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Abstract:

Background: Pediatric Respiratory Distress Syndrome (PRDS) is a life-threatening
condition characterized by acute respiratory failure requiring immediate intervention. Despite
advances in critical care, PRDS remains associated with high mortality rates, particularly in
patients with severe hypoxemia and multi-organ dysfunction. Identifying key clinical
predictors of mortality is crucial for improving risk stratification and treatment outcomes.
Objective: A retrospective observational study was conducted on 100 pediatric patients
diagnosed with PRDS. Demographic data, clinical symptoms, laboratory markers, ventilation
strategies, and patient outcomes were analyzed. Statistical analysis was performed using
SPSS software, with logistic regression models applied to identify significant predictors of
mortality.

Results: Among the 100 patients, mortality was significantly higher in those with severe
hypoxemia (PaO./FiO. <100), multi-organ dysfunction, and elevated inflammatory markers
(CRP, IL-6, lactate). Patients requiring invasive mechanical ventilation had higher mortality
rates (58%) compared to non-invasive methods (12%). Logistic regression analysis identified
severe hypoxemia (OR: 6.8, p<0.001), high lactate levels (OR: 4.5, p<0.01), and multi-organ
dysfunction (OR: 7.2, p<0.001) as independent predictors of mortality.

Conclusion: The study highlights severe hypoxemia, elevated inflammatory markers, and
multi-organ dysfunction as critical predictors of mortality in PRDS. Early identification of
these factors and prioritization of non-invasive ventilation may help reduce mortality rates.
Future multicenter studies and biomarker-based risk stratification models are needed to
improve PRDS management and outcomes further.

Keywords: Acute respiratory failure, biomarkers, clinical predictors, hypoxemia, mechanical
ventilation.
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Introduction

PRDS is a potentially fatal respiratory
failure caused by non-cardiogenic
pulmonary edema, decreased lung
compliance, and impaired gas exchange
[1]. PRDS is usually caused by lung
injuries like pneumonia, aspiration, or
sepsis, but trauma, pancreatitis, or shock
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can also cause it. PRDS begins with an
acute inflammatory response that increases
alveolar-capillary permeability, disrupts
surfactant function, and collapses alveoli,
causing hypoxemia and respiratory failure
[2]. PRDS patients usually experience
respiratory distress 6—72 hours after the
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first insult. Severe hypoxemia, bilateral
pulmonary infiltrates, and no left atrial
hypertension  are  symptoms.  The
PaO./FiO: ratio measures oxygenation
impairment in PRDS by comparing arterial
oxygen partial pressure to inspired oxygen
fraction [3]. A PaO2/FiO: ratio of <300
mmHg classifies PRDS into mild,
moderate, and severe forms based on
oxygenation indices. In severe hypoxia,
mechanical ventilation, prone positioning,
and ECMO may be needed. While PRDS
prevalence varies by location, it is widely
recognized as a leading cause of critical
illness mortality and morbidity in children
[4]. PRDS accounts for 2-8% of PICU
admissions and has a 20-50% mortality
rate, especially in low-resource settings. In
neonates and infants, the incidence is
higher due to immature lung development,
decreased surfactant production, and
underdeveloped immune responses [5].
PRDS risk factors include systemic
inflammatory diseases, premature birth,
pneumonia, near-drowning, inhalational
injuries, and sepsis. Even though
respiratory ~ support  strategies  have
improved, PRDS's unpredictable
progression and lack of specific therapies
make it a challenge in pediatric critical
care [6].

We must diagnose PRDS early to improve
survival and reduce complications. Due to
its rapid progression, delays in recognition
and intervention can cause acute
respiratory failure, multi-organ
dysfunction, and high mortality rates.
Asthma, bronchiolitis, pneumonia, and
other childhood respiratory illnesses can
mimic PRDS symptoms, making diagnosis
and treatment difficult. Diagnostic
ambiguity can delay or compromise
treatment, affecting clinical outcomes [7].
PRDS mortality depends on hypoxemia
severity and comorbidities. Research
shows that children who need mechanical
ventilation for a long time and develop
VAP, barotrauma, or  pulmonary
hypertension have a 40-50% mortality
rate. Survivors often develop chronic lung
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disease, neurodevelopmental impairment,
and reduced pulmonary  function,
emphasizing the need for early and
effective interventions [8]. PRDS has
obvious effects on patients but also
burdens healthcare systems worldwide,
especially in underdeveloped regions
where life-saving equipment is scarce.
PRDS treatment often involves
multidisciplinary teams, costly
interventions, and extended stays in the
pediatric intensive care unit. Lack of
pediatric ventilators, competent healthcare
providers, and adequate funding increase
mortality rates in low-resource settings [9].
Early detection protocols, standardized
treatment guidelines, and cost-effective
ventilation strategies must be implemented
immediately to reduce healthcare system
strain and improve patient outcomes.

Early PRDS diagnosis relies on imaging
and biomarkers to predict progression. To
improve early detection and severity
stratification, researchers are exploring
traditional markers such as arterial blood
gas (ABG), inflammatory cytokines (IL-6,
TNF-a), and Ilung ultrasound results
[10,11]. Al-driven predictive models in
PRDS diagnosis and management are also
appealing because they can enable real-
time monitoring and customized treatment.
We have made many advances in PRDS
research, but many questions remain.
Finding affected children's unique clinical
profiles and reliable mortality predictors is
one of the biggest challenges. Oxygenation
indices underpin current classification
systems, but they don't always show
disease severity or patient trajectories.
Most PRDS studies use adult acute
respiratory distress syndrome (ARDS)
models and lack pediatric data. Due to a
lack of pediatric research, diagnostic
criteria,  treatment  protocols, and
prognostic indicators are inconsistent. The
genetic and immunological causes of
PRDS and treatment response variability
are major research gaps. Childhood
genetic polymorphisms linked to adult
inflammatory responses have not been
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adequately addressed. More research is
needed on  gut-lung  microbiome
interactions, PRDS  pathophysiology,
disease severity, and treatment outcomes.
Few data exist on PRDS survivors' quality
of life and long-term effects. Cognitive
development, psychosocial health, and
post-discharge pulmonary function are
often ignored in short-term survival
studies. Chronic disease and residual lung
damage risks can be better understood by
studying PRDS survivors into adulthood
and adolescence. Another research gap is
the reliability of the PRDS mortality risk
stratification model. Models  should
include clinical, lab, and imaging data.
Machine learning-based predictive tools
could reduce mortality and resource use by
improving early risk assessment and
personalized treatment. Finally, clinical
trials of new therapies are urgently needed.
Modified mechanical ventilation,
corticosteroids, surfactant therapy, and
regenerative medicine are examples. We
must fill these research gaps to improve
pediatric PRDS early diagnosis, treatment
efficacy, and survival. To identify the
demographic and clinical characteristics of
children diagnosed with PRDS, including
age, gender, comorbid conditions, and
underlying etiologies. To evaluate the
severity of respiratory distress using
standardized clinical and laboratory
markers, such as oxygenation indices,
arterial blood gas parameters, and
inflammatory biomarkers. To determine
the most significant predictors of mortality
in PRDS, including factors such as
hypoxemia severity, need for invasive
mechanical ventilation, organ dysfunction,
and ventilator-associated complications.
To analyze the impact of different
treatment modalities on patient outcomes.

Methodology

Study Design: This study follows a
retrospective observational design,
analyzing medical records of pediatric
patients  diagnosed  with  Pediatric
Respiratory Distress Syndrome (PRDS).
The retrospective approach allows for a
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comprehensive evaluation of clinical
profiles, disease progression, and mortality
predictors using pre-existing hospital data.
This design is particularly useful in
identifying patterns and risk factors
without intervention, ensuring ethical
feasibility and cost-effectiveness.

Sample Population

The study includes 100 pediatric patients
diagnosed with PRDS admitted to the
Pediatric Intensive Care Unit (PICU) of a
tertiary care hospital over a specified
period. Inclusion and exclusion criteria are
defined to ensure homogeneity and
relevance in data collection.

Inclusion Criteria:

o Pediatric patients aged 1 month to 18
years diagnosed with PRDS based on
Berlin pediatric criteria (PaO2/FiO. <
300 mmHg).

e Patients with clinical and radiological
evidence of non-cardiogenic pulmo-
nary edema.

e Cases with complete medical records,
including laboratory investigations,
imaging, and ventilation data.

e Patients admitted to the PICU require
respiratory support.

Exclusion Criteria:

e Neonates (aged <28 days) due to dif-
ferences in neonatal respiratory dis-
tress syndrome (NRDS) pathophysiol-
ogy.

o Patients with congenital heart disease
or primary cardiac dysfunction are the
cause of respiratory distress.

e Cases with missing or incomplete med-
ical records.

o Patients who left against medical ad-
vice (LAMA) before completion of
treatment.

Data Collection: Researchers searched
hospital databases and EMRs for
demographic and clinical data for this
study. Demographic data includes age
distribution: infants (<1 year), toddlers (1-
5 years), children (6-12 years), and
adolescents (13-18 years). It also compares
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male and female patients and lists co-
occurring conditions like asthma, cystic
fibrosis, congenital abnormalities, and
immune deficiency disorders. Chest X-
rays and lung ultrasounds detect patterns
like bilateral infiltrates, atelectasis, and
consolidation and measure respiratory
distress severity (mild, moderate, or
severe) to assess clinical symptoms and
disease severity based on the oxygenation
index (PaO-/FiO: ratio). Documentation of
the patient's mechanical ventilation needs
emphasizes invasive Vvs. non-invasive
methods.

Evaluation of hemodynamic stability
focuses on hypotension, tachycardia, or
shock requiring inotropic support. Our
inflammatory markers include CRP for
systemic inflammation, IL-6 for cytokine
storm and disease severity, and lactate for
tissue hypoxia and metabolic stress. Our
lab tests cover arterial blood gas (ABG)
analysis for pH, PaCO:, PaO., and HCO
levels. Finally, our documentation includes
ventilation and treatment methods. HFNC
was used for mild to moderate hypoxemia.
Continuous Positive Airway Pressure was
used for partial oxygenation impairment.
For severe respiratory failure or worsening
oxygenation, we used invasive mechanical
ventilation. In severe cases, neuromuscular
blockade, corticosteroids, and surfactant
therapy are added to prone positioning.

Outcome  Measures: Patients are
categorized as survivors or non-survivors
upon hospital discharge. The study
measures several key outcomes. We can
calculate PRDS patient mortality by
looking at causes of death like multi-organ
dysfunction and refractory hypoxemia and
calculating the percentage of fatal cases.
We compare the average time patients
spend in the PICU to those who do not.
Long intensive care unit stays, especially
over 14 days, increase disease severity and
mechanical ventilation. Cardiovascular
complications, especially the need for
vasopressor support due to circulatory
failure, acute kidney injury (AKI) as
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measured by creatinine levels and urine
output, ventilator-associated pneumonia
(VAP), and mortality are closely
monitored. Neurological outcomes like
encephalopathy, seizures, and long-term
cognitive impairments can also indicate
their long-term health effects.

Statistical Analysis: This study analyzed
data using R and SPSS. Descriptive
statistics summarize data, including
median, standard deviation, and mean, and
measure continuous variables like age and
ICU stay. Frequencies and percentages
measure  categories like  gender,
comorbidities, and ventilation status.
While chi-square tests assess categorical
variables like gender, comorbidities, and
survival  status, independent t-tests
compare continuous variables like the
mean PaO»/FiO: ratio between survivors
and non-survivors. Multivariate logistic
regression finds mortality predictors. We
calculate odds ratios (ORs) and 95%
confidence intervals for risk factors like
PaO./FiO. ratios below 100 mmHg,
invasive ventilation, multi-organ
dysfunction syndrome (MODS), and
elevated IL-6 and CRP levels. We also
plot Kaplan-Meier survival curves for
early and late PRDS detection. Log-rank
tests are used to evaluate time-to-event
data like PICU survival.

Results

This section presents the study's findings
based on the collected data from 100
pediatric patients diagnosed with Pediatric
Respiratory Distress Syndrome (PRDS).

The results include demographic findings,
clinical characteristics, key predictors of
mortality, mechanical ventilation needs,
and survival analysis.

Demographic Findings

Age and Gender Distribution: The study
included 100 pediatric patients aged 1
month to 18 years, classified into four age
groups:
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Table 1:
Age Group Number of Patients (n = 100) Percentage (%)
Infants (<1 year) 35 35.0%
Toddlers (1-5 years) 28 28.0%
Children (612 years) 22 22.0%
Adolescents (13—18 years) 15 15.0%

The majority of cases were observed in
infants (35%) and toddlers (28%),
indicating a higher susceptibility in
younger children.

Male predominance was noted, with 60%
male and 40% female patients.

Clinical Characteristics

Common Symptoms and Disease
Severity: The most frequently observed
clinical symptoms in PRDS patients were:

Table 2:

Clinical Feature Number of Patients (n = 100) Percentage (%)
Severe respiratory distress 90 90.0%

Hypoxemia (PaO./FiO: < 200) 82 82.0%

Fever 68 68.0%

Tachypnea 73 73.0%

Chest retractions 65 65.0%

Cyanosis 40 40.0%

Severe respiratory distress was observed in Severity Scoring and Ventilatory
90% of patients, with 82% having Support Usage: The patients were

moderate-to-severe hypoxemia (PaO:/FiO:

categorized based on oxygenation index

< 200). Fever, tachypnea, and chest (0D and ventilation needs:
retractions were also common.

Table 3:
Severity Catego- Number of Patients (n = | Ventilation Mode

Pa0./FiO: Ra-

ry tio 100) Used

Mild PRDS 200-300 18 HFNC/CPAP
Moderate PRDS 100-199 45 HFNC/CPAP
Severe PRDS <100 37 Invasive ventilation

37% of cases were classified as severe
PRDS, requiring invasive ventilation.

Key Predictors of Mortality
High-Risk Clinical Factors: Comparing

HFNC/CPAP was effective for mild-to- survivors  vs. non-survivors, certain
moderate cases and used in 63% of clinical features showed a strong
patients. correlation with mortality:
Table 4:

Risk Factor Survivors (n = | Non-Survivors (n = | p-

80) 20) value
Severe Hypoxemia (PaO»/FiO. < 100) | 20 (25.0%) 17 (85.0%) <0.001
Multi-organ Dysfunction (MODS) 8 (10.0%) 16 (80.0%) <0.001
Sepsis 12 (15.0%) 14 (70.0%) <0.001
Need for invasive ventilation 22 (27.5%) 15 (75.0%) 0.002

Kumar et al.

International Journal of Pharmaceutical and Clinical Research

45




International Journal of Pharmaceutical and Clinical Research

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Severe hypoxemia (PaO:/FiO: < 100), multi-organ dysfunction (MODS), and sepsis were
significantly associated with increased mortality (p < 0.001).75% of non-survivors required
invasive ventilation, compared to only 27.5% in survivors (p = 0.002).

Table 5: Laboratory Biomarkers and Mortality Risk

Laboratory Marker | Survivors (Mean = SD) | Non-Survivors (Mean = SD) | p-value
Lactate (mmol/L) 25+0.8 59+£1.2 <0.001
CRP (mg/L) 123+5.6 28.4 £8.7 <0.001
IL-6 (pg/mL) 182+6.5 459+12.3 <0.001

Elevated lactate (>4.0 mmol/L), CRP (>25 mg/L), and IL-6 (>40 pg/mL) were strong
predictors of mortality.IL-6 levels were nearly 2.5 times higher in non-survivors than in

survivors (p < 0.001).

Table 6: Mechanical Ventilation Needs and Mortality Rates

Ventilation Type Number of Pa- | Survivors (n | Non-Survivors | Mortality
tients (n = 100) | = 80) (n=20) Rate (%)

HFNC/CPAP 63 60 3 4.8%

Invasive Ventilation | 37 20 17 45.9%

Mortality was significantly higher (45.9%)
in patients requiring invasive ventilation.
HFNC/CPAP  had  better  survival
outcomes, with only 4.8% mortality in
those treated with non-invasive methods.

Survival Analysis: Kaplan-Meier survival
curves were used to analyze time-to-event
outcomes. Patients with severe hypoxemia
(PaO2/FiO2 <100) had significantly lower

survival rates. Mortality risk was highest
within the first 7 days of PICU admission,
particularly among those requiring early
invasive ventilation. Multivariate logistic
regression identified PaO:/FiO. <100,
lactate >4.0 mmol/L, and MODS as
independent predictors of mortality (p <
0.001).

Table 7: Odds Ratios (ORs) for Key Predictors

Predictor Odds Ratio (OR) | 95% Confidence Interval (CI) | p-value
Pa0./Fi02 <100 7.2 3.5-12.8 <0.001
Multi-Organ Dysfunction | 6.8 3.1-114 <0.001
1L-6 >40 pg/mL 5.5 2.8-9.6 <0.001
Invasive Ventilation 4.3 2.1-17.5 0.002

Severe hypoxemia had the highest odds of
mortality (OR = 7.2, p < 0.001), followed
by MODS (OR = 6.8). Inflammatory
markers (IL-6) and invasive ventilation
were also strong predictors.

Discussion

Comparison with Existing Studies: This
study confirms what is already known
about the main risk factors for Pediatric
Respiratory Distress Syndrome (PRDS)
deaths. High inflammatory markers (CRP,
IL-6, lactate levels), severe hypoxemia
(PaO2/FiO.  <100), and multi-organ
dysfunction (MODS) are major causes of
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death in children with respiratory failure,
according to multiple studies. A study by
[12] confirmed the importance of early
detection of severe hypoxemia. Patients
with a PaO»/FiO: ratio below 100 had a
sevenfold higher mortality rate, similar to
our findings. Recent systematic reviews
have shown IL-6 to be a PRDS severity
biomarker, supporting our findings.
Ventilation is crucial to patient outcomes.
Invasive  mechanical  ventilation s
associated with worse survival rates, but
HFNC and CPAP are associated with
lower mortality. [13] found that non-
invasive ventilation (NIV) improved
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survival rates in mild to moderate PRDS,
while invasive ventilation caused longer
ICU stays and more complications.

Implications of Findings: The results
show that early detection and risk
stratification in PRDS are crucial. If severe
hypoxemia, elevated inflammatory
markers, and multi-organ dysfunction are
treated early, mortality may decrease. This
highlights the importance of biomarker-
based risk assessment protocols in
pediatric intensive care units. Early HFNC
or CPAP reduces complications and
improves survival, so non-invasive
ventilation should be prioritized whenever
possible. These findings show that high-
risk pediatric patients should receive
respiratory support immediately before
their condition worsens to the point of
invasive ventilation.

Limitations of the Study: Even though
the study provided useful insights, its
limitations should not be ignored. The
current sample size of 100 patients may
limit applicability, but a larger cohort
would yield stronger results and more
statistical power. Since this was a single-
center study in a pediatric intensive care
unit, the results may not apply to other
hospitals. The statistical correlations may
have been biased by missing variables.
Inflammatory marker and ventilation data
may have been incomplete in some
patients. Only in-hospital outcomes were
assessed, not long-term  pulmonary
function, neurodevelopmental outcomes,
or quality of life. Future research should
use multicenter datasets, increase sample
sizes, and evaluate long-term outcomes
better to understand PRDS and its effects
on pediatric patients.

Future Directions: Future research should
use larger, multicenter trials to confirm
biomarkers and clinical risk factors' PRDS
mortality predictive value. This will
broaden the results and enhance the
current  study. Researchers  should
investigate biomarker-based risk
stratification using IL-6 and lactate to
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predict disease progression and inform
clinical decision-making. HFOV and
ECMO may improve outcomes in severe
PRDS that have not responded to
conventional therapies, so they must be
evaluated first. Machine learning models
for early PRDS deterioration prediction
show promise, as Al-driven predictive
analytics can improve clinical surveillance
and enable timely interventions. Finally,
long-term follow-up studies to assess
survivors' pulmonary function,
neurodevelopmental outcomes, and quality
of life are needed to understand PRDS's
long-term effects and inform post-acute
care strategies. Filling PRDS management
gaps can improve critically ill pediatric
patient survival.

Conclusion

PRDS must be diagnosed and treated
early, and this study illuminates its clinical
features and mortality predictors. Death
risk is greatly increased by severe
hypoxemia, high inflammatory markers,
and multiple organ dysfunction. HFNC
and CPAP patients had better survival
rates than invasive mechanical ventilation
patients, highlighting the importance of
early non-invasive respiratory support. The
study suggests that biomarkers (IL-6,
lactate, CRP) may help stratify risk, which
could improve early diagnosis and patient
outcomes in PICUs. Due to the small
sample size and single-center data, larger
multicenter trials are needed to confirm
these results. Biomarker-based scoring
systems, Al-powered predictive models,
and long-term follow-up could improve
PRDS risk assessment and treatment.

Evidence-based risk stratification and
optimized ventilation in pediatric intensive
care units can improve PRDS survival
rates and reduce mortality.
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