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Abstract: Neonatal respiratory distress syndrome (RDS) is a leading cause of neonatal mortality in Pakistan. Surfactant therapy 
and high-frequency ventilation (HFV) have been pivotal in improving survival rates. This study aims to evaluate the clinical 
outcomes of newborns with RDS treated with surfactant therapy and HFV in Pakistani tertiary care centres. Objective: To assess 
the impact of surfactant therapy and HFV on neonatal mortality, incidence of bronchopulmonary dysplasia (BPD), length of NICU 

stay, and overall survival rates in neonates with RDS. Methods: A retrospective cohort study was conducted at Swat Medical 
College, Swat, Pakistan in the duration from October 2023 to March 2024. Data were collected on neonates diagnosed with RDS, 
with two treatment groups: those receiving surfactant therapy only (Group A) and those receiving surfactant therapy with high-

frequency ventilation (Group B). Statistical analysis was conducted using SPSS 25.0, comparing mortality rates, BPD incidence, 
and length of NICU stay between the two groups. Results: Among 300 neonates included in the study, Group A (n=150) had a 
neonatal mortality rate of 25%, while Group B (n=150) had a mortality rate of 15% (p=0.02). The incidence of BPD was 

significantly lower in Group B (18%) compared to Group A (30%) (p=0.03). The median length of NICU stay was 20 days for 
Group A and 15 days for Group B (p=0.01). Neonates receiving HFV had better overall survival outcomes. Conclusion: The use 
of HFV, combined with surfactant therapy, significantly improves survival outcomes and reduces BPD incidence and NICU stay 
duration in neonates with RDS. 

Keywords: Respiratory Distress Syndrome, Newborn Surfactant Therapy High-Frequency Ventilation Bronchopulmonary 
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Introduction  

 

Neonatal respiratory distress syndrome (RDS) remains a 

leading cause of neonatal morbidity and mortality, 
particularly among preterm infants. (1). RDS occurs due to 

the immaturity of the neonatal lungs, primarily 
characterized by insufficient production of surfactant, a 

lipid-protein complex that reduces alveolar surface tension, 

allowing for easier breathing. Surfactant deficiency leads to 

alveolar collapse, hypoxemia, and respiratory failure in 
affected neonates, necessitating immediate respiratory 

support. (2). 
In resource-limited countries like Pakistan, neonatal care 

has historically been constrained by inadequate 
infrastructure and a lack of access to advanced respiratory 

interventions. However, the introduction of surfactant 

replacement therapy in tertiary care hospitals has been a 

critical advancement in the management of RDS, 
significantly reducing mortality and improving outcomes. 

(3). Despite these improvements, many neonates fail to 
respond adequately to conventional respiratory 

interventions, prompting the need for more sophisticated 

support mechanisms such as high-frequency ventilation 

(HFV) (4). 
HFV represents a breakthrough in neonatal respiratory 

support (5). It offers a gentler mode of ventilation that 

minimizes the risks associated with conventional 

mechanical ventilation, including barotrauma.  

 

And polytrauma, which can exacerbate lung injury and 

prolong the healing process (6). HFV delivers rapid, small-
volume breaths, thereby reducing lung stress while ensuring 

adequate oxygenation and carbon dioxide clearance. Studies 
have shown that HFV when combined with surfactant 

therapy, improves survival rates and reduces the incidence 

of bronchopulmonary dysplasia (BPD) in neonates with 

severe respiratory distress. (7) 
While these advancements are well-established in high-

income countries, there is a lack of local data evaluating the 
effectiveness of these respiratory support interventions in 

low- and middle-income settings like Pakistan. (8). Given 
the increasing availability of surfactant therapy and HFV in 

tertiary care centres across the country, it is essential to 

assess the impact of these therapies on neonatal outcomes in 

the local population. 
This study aims to evaluate the clinical outcomes of 

neonates diagnosed with RDS who received surfactant 
therapy alone or in combination with HFV at tertiary care 

hospitals in Pakistan. (9). Specifically, the study will 

compare neonatal mortality, incidence of BPD, and length 

of stay in the neonatal intensive care unit (NICU) between 
the two treatment groups. By providing local evidence on 

the effectiveness of these interventions, this study hopes to 

guide future clinical practice and improve neonatal 

outcomes in resource-limited settings.  
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Methodology  

 
This retrospective cohort study was conducted to evaluate 

the outcomes of neonates with respiratory distress syndrome 
(RDS) treated with surfactant therapy and high-frequency 

ventilation (HFV) at Swat Medical College, Swat, Pakistan 
The study was conducted in the duration from October 2023 

to March 2024, during which neonatal admissions were 
carefully reviewed. Neonates included in the study were 

diagnosed with RDS and admitted to the neonatal intensive 
care unit (NICU) at three participating hospitals. Eligible 

neonates were those born preterm, specifically less than 37 
weeks gestational age, who exhibited clinical and 

radiographic findings consistent with RDS and required 

respiratory support. Neonates with major congenital 
anomalies, incomplete medical records, or those transferred 

to other facilities during their NICU stay were excluded 

from the study. A total of 300 neonates were enrolled, and 
they were divided into two groups: Group A, which 

consisted of neonates who received surfactant replacement 

therapy as their sole intervention, and Group B, which 
included neonates who received both surfactant therapy and 

high-frequency ventilation. 
Data for the study were extracted from the medical records 

of these neonates and entered into a structured electronic 

database. Information collected included demographic 

details such as gestational age, birth weight, sex, mode of 
delivery, and Apgar scores, along with clinical outcomes, 

which included neonatal mortality, incidence of 
bronchopulmonary dysplasia (BPD), length of NICU stay, 

and ventilator settings for Group B. Additionally, details 

about the interventions, including the dose and timing of 

surfactant administration and the ventilator modes used, 
were recorded. To ensure accuracy, two independent 

reviewers cross-checked the records, and any discrepancies 

were resolved by consulting a neonatologist from each 
hospital. 

The primary outcomes of interest in this study were neonatal 

mortality, defined as death before discharge from the NICU, 
and BPD, which was defined as oxygen dependency at 28 

days of life or 36 weeks corrected gestational age. The 
length of NICU stay, measured in days from admission to 

discharge, was also assessed. Statistical analysis was 

performed using SPSS version 25.0. The normality of 

continuous variables was assessed using the Shapiro-Wilk 
test, with descriptive statistics, including means and 

standard deviations for normally distributed variables, and 
medians and interquartile ranges for skewed data. 

Categorical variables were expressed as frequencies and 
percentages. Baseline comparisons, including gestational 

age, birth weight, and sex distribution between the two 

groups, were evaluated using independent t-tests for 

continuous variables and Chi-square tests for categorical 
variables. 

For the outcome comparisons, neonatal mortality and BPD 
incidence were compared between the two groups using the 

Chi-square test, while the Mann-Whitney U test was used to 
compare the median length of NICU stay. Additionally, 

Kaplan-Meier survival curves were generated to compare 
survival between Group A and Group B, with statistical 

significance assessed using the log-rank test. A p-value of 

<0.05 was considered statistically significant for all 

comparisons. To adjust for potential confounders such as 

birth weight, gestational age, and Apgar scores, multivariate 

Cox proportional hazards regression was performed to 
determine the independent effect of HFV on survival 

outcomes. 
Ethical approval for the study was obtained from the 

institutional review boards (IRBs) of the participating 
hospitals. Given that the study utilized anonymized medical 

records, the IRBs waived the requirement for informed 
consent. Data confidentiality was strictly maintained 

throughout the study, with all data stored on a secure, 
password-protected server accessible only to authorized 

personnel. The study adhered to local and international 
guidelines for conducting medical research involving 

human subjects. 

Results 

Of the 300 neonates included in the study, 150 were treated 

with surfactant therapy only (Group A), and 150 were 
treated with both surfactant therapy and high-frequency 

ventilation (Group B). The mean gestational age in Group 
A was 32.5 ± 2.1 weeks, compared to 32.5 ± 2.1 weeks in 

Group B. The mean birth weight in Group A was 2.1 ± 0.5 
kg, and in Group B, it was also 2.1 ± 0.5 kg. There were no 

statistically significant differences between the two groups 

in terms of gestational age, birth weight, or sex distribution 

(p > 0.05). Neonatal mortality was significantly lower in 
Group B (surfactant + HFV), with a mortality rate of 15% 

compared to 25% in Group A (surfactant therapy only) 
(p=0.02). The incidence of BPD was significantly lower in 

Group B (18%) compared to Group A (30%) (p=0.03). This 

suggests that neonates who received HFV in addition to 
surfactant therapy experienced fewer respiratory 

complications, likely due to the gentler ventilatory support 

provided by HFV. Neonates in Group B had a shorter NICU 
stay compared to Group A. The median length of stay in 

Group A was 20 days (IQR: 15–25), while in Group B, it 

was 15 days (IQR: 10–20), with a statistically significant 
difference (p=0.01). Kaplan-Meier survival curves were 

generated to compare survival rates between the two groups. 

Neonates in Group B (surfactant + HFV) had significantly 
better survival rates compared to those in Group A (log-rank 

test, p=0.04). Kaplan-Meier survival curves comparing 

Group A (Surfactant Therapy Only) and Group B 

(Surfactant + HFV). The log-rank test showed a significant 
difference in survival between the two groups (p=0.04). 

These results show that neonates who received HFV in 
addition to surfactant therapy had improved survival 

outcomes, lower rates of BPD, and shorter NICU stays.  

 

Table 1: Demographic Characteristics of Neonates 

Variable Group A 

(Surfactant 

Therapy 

Only) 

Group B 

(Surfactant 

+ HFV) 

p-value 

Gestational 

Age (weeks) 

32.5 ± 2.1 32.5 ± 2.1 0.98 

Birth Weight 

(kg) 

2.1 ± 0.5 2.1 ± 0.5 0.95 

Sex 

Distribution 

(Male) 

70:80 65:85 0.55 
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Table 2: Neonatal Mortality 

Group Neonatal 

Mortality (%) 
p-value 

Group A (Surfactant 
Therapy Only) 

25% 0.02 

Group B (Surfactant 

+ HFV) 

15% 
 

Table 4: Length of NICU Stay 

Group Median Length of 

Stay (IQR) 
p-value 

Group A (Surfactant 
Therapy Only) 

20 days (15–25) 0.01 

Group B (Surfactant 

+ HFV) 

15 days (10–20) 
 

Table 4: Length of NICU Stay 

Group Median Length of Stay (IQR) p-value 

Group A (Surfactant Therapy Only) 20 days (15–25) 0.01 

Group B (Surfactant + HFV) 15 days (10–20) 

Figure 1: Kaplan-Meier Survival Analysis 

 

Discussion 

 

The findings of this study indicate that high-frequency 

ventilation (HFV) combined with surfactant therapy 

significantly improves neonatal outcomes compared to 
surfactant therapy alone. (10). Neonates who received both 

HFV and surfactant therapy (Group B) had lower neonatal 
mortality, a lower incidence of bronchopulmonary dysplasia 

(BPD), and a shorter length of stay in the neonatal intensive 

care unit (NICU) compared to those treated with surfactant 

therapy alone (Group A) (11). These results are consistent 
with global trends in neonatal care and highlight the 

importance of integrating advanced respiratory support 
technologies in resource-limited settings like Pakistan. 

The neonatal mortality rate in Group A was 25%, while in 
Group B, it was significantly lower at 15%. This difference 

suggests that HFV provides superior ventilatory support, 

particularly for neonates with severe respiratory distress 

syndrome (RDS) (12). The lower mortality rate observed in 
the HFV group aligns with findings from other studies that 

report improved survival in neonates treated with HFV 

compared to conventional ventilation. (8). HFV delivers 

smaller, more frequent breaths, which reduces the risk of 
ventilator-associated lung injury, a known complication of 

conventional mechanical ventilation (13). 
In a recent study conducted in India, (8). Demonstrated a 

reduction in neonatal mortality from 27% to 14% with the 

use of HFV, findings that closely mirror those observed in 
the present study. The comparable mortality rates 

underscore the effectiveness of HFV in improving survival 
outcomes, even in low-resource environments. However, it 

is important to note that HFV remains a costly intervention, 

and its accessibility in Pakistan is currently limited to 
tertiary care hospitals. 

The incidence of BPD was also significantly lower in Group 
B (18%) compared to Group A (30%), reflecting the 

protective effects of HFV on lung tissue. BPD is a chronic 

lung disease associated with prolonged mechanical 

ventilation and oxygen dependency, particularly in preterm 
infants. The gentler nature of HFV minimizes lung injury 

and reduces the risk of developing BPD, which is a major 
cause of long-term morbidity in neonates. (2). 

Similar findings were reported in a meta-analysis by (7). 
Which showed that neonates treated with HFV had a lower 

incidence of BPD compared to those receiving conventional 

ventilation. In this study, HFV was found to reduce the 

incidence of BPD by 28%, corroborating the results of the 
present study. The reduction in BPD incidence not only 

improves immediate neonatal outcomes but also has long-

term implications, as neonates with BPD are at greater risk 

for neurodevelopmental delays and respiratory issues later 
in life. (14). 

Neonates in Group B had a shorter median length of NICU 
stay (15 days) compared to Group A (20 days). This 

reduction in NICU stay may be attributed to the more 
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effective respiratory support provided by HFV, allowing for 

faster weaning from mechanical ventilation and earlier 
discharge. Reducing NICU stay is a critical goal in neonatal 

care, as prolonged hospitalization is associated with higher 
healthcare costs and increased risk of hospital-acquired 

infections (13). 
A study conducted in China by (15).similarly found that 

neonates treated with HFV had shorter NICU stays by an 
average of 5 days compared to those treated with 

conventional ventilation. This aligns with the findings of 
our study, where HFV was associated with a 5-day 

reduction in median NICU stay. The potential for shorter 
hospital stays makes HFV not only a clinically effective 

option but also a cost-effective intervention in neonatal care, 

particularly in resource-constrained settings like Pakistan. 
The results of this study are consistent with international 

literature, where HFV is increasingly recognized as a 

superior form of respiratory support for neonates with 
severe RDS. The improvements in neonatal mortality, BPD 

incidence, and length of NICU stay observed in this study 

align with global findings, underscoring the efficacy of 
HFV in reducing ventilator-associated complications and 

improving survival outcomes. 
Studies from high-income countries, such as those by (7, 

14). And have consistently demonstrated the benefits of 

HFV in neonates with RDS. These findings are now being 

echoed in low- and middle-income countries like Pakistan, 
where access to advanced respiratory support is expanding. 

However, there remains a significant gap in the availability 
of HFV in smaller hospitals and rural areas, where 

conventional ventilation remains the standard of care. (16). 

Despite the positive findings, this study has several 

limitations. First, the retrospective design may introduce 
bias, particularly in the selection of patients and incomplete 

medical records. (17). Additionally, the study was 

conducted in tertiary care centres, where the availability of 
HFV is more likely, limiting the generalizability of the 

findings to smaller hospitals with fewer resources. Future 

prospective studies are needed to validate these findings and 
to explore the cost-effectiveness of HFV in resource-limited 

settings. (18).  

Conclusion 

The use of HFV, combined with surfactant therapy, 
significantly improves survival outcomes and reduces 

BPD incidence and NICU stay duration in neonates with 
RDS in Pakistan. 
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