
  

 

 

Published by 
Saidu Medical College  
 

J Saidu Med Coll 2026, Vol 16 (1)  

 

Original Article                                                                                  

Outcome of Early Bi-Level Positive 
Airway Pressure (BiPAP) Use in Patients 
with Acute Exacerbation of Chronic 
Obstructive Pulmonary Disease 
Afshan Siddiqui1, Shaista Ahmed2, Urooj Khalil3, Salma Salman1, Sadia Iqbal1 

& Kanza Shahid1  
1Dow University of Health Sciences, Karachi, Pakistan 
2Karachi Medical and Dental College, Karachi, Pakistan 
3Memon Medical Institute Hospital, Karachi, Pakistan 

 https://doi.org/10.52206/jsmc.2026.16.1.1209 

Abstract 
Background: Chronic obstructive pulmonary disease (COPD) is a major global health 

problem and a leading cause of morbidity and mortality worldwide. Acute exacerbations of 

COPD frequently result in acute hypercapnic respiratory failure, necessitating ventilatory 

support. Noninvasive ventilation (NIV), particularly bi-level positive airway pressure (BiPAP), 

has emerged as a preferred modality during acute exacerbations due to its ability to 

improve gas exchange, reduce the work of breathing, and decrease the need for invasive 

mechanical ventilation. 

Objective: To determine the outcome of early Bi-level positive airway pressure (BiPAP) use 

in patients presenting with acute exacerbation of COPD at a tertiary care hospital in Karachi. 

Methodology: This prospective observational cohort study was conducted in the 

Department of Medicine, Abbasi Shaheed Hospital, Karachi, from January 7, 2021, to June 

7, 2021. A total of 118 patients aged 30–70 years with a diagnosis of COPD for more than 

one year, presenting with acute exacerbation and hypercapnic respiratory failure, were 

enrolled using non-probability consecutive sampling. Early BiPAP therapy was initiated 

alongside standard medical treatment. Clinical parameters and arterial blood gas values 

were monitored. Outcomes were categorized as successful or failed based on the need for 

invasive mechanical ventilation. Data were analyzed using SPSS version 16. 

Results: Out of 118 patients, 96 (81.4%) achieved a successful outcome following early 

BiPAP therapy, while 22 (18.6%) experienced treatment failure. The mean age was 57.87 ± 

15.64 years. Significant improvement was observed in post-NIV arterial pH, PaO₂, and 

PaCO₂ levels. Multivariate analysis demonstrated that post-NIV pH and PaCO₂ were 

independent predictors of BiPAP success (p < 0.05). 

Conclusion: Early initiation of BiPAP in patients with acute exacerbation of COPD was 

generally well tolerated and associated with a high success rate. This noninvasive strategy 

has the potential to reduce the need for invasive mechanical ventilation, hospital morbidity, 

and healthcare costs. 

Keywords: Acute COPD Exacerbation, Bi-Level Positive Airway Pressure, Noninvasive 

Ventilation. 
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Introduction 
Chronic obstructive pulmonary disease (COPD) is a 

heterogeneous respiratory disorder characterized by 

persistent airflow limitation, progressive dyspnea, and 

chronic cough with sputum production, resulting from 

pathological changes in the airways and alveoli [1]. COPD is 

currently recognized as a major public health concern and 

is projected to become the third leading cause of death 

globally [2]. According to the Burden of Obstructive Lung 

Disease (BOLD) study, the prevalence of COPD is estimated 

to be 11.8% in men and 8.5% in women, with an overall 

global prevalence of approximately 10.3% [3]. 

 

The Global Initiative for Chronic Obstructive Lung Disease 

(GOLD) reports that COPD prevalence is more than twice as 

high in men compared to women and is marginally higher 

in low- and middle-income countries [4]. Notably, a 

considerable proportion of COPD cases occur in individuals 

who have never smoked, highlighting the role of 

environmental exposures and host susceptibility [3]. The 

pathogenesis of COPD reflects a complex interplay between 

genetic predisposition and environmental factors such as 

tobacco smoke, household air pollution, occupational 

exposures, and accelerated lung aging [5,6]. 

 

COPD is characterized by periods of clinical stability 

punctuated by acute exacerbations, which are defined as 

episodes of worsening respiratory symptoms, particularly 

dyspnea and cough over a short period, typically within 14 

days [7]. These exacerbations are commonly triggered by 

respiratory infections, air pollution, or sudden climatic 

changes and are associated with increased airway and 

systemic inflammation [2]. Acute exacerbations of COPD 

are a leading cause of hospitalization and contribute 

substantially to disease progression, healthcare utilization, 

and mortality [5]. 

 

During severe exacerbations, patients may develop acute 

respiratory failure marked by hypoxemia, hypercapnia, and 

respiratory acidosis due to impaired ventilatory mechanics 

and gas exchange [8]. Management of such cases requires 

prompt pharmacological therapy along with ventilatory 

support, which may include oxygen therapy, noninvasive 

ventilation (NIV), or invasive mechanical ventilation. Current 

clinical guidelines strongly recommend the use of NIV, 

particularly in the form of BiPAP, as first-line ventilatory 

support in acute hypercapnic respiratory failure secondary 

to COPD exacerbation, provided there are no 

contraindications [9,10]. 

 

BiPAP has been shown to improve arterial blood gas 

parameters, reduce respiratory muscle workload, shorten 

hospital stay, and lower mortality rates when compared to 

invasive ventilation [11,12]. Despite these advantages and 

guideline endorsements, data on the outcomes of early 

BiPAP use in acute COPD exacerbations remain limited in 

the South Asian region, including Pakistan. Given the 

substantial economic burden of invasive mechanical 

ventilation and prolonged ICU stays in resource-limited 

settings, evaluating the effectiveness of early BiPAP 

initiation is of particular clinical relevance. Therefore, this 

study was conducted to assess the outcomes of early BiPAP 

use in patients with acute exacerbation of COPD presenting 

with hypercapnic respiratory failure in a tertiary care 

hospital in Karachi. 

 

Methodology 
 

Study Design 
This study employed a prospective observational cohort 

design to evaluate the clinical outcomes of early initiation 

of bi-level positive airway pressure (BiPAP) therapy in 

patients presenting with acute exacerbation of chronic 

obstructive pulmonary disease (COPD) complicated by 

hypercapnic respiratory failure. The study was conducted 

over a six-month period, from January 7, 2021, to June 7, 

2021, allowing systematic follow-up from initiation of 

noninvasive ventilation through clinical resolution or 

treatment failure. 

 

Ethics 
Ethical approval for the study was obtained from the 

relevant institutional review and ethics committee 

(Approval No. CPSP/REU/MED-2017-174-13087). Written 

informed consent was obtained from all participants or their 

legally authorized attendants prior to enrollment. 

Confidentiality of patient data was strictly maintained 

throughout the study, and all procedures were conducted 

in accordance with the Declaration of Helsinki and 

institutional ethical guidelines. 

 

Setting 
The study was carried out in the Department of Medicine at 

Abbasi Shaheed Hospital, a tertiary care teaching hospital 

in Karachi, Pakistan. The hospital serves a large urban 

population and has dedicated facilities for the management 

of acute respiratory illnesses, including noninvasive 

ventilation support and arterial blood gas monitoring. 

 

Participants 
A total of 118 patients were enrolled using non-probability 

consecutive sampling. Eligible participants were male and 
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female patients aged 30–70 years with a documented 

diagnosis of COPD for more than one year who presented 

with acute exacerbation within 12 hours of symptom onset. 

Acute exacerbation was defined by the presence of one or 

more of the following criteria: respiratory rate >25 

breaths/min, oxygen saturation ≤90% on 2 L/min nasal 

oxygen, arterial pH ≤7.35, PaO₂ ≤60 mmHg, and PaCO₂ 

≥45 mmHg. Patients with a prior diagnosis of asthma, 

bronchiectasis, pneumothorax, malignancy, or significant 

comorbid conditions such as congestive cardiac failure, 

chronic renal failure, chronic liver disease, or stroke were 

excluded. Patients who had received BiPAP therapy within 

the preceding month were also excluded to minimize 

confounding effects. 

 

Variables 
The primary outcome variable was BiPAP treatment 

outcome, categorized as either successful or failed. Success 

was defined as clinical improvement allowing 

discontinuation of BiPAP within 48 hours without the need 

for invasive mechanical ventilation, accompanied by 

stabilization of arterial blood gas parameters. Failure was 

defined as the requirement for invasive mechanical 

ventilation at any time following initiation of BiPAP due to 

worsening clinical status or persistent derangement of 

arterial blood gases. Independent variables included age, 

gender, body mass index (BMI), duration of COPD, duration 

of BiPAP use, educational status, occupational status, 

obesity status, and post-NIV arterial blood gas parameters 

(pH, PaO₂, PaCO₂). 

 

Data Sources/Measurement 
BiPAP therapy was administered using a nasal mask 

interface with an initial inspiratory positive airway pressure 

(IPAP) of 10 cmH₂O and expiratory positive airway pressure 

(EPAP) of 5 cmH₂O, alongside standard medical 

management for acute COPD exacerbation. Oxygen 

supplementation was titrated to maintain target oxygen 

saturation between 88% and 92%. Patients were monitored 

clinically, with continuous pulse oximetry and serial arterial 

blood gas analysis. BiPAP was discontinued once patients 

achieved clinical stability, SpO₂ ≥92% on FiO₂ ≤0.4, and 

absence of respiratory distress. Demographic and clinical 

data were recorded on a structured proforma. 

 

Bias 
Selection bias was minimized by enrolling consecutive 

eligible patients presenting during the study period. 

Standardized criteria for initiation, monitoring, and 

discontinuation of BiPAP therapy were applied uniformly to 

all participants to reduce performance bias. Objective 

outcome definitions based on clinical parameters and 

arterial blood gas measurements were used to limit 

observer bias. 

 

Study Size 
Sample size estimation was performed using WHO sample 

size calculation software, assuming an outcome failure rate 

of 12.6%, a confidence level of 95%, and an absolute 

precision of 6%. Based on these parameters, the minimum 

required sample size was calculated as 118 patients. 

 

Quantitative Variables 
Quantitative variables, including age, BMI, duration of 

COPD, duration of BiPAP use, and post-NIV arterial blood 

gas values (pH, PaO₂, PaCO₂), were summarized using 

means and standard deviations. These variables were 

treated as continuous measures for statistical analysis. 

 

Statistical Methods 
Data were analyzed using SPSS version 16. Descriptive 

statistics were computed for all study variables. Categorical 

variables were expressed as frequencies and percentages, 

while continuous variables were summarized as mean ± 

standard deviation. Post-stratification chi-square tests were 

applied to assess associations between categorical variables 

and BiPAP outcomes, with a p-value ≤0.05 considered 

statistically significant. Variables demonstrating potential 

association were entered into a multivariate logistic 

regression model to identify independent predictors of 

BiPAP success, with adjusted odds ratios (AORs) and 95% 

confidence intervals reported. 

 

Results 
 

Participants 

A total of 118 patients with acute exacerbation of chronic 

obstructive pulmonary disease (COPD) complicated by 

hypercapnic respiratory failure were included in the final 

analysis. Among these, 64 patients (54.2%) were male and 

54 (45.8%) were female. All enrolled participants completed 

the study protocol and were evaluated for treatment 

outcomes following early initiation of Bi-level positive 

airway pressure (BiPAP) therapy. 

 
Descriptive Data 
The mean age of the study population was 57.87 ± 15.64 

years, with ages ranging from 35 to 70 years. The mean 

duration of COPD was 4.41 ± 1.24 years, while the mean 

duration of BiPAP use was 22.72 ± 14.87 hours. The mean 

body mass index (BMI) was 29.66 ± 5.31 kg/m², indicating a 

predominance of overweight and obese individuals. Pre-

NIV arterial blood gas analysis revealed a mean pH of 7.28 

± 0.04, PaCO₂ of 58.4 ± 6.7 mmHg, and PaO₂ of 52.1 ± 7.9 
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mmHg, reflecting significant respiratory acidosis and 

hypoxemia at presentation. Post-NIV measurements 

demonstrated improvement, with mean pH of 7.36 ± 0.56, 

PaO₂ of 85.9 ± 10.04 mmHg, and PaCO₂ of 38.7 ± 4.15 

mmHg. Detailed descriptive statistics are summarized in 

Table 01. 

 

Outcome Data 
Following early BiPAP therapy, 96 patients (81.4%) achieved 

a successful outcome, defined as clinical improvement with 

stabilization of arterial blood gases and discontinuation of 

BiPAP within 48 hours without the need for invasive 

mechanical ventilation. Treatment failure was observed in 

22 patients (18.6%), all of whom required invasive 

mechanical ventilation due to persistent or worsening 

respiratory failure. The mean length of hospital stay was 

comparable between the success and failure groups (6.0 ± 

1.8 days vs. 6.2 ± 1.9 days, respectively), with no statistically 

significant difference (Figure 02). 

Main Results 
Stratified analysis showed no statistically significant 

association between BiPAP outcome and age group, 

gender, duration of COPD, duration of BiPAP use, obesity 

status, occupational status, or educational level (p > 0.05) 

(Table 02). Patients aged 30–50 years accounted for 34.4% 

of successful outcomes, while those aged 51–70 years 

comprised 65.6% of successful cases; however, this 

difference was not statistically significant (p = 0.21). 

Similarly, treatment success rates were comparable 

between male and female patients (p = 0.58). Multivariate 

logistic regression analysis identified post-NIV arterial pH 

and PaCO₂ as significant independent predictors of BiPAP 

success (p < 0.05) (Table 02). Patients demonstrating early 

improvement in acid–base status and reduction in PaCO₂ 

following BiPAP initiation had significantly higher odds of 

successful treatment without progression to invasive 

ventilation.

 
 

Table 1: Descriptive Statistics. 
 

Variables Mean ± SD Min-Max 
Age (Years) 57.87±15.64 35-70 

Duration Of COPD (Years) 4.41±1.24 01-06 

Duration Of Bi-PAP Use (Hours) 22.72±14.87 06-48 

BMI (Kg/m2) 29.66±5.31 24-34 

PH (Post NIV) 7.36±0.56 7.1-7.8 

PAO2 (Post NIV) 85.9±10.04 40-98 

PACO2 (Post NIV) 38.7±4.15 30-50 

 

 
                Figure 1: Outcome of early Bi-Level positive airway pressure use according to duration of COPD. 
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Figure 2: Outcome of early bi-level positive airway pressure use according to duration of Bi-PAP use. 

 

 
Table 2: Outcome of early bi-level positive airway pressure use according to obesity status,  

occupational status, level of educational. 
 

Variables 
Outcome of early bi-level positive  

airway pressure use Total p-value 
Successful Failure 

Obesity Status     
Yes 42 (86%) 07 (14%) 49 

0.210 
No 54 (78%) 15 (22%) 69 

Occupational Status     

Employed 51 (53.1%) 10 (45.5%) 61 
0.340 

Unemployed 45 (46.9%) 12 (54.5%) 57 

Level Of Education     

Illiterate  05 (83%) 01 (17%) 6 

0.750 
Primary 09 (75%) 03 (25%) 12 

Secondary  37 (86%) 06 (14%) 43 

Higher 45 (79%) 12 (21%) 57 

*Chi-square test; p<0.05 is considered statistically significan

Discussion 
The present study evaluated the outcomes of early initiation 

of bi-level positive airway pressure (BiPAP) in patients 

presenting with acute exacerbation of chronic obstructive 

pulmonary disease (COPD) complicated by hypercapnic 

respiratory failure. Our findings demonstrate a high overall 

success rate of 81.4% with early BiPAP use, supporting 

current international and regional guideline 

recommendations that advocate noninvasive ventilation as 

first-line ventilatory support in this clinical setting [7,9,10,13]. 
 

The observed success rate in our cohort is comparable to 

previously published studies. Shaheen et al. reported 

favorable outcomes with NIV in acute COPD exacerbations, 

emphasizing improved gas exchange and reduced need for 

invasive ventilation [14]. Similarly, randomized and 

observational studies by Osadnik et al. and Bajaj et al. 

documented success rates ranging from 76% to 85%, along 

with reductions in ICU stay and intubation rates [12,15]. In 

contrast, Hussain et al. reported a markedly higher 

effectiveness rate of 98% in a Pakistani cohort [16]. This 

discrepancy may be attributable to differences in patient 

selection, as their study primarily included patients with 

preserved consciousness, which is a known determinant of 

NIV success due to better airway protection and secretion 

clearance. 
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A key finding of this study was the significant association 

between post-NIV arterial blood gas parameters and 

treatment outcome. Improvement in arterial pH and 

reduction in PaCO₂ emerged as independent predictors of 

BiPAP success, consistent with earlier reports indicating that 

early correction of respiratory acidosis is strongly associated 

with favorable NIV outcomes [13,17]. These findings 

reinforce the importance of close arterial blood gas 

monitoring during the early phase of BiPAP therapy to 

guide clinical decision-making [18]. 

 

The role of body mass index (BMI) in COPD outcomes 

remains complex and somewhat controversial. In our study, 

the mean BMI was 29.66 kg/m², with a substantial 

proportion of patients classified as obese. Although obese 

patients demonstrated a slightly higher success rate with 

BiPAP, this difference was not statistically significant. Similar 

observations were reported by Gürsel et al., who found no 

significant impact of obesity on NIV success [19,20]. Other 

studies have suggested that obese COPD patients may 

require longer durations of NIV to achieve adequate 

reductions in PaCO₂ [21]. The so-called “obesity paradox,” 

where overweight and obese patients demonstrate better 

outcomes compared to underweight individuals, has also 

been described in COPD populations [22]. 

 

In the present analysis, demographic and socioeconomic 

variables including age, gender, duration of COPD, duration 

of BiPAP use, educational status, and occupational status, 

did not significantly influence BiPAP outcomes. While some 

studies suggest that higher educational status and 

employment are associated with better disease 

management and reduced readmissions due to improved 

treatment adherence [23–25], these associations have not 

been specifically evaluated in the context of early BiPAP use 

during acute hypercapnic respiratory failure. Our findings 

suggest that physiological response to NIV may play a more 

critical role than sociodemographic factors in determining 

short-term outcomes. 

 

Psychological factors such as anxiety and depression, which 

are prevalent in COPD patients and may negatively affect 

treatment compliance, were not formally assessed in this 

study. However, previous research indicates that BiPAP 

therapy may contribute to improvement in both respiratory 

function and psychological symptoms, potentially 

enhancing overall treatment tolerance [17]. Future studies 

incorporating standardized psychological assessments 

could provide further insight into this relationship. 

 

Several limitations should be acknowledged. First, patients 

were enrolled irrespective of their level of consciousness, 

which may have influenced the observed failure rate, as 

impaired consciousness is a recognized predictor of NIV 

failure. Second, the study was conducted at a single tertiary 

care center, which may limit the generalizability of the 

findings. Third, the specific causes of BiPAP failure were not 

systematically analyzed, highlighting the need for further 

research to identify modifiable factors associated with 

unsuccessful NIV outcomes in this population. 

 

Conclusion 
Early initiation of bi-level positive airway pressure (BiPAP) in 

patients with acute exacerbation of chronic obstructive 

pulmonary disease was generally well tolerated and 

associated with a high rate of successful outcomes. 

Significant improvement in arterial blood gas parameters, 

particularly pH and PaCO₂, was strongly predictive of 

treatment success. Given its noninvasive nature, ease of use, 

and cost-effectiveness, early BiPAP represents a valuable 

therapeutic strategy for managing acute hypercapnic 

respiratory failure in COPD, particularly in resource-limited 

settings. Wider implementation of this approach has the 

potential to reduce the need for invasive mechanical 

ventilation, lower morbidity, and decrease healthcare costs. 
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