival. Identifying patients who require LT is 
critical, as timely transplantation can be life-saving. Children 
with PALF should be closely monitored, with careful attention 
to relevant clinical and laboratory parameters. Supportive 
therapies-including all forms of PEX and CRRT-play a vital role 
in survival and may serve as a bridge to LT. Promoting organ 
donation is particularly important in regions with limited 
cadaveric transplant availability, as LT remains the definitive life-
saving intervention.
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 Abstract

Energy drinks are sugary beverages containing stimulant compounds 
that are marketed as providing mental and physical stimulation. 
Consumption of energy drinks has been associated with tachycardia, 
and in rare cases, myocardial infarction, myocardial injury and 
sudden cardiac arrest. In this study, we present the case of a 14-year-
old male who experienced severe myocardial injury following 
repeated consumption of energy drinks. This previously healthy 
patient presented at the hospital complaining of palpitations, chest 
pain, breathlessness and vomiting following the consumption of 
four energy drinks. He was admitted to the intensive care unit due 
to clinical signs of cardiogenic shock and pulmonary oedema. His 
echocardiogram revealed ventricular dysfunction and his laboratory 
findings showed elevated cardiac enzymes and electrocardiogram 
evidence of myocardial injury. After excluding other possible 
infectious and non-infectious causes, myocardial injury due to 
energy drink consumption was suspected. The patient was given 
oxygen, intravenous fluids, epinephrine, milrinone and diuretics. 
His clinical and laboratory findings improved completely during 
follow-up and he was discharged in good health. In conclusion, we 
would like to emphasise that energy drinks, which are increasingly 
consumed during adolescence, can cause serious, life-threatening 
myocardial damage in children when consumed repeatedly and in 
large quantities.

Keywords: Energy drink, myocardial damage, child

 Öz

Enerji içecekleri uyarıcı bileşikler içeren ve zihinsel ve fiziksel 
uyarıcılar olarak pazarlanan şekerli içeceklerdir. Enerji içeceği tüketimi 
taşikardi, nadir durumlarda miyokard enfarktüsü, miyokard hasarı 
ve ani kalp durması ile ilişkilendirilmiştir. Burada, art arda enerji 
içeceği tükettikten sonra ciddi miyokard hasarı gelişen 14 yaşında 
bir erkek adölesanı sunuyoruz. Daha önce sağlıklı olan hasta, 4 
enerji içeceği içtikten sonra çarpıntı, göğüs ağrısı, nefes darlığı ve 
kusma şikayetleriyle hastaneye başvurdu. Çocuk, kardiyojenik şok 
ve pulmoner ödem klinik bulguları nedeniyle yoğun bakım ünitesine 
yatırıldı. Hastanın ekokardiyogramında ventriküler disfonksiyon, 
laboratuvar bulgularında kardiyak enzimlerde yükselme ve 
elektrokardiyogramda miyokard hasar bulguları görüldü. Hastada 
diğer olası enfeksiyöz ve enfeksiyöz olmayan nedenler dışlandıktan 
sonra, enerji içeceği tüketimine bağlı miyokardiyal hasar düşünüldü. 
Hastaya oksijen, intravenöz sıvılar, epinefrin, milrinon ve diüretikler 
uygulandı. Takip sırasında klinik ve laboratuvar bulguları tamamen 
düzeldi ve sağlıklı olarak taburcu edildi. Sonuç olarak, ergenlikte 
giderek daha fazla tüketilen enerji içeceklerinin, arka arkaya ve 
büyük miktarlarda tüketildiğinde çocuklarda ciddi, hayatı tehdit eden 
miyokardiyal hasara neden olabileceğini vurgulamak isteriz.
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Introduction

Energy drinks (ED) (e.g., Monster, Redbull, and Rockstar) are 
defined as beverages containing stimulants such as caffeine 
and guarana, as well as varying amounts of carbohydrates, 
amino acids, protein, sodium, vitamins, and other added 
minerals.1 The consumption of ED has increased over the 
last twenty years, as has the number of emergency calls 
due to their negative effects.2 Popular among adolescents, 
especially young men, ED cause numerous side effects on 
the neurological, psychiatric, gastrointestinal, renal, and 
cardiovascular systems due to their high sugar, caffeine, 
taurine, and other stimulant content.3 The tendency to 
consume these drinks with alcohol has also increased. This 
combination poses a risk to the health of children and 
adolescents as it accelerates adverse cardiovascular events.4 

Although ED are marketed as performance enhancers, their 
safety profile remains a cause for concern.

When consumed repeatedly or alongside other substances, 
they can cause severe, life-threatening myocardial damage, 
arrhythmias, infections and autoimmune processes.2,5 Here, 
we present the case of a patient admitted to the paediatric 
intensive care unit (PICU) with myocardial ischaemia, heart 
failure, pulmonary oedema, and cardiogenic shock who had 
consumed several ED at once.

Case Report

A fourteen-year-old male patient was admitted to the 
pediatric emergency department of another city, complaining 
of palpitations, compressive chest pain radiating to the 
left arm, and vomiting. As the patient had clinically severe 
breathing difficulties and required intensive care, we agreed 
to admit the patient. The patient was admitted to Ankara 
University, by ground transport vehicle. On admission to our 
PICU, physical examination revealed tachycardia, tachypnea, 
diminished breath sounds in the right lower lobe, and bilateral 
diffuse rales. The liver was palpable under the ribs. The other 
examinations were normal. The chest radiograph showed an 
elevation of the cardiothoracic index and interstitial edema. 
The patient’s medical and family history was unremarkable. 
However, it was revealed that he consumed ED 1-2 times per 
week and 4, the day before his admission to the hospital. It 
was stated that the symptoms started approximately 6 hours 
after ingestion of the ED.

In the complete blood count taken at application: leukocytes 
(white blood cell): 17.72x109/L (4.5-12.5), hemoglobin: 
16.7 g/dL (12.5-16.2), neutrophil count: 14.43x109/L (1.5-
8). The biochemical parameters were as follows: aspartate 
aminotransferase 251 u/L (0-50), alanine aminotransferase 
66 u/L (0-50), and lactate dehydrogenase 1344 u/L (120-

300). An increase in acute phase reactants (C-reactive 
protein: 111.2 mg/L, normal <5 mg/L; fibrinogen: 5.72 g/L, 
normal=2-3.93 g/L) was noted. Chest computed tomography 
showed significant pulmonary edema in both lungs, especially 
in the right lung. Electrocardiogram (ECG): sinus tachycardia, 
widespread ST-segment elevation, T-wave inversions in leads 
V2-V6 were observed, and there was no voltage suppression 
(Figure 1). These ECG findings indicated severe myocardial 
ischemia in the patient. Echocardiography (ECHO) revealed 
left ventricular (LV) dysfunction and a left ventricular ejection 
fraction (LVEF) of 27%. Increase in cardiac markers [creatine 
kinase-muscle/brain (mass)]: 116.80 ng/mL (n=0-4.87 ng/
mL), troponin T: 4016 pg/mL (n=0-14 pg/mL), N-terminal pro 
B-type natriuretic peptide: 8795 pg/mL (n=0-125 pg/mL) was 
noted.

To rule out possible causes of myocarditis, viral (parvovirus 
B19, human herpesvirus-6, Epstein-Barr virus, cytomegalovirus, 
hepatitis A/B/C, human immunodeficiency virus, varicella, 
herpes simplex virus 1/2, rubella) and bacterial (Mycoplasma, 
Bordetella, Chlamydia, Legionella, Streptococcus) tests are 
performed, and serological tests (Brucella) were negative. 
The tests for respiratory viruses (influenza A/B, parainfluenza 
1/2/3/4, coronavirus OC43/NL63/229E/HKU1, respiratory 
syncytial virus A/B, rhinovirus, bocavirus, metapneumovirus 
A/B, adenovirus, enterovirus, parechovirus) were also 
negative. The metabolic screening (very long-chain fatty acids, 
carnitine/acylcarnitine analysis) was normal. Blood ethanol 
and a urine.

The toxicology panel (marijuana, cocaine, and opiates) was 
not performed because the history and physical examination 
revealed no evidence. When the patient’s history, clinical 
findings, and laboratory results were evaluated, the patient 
was diagnosed with ED-induced severe myocardial injury.

The patient was started on intravenous fluids of 1000 cc/
m2, and inotropic treatment (epinephrine 0.1 mcg/kg/min 
and milrinone 0.5 mcg/kg/min). To treat pulmonary edema 
while reducing cardiac workload, a furosemide infusion was 
administered at a rate of 0.1 mg/kg/hour. Intravenous fluid 
intake was restricted to 750 cc/m2. Since bacterial infection 

Figure 1. In the first electrocardiogram: sinus tachycardia, widespread ST-
segment elevation, T-wave inversions in leads V2-V6 can be seen



Bayramov et al. 
Energy Drink Associated Mycardial Injury

49

could not be ruled out with the patient’s current clinical 
findings, intravenous treatment with ceftriaxone 75 mg/kg/
day was started. During follow-up, it was observed that the 
tachycardia decreased and the systolic functions of the heart 
improved. Serial echocardiograms were conducted. On the 
second day of follow-up in the intensive care unit, the ECG 
showed a significant decrease in ST elevation and T wave 
inversion in V2-V6 leads.

During the seven-day follow-up in the PICU, a gradual clinical 
improvement was observed. An improvement in cardiac 
markers was also observed (Figure 2). The patient’s LVEF 
increased to 62% on follow-up ECHO, and he was transferred 
to pediatric cardiology on the seventh day.

On the ward, on the 11th day of his hospitalization, the follow-
up ECHO showed an ejection fraction of 62% (Figure 3). 
Milrinone treatment was discontinued. Antibiotic treatment 
was discontinued due to lack of growth in the blood culture. 
On the 12th day, he was discharged with the plan to continue 
the metaprolol and enalapril treatment that was started 
for heart failure, and was continued as an outpatient. The 
medical history and physical examination at the outpatient 
follow-up after discharge revealed no pathologic findings. 
There were no abnormalities in the cardiac markers, blood 
count or biochemical parameters. The ECG was in normal 

sinus rhythm. At ECHO: LVEF is 62%, with normal systolic 
function and minimal mitral regurgitation. Informed consent 
for participating in the study was obtained from the patient’s 
parents.

Discussion

In recent years, the cardiac effects of caffeine have been 
extensively studied and reported, including tachyarrhythmias, 
increased blood pressure, decreased vasodilation, and new 
onset atrial fibrillation.6 The stimulant content of ED can lead 
to increased sympathetic activity, vasoconstriction, and cardiac 
arrhythmia. It is reported in the literature that caffeinated ED, 
which are considered a significant source of caffeine, contain 
about 32 mg of caffeine in 100 mL, doses can contain up to 
about 152-160 mg of caffeine.

A 250 mL pack of Redbull® ED available in Türkiye contains 
80 mg of caffeine, which is more than the amount of 
caffeine in the same amount of black tea (57 mg). Both acute 
consumption (>480 mg per day) and chronic consumption 
(>200 mg per day for more than one week) of caffeine in our 
patient were associated with adverse cardiovascular events. 
In addition, the excess of catecholamines stimulated by 
caffeine, leads to an increase in heart rate and blood pressure 
as a result of the positive inotropism produced by increased 
systemic vascular resistance and increased intracellular cyclic 
adenosine monophosphate. It is known that the taurine 
contained in these ED has a positive inotropic effect and an 
arterial antihypertensive effect by attenuating angiotensin 
II. Hypotension developed in our patient owing to severe 
myocardial injury-related left ventricular dysfunction. That was 
a cardiogenic shock state. We improved this clinical condition 
with inotropics and diuretic drugs.

Another ingredient, guarana, contains xanthine alkaloids 
such as theobromine, theophylline, and more caffeine than 
coffee beans.7-10 In our case, the presence of symptoms of 
myocardial ischemia and ventricular dysfunction suggested 
cardiovascular involvement. In addition, interstitial pulmonary 
edema developed due to cardiac dysfunction.

The World Health Organization (WHO) points out that ED pose 
serious health risks, especially for children and adolescents. 
The high levels of caffeine and other stimulants contained in 
ED can pose serious health risks to children and adolescents.10 
The negative effects of ED on children include serious health 
problems such as headaches, sleep disorders, poor school 
performance, and even problems with heart failure. For these 
reasons, the sale of ED to children is banned or restricted 
in some countries. A UK study found that almost half of 
children from low-income families and a third of children in 
the UK consume ED at least once a week, demonstrating a 

Figure 3. Level of LVEF by day
LVEF: Left ventricular ejection fraction

Figure 2. Troponin T and NT-Pro BNP values by day 
NT-Pro BNP: N-terminal pro B-type natriuretic peptide
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link between poverty and ED consumption.11 It has also been 
observed that, children who are better informed about the 
contents of ED consume them less. for this reason, the WHO 
recommends raising awareness of the harmful effects of ED 
and limiting or preventing the consumption of these drinks 
by children. 

The Centers for Disease Control and Prevention report on the 
adverse effects of ED on children and adolescents is consistent 
with the recommendations of the WHO.10 

Our patient had the cardiovascular effects mentioned above, 
but no neuropsychiatric disorder was observed. Moderate 
to severe adverse effects such as palpitations, shortness 
of breath, uncontrolled muscle twitching, severe nausea, 
anxiety, irritability, and electrocardiogram changes have been 
observed in some young adults when more than one liter of 
ED is consumed, exceeding the safe amount of caffeine.1

Many studies have shown that ED are associated with causing 
a greater increase in high blood pressure compared to 
placebos. In a recent study, runners were asked to complete 
an exercise test. The subjects drank one of three ED or a 
placebo one hour before the test. The results showed that 
blood pressure was higher in the group that drank than in 
the placebo group.10 Among the cardiac side effects of ED, 
cardiac arrhythmias (35%), coronary vasospasm, aortic 
aneurysm and dissection, cardiac arrest, QT prolongation, 
acute cardiomyopathies, hypertension, reversible postural 
tachycardia syndrome, acute coronary thrombosis and ST 
elevation myocardial infarction were reported. Caffeine and 
taurine are associated with compounds that have been shown 
to increase platelet aggregation, impair endothelial function, 
and possibly cause hypertension-induced vasospasm.11 

In the study, 27 children and adolescents with an average 
age of 14.49 years consumed ED and a placebo on two 
consecutive days in accordance with the maximum amount 
of caffeine recommended by the European Food Safety 
Authority. The consumption of ED caused a significant increase 
in the number of supraventricular extrasystoles compared to 
placebo. Supraventricular tachycardia or malignant ventricular 
arrhythmias were not observed. It was found that the average 
heart rate was significantly higher after taking ED. In contrast, 
corrected QT (QTc) intervals were not affected by ED.5 

Another prospective study was conducted in our country by 
Elitok et al.12 Serious cardiovascular side effects and cardiac 
arrhythmias have been reported in the literature following 
the consumption of ED. In this study, the acute effects of the 
ED Redbull® on ventricular repolarization were investigated 
using the time between the peak and the end of the 
electrocardiographic T wave (Tp-e) and the Tp-e/QT ratio. After 
an eight-hour fast, 50 healthy young participants consumed 

355 mL of the ED Redbull®. The Tp-e interval, the Tp-e/QTc 
ratio and some other electrocardiographic parameters were 
measured before and two hours after the consumption of 
Redbull®. Although consumption of the ED Redbull® increases 
heart rate and diastolic and systolic blood pressure, it does 
not cause changes in ventricular repolarization when looking 
at the Tp-e interval and the Tp-e/QTc ratio.

Conclusion

In conclusion, ED can be categorized as dietary supplements, 
which are not as strictly regulated as foods. For example, 
the US Food and Drug Administration regulates the caffeine 
content of sodas, but not the caffeine content of ED. It is 
recommended that children eat properly and get enough 
sleep to boost their energy. Pediatricians, parents and 
educators should be aware of the potential risks associated 
with ED consumption in children. Caution and education are 
important to prevent adverse effects.

Further research is needed to establish the factors that make 
people susceptible, the safe level of ED consumption, and the 
underlying mechanisms of toxicity.
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 Abstract

Congenital inguinal abnormalities in females vary from benign 
to potentially life-threatening etiologies. Canal of Nuck hernia is 
one such condition. Cases with ovarian prolapse, though initially 
asymptomatic, pose a significant risk of torsion, potentially impacting 
future fertility and therefore warrant timely surgical management. 
Herein, we report a case of bilateral canal of Nuck hernia with 
ovarian herniation in a female infant with a history of prematurity. An 
appropriate presumptive diagnosis, in conjunction with confirmatory 
ultrasound, is mandatory to help general pediatricians, pediatric 
surgeons, and emergency physicians manage cases promptly, as 
early intervention can significantly reduce the anticipated morbidity.

Keywords: Canal of Nuck hernia, ovarian herniation, prematurity, 
bilateral, ultrasound

 Öz

Kadınlarda doğuştan inguinal anomaliler, iyi huylu olanlardan 
potansiyel olarak yaşamı tehdit eden etiyolojilere kadar çeşitlilik 
gösterir. Nuck kanalı hernisi de bu tür bir durumdur. Over prolapsus 
olan olgular, başlangıçta asemptomatik olsalar da torsiyon riski 
taşırlar ve bu durum da ileride fertiliteyi etkileyebilir, bu nedenle 
zamanında cerrahi tedavi gerektirir. Bu çalışmada, prematüre doğum 
öyküsü olan bir kız bebekte over herniasyonu ile birlikte bilateral 
Nuck kanalı hernisi olgusu sunulmaktadır. Erken müdahale, beklenen 
morbiditeyi önemli ölçüde azaltabileceğinden genel pediyatristlerin, 
pediyatrik cerrahların ve acil tıp hekimlerinin olguları hızlı bir şekilde 
yönetmelerine yardımcı olmak için, doğrulayıcı ultrason ile birlikte 
uygun bir ön tanı konulması zorunludur.

Anahtar Kelimeler: Nuck kanalı hernisi, over hernisi, prematüre, 
bilateral, ultrason

Introduction

The canal of Nuck hernia, a female counterpart of congenital 
inguinal hernia in males, is due to the patent processus 
vaginalis, also known as Nuck diverticulum. The canal of Nuck 
was named after the Dutch anatomist Anton Nuck in 1691. 
The incidence of female inguinal hernias is 1.9%, and the 
content in 15-20% of female inguinal hernias is ovaries and/or 
fallopian tubes.1 The complications most commonly associated 
with this condition are incarceration (trapping of hernial 

content causing irreducibility), strangulation (compromised 
blood supply of the trapped organ), and torsion (twisting 
of abnormally lengthened pedicle causing inviability of the 
herniated organ), which typically warrant emergency surgery. 
This includes ovarian herniation where such adverse effects 
lead to infertility or subfertility, jeopardizing the individual’s 
reproductive potential. Thus, it is imperative to diagnose 
this condition immediately to avoid needless complexity and 
inappropriate interventions. In this report, we aim to discuss 
a case of bilateral canal of Nuck hernia with ovarian content.

https://orcid.org/0000-0002-3077-2648
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Case Report

A 2-month-old female baby presented with a left-sided 
inguinal swelling, gradually increasing in size, not associated 
with an irritable cry or erythema (Figure 1). On examination, 
a hard, non-tender, reducible swelling was noted in the left 
side of the groin. A history of prematurity was observed. 
The closest differential diagnosis considered is abscess, 
lymphadenopathy, hydrocele, and hernia, and their 
respective clinical and radiological features are described in 
Table 1. Ultimately, ultrasound was advised for diagnostic 
confirmation. On sonography, an ovoid-shaped multi-cystic 
structure representing the ovary, with a hypoechoic pedicle, is 
noted in the left inguinal region. On the right side, the hernial 
sac contained minimal collection, and on crying, herniation of 
the ovary was noted. Color Doppler study reveals appropriate 
blood flow in bilateral ovaries. Magnetic resonance imaging 
(MRI) confirmed the structure as the left inguinal ovary and 
showed a sac with minimal fluid in the right inguinal region. 
The right ovary was located near the deep ring. Hence, a 
diagnosis of bilateral canal of Nuck hernia was made (Figure 
2). The patient underwent open bilateral inguinal herniotomy, 
first on the left followed by the right. Under general anesthesia 
and aseptic precautions, a transverse inguinal crease incision 
was made, followed by opening the oblique muscles layer by 

layer. Identification of the sac followed by tracing up to the 
deep inguinal ring was performed. The sac was opened, a 
viable ovary was seen, and no obvious adhesions were noted. 
The contents of the canal are repositioned into the peritoneal 
cavity, followed by trans-fixation of the sac at the deep ring. 
Lastly, the sac excision was done and ended with anatomical 
closure. The follow-up was uneventful. Intraoperative findings 
validated the imaging-based diagnosis.

Discussion

Embryologically, the invagination of the processus vaginalis, 
a part of the parietal peritoneum in the inguinal canal, is a 
normal phenomenon that occurs at 6 months of intrauterine 
life, helping the process of testicular descent in males. In 
females, it is a vestigial remnant passing alongside the 
round ligament and is termed the canal of Nuck. Ideally: at 
8 months of intrauterine life, craniocaudal obliteration of this 
process is observed (Figure 3). In some rare instances, it could 
remain open in the extrauterine period up to the first year 
of life.2 Incomplete obliteration of this remnant processus 
can cause hernia or hydrocele. The incidence of herniation 
is approximately six times higher in males. Right-sided hernia 
is more common than left-sided hernia because of delayed 
closure of the right deep ring or the sigmoid colon hindering 
the left deep ring.3 The contents of this sac may be peritoneal 
fluid, omental fat, bowel loops, ovary, fallopian tube, and 
rarely uterus and urinary bladder.4

In this case report, we present a female infant with bilateral 
canal of Nuck containing her ovaries. Normally, the ovaries 
are prevented from descending into the labia majora by 
fixation of the proximal gubernaculum between the ovaries 
and the uterine cornu. Persistent canal of Nuck, coupled with 
failed closure of the internal ring, or failure of attachment of 
the proximal gubernaculum to the uterine cornu, provides the 
defect necessary for the development of an ectopic inguinal 
ovary. The possible postulated theories include ovaries being 
pulled into the inguinal canal by their attachments, a shorter 
round ligament, increased ovarian mobility due to lengthened 
fallopian tubes, increased intra-abdominal pressure, and a 

Table 1. Clinical and radiological findings of differential diagnosis

Differential diagnosis Clinical findings Radiological findings

Abscess
Soft swelling; tenderness, local rise in temperature ± 
erythema

Poorly defined/loculated hypoechoic or anechoic collection with 
internal debris.

Lymphadenopathy Hard swelling ± tenderness

Well defined mass lesion with variable shape and size. 
Hyperechoic hilum in benign aetiology and loss of hyperechoic 
hilum with central hypo echogenicity or necrotic content in 
malignant aetiology.

Hydrocele of canal of Nuck Soft swelling with no reducibility.
Well defined thin-walled anechoic cystic structure with or 
without internal septations or debris.

Inguinal hernia
Soft swelling ± reducibility;
Increase in size with Valsalva manoeuvre.

Herniation of hyperechoic fat or bowel into the canal can be 
seen.

Figure 1. Canal of Nuck hernia presenting as groin mass on the left side 
(black arrow)
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history of prematurity, which may delay the closure of the 
processus vaginalis.5,6

Inguinal gonads usually manifest as a groin mass, sometimes, 
extending up to the labia, with variable reducibility and 
possibility of pain. Devitalized hernial contents may present on 
local examination with signs of inflammation, such as localized 
edema, erythema, and rarely bluish discoloration. Infants 
may present with irritable cries, whereas adults and children 
may present with vomiting and abdominal pain.7 Though 
hernia is primarily diagnosed clinically, the definitive diagnosis 

is confirmed through imaging modalities, with potential 
diagnoses being noted in the targeted anatomical region. The 
differentials so far observed in this region are hernia, hydrocele, 
lymphadenopathy, abscess, cyst, benign or malignant 
neoplasms, and rarely vascular and lymphatic malformations, 
ganglion cyst from the hip, and developmental aberration such 
as asymmetrical labium majus enlargement.8 Various structures 
have been noted herniating within the canal of Nuck hernia 
until now, out of which the herniation of reproductive organs 
becomes urgent. 

Ultrasound serves as the first line imaging tool for diagnostic 
confirmation. Grey-scale imaging combined with Doppler study 
plays an essential role as real-time scanning with provocative 
maneuver, helps in better understanding of the herniated 
organ and its nature. On grey-scale ultrasonography, ovaries 
appear as an elliptical mass hypoechoic to surrounding tissue 
with multiple small anechoic cysts similar to the appearance 
of a chocolate chip cookie, and Doppler study reveals normal 
stromal vascularity. Ovarian volume enlargement with 
heterogeneous echogenicity of stroma, peripherally displaced 
follicles, focal or totally blurred margins with or without 
adjacent fat stranding, and disappearance of ovarian blood 
flow are the findings associated with ovarian torsion.6,7 In 
cases of inconclusive sonography, MRI is more advisable than 
computed tomography (CT), owing to its superior soft tissue 
contrast and lack of radiation hazard in young infants. The 
CT pelvis reveals a missing intrapelvic ovary with the pedicle 
extending into the Nuck diverticulum, and a low-density mass 
representing the ovary. MRI reveals an intermediate signal 
mass containing high T2 cysts resembling follicles in the canal 
of Nuck; sometimes T2 high signal fluid within the sac can be 
noted.9

Management of canal of Nuck hernia involves hernial repair. 
However, the precise surgical technique for the treatment of 
canal of Nuck hernia is not well established, and the timing 
of surgery depends on the contents of the sac and their 
viability. Similar to the treatment of male congenital inguinal 
hernia, herniotomy with sac reduction, and high ligation 
of sac is preferable in young infants.10 Previous literature 
has advocated classical herniorrhaphy, especially in the 
presence of adhesions, whereas other reports have favored 
hernioplasty as a viable option.11 In adults, hernia repair can 
be performed through an open anterior approach such as 
herniorrhaphy and hernioplasty, or laparoscopic techniques 
such as transabdominal preperitoneal (TAPP) and totally 
extraperitoneal (TEP). In TAPP, the peritoneum is incised 
to separate the main peritoneal cavity from the inguinal 
portion, and a purse string is used to close the peritoneum. 
In TEP, the peritoneal opening at the internal ring is closed 
with sutures introduced through a separate groin incision.12 
Intraoperative identification of non-viable ovaries necessitates 

Figure 3. Schematic diagram describing the course of canal of Nuck;
1. Ovary, 2. Ovarian ligament, 3. Round ligament, 4. Patent canal of Nuck, 
5. Obliterated canal of Nuck, 6. Partial peritoneum, 7. Deep inguinal ring, 8. 
Superficial inguinal ring

Figure 2. Ultrasonography showing, A) sac containing fluid in right inguinal 
region, B) ovary in the left side. MRI in coronal section of STIR sequence, C) 
showing left ovary in left inguinal region (yellow arrow) and sac containing 
fluid in right inguinal region (red arrow), D) right ovary in right iliac fossa at 
the level of deep ring (green arrow)
MRI: Magnetic resonance imaging, STIR: Short tau inversion recovery
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oophorectomy. Additional oophoropexy can be considered in 
cases with repeated episodes of torsion due to their abnormal 
attachments.13 

Conclusion	

Utmost care should be taken in female infants presenting 
with a groin mass regardless of symptoms, since ovarian 
herniation in the canal of Nuck requires early diagnosis and 
prompt treatment to mitigate infertility risks. Although various 
surgical techniques have been described in the literature, 
high ligation herniotomy remains the preferred approach 
in infants. The management may also differ based on case 
specifics. Therefore, this case is presented to enhance the 
corresponding clinicians’ awareness and understanding of 
this uncommon clinical entity.
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Can Social Media Challenges Determine Life or Death? Two 
Adolescent Cases from the Pediatric Intensive Care Unit
Sosyal Medya Meydan Okumaları Yaşamı mı Ölümü mü Belirliyor? Yoğun Bakımda İzlenen 
İki Ergen Olgu

 Kıymet Ezgi Aydın,  Fatih Battal

Çanakkale Onsekiz Mart University Faculty of Medicine, Department of Pediatric Intensive Care, Çanakkale, Türkiye

 Abstract

Adolescence is a critical developmental period characterized by rapid 
social, cognitive, and behavioral changes, during which risk-taking 
behaviors tend to increase. Social media-driven “challenge” activities 
can pose serious health threats, particularly when reinforced by peer 
pressure and group dynamics. This report presents two pediatric 
cases involving previously healthy adolescents who experienced 
life-threatening consequences as a result of engaging in such risky 
behaviors, one of which resulted in death. The first case involved a 
12-year-old male who consumed approximately 4-5 liters of water in 
a short time as part of a peer challenge. He presented with seizures 
and altered mental status secondary to severe hyponatremia (Na+: 
116 mmol/L) and was admitted to the pediatric intensive care 
unit. Following individualized fluid therapy and normalization of 
electrolytes, the patient recovered fully and was discharged. The 
second case involved an 11-year-old male who experienced sudden 
aspiration during a eating contest, leading to cardiac arrest. Despite 
immediate cardiopulmonary resuscitation, intensive support, and 
advanced resuscitative efforts, no neurological improvement was 
observed, and the patient was declared deceased on the third day of 
admission. Both cases underscore that life-threatening complications 
can arise in healthy adolescents due to risk-laden behaviors influenced 
by social media. These cases highlight the need for comprehensive 
risk assessment in adolescent patients, as well as the importance 
of implementing multidisciplinary preventive strategies in pediatric 
healthcare practice.

Keywords: Adolescence, social media, risk-taking, pediatric intensive 
care units, cognition

 Öz

Ergenlik dönemi, bireylerin sosyal, bilişsel ve davranışsal olarak 
hızla değiştiği, bu süreçte risk alma eğilimlerinin arttığı kritik bir 
gelişim evresidir. Sosyal medya aracılığıyla yayılan dijital meydan 
okumalar (challenge) özellikle ergen bireylerde akran baskısı ve grup 
dinamiklerinin etkisiyle ciddi sağlık risklerine neden olabilmektedir. 
Bu bildiride, sosyal medya kaynaklı meydan okuma davranışlarının 
neden olduğu, bilinen bir hastalık öyküsü bulunmayan iki sağlıklı 
ergen bireyde gelişen, biri mortalite ile sonuçlanan iki ciddi olgu 
sunulmaktadır. Birinci olguda, arkadaş çevresiyle girdiği su içme 
iddiası sonrası yaklaşık 4-5 litre su tüketen 12 yaşında erkek hasta, 
gelişen hiponatremi (Na+: 116 mmol/L) nedeniyle konvülsiyon 
geçirmiş ve bilinç bozukluğu tablosuyla çocuk yoğun bakım ünitesine 
yatırılmıştır. Elektrolit dengesi sağlandıktan sonra tam klinik iyilik 
haliyle taburcu edilmiştir. İkinci olguda ise, 11 yaşında erkek hasta 
bir yeme yarışması sırasında ani aspirasyon sonucu kardiyak arrest 
gelişmesiyle acil müdahale sonrası yoğun bakım ünitesine alınmış; 
yoğun tedavi ve ileri yaşam desteğine rağmen nörolojik yanıt 
alınamayan hasta, üçüncü gününde eksitus kabul edilmiştir. Her iki 
olguda da altta yatan medikal hastalık bulunmamasına rağmen, 
sosyal medya kaynaklı riskli davranışlar hayati komplikasyonlara yol 
açmıştır. Bu olgular, pediyatri pratiğinde ergen bireylerde riskli davranış 
öyküsünün ayrıntılı olarak sorgulanması gerektiğini ve önleyici sağlık 
hizmetlerinin multidisipliner bir yaklaşımla ele alınmasının önemini 
ortaya koymaktadır.

Anahtar Kelimeler: Ergenlik, sosyal medya, riskli davranış, çocuk 
yoğun bakım, bilinç
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Introduction

Adolescence is a critical developmental stage in which physical, 
cognitive and emotional changes are experienced intensely 
and risk-taking behaviors increase.1 In this process, the desire 
to be accepted in peer groups, the fact that impulse control is 
not yet fully developed, and the influence of digital media can 
make adolescents more prone to dangerous and unhealthy 
behaviors.2 Digital trends called “challenge”s, which spread 
rapidly through social media, become widespread among 
adolescents in a short time and can lead to serious health 
problems and even life-threatening situations. In this study, 
we aimed to draw attention to the potential dangers of such 
digital interactions by presenting two cases of adolescents 
who were hospitalized in the pediatric intensive care unit 
(PICU) as a result of risky behaviors caused by social media.

Case Reports

Case 1: Hyponatremia Due to Excessive Water Intake

A 12-year-old male patient with no previous known systemic 
or psychiatric disease presented to the emergency department 
because of confusion and a generalized tonic-clonic seizure 
that developed after he consumed approximately 4-5 liters 
of water in a short period of time as part of a bet with his 
friends. In the history taken from the patient’s parents, it 
was reported that the patient developed confusion and 
had a seizure shortly after the incident. He hit his head on 
a hard surface during the seizure. In the initial evaluation 
in the emergency department, Glasgow Coma score (GCS) 
was determined as 10, and the patient was in a stupor. Vital 
signs included peak heart rate 120/min, blood pressure 
110/70 mmHg, body temperature 37 °C, and respiratory 
rate 15/min. Laboratory tests revealed blood gas values at 
the time of admission: pH 7.38, pCO

2
 44.6 mmHg, HCO

3
- 

25.1 mmol/L, standard base excess (SBE) +1.3 mmol/L, 
and lactate 2 mmol/L. Serum glucose level was 110 mg/dL, 
serum sodium (Na) 116 mmol/L, chloride (Cl-) 80 mmol/L, 
calcium (Ca) 9.1 mg/dL, magnesium (Mg) 1.6 mg/dL, and 
phosphorus (P) 4.9 mg/dL, uric acid 3.8 mg/dL and urea 13 
mg/dL. Hemogram and acute phase reactants were within 
normal limits. No pathologic findings appeared in liver and 
kidney function tests. Serum osmolality was 266 mOsm/
kg, spot urine Na was 20 mmol/L, urine creatinine was 
<4 mg/dL, and urine osmolality was 250 mOsm/kg. The 
patient was hospitalized in the PICU with a prediagnosis 
of convulsion due to hyponatremia. Lumbar puncture was 
performed to differentiate between encephalopathy and 
meningitis. Cerebrospinal fluid examination revealed no 
findings suggestive of central nervous system infection. 
Ceftriaxone and acyclovir treatment were started empirically. 

Cranial computed tomography (CT) and magnetic resonance 
imaging (MRI) were within normal limits (Figures 1-2). 
Electroencephalography (EEG) showed no epileptiform 
activity. Serum thyroid function tests, adrenocorticotropic 
hormone (ACTH), cortisol, and electrolyte analysis were 
performed. Cortisol level was 38.1 µg/dL and ACTH level 
was 17.5 pg/mL. As a result of the evaluations, the findings 
were thought to be compatible with primary polydipsia. 

Figure 1. Cranial MRI	
MRI: Magnetic resonance imaging

Figure 2. Cranial CT image
CT: Computed tomography
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Antidiuretic hormone and B-type natriuretic peptide (BNP) 
levels could not be evaluated. Consultations from infectious 
diseases, endocrinology, and child psychiatry clinics did not 
suggest an underlying systemic or psychiatric disease.

The initial serum Na level of the patient upon admission was 
124 mmol/L. At the 6th hour, the level had dropped to 116 
mmol/L prior to transfer to the PICU. Upon PICU admission, 
the Na was 126 mmol/L, increasing to 129 mmol/L at the 
12th hour and 131 mmol/L at the 24th hour. Electrolytes and 
urine output were monitored every 6 hours throughout 
the correction process. Care was taken to avoiding rapid 
correction to prevent cerebral edema, and the correction was 
completed without complications.

The patient was started on 3% hypertonic saline fluid therapy. 
During follow-up, electrolyte values gradually improved, and 
clinical status stabilized. On the 3rd day of hospitalization, 
electrolyte balance was restored, and the patient was 
transferred to the relevant ward on the 4th day. In the social 
history evaluation performed before discharge, it was learned 
that the patient performed this behavior within the scope of a 
challenge spread in the digital environment and did not have 
a history of psychiatric illness. After an informative interview 
with the family, the patient was referred to the pediatric 
adolescent mental health and diseases outpatient clinic, to 
address relationships and social media usage habits.

Case 2: Aspiration and Cardiac Arrest During Food Challenge

An 11-year-old boy with no known systemic, neurologic or 
developmental disease had a sudden cardiac arrest due to 
aspiration during a hamburger eating contest with a group 
of friends. Cardiopulmonary resuscitation was performed 
immediately after the arrest, which was witnessed at the 
scene. He was intubated and admitted to the PICU.

On admission to intensive care unit, GCS was 3; spontaneous 
respiration was absent, pupils were dilated and fixed, and 
there was no response to painful stimuli. Vital signs were 
peak heart rate 100/min, blood pressure 80/40 mmHg, and 
body temperature 36 °C. On arrival, arterial blood gas analysis 
indicated: pH 6.97, pCO

2
 79.7 mmHg, HCO

3
- 12.7 mmol/L, 

SBE -13.3 mmol/L, and severe respiratory/metabolic acidosis 
was observed. Dense food residues were observed in the 
mouth during intubation (Figure 3).

Inotropic treatment was started, but hypotension persisted. 
Cranial and thoracic CT imaging performed in the emergency 
department revealed no intracranial pathology; thoracic 
CT showed infiltrative findings compatible with aspiration 
pneumonia (Figure 4). Food residues were aspirated from 
the tracheobronchial system by bronchoscopy: white blood 
cell 13.500/µL, hemoglobin 16.5 g/dL, platelet 212.000/µL; 
Na+ 153 mmol/L, potassium 6.0 mmol/L, Cl- 106 mmol/L, 

Ca2+ 10.9 mg/dL, P 9.7 mg/dL, Mg2+ 3.0 mg/dL, glucose 198 
mg/dL. Cefotaxime and clindamycin were started as empirical 
antibiotic treatment.

In cardiac examination, normal sinus rhythm was observed on 
electrocardiography; no pathologic waveform was observed. 
Cardiac biomarkers were measured as follows: troponin 50 
ng/L, creatine kinase (CK)-muscle brain 10.7 µg/L, CK 342 
U/L, and pro-BNP 282 pg/mL. Echocardiography showed 
normal cardiac function. Neuron-specific enolase and S100-B, 
which are serum neurologic markers with diagnostic value for 
hypoxic brain injury, were requested but could not be studied. 
EEG was planned but could not be performed. Brain MRI was 
planned but could not be performed due to hemodynamic 
instability.

Figure 3. Food residue observed in the mouth during intubation

Figure 4. Bilateral perihilar infiltrations and bronchial airway filling on 
posterior-anterior chest radiograph images
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The patient presented with a GCS score of 3, with absent 

brainstem reflexes. Due to the unstable clinical condition, 

advanced neuroimaging (MRI, EEG) could not be performed. 

Neurological deterioration was attributed to hypoxic-ischemic 

encephalopathy. Supportive care was initiated, including 

hemodynamic stabilization and fluid-electrolyte management. 

Despite all supportive efforts, neurological recovery could not 

be achieved.

Renal impairment secondary to hypoxic injury was suspected. 

With decreased urine output, intravenous furosemide was 

administered, and an adequate diuretic response was 

achieved. Pediatric nephrology was consulted, and close 

monitoring of renal function and blood pressure within 

physiological ranges was recommended. Despite the increase 

in creatinine from 0.97 mg/dL at admission to 2.51 mg/dL at 

the last follow-up, urine output remained sufficient and fluid-

electrolyte balance was preserved. Although severe lactic 

acidosis was present, continuous renal replacement therapy 

(CRRT) was not indicated after nephrology reassessment; 

however, preparations for prompt CRRT initiation were made 

in case of clinical deterioration.

Despite all medical and supportive treatments in intensive 

care unit follow-up, there was no neurologic response, so 

the patient was considered deceased on the third day, with 

cardiopulmonary and neurologic findings. There was no 

family history of developmental delay, dysphagia, epilepsy or 

other neurologic diseases. The incident was witnessed during 

an “eating contest” he participated in with a group of friends 

in his social circle, and no information on the use of toxic 

agents or substances was found in the anamnesis.

Discussion
Two cases are presented showing that social media-based 
challenging behaviors may result in serious morbidity and 
even mortality in adolescents. Adolescence is a period in 
which identity development continues, peer approval is at 
the forefront, and impulse control mechanisms are not yet 
fully developed. These psychosocial characteristics may 
lead individuals to high-risk behaviors for the sake of social 
acceptance or digital popularity.3 In both cases, severe clinical 
manifestations developed as a direct result of these risky 
digital behaviors (Table 1).

In the first case, hyponatremia and related neurologic 
symptoms were observed in a 12-year-old boy who 
participated in a water drinking challenge with group 
pressure. He presented with confusion and convulsions, 
and laboratory tests revealed severe hyponatremia (Na: 116 
mmol/L). After electrolyte balance was restored, the patient 
recovered completely and was discharged. This case shows 
that social media-based “drinking water” challenges can lead 
to serious complications such as hyponatremia, which can be 
life-threatening within a short period. In this case, only the 
external factor of social media was found to be decisive.

In the second case, we report an 11-year-old boy who 
aspirated after a hamburger eating contest with his peers, 
and presented with cardiac arrest. At presentation, the 
patient had a GCS of 3, no spontaneous breathing, and was 
in a deep coma with fixed-dilated pupils. Blood gas analysis 
revealed severe metabolic acidosis (pH: 6.97) and marked 
lactic acidosis. The hemodynamic instability that persisted 
despite inotropic treatment indicated severe deterioration in 
organ perfusion, and the patient died on the 3rd day in the 
intensive care unit. This case illustrates that hypoxic-ischemic 
encephalopathy and respiratory failure resulting in fatal 
complications may occur as a result of digital challenges.

Table 1. Comparison of clinical and laboratory characteristics of two adolescent patients who developed after digital challenge

Case 1: Hyponatremia Case 2: Aspiration

Age/gender 12 years/male 11 years/male

Triggering event
Peer pressure challenge, ingestion of 4-5 liters of 
water

Bet with peers, hamburger eating contest

Reason for admission Confusion, seizure Cardiac arrest after aspiration

GCS 10 3

Neurological status Altered mental status, convulsion Areflexic, fixed and dilated pupils

Laboratory findings Na: 116 mmol/L, Cl: 80 mmol/L pH: 6.97, pCO
2
: 79.7 mmHg, HCO

3
: 12.7 mmol/L, SBE: -13.3

Treatment 3% NaCl, fluid management, ceftriaxone, acyclovir Cefotaxime, clindamycin, inotropic support

Imaging Brain CT, cranial MRI, EEG Chest X-ray, thorax CT, brain CT

Procedures Lumbar puncture Bronchoscopy

Hospital course
Electrolyte balance achieved on day 3, transferred 
to ward on day 4

Deceased on day 3 in PICU

Clinical outcome Discharged in full recovery Exitus

GCS: Glasgow Coma score, Na: Sodium, Cl: Chloride, CT: Computed tomography, MRI: Magnetic resonance imaging, EEG: Electroencephalography, PICU: Pediatric intensive care 
unit, SBE: Standard base excess
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In recent years, there has been an increase in dangerous 
challenges that spread rapidly through social media platforms. 
Behaviors such as “choking game”, “Benadryl challenge”, “salt 
and ice game”, “swallowing cinnamon” and “eating laundry 
capsules”, especially supported by video content, reach large 
masses and are rapidly spreading among adolescents.4 Such 
challenges are known to cause life-threatening complications 
such as severe neurological damage, hyponatremia, aspiration, 
and cardiac arrest.

Such digitally oriented behaviors point to a systemic and 
social problem, that cannot be explained only by individual 
psychiatric disorders. Social media interactions represent a 
new public health problem in child and adolescent health. 
Pediatricians should consider digital defiance behaviors as a 
differential diagnosis in adolescent patients presenting with 
unexplained symptoms or atypical clinical pictures. During 
the clinical evaluation, not only physical findings but also 
behavioral and social histories such as social media usage 
habits, peer relationships, exposure to digital content, and 
family communication style should be questioned in detail.4

Monitoring of metabolic parameters is of great importance 
in intensive care processes. Especially in the second case, 
blood gas monitoring played a critical role in treatment 
planning in terms of ventilation failure, tissue perfusion 
impairment, and hemodynamic instability management (Table 
2). As emphasized in the literature, arterial blood gas analysis 
performed at frequent intervals in similar severe cases is an 
important tool in directing the effectiveness of the treatment 
process and prognosis prediction.5

Media literacy programs in schools should inform both 
children and parents and make students aware of the risks 
they may face in the digital world. These programs can raise 
awareness among children and adolescents about harmful or 
manipulative content on the internet. Social media platforms 
should also take responsibility in this process.

Systems need to be strengthened and ethical mechanisms 
developed to prevent the spread of risky content. These 
technological measures can play an important role in 
protecting groups of children in particular. The presented 
cases clearly demonstrate that social interactions on 
digital platforms can lead to life-threatening and even fatal 
consequences in adolescents. This situation shows that risky 
behaviors exposed to digital media are a public health problem 
that needs to be addressed not only at the individual level 
but also at the societal level. In this context, it is critical that 
health professionals, families, educators, and digital content 
providers cooperate using a multidisciplinary approach.

In conclusion, digital challenges during adolescence may 
pose serious risks to child and adolescent health. These facts 
suggest that digital media may create a new public health 
problem at the societal level. Therefore, health professionals, 
parents, educators, digital platform providers, and politicians 
should act in cooperation. Finally, social media platforms need 
to increase ethical and technological measures for content 
moderation and user safety. This is a vital step in protecting 
child and adolescent health in the digital age.

Table 2. Changes in metabolic and respiratory parameters over time in adolescent patients hospitalized in intensive care unit due to 
aspiration

Time Vital signs pH
PCO

2
 

(mmHg)

HCO
3
-

(mmol/L)
Lactate (mmol/L) 
(Normal <2 mmol/L)

Ventilation 
status Clinical interpretation

Emergency 
admission

Hypotensive, 
bradycardic

6.68 49.5 4.7 20.0 Intubated
Severe mixed acidosis (metabolic + 
respiratory), elevated lactate indicates 
tissue hypoperfusion.

6th hour
Hypotensive, 
bradycardic

7.00 66.7 12.5 5.7 Intubated
Respiratory acidosis has worsened; 
metabolic correction is insufficient; 
hemodynamic instability persists.

1st day
Hypotensive, 
bradycardic

7.11 47.1 13.8 5.4 Intubated
Partial improvement in pH and HCO

3
- 

levels; slow decrease in lactate suggests 
ongoing poor tissue perfusion.

2nd day
Hypotensive, 
bradycardic

7.09 56.8 14.5 3.7 Intubated
Persistent metabolic acidosis and elevated 
lactate levels suggest ongoing tissue 
hypoperfusion.

2nd day 
clinical note

- - - - - -

Despite intensive inotropic support, 
cardiovascular stability could not be 
achieved; suggests refractory shock. 
Arterial blood gas monitoring was critical 
for treatment and prognosis.
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When the Pressure Is Not High: A Case of PRES in a Normotensive 
Child
Basınç Yüksek Değilken: Normotansif Bir Çocukta PRES Olgusu
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 Abstract

Posterior reversible encephalopathy syndrome (PRES) is a clinico-
radiological syndrome due to disturbances in the blood-brain 
barrier that cause vasogenic oedema. It has been postulated 
that PRES is caused by disturbances of cerebral autoregulation 
secondary to acute hypertension, and this is often seen in patients 
with acute kidney injury. We report a case of PRES in a 6-year-old 
girl with severe polyserositis and acute kidney injury. She had no 
neurological symptoms at presentation, and was covered initially 
for sepsis despite no positive culture. The autoimmune screen was 
negative. On day 13 of admission, she developed right-sided focal 
seizures. Clinical examination showed upper motor neuron signs. 
Pupils were reactive, and consciousness was intact. A contrast-
enhanced computed tomography of the brain suggested vasogenic 
oedema with prominent sulci and ventricles. Subsequently, magnetic 
resonance imaging of the brain confirmed the diagnosis. She was 
started on intravenous phenytoin, and no further seizures were 
observed. A clinical examination one week later showed normal 
neurological findings. Consequently, phenytoin was gradually 
tapered, and she remains well with no sequelae. Symptoms of PRES 
are typically preceded by hypertension or pronounced fluctuations 
in blood pressure. There are limited reports of PRES in pediatric 
patients with normal blood pressure. Despite clinical suspicion of 
an autoimmune disorder, this patient did not fulfil the criteria for 
systemic lupus erythematosus, and all autoimmune markers were 
negative. She was later subsequently diagnosed with diffuse large 
B-cell lymphoma and succumbed to the disease one year later. 
Furthermore, this patient demonstrates frontal lobe involvement 
and microhemorrhages, which are absent in adult cohorts but are 
consistent with previous reports in children with PRES. The clinical 
and radiological manifestations of PRES remain elusive in the 
pediatric population and warrant further research.

 Öz

Posterior reversibl ensefalopati sendromu (PRES), kan beyin 
bariyerindeki bozuklukların vazojenik ödeme neden olduğu bir 
klinik-radyoloji sendromudur. PRES’in akut hipertansiyon nedeniyle 
serebral otoregülasyonundaki bozukluklardan kaynaklandığı ve 
bunun sıklıkla akut böbrek hasarı olan hastalarda görüldüğü öne 
sürülmüştür. Bu çalışmada şiddetli poliseroz ve akut böbrek hasarı 
olan 6 yaşındaki bir kız çocuğunda PRES olgusu sunulmaktadır. 
Hasta başvuru sırasında nörolojik semptom göstermiyordu ve 
kültür sonucu pozitif olmamasına rağmen başlangıçta sepsis 
tedavisi gördü. Otoimmün tarama negatifti. Hastaneye yatışının 
13. gününde sağ taraflı fokal nöbetler gelişti. Klinik muayenede 
üst motor nöron bulguları saptandı. Göz bebekleri reaktifti ve 
bilinç bozukluğu yoktu. Kontrastlı bilgisayarlı tomografi bulguları, 
belirgin sulkus ve ventriküller ile birlikte vazojenik ödem olduğunu 
gösterdi. Daha sonra yapılan manyetik rezonans görüntüleme ile tanı 
doğrulandı. Hastaya intravenöz fenitoin tedavisi başlandı ve başka 
nöbet görülmedi. Bir hafta sonra yapılan klinik muayenede nörolojik 
açıdan normal olduğu görüldü. Sonuç olarak, fenitoin dozu kademeli 
olarak azaltıldı. Hasta herhangi bir sekel kalmadan iyi durumda idi.
PRES semptomları genellikle hipertansiyon veya belirgin kan basıncı 
dalgalanmaları ile başlar. Ancak, bu hasta hastanede kaldığı süre 
boyunca normotansif kaldı. Otoimmün bozukluk şüphesi olmasına 
rağmen, bu hasta sistemik lupus eritematozus kriterlerini karşılamadı 
ve tüm otoimmün belirteçler negatifti. Daha sonra yaygın B hücreli 
lenfoma teşhisi kondu ve bir yıl sonra hayatını kaybetti. Ayrıca, bu 
hastada frontal lob tutulumu ve mikrokanamalar da görülmektedir. 
Bu bulgular yetişkin kohortlarında görülmemekle birlikte, PRES’li 
çocuklarda daha önce bildirilen bulgularla tutarlıdır. PRES'in pediyatrik 
popülasyondaki klinik ve radyolojik belirtileri hala belirsizdir ve daha 
fazla araştırma yapılması gerekmektedir.
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Introduction

Posterior reversible encephalopathy syndrome (PRES) is a 
rare clinico-radiological condition that may occur in adult and 
pediatric patients.1 It was first described by Hinchey et al.2 in 
1996 as a reversible neurological condition presenting with 
headache, altered consciousness, and seizures, associated 
with white matter oedema on radiological imaging. The exact 
mechanism of PRES is still not fully understood.3 However, 
the postulated mechanism underlying it involves perturbed 
cerebrovascular autoregulation and endothelial dysfunction, 
resulting in vasogenic oedema that most commonly affects 
the parieto-occipital white matter.3

The common precipitating factors among pediatric patients 
include hypertension, renal disease, systemic infection, 
autoimmune conditions, and oncological disease or 
immunosuppressive therapy.1,4 It has been increasingly 
recognized in the pediatric population, which has prompted 
growing interest in its pathophysiology, presentation, and 
management.4 Management of PRES is supportive and 
involves treating the underlying cause. Despite its typically 
reversible nature, delayed recognition and treatment can 
lead to irreversible neurological damage or fatal outcomes, 
occurring in as many as 16% of cases.2

Case Report

A previously healthy 6-year-old girl presented with focal 
seizures on day 14 of admission to the intensive care unit 
(ICU). She initially presented with respiratory distress, serositis, 
and multi-organ failure, requiring mechanical ventilation. 
Neuroimaging revealed vasogenic oedema consistent with 
PRES. Informed consent was obtained from the patient’s 
parents.

A 6-year-old girl of Mediterranean origin presented to the 
emergency department with a three-month history of 
breathlessness, lethargy, and constipation. Over the preceding 
year, she had experienced weight loss, reduced appetite, 
polyarthralgia, and intermittent vasculitic rashes, but had not 
sought medical attention due to financial constraints. She 
was born at term as part of a monochorionic monoamniotic 
twin pair to consanguineous parents. Her twin sister had 
been diagnosed with systemic lupus erythematosus at the age 
of five, and there was a strong family history of autoimmune 
diseases and malignancies.

On examination, she was cachectic and in severe respiratory 
distress, requiring immediate intubation. She was hypoxic, 
pale, and exhibited muscle wasting. Respiratory assessment 
revealed bilateral crepitations and reduced air entry. 
Abdominal examination showed gross ascites and a large 
palpable mass. Neurologically, she was conscious with normal 
tone, power, and reflexes; cranial nerve function was intact. 
Notably, she was normotensive and had normal renal function 
at presentation.

She was intubated, and bilateral chest drains and peritoneal 
drains were inserted. Contrast-enhanced computed 
tomography (CECT) of the thorax, abdomen, and pelvis 
revealed bilateral adnexal masses with features suggestive 
of ovarian malignancy, including omental caking, peritoneal 
thickening, and lymphadenopathy. Additional findings 
included bilateral pleural effusions, ascites, and enlarged 
kidneys. She was treated for serositis complicated by multi-
organ failure and investigated for an underlying malignancy 
or an autoimmune disorder. Despite extensive imaging and 
fluid analysis, cytology and immunophenotyping were 
inconclusive, and autoimmune screening was negative (Tables 
1 and 2). Surgical exploration of the abdominal mass was not 
performed because the patient was critically ill.

On day 13 of ICU admission, she developed focal tonic seizures 
affecting the right upper limb that lasted one hour and 
necessitated loading and maintenance doses of phenytoin. 
During this time, she received mechanical ventilation without 
haemodynamic support. Neurological examination showed 
bilateral hypertonicity of the lower limbs, hyperreflexia, 
and clonus, while the pupils remained reactive and equal. 
Neurological examination of the upper limbs was normal. Her 
level of consciousness could not be reliably assessed because 
she was intubated and sedated. 

At this time, her blood pressure remained between the 50th 
and 95th percentiles, with no marked variability. Trends in her 
systolic and diastolic blood pressure are shown in Figure 1. 

At this point, her medications included intravenous 
meropenem, dexmedetomidine, fentanyl, and clonidine. 
She had acute kidney injury with hyperkalemia and 
hypophosphatemia a week prior to the seizure; the kidney 
injury was attributed to tumor lysis syndrome. However, her 
renal profile and electrolyte levels normalized two days prior 
to the seizure. There was no evidence of other end-organ 
failure at this point. All cultures were sterile. Autoimmune 

Anahtar Kelimeler: Posterior reversibl ensefalopati sendromu, 
manyetik rezonans görüntüleme, posterior lökoensefalopati 
sendromu

Keywords: Posterior reversible encephalopathy syndrome, magnetic 
resonance imaging, posterior leukoencephalopathy syndrome
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and viral screenings were negative. An electroencephalogram 
was not available in our setting at the time. A CECT scan of 
the brain demonstrated white matter hypodensities in the 
bilateral superior fronto-parietal lobes with effacement of the 
adjacent sulci, suggesting vasogenic oedema (Figure 2A-B).

Magnetic resonance imaging (MRI) of the brain was performed 
the next day. The MRI demonstrated symmetrical abnormal 
signal intensities in the bilateral superior fronto-parietal 
lobes, which were hypointense on T1-weighted images 
and hyperintense on T2/fluid-attenuated inversion recovery 
(FLAIR) sequences (Figure 3A-C). No cortical thinning or 

enhancement was observed after gadolinium administration 
(Figure 3D).

Diffusion-weighted imaging and apparent diffusion coefficient 
mapping showed facilitated diffusion, consistent with 
vasogenic oedema (Figure 3E-F). Additionally, multiple foci of 
blooming artefacts were observed on the gradient-recalled 
echo sequence within adjacent sulci, more pronounced on 
the right than on the left, suggestive of microhemorrhages 
(Figure 3G). These changes involved the subcortical and 
juxtacortical regions, with effacement of the grey-white 
matter junction (Figure 3H). The brainstem, cerebellum, and 

Table 1. Results of pleural and peritoneal fluid

Parameter Pleural fluid Peritoneal fluid Remarks

pH
Total protein (g/L)
LDH (U/L)

7.8
40.84
3861

N/A
Serum:
Protein: 70.13
LDH: 2663

Gram stain
Appearance
WBC (x106/L)
RBC (x106/L)
Mononuclear cell (x106/L)
Polymorphonuclear (x106/L)
Total count WBC (x106/L)
Culture and sensitivity

Nil
Cloudy
6965
12000
6037
928
7800
No growth

Nil
Slightly cloudy
2419
5000
2264
155
2444
No growth

AFB
Mycobacterium C&S

Negative
No growth

Negative
No growth

Cytology No atypical cells No atypical cells

Immunophenotyping Inconclusive results
Blood tap sample.
7% cluster of small sized B cells lacking 
surface light chains.

N/A: Not applicable, Nil: None detected, LDH: Lactate dehydrogenase, WBC: White blood cell, RBC: Red blood cell, AFB: Acid fast bacilli, C&S: Culture and sensitivity

Table 2. Investigation results

Investigations Results Reference range Interpretation

Complement C3
Complement C4

1.34 g/L
0.24 g/L

0.82-1.85 g/L
0.15-0.53 g/L

Normal
Normal

ANA screening and immunofluorescence Negative

Anti-mycoplasma antibody Negative

Coombs test Negative

Antiphospholipid antibody panel Negative

ENA Negative

Rheumatoid factor Negative 

Immunoglobulin level
Immunoglobulin G
Immunoglobulin A
Immunoglobulin M

3.87 g/L
2.86 g/L
0.99 g/L

0.52-16.31
0.21-2.82
0.47-2.4 

Low
Elevated
Normal 

Alpha feto-protein 2.457 ng/mL 0-8.1 Normal

Beta human chorionic gonadotropin <2 mIU/mL 0-6 Normal

CA-125 1 300 U/mL 0-35 Elevated

CEA <0.5 ng/mL 0-5.1 Normal

Parathyroid hormone 3.04 pmol/L 1.58-6.03 Normal

25-hydroxyvitamin D 17.63 ng/mL 20-40 Low

Procalcitonin 17.05 ng/mL 0.03-0.1 Elevated 

ANA: Antinuclear antibody, ENA: Extractable nuclear antigen, CA: Cancer antigen, CEA: Carcinoembryonic antigen
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spinal cord appeared normal; no hydrocephalus, midline shift, 
or venous sinus thrombosis were detected. 

Anti-epileptic medication was initiated and successfully 
tapered off within four weeks. A week later, she was 
extubated and had a normal neurological examination. No 
follow-up brain imaging was performed due to financial 
constraints. She received intravenous hydrocortisone 4 mg/
kg four times daily for two weeks, followed by a weaning 
regimen of oral prednisolone for the subsequent two weeks. 
During admission, she received multiple courses of antibiotics, 
as shown in Table 3. Consequently, a repeat CECT of the 
abdomen showed a significant reduction in the size of the 
adnexal mass. Thus, she was discharged after six weeks and 
followed up by the pediatric rheumatology team. 

Upon discharge, her neurological examination was normal, with 
no motor or sensory deficits. She regained full independence 
in her activities of daily living and had no difficulties with 
feeding, urination, or bowel movements. A year later, she 

presented again with a left lumbar mass and constitutional 
symptoms, and was eventually diagnosed with diffuse large 
B-cell lymphoma (DLBCL). She underwent multiple courses 
of chemotherapy but succumbed to the disease’s aggressive 
nature; throughout the illness she exhibited no neurological 
symptoms. This case illustrates an atypical presentation of 
PRES in a critically ill child with a suspected malignancy who 
had no initial hypertension, highlighting the importance of 
early neuroimaging for unexplained seizures.

Discussion

We report a case of PRES in a pediatric patient despite 
normal blood pressure and resolved acute kidney injury. It 
is an increasingly recognized clinico-radiological entity in 
the pediatric population, characterized by diverse etiologies, 
variable clinical presentations, and potential reversibility with 
timely intervention.1,5

As outlined in the introduction, the pathophysiology 
of PRES is thought to involve impaired cerebrovascular 
autoregulation.1,2 Impaired cerebrovascular autoregulation, 
combined with endothelial dysfunction, is considered the 
primary pathophysiological mechanism leading to transient 
vasogenic edema of the brain parenchyma.1,2 In this model, 
severe hypertension exceeds the limits of autoregulation, 
overwhelming endothelial capacity and impairing 
compensatory vasoconstriction. The resulting hyperperfusion 
allows plasma and macromolecules to leak from cerebral 
vessels, producing edema.1,6,7 

While hypertension is a well-established trigger, particularly in 
the context of renal disease, PRES can also arise in normotensive 
or hypotensive states, as illustrated by the case reported by 
Adhikari et al.5 in which hypovolemic shock was the precipitating 
factor. In our case, the patient developed PRES during a 
prolonged ICU stay, with contributing factors including systemic 

Figure 1. Blood pressure trend during PICU stay

PICU: Pediatric intensive care unit, BP: Blood pressure

Figure 2. Contrast-enhanced CT brain in axial (A) and coronal (B) views showed symmetrical white matter hypodensities at bilateral superior fronto-parietal 
lobes (orange arrows). The adjacent sulci are effaced

CT: Computed tomography
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Figure 3. MRI brain in axial views revealed symmetrical white matter abnormal signal intensities at bilateral fronto-parietal lobes (red arrows), which returned 
hypointense signal on T1 (A), hyperintense on T2 (B), not suppressed on FLAIR (C) and no enhancement post contrast (D). ADC/DWI sequences (E,F) showed 
no restricted diffusion to suggest acute infarct. Blooming artefacts on GRE suggestive of microhaemorrhages were present (blue arrow) (G). The T2 weighted 
image in the coronal view (H) showed abnormal white matter signal distribution at the juxtacortical and subcortical region (yellow arrow)

MRI: Magnetic resonance imaging, FLAIR: Fluid-attenuated inversion recovery, ADC: Apparent diffusion coefficient, DWI: Diffusion-weighted imaging, GRE: Gradient-recalled echo

Table 3. Antibiotic summary

Antibiotic Dose Mode of administration Duration (days)

Ceftriaxone 50 mg/kg twice daily Intravenous 1 day

Azithromycin 15 mg/kg once daily Intravenous 1 day

Piperacillin-tazobactam 112.5 mg/kg three times daily Intravenous 2 days

Meropenem 20 mg/kg twice daily Intravenous 7 days

Vancomycin 25 mg/kg three times daily Intravenous 7 days

Fluconazole 12 mg/kg once daily Intravenous 5 days

Ceftazidime 25 mg/kg three times daily Intravenous 5 days

Amikacin 25 mg/kg on day 1 then 18mg/kg twice daily Intravenous 5 days

Ampicillin-sulbactam 200 mg/kg+100mg/kg three times daily Intravenous 4 days

Linezolid 10 mg/kg three times daily Intravenous 3 days

Nystatin 250.000 units three times daily Oral 9 days
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infection, mechanical ventilation, and preceding acute kidney 
injury. This aligns with the literature, in which critical illness and 
systemic inflammation are increasingly recognized as potential 
contributors to PRES pathogenesis, alongside renal dysfunction, 
autoimmune diseases, cytotoxic agents, and sepsis.6-10

Beyond hypertension, endothelial dysfunction is a critical 
contributing factor.6,8,11 This can stem from a direct toxic 
effect of immunosuppressive or chemotherapeutic agents, or 
from conditions involving systemic inflammation or sepsis.8,9,11 
In some cases of chronic anemia, rapid, large-volume blood 
transfusions have been hypothesized to induce PRES by 
disrupting vascular autoregulation, resulting in hyperperfusion 
and acute vascular endothelial dysfunction, which can cause 
cerebral damage.12 Other potential factors include reperfusion 
injury and, in some cases, microthrombosis associated with 
immunosuppressive therapy, such as systemic corticosteroids, 
which this patient was receiving.1,13,14

Given the multifactorial nature of PRES in critically ill patients, 
as seen in our case, accurate and timely diagnosis is essential, 
particularly via neuroimaging.3,4,6 MRI is the preferred 
modality because its sensitivity and specificity for detecting 
characteristic vasogenic edema, particularly in posterior 
subcortical regions, are superior to those of CT scans. 

The hallmark radiological feature on MRI is white matter 
edema, which typically appears as hyperintense signal on T2-
weighted and FLAIR sequences, most commonly involving 
the occipital and parietal lobes. However, pediatric PRES 
frequently involves atypical MRI findings in regions beyond 
the posterior circulation, including the frontal and temporal 
lobes, cerebellum, brainstem, basal ganglia, thalamus, and 
corpus callosum.15 Some authors suggest that these “atypical” 
features in adults may be considered “typical” in children.6,7,15

This patient’s MRI showed vasogenic edema and 
microhemorrhages. Microhemorrhages are increasingly 
reported in this condition and are believed to result from 
blood-brain barrier disruption due to impaired cerebral 
autoregulation, often triggered by acute elevations in systemic 
blood pressure.6,8 This leads to hyperperfusion, increasing 
hydrostatic pressure within cerebral capillaries and resulting 
in leakage of fluid into the brain parenchyma (vasogenic 
edema). Subsequently, this leads to the extravasation of 
red blood cells, which appears as petechial hemorrhages.11 
Unfortunately, follow-up imaging was not available for this 
patient, rendering confirmation of complete resolution of 
PRES difficult. 

PRES in DLBCL arises via two pathways: as a paraneoplastic 
or metabolic presentation at diagnosis (notably with 
hypercalcemia and labile blood pressure) and as a toxicity 
of lymphoma therapy, most often during or shortly after 
chemotherapy initiation.16-18 This patient developed PRES 

as the first manifestation of DLBCL, without hypertension 
or prior exposure to cytotoxic chemotherapy, similar to a 
reported case of DLBCL presenting with PRES in an adult with 
hypercalcemia and no hypertension.17 Corticosteroid therapy 
and acute kidney injury were likely contributing factors, both 
recognized risk factors for endothelial dysfunction. 

As highlighted in pediatric and oncologic cohorts, PRES may 
occur in normotensive patients and can precede the diagnosis 
of malignancy. In similar cases, clinicians should maintain a 
high index of suspicion for underlying hematological disease 
and pursue early, aggressive investigation to enable timely 
diagnosis and management.

Conclusion

PRES may rarely present as initial manifestation of an underlying 
hematologic malignancy in children. This case emphasizes 
the need for thorough evaluation and close observation in 
pediatric patients with PRES who lack an obvious precipitating 
factor. Early identification of the underlying cause may alter 
management and improve outcomes.
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 Abstract

Non-invasive ventilation (NIV) supports breathing without 
endotracheal intubation, lowering the risk of airway injury, sedation-
related instability, hospital-acquired infections, and ventilator-
associated complications. Growth in publications accelerated during 
and after the coronavirus disease-2019 (COVID-19) pandemic, yet 
regional representation of evidence remains uneven. Bibliometric 
synthesis is useful to clarify research structure, influence, 
collaboration intensity, and unmet scientific priorities in pediatric 
NIV. To analyze global publication trends, thematic clusters, and 
research-collaboration networks in pediatric NIV literature from 
2013 to 2023. A systematic search of Scopus metadata was 
performed on July 23, 2024, using TITLE-ABS-KEY (non-invasive 
AND mechanical AND ventilation AND pediatric) and restricted 
to English-language publications (2013-2023). A total of 358 
records were analyzed using Scopus analytics to assess annual 
output, author and institutional productivity, country contributions, 
keyword co-occurrence, and international co-authorship mapping. 
Frequently cited studies underwent a narrative review to provide 
clinical-translational context. Of the 358 documents, 276 (77.1%) 
were research articles and 55 (14.4%) were reviews. Publication 
output fluctuated between 2013 and 2018, followed by a steep 
and sustained rise from 2019 to 2023. The most prolific countries 
were the United States, Canada, and Spain, whereas Southeast Asia 
contributed a smaller share, highlighting opportunities for expansion 
in that region. Highly productive authors included Emeriaud G., 
Jouvet P., and Essouri S. Four major keyword clusters were identified: 
respiratory insufficiency, mechanical ventilation, continuous 
positive airway pressure (CPAP)/bronchiolitis, and acute respiratory 
distress syndrome/extubation failure. Overlay mapping revealed an 
increasing interest in CPAP, weaning/extubation outcomes, viral 

 Öz

Non-invaziv ventilasyon (NIV), endotrakeal entübasyon olmadan 
solunumu destekleyerek hava yolu yaralanması, sedasyonla ilişkili 
instabilite, hastane kaynaklı enfeksiyonlar ve ventilatörle ilişkili 
komplikasyon riskini azaltır. Yayın sayısı koronavirüs hastalığı-2019 
(COVID-19) dönemi sırasında ve sonrasında hızla artmış olsa 
da, bölgesel kanıt temsili hala dengesizdir. Bibliyometrik sentez, 
pediatrik NIV’da araştırma yapısını, etkisini, işbirliği yoğunluğunu 
ve karşılanmamış bilimsel öncelikleri netleştirmek için yararlıdır. 
Bu çalışmanın amacı, 2013’ten 2023’e kadar pediyatrik NIV 
literatüründeki küresel yayın eğilimlerini, tematik kümeleri ve 
araştırma-işbirliği ağlarını analiz etmekti. 23 Temmuz 2024 tarihinde, 
İngilizce yayınlarla (2013-2023) sınırlandırılmış TITLE-ABS-KEY (non-
invasive AND mechanical AND ventilation AND pediatric) kullanılarak 
Scopus meta verilerinde sistematik bir arama gerçekleştirilmiştir. 
Scopus analitiği kullanılarak yıllık çıktı, yazar ve kurum verimliliği, 
ülke katkıları, anahtar kelime eş-ortaklığı ve uluslararası ortak 
yazarlık haritalaması açısından toplam 358 kayıt analiz edildi. Sıkça 
atıf yapılan çalışmalar, klinik-çeviri bağlamı açısından anlatımsal 
incelemeye tabi tutuldu. Üç yüz elli sekiz belgenin 276’sı (%77,1) 
araştırma makalesi, 55’i (%14,4) ise derlemeydi. Yayın sayısı 2013-
2018 yıllarında değişkenlik göstermiş, ardından 2019-2023 yıllarında 
keskin ve sürdürülebilir bir artış yaşanmıştır. En üretken ülkeler 
Amerika Birleşik Devletleri, Kanada ve İspanya olurken, Güneydoğu 
Asya’nın katkısı daha az olup bu da bölgesel genişleme fırsatlarını 
ortaya koymaktadır. En üretken yazarlar arasında Emeriaud G., 
Jouvet P. ve Essouri S. yer almıştır. Dört ana anahtar kelime kümesi 
belirlenmiştir: solunum yetmezliği, mekanik ventilasyon, sürekli 
pozitif hava yolu basıncı (CPAP)/bronşiyolit ve akut solunum sıkıntısı 
sendromu/ekstübasyon başarısızlığı. Üst üste bindirme haritalaması, 
2020-2023 yıllarında CPAP, ventilatörden ayrılma/ekstübasyon 
sonuçları, viral enfeksiyon (COVID-19) ve mortalite ile ilgili ölçütlere 
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Introduction 

Non-invasive ventilation (NIV) is a form of respiratory support 
provided without direct tracheal intubation. This avoids some 
complications inherent in invasive ventilation, such as the 
need for sedation with associated hemodynamic instability, 
delirium, and nosocomial infections.1 NIV is primarily indicated 
for patients with mild-to-moderate acute respiratory failure 
and has been shown to be more effective than conventional 
oxygen therapy in selected patient populations.2

Research related to NIV in children has seen significant 
advancements in recent decades. The purpose of this study 
is to analyze publication patterns and collaboration among 
researchers and institutions, and to identify research trends 
and directions at NIV from 2013 to 2023. Performing a 
bibliometric analysis is expected to provide a comprehensive 
understanding of NIV research, enabling healthcare 
policymakers to make more informed and effective decisions.

Materials and Methods 

Scopus searches were conducted on July 23, 2024, to 
collect basic publication and citation data from article titles, 
abstracts, and keywords. Scopus search query as executed, 
including the complete TITLE-ABS-KEY syntax, publication 
year limits, language restrictions, and keyword filters applied. 
The search terms used were (non-invasive AND mechanical 
AND ventilation AND paediatric); the full search string was: 
TITLE-ABS-KEY (non-invasive AND mechanical AND ventilation 
AND paediatric) AND PUBYEAR >2012 AND PUBYEAR <2024 
AND [LIMIT-TO (LANGUAGE, “English”)] AND [LIMIT-TO 
(EXACTKEYWORD, “Non-invasive ventilation”)]. The search 
was limited to English-language publications and to the 
publication period 2013-2023. A total of 358 articles were 
exported as CSV files. Scopus’ analyze results, VOSviewer 
1.6.19, and Biblioshiny were used to visualize and analyze 

occurrences of words and phrases in the titles and keywords 
of all retrieved articles.

The minimum occurrence of the author’s keywords is set 
at 10. The cluster of co-occurring events is represented by 
various colours, as indicated by the co-occurrence analysis 
of the authors’ keywords. The frame size corresponds to the 
appearance of the keywords. Its thickness is proportional to 
the intensity of the event. Yellow keywords appear in later 
years (2021 or later) compared with blue keywords (2018 
or earlier), as shown in the overlay visualization. Density 
visualization depicts each term’s density; greater thickness 
indicates higher density. We conducted a literature review of 
the most-cited publications to gain a deeper understanding of 
NIV in children.

Results

Of 358 documents, 276 (77.1%) were articles and 55 (14.4%) 
were reviews (Figure 1). The trend in NIV research publications 
shows significant fluctuations from 2013 to 2018, followed 
by a marked increase from 2019 to 2023 (Figure 2). Research 
development prior to 2020 was limited, possibly owing to 
constrained research funding or alternative research priorities 
in child health. Meanwhile, the sharp between 2020 and 
2021 was most likely attributable to coronavirus disease-2019 
(COVID-19), rendering invasive and non-invasive mechanical 
ventilators a highly relevant research topic, as they were in 
high demand.

The countries with the highest number of publications are 
predominantly developed nations with better healthcare 
infrastructure and greater access to advanced technologies, 
led by the United States (124 articles), followed by Canada 
(43) and Spain (39) (Figure 3). Among the 10 countries with 
the highest number of publications, only one-India- is from 
Asia. This indicates limited research from Asia and Southeast 

olan ilginin arttığını ortaya koymuştur. Pediyatrik NIV araştırmaları 
genişlemekte ve yenidoğan oksijenasyonu ve arayüz konularından 
daha geniş prognoz, tedavinin azaltılmasının güvenliği ve kesin 
klinik sonuçlara doğru evrimleşmektedir. Güneydoğu Asya dahil 
olmak üzere yeterince temsil edilmeyen bölgeler, açık bir işbirliği ve 
araştırma potansiyeli sunmaktadır. Gelecekteki çalışmalar, erken NIV 
başarı/başarısızlık kriterlerini standartlaştırmalı ve çeşitli pediyatrik 
ortamlarda yüksek akımlı nazal kanül ile CPAP/non-invaziv pozitif 
basınçlı ventilasyonu doğrudan karşılaştırmalıdır.

Anahtar Kelimeler: Non-invaziv ventilasyon (NIV), bibliyometrik, 
solunum yetmezliği, çocuk yoğun bakım, çocuklar

infection (COVID-19), and mortality-related metrics from 2020 to 
2023. Pediatric NIV research is expanding, evolving from neonatal 
oxygenation and interface topics toward broader prognostication, 
de-escalation safety, and hard clinical outcomes. Underrepresented 
regions, including Southeast Asia, present clear potential for 
collaborative research. Future work should standardize criteria for 
early NIV success and failure and directly compare high-flow nasal 
cannula with CPAP/non-invasive positive pressure ventilation across 
diverse pediatric settings.

Keywords: Non-invasive ventilation (NIV), bibliometric, respiratory 
failure, pediatric intensive care, children
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Asia, presenting an opportunity for further investigation 
of NIV in the region. The most productive author on NIV is 
Emeriaud G., with 17 articles; this is followed by Jouvet P. (12 
articles) and Essouri S. (11 articles). Other productive authors 
include Rotta AT., Shein SL., Abu-Sultaneh S., Kneyber, MCJ., 
Conti G., Blackwood B., and Fauroux B. (Figure 3). This can be 
an opportunity for these productive writers and researchers in 
various countries to collaborate, thereby expanding the scope 
of research in this field.

The ten most-cited articles are described in Table 1; seven of 
the ten concern pediatric cases. The most-cited article is “acute 
respiratory distress syndrome (ARDS)” by Matthay et al.3 

with 822 citations. Followed by “non-invasive versus invasive 
respiratory support in preterm infants at birth: systematic 
review and meta-analysis” by Schmölzer et al.4 with 417 
citations, and “paediatric acute respiratory distress syndrome 
incidence and epidemiology (PARDIE): an international, 
observational study” by Khemani et al.5 with 248 citations.

Co-occurrence Cluster 

Co-occurrence network analysis of author keywords 
identified four thematic groups, comprising a total of 28 
keywords (Figure 4). The densest keyword was NIV. The four 
research clusters were respiratory insufficiency, mechanical 
ventilation, continuous positive airway pressure (CPAP), and 

ARDS. The overlay visualization showed increasing interest in 
“extubation failure, CPAP, COVID-19, and mortality” (Figure 
4A). The overlay visualization highlights emerging themes 
such as COVID-19 and mortality, as illustrated in Figure 4B. 
Most research on NIV using density visualization focuses on 
NIV, mechanical ventilation, children, pediatrics, COVID-19, 
and bronchiolitis (Figure 4C). This can be indicated by the 
bright yellow color. On the other hand, research on NIV is 
still limited in areas such as weaning, extubation, respiratory 
insufficiency, pediatric critical care, ARDS, and extubation 
failure, among others. Thus, addressing these items (Figure 
4C) opens opportunities for further research.

NIV in the paediatric population has a wide spectrum of 
applications, from the prevention and early management 
of respiratory distress in neonates and therapeutic bridging 
in paediatric ARDS to postoperative support and long-term 
home ventilation in children with neuromuscular diseases. 
The synthesis of ten collected journal publications describes 
the developmental trajectory of evidence and clinical practice 
from 2013 to 2023, highlighting benefits, limitations, and 
open research directions (Tables 1-3).3-12

A new term that emerged in 2022-2023 is “artificial 
ventilation”. Artificial ventilation, or mechanical ventilation, 
is a term used for any method that mechanically assists 
or replaces spontaneous breathing. This includes invasive 
methods (such as intubation and mechanical ventilation) and 
non-invasive methods (such as NIV). The primary goal is to 
ensure adequate gas exchange and oxygenation in patients 
who cannot breathe effectively on their own.13 Artificial 
ventilation and NIV are used to manage respiratory failure 
but are indicated in different clinical scenarios. NIV is often 
preferred for patients with acute or chronic respiratory 
diseases or those with mild-to-moderate respiratory disorders 
because it is associated with fewer complications than invasive 
ventilation. Although artificial ventilation and NIV both aim to 
support patients with respiratory failure, they differ in their 
application, patient comfort, and potential complications.14,15

In neonates, particularly premature infants with RDS, recent 
evidence confirms that NIV, especially CPAP and non-invasive 
positive pressure ventilation (s)(NIPPV), is the recommended 
initial respiratory support from birth.7 The latest European 
guidelines indicate that (s)NIPPV is the most effective primary 
therapy, while HFNC can be considered for stable infants, 
provided that CPAP/NIPPV is available as a backup option in 
case of failure. Seven meta-analyses comparing early CPAP 
with intubation in very preterm infants showed reductions 
in the need for mechanical ventilation and surfactant use, 
and an improvement in the combined outcome of mortality 
and bronchopulmonary dysplasia.10 From a bibliometric 
perspective, the topic of early CPAP and NIPPV for preterm 

Figure 1. PRISMA-style flow diagram illustrating the identification, screening, 
and inclusion process for the bibliometric dataset and the narrative review of 
the most-cited articles
PRISMA: Preferred reporting items for systematic reviews and meta-analyses
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RDS has become one of the main clusters, exhibiting a 
high publication rate and supported by strong evidence 
demonstrating significant clinical benefits, including reduced 
need for intubation and lower risk of long-term respiratory 
complications.7,10 

In children with PARDS, the international PARDIE cohort 
study [27 countries; 145 pediatric intensive care unit (PICUs)] 
confirmed that both diagnosis and severity of PARDS can 
be determined using the PaO

2
/FiO

2
 and SpO

2
/FiO

2
 (PF/SF) 

ratio, even when the patient has not yet been intubated.5,15 
Degrees of hypoxemia have been shown to correlate with 
poor outcomes, and metrics such as ventilator-free days are 
now consistently used to compare outcomes for both NIV and 
IMV.15 In cases of early hypoxemic respiratory failure, evidence 
in the adult population suggests that high-flow nasal cannula 
(HFNC) reduces intubation rates and mortality compared with 
conventional oxygen; this finding has potential implications 
for pediatric patients with similar conditions.3,15

The key successful NIV in mild-to-moderate PARDS is thorough 
initial assessment, the selection of the appropriate modality 
(CPAP/NIPPV versus HFNC), and rigorous monitoring of 
oxygenation indicators (PF/SF).3.15 The paediatric mechanical 
ventilation consensus conference (PEMVECC) (2017) 
recommendations suggest considering NIV for patients with 
obstructive and restrictive diseases, mild-to-moderate PARDS, 
cardiorespiratory failure, post-cardiac surgery, asthma, and 
neuromuscular disorders, with strict evaluation within the first 
hour to assess success.7 NIV should not delay intubation if 
failure criteria are met; selecting an interface that minimizes 
leakage is crucial.12,16 In a cohort of patients undergoing 
congenital heart surgery, the need for preoperative 
ventilation, including NIV, was shown to correlate with 
delayed postoperative extubation. This indicates that NIV is 
not only a respiratory support tool but also a clinical marker 
of disease severity relevant to anesthesia planning and ICU 
management.12,16

Figure 2. Publication types and publication development

Figure 3. Countries and authors with the most NIV publications
NIV: Non-invasive ventilation,
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The long-term use of mechanical ventilation in children 
continues to increase significantly, as evidenced by Canadian 
data (1991-2011), which recorded that 83% of patients 
were using NIPPV, primarily children with neuromuscular 
diseases, most of whom were treated at home. Studies in 
Spain during the COVID-19 pandemic also showed a shift 
toward younger populations, with increased use of NIV and 
a decrease in the need for invasive ventilation, length of stay, 
and mortality. Nevertheless, the cases of adolescents with 
severe multisystem disease confirm the limitations of NIV 
effectiveness when complex comorbidities are present.6,10,17 

Implementing a rapid response system in a tertiary children’s 
hospital has been shown to reduce the incidence of critical 
deterioration by 62%, which demonstrates that early detection 
and rapid intervention play an important role in preventing 
severe respiratory failure.9,18 Overall, evidence from the past 
decade confirms NIV as an effective strategy for preventing 
intubation in selected cases, such as neonatal RDS, mild-to-
moderate PARDS, obstructive and neuromuscular diseases, 
provided that an initial assessment is performed, oxygenation 
indicators (PF/SF) are monitored, and a quick decision is made 
for intubation if NIV fails.5,19

Figure 4. Themes from 2013-2021 (A), themes from 2022-2023 (B), thematic evolution (C)
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A bibliometric analysis shows that research on NIV in children 
is dominated by four clusters: mechanical ventilation, critical 
care, CPAP/bronchiolitis, and ARDS/extubation failure. The 
keywords “NIV” and “mechanical ventilation” serve as network 
hubs, indicating their position as core themes connecting 
various fields such as neonatology, intensive care, and acute 
respiratory failure. Between 2013 and 2023, research focus 
shifted from the application of CPAP/NIPPV in neonates to 
advanced clinical issues such as weaning, extubation failure, 
COVID-19, and mortality. There appears to be an increase 
in the number of new topics after 2019, indicating that the 
pandemic influenced the expansion of the scope of NIV in 
children. Overall, this bibliometric analysis indicates that 
research on NIV is becoming increasingly multidisciplinary, 

evolving from technical aspects toward the assessment of 

clinical outcomes and patient safety, and facilitating cross-

sectoral research collaborations, particularly in the fields of 

pediatric critical care and extubation outcomes.

Conclusion 

A comprehensive review of non-invasive mechanical 

ventilation in children has been conducted. Research on 

non-invasive mechanical ventilation experienced fluctuations 

from 2013 to 2018, and then increased from 2019 to 2023. 

Rapidly growing numbers of publications originate from the 

United States, Canada, and Spain, while contributions from 

Southeast Asia remain limited. Future research is expected 

Table 1. Ten most-cited articles

No Title Year Source Citation

1 Acute respiratory distress syndrome3 2019 Nature Reviews Disease Primers 822

2
Non-invasive versus invasive respiratory support in preterm infants at birth: 
systematic review and meta-analysis4 

2013 BMJ (Online) 417

3
Paediatric acute respiratory distress syndrome incidence and epidemiology (PARDIE): 
an international, observational study5 2019 The Lancet Respiratory Medicine 248

4
First and second waves of coronavirus disease-19: a comparative study in 
hospitalized patients in Reus, Spain6 2021 PLoS ONE 205

5
Recommendation for mechanical ventilation of critically ill children from the 
paediatric mechanical ventilation consensus conference (PEMVECC)7 2017 Intensive Care Medicine 203

6
European consensus guidelines on the management of respiratory distress 
syndrome: 2022 update8 

2023 Neonatology 147

7
Impact of rapid response system implementation on critical deterioration events in 
children9 

2014 JAMA Pediatrics 133

8
Pediatric long-term home mechanical ventilation: twenty years of follow-up from one 
Canadian center10 2014 Pediatric Pulmonology 124

9 Severe and fatal forms of COVID-19 in children11 2020 Archives de Pediatrie 117

10 Should early extubation be the goal for children after congenital cardiac surgery12 2014
Journal of Thoracic and Cardiovascular 
Surgery 

100

COVID-19: Coronavirus disease-2019

Table 2. Author keyword co-occurrence clusters

Cluster 1 (11 items) Cluster 2 (7 items) Cluster 3 (6 items) Cluster 4 (4 items)

Asthma Airway extubation Bronchiolitis Acute respiratory distress 
syndrome

Child Extubation Continious positive airway pressure Acute respiratory failure

Children Extubation failure High-flow nasal cannula ARDS

COVID-19 Mechanical ventilation Non-invasive ventilation Pediatric intensive care

Critical care Pediatric Pediatric intensive care

Home mechanical ventilation Respiratory failure Pediatric intensive care

Intensive care Weaning

Mortality

Non-invasive ventilation

Pediatrics

Respiratory insufficiency

COVID-19: Coronavirus disease-2019, ARDS: Acute respiratory distress syndrome
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Table 3. Summary of the most-cited articles related to non-invasive ventilation

No Title Subject Methods Results related to NIV

1
Acute respiratory 
distress syndrome

• ARDS patients, both adults 
and children, with mild ARDS 
and non-intubated patients 
with acute hypoxemic 
respiratory failure (often 
early-stage ARDS). 
• The PALICC criteria for 
pediatric ARDS (PARDS) 
also include oxygenation 
parameters for children using 
NIV.

• A comprehensive review discussing 
the epidemiology,
pathogenesis, diagnosis, and 
management of ARDS.

• NIV may be beneficial for patients with mild 
ARDS, as it can avoid the risks associated with 
invasive mechanical ventilation, such as delirium, 
neuromuscular weakness, and ventilator-associated 
pneumonia. Although NIV can improve oxygenation, 
evidence of its benefit for long-term clinical outcomes 
is still limited, and its effectiveness is highly influenced 
by the type of interface (e.g., helmet or face mask). 
Conversely, the use of HFNO has been shown to be 
safer, better tolerated, and to reduce mortality in 
acute hypoxemic respiratory failure (early-stage ARDS) 
through the delivery of low PEEP and a slight increase 
in carbon dioxide elimination.

2

Non-invasive 
versus invasive 
respiratory support 
in preterm infants 
at birth: systematic 
review and meta-
analysis

• The study subjects were 
2.782 very preterm infants 
(born at a gestational age of 
less than 32 weeks) drawn 
from four RCTs that met the 
inclusion criteria. Of these, 
1296 infants were in the 
nasal CPAP group and 1486 
in the intubation group.

• This study is a systematic review and 
meta-analysis of RCTs comparing nasal 
CPAP initiated at birth with intubation 
in very preterm infants. Searches were 
conducted in PubMed, Embase, the 
Cochrane Central Register of Controlled 
Trials, and Pediatric Academic Society 
abstracts up to June 2013.

• A combined analysis showed that the use of 
nasal CPAP in the delivery room provided significant 
benefits on the composite outcome of death or BPD 
at a corrected gestational age of 36 weeks, with one 
additional infant surviving without BPD per 25 infants 
treated with CPAP compared with intubation. 
• Separately, there was a significant trend favoring 
CPAP in reducing the incidence of BPD, although no 
significant difference in mortality rates was found 
between the groups. Additionally, the CPAP group 
showed a significant reduction in the need for 
mechanical ventilation and surfactant administration. 
• For other secondary outcomes-including 
pneumothorax, grade III/IV intraventricular 
hemorrhage, necrotizing enterocolitis, patent ductus 
arteriosus, and retinopathy of prematurity-there were 
no significant differences compared with intubation.

3

Pediatric acute 
respiratory 
distress syndrome 
incidence and 
epidemiology 
(PARDIE): an 
international 
observational 
study

• Children with a new 
diagnosis of PARDS, whether 
using IMV or NIV. A total 
of 744 new cases of PARDS 
were identified; complete 
data were available for 708 
patients. 
• Regarding NIV, 160 
patients were initially 
diagnosed with PARDS-NIV.

• Observational study, cross-sectional, 
international prospective.
• Conducted in 145 international 
PICUs (pediatric intensive care units) 
from 27 countries, during 10 weeks 
of study between May 2016 and June 
2017.

• The mortality rate in PARDS patients treated with 
NIV ranges from 10-15%, which is comparable to that 
in mild-to-moderate PARDS. Approximately half of 
NIV patients eventually require intubation, with most 
intubations (86%) occurring within the first 48 hours 
after diagnosis. 
• Patients who fail NIV and are subsequently 
intubated have a higher mortality rate (25%), 
comparable to the mortality rate for moderate-to-
severe PARDS with invasive mechanical ventilation. 
The degree of hypoxemia at diagnosis was found 
to be strongly associated with an increased risk of 
intubation and mortality.

4

First and 
second waves 
of coronavirus 
disease-19: a 
comparative study 
in hospitalized 
patients in Reus, 
Spain

• The study involved a total 
of 468 hospitalized patients 
with SARS-CoV-2 infection 
confirmed by RT-PCR. A total 
of 204 patients were in the 
first wave and 264 in the 
second wave.
• Patients in the second 
wave tended to be younger, 
with an increased proportion 
of children, pregnant 
women, and postpartum 
women.

• A prospective comparative study of 
COVID-19 patients admitted to Hospital 
Universitari de Sant Joan (Reus, Spain) 
between March 15 and October 15, 
2020, compared the first and second 
pandemic waves. 
• Patient inclusion was based on an 
analytically confirmed SARS-CoV-2 
diagnosis and on the requirement for 
hospitalization. 
• Data analysis was performed 
retrospectively using medical records.

• During the second wave of the COVID-19 
pandemic, use of non-invasive mechanical ventilation 
increased, likely influenced by the younger age 
profile of patients and improved healthcare system 
preparedness, thereby allowing management of less 
severe cases with NIV.
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Table 3. Continued

No Title Subject Methods Results related to NIV

5

Recommendations 
for mechanical 
ventilation of 
critically ill children 
from the Paediatric 
Mechanical 
Ventilation 
Consensus 
Conference 
(PEMVECC)

• Critically ill children: the 
PEMVECC guidelines apply 
to critically ill children with 
various lung conditions 
(normal, obstructive, 
restrictive, mixed), chronically 
ventilated patients, cardiac 
patients, and pulmonary 
hypoplasia syndrome, aged 
less than 18 years. 
• Extremely preterm infants: 
2782 extremely preterm 
infants (gestational age <32 
weeks) who received CPAP 
or intubation. 
• Pediatric PARDS patients: 
744 new cases of PARDS, 
of which 160 patients were 
initially diagnosed with 
PARDS and received NIV.
 • Adult COVID-19 
patients: 468 adult patients 
hospitalized with confirmed 
COVID-19 from two 
pandemic waves.

• PEMVECC was initiated by the 
ESPNIC to develop recommendations 
on mechanical ventilation in critically 
ill children. The approach employs the 
RAND/UCLA appropriateness method, 
with electronic literature searches 
conducted in PubMed and EMBASE 
through September 1, 2015.
Eligible studies are those involving 
individuals under 18 years of age and 
describing non-invasive or invasive 
respiratory support, excluding case 
series, special reports, and publications 
from the perinatal period.

• NIV should be considered before intubation in 
patients with obstructive or restrictive airway disease, 
mild-to-moderate PARDS, or cardiorespiratory failure, 
and it is increasingly used for acute respiratory failure, 
following congenital heart surgery, status asthmaticus, 
and in neuromuscular disorders. However, intubation 
should not be delayed if the indication is clear, as 
there is no definitive evidence on the optimal timing 
or method of its use. The choice of interface should 
minimize leakage and should be adapted to local 
conditions and experience. 
• Although HFNC and CPAP can reduce respiratory 
work, there is no evidence demonstrating superior 
outcomes compared with other interventions. Success 
evaluation should be performed early (approximately 
1 hour after initiation) by monitoring vital parameters, 
the SpO2/FiO2 ratio, pH, level of consciousness, and 
organ function.
• Evidence for routine NIV use post-extubation is 
still limited, but in neuromuscular patients, early 
application of NIV combined with cough assistance 
techniques can be considered to prevent extubation 
failure.

6

European 
Consensus 
Guidelines on the 
management of 
respiratory distress 
syndrome: 2022 
update

• The research focus 
and recommendations 
concern premature 
infants, specifically the 
management of RDS in 
those with gestational 
ages over 24 weeks. The 
recommendations also 
apply to all infants at risk of 
RDS, such as those with a 
gestational age less than 30 
weeks who do not require 
intubation for stabilization.

• This guideline is the sixth version 
of the “European Guidelines for 
the Management of RDS”. This 
document was compiled by a panel of 
European neonatologists and perinatal 
obstetricians based on the literature up 
to the end of 2022, and the strength 
of evidence was assessed using the 
GRADE system.

• NIV, especially CPAP, is recommended as the initial 
respiratory support for all infants at risk of RDS, and 
combining NIV with early surfactant administration 
via the LISA method is an optimal management 
strategy. The use of NIV has been shown to reduce 
the need for mechanical ventilation, the risk of re-
ventilation, and mortality and the incidence of BPD, 
while increasing lung volume and reducing apnea and 
the work of breathing. 
• CPAP remains the primary choice, supported by 
strong evidence for more than five decades, while 
HFNC can be considered an alternative in selected 
cases if CPAP or NIPPV backup is available. The 
recommended interfaces are short binasal prongs or 
a mask, with an initial pressure of 6-8 cm H2O. 
• Intubation should be performed only when 
the infant does not respond to positive-pressure 
ventilation and should not be delayed when 
indicated. Additionally, routine caffeine administration 
to infants <32 weeks’ gestation is recommended to 
reduce the need for mechanical ventilation.

7

Impact of rapid 
response system 
implementation 
on critical 
deterioration 
events in children

• The research subjects 
consist of 1.810 unplanned 
transfers of pediatric patients 
from general wards to the 
pediatric and neonatal ICUs.

• This quasi-experimental study uses 
interrupted time series analysis. This 
study was conducted at a tertiary 
children’s hospital in the US to evaluate 
the implementation of the RRS, 
including the MET and the EWS, which 
started in February 2010. CD, defined 
as the need for non-invasive or invasive 
mechanical ventilation within 12 hours 
of transfer to the ICU, was the primary 
outcome.

• Implementing the RRS has been shown to 
significantly affect outcomes related to mechanical 
ventilation. After the implementation of RRS, 
incidents of critical deterioration decreased by 62%; 
this reduction included cases requiring non-invasive 
mechanical ventilation. Additionally, there was an 
83% reduction in the use of mechanical ventilation-
both invasive and non-invasive-within the first 12 
hours after transfer to the ICU. 
• The implementation of RRS was also associated 
with longer intervals before the administration 
of vasopressors or the initiation of mechanical 
ventilation, reflecting improved clinical stabilization 
prior to the need for further therapy.
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to focus on several important topics such as weaning, 

extubation outcomes, and pediatric critical care. External 

clinical evaluation and patient safety are also important topics 

that require further study to strengthen clinical practice and 

evidence-based policies.
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