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ABSTRACT

Introduction: Acute exacerbation of chronic obstructive pulmonary disease is
a major cause of hospital admissions and mortality among patients with COPD,
particularly in low- and middle-income countries. Non-invasive positive pressure
ventilation is a cornerstone in the management of AECOPD with type 2 respiratory
failure, shown to reduce intubation rates and mortality. However, clinical outcomes
may depend on factors such as timing of initiation, ventilatory pressures, and
duration of therapy, which remain underexplored in South Asian settings.
Objective: To evaluate the effect of timing and duration of NIPPV on clinical
outcomes among patients admitted with AECOPD and type 2 respiratory failure at
a tertiary care hospital in Nepal.

Methodology: A prospective observational cohort study was conducted among
246 AECOPD patients requiring NIPPV at Tribhuvan University Teaching Hospital,
Kathmandu. Data on time to NIPPV initiation, pressure settings, session duration,
and total NIPPV use were collected. The primary outcome was NIPPV success or
failure (defined as need for invasive ventilation or in-hospital death). Statistical
analyses included t-test, Mann-Whitney U, and Chi-square tests with significance
atp<0.05.

Results: Of 246 patients, 208 (84.6%) had successful NIPPV outcomes. Early
initiation (<2 hours) showed higher success (89.4%) though not statistically
significant (p > 0.05). Mean IPAP was significantly higher in the failure group
(15.5 £ 1.0 cm H,0) than in the success group (13.9 + 2.4 cm H,0, p < 0.0001).
The duration of the first NIPPV session and the total duration of NIPPV use did
not show any significant association with NIPPV success (p > 0.05). The length
of hospital stay was longer in the failure group, although this was a secondary
outcome.

Conclusion: In this cohort, early initiation of NIPPV and duration of NIPPV use
did not demonstrate statistically significant effects on treatment success. While
numerical trends favored early initiation, these findings are hypothesis-generating
and not conclusive. Appropriate pressure titration and close monitoring remain
essential for optimizing outcomes.

Introduction

Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity
and mortality worldwide and represents a significant public health challenge,
particularly in low- and middle-income countries like Nepal.! Acute exacerbations
of COPD (AECOPD) frequently result in acute respiratory failure, often necessitating
ventilatory support.? Non-invasive positive pressure ventilation (NIPPV) has
become an essential component in the management of AECOPD with type 2
respiratory failure, effectively reducing the need for intubation, complications,
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and mortality compared to invasive mechanical ventilation.?
However, the clinical outcomes of NIPPV are influenced by
several factors, including the timing of its initiation, ventilatory
pressure settings, and duration of application.

Early initiation of NIPPV is believed to prevent the progression of
respiratory failure by improving gas exchange and reducing the
work of breathing. Conversely, delayed initiation or inappropriate
pressure titration may lead to treatment failure, requiring
invasive ventilation.* Studies conducted in Western settings
have established the efficacy of NIPPV, but there is limited
evidence from South Asian populations, where disease severity,
comorbidities, and healthcare resources differ.> Furthermore,
optimal timing and duration parameters for NIPPV remain
inadequately explored in the context of AECOPD in resource-
limited environments.

This study was therefore designed to evaluate the effect of
timing and duration of NIPPV on clinical outcomes among
patients admitted with AECOPD and type 2 respiratory failure
at a tertiary care center in Nepal. The findings aim to guide
evidence-based NIPPV practices and improve patient outcomes
in similar healthcare settings.

Methodology

This prospective observational cohort study was conducted at the
Tribhuvan University Teaching Hospital, Kathmandu. The study
aimed to evaluate the effect of timing and duration of NIPPV on
clinical outcomes among patients admitted with AECOPD and
type 2 respiratory failure. Ethical approval was obtained from the
Institutional Review Committee (IRC) of the Institute of Medicine
[Ref. No. 14(6-11) E2], and written informed consent was taken
from all participants or their legal guardians as appropriate.

Adult patients aged 40 years and above with a clinical diagnosis
of AECOPD and type 2 respiratory failure (PaCO, >45 mmHg,
pH <7.35) who were initiated on NIPPV in BiPAP mode during
admission were included. Patients aged below 40 years, those
with prior home NIPPV use, post-extubation NIPPV, pregnancy,
do-not-resuscitate (DNR) status, or refusal or inability to consent
were excluded. The diagnosis of COPD was based on clinical
and radiologic findings and supported by spirometry (FEV:/FVC
<70%) when available.

The sample size was calculated using Cochran’s formula,
assuming a 20% NIPPV failure rate from a previous study by
Moretti et al, with a 95% confidence level and 5% margin of
error, yielding a required sample of 246 participants.® Data were
collected prospectively using a structured proforma including
demographic details (age, sex, body mass index), clinical
parameters, and NIPPV-related variables. The parameters
recorded included time from presentation to NIPPV initiation,
inspiratory positive airway pressure (IPAP), expiratory positive
airway pressure (EPAP), and duration of the first NIPPV session.
The total duration of NIPPV use and length of hospital stay were
also documented. The parameters recorded included time from
presentation to NIPPV initiation, inspiratory positive airway
pressure (IPAP), expiratory positive airway pressure (EPAP), and
duration of the first NIPPV session. Time from presentation to

NIPPV initiation was recorded prospectively and calculated as the
interval between the first ER clinical encounter and the start of
BiPAP therapy, and was further categorized into early (<2 hours)
and late (>2 hours) initiation for analysis. The total duration of
NIPPV use and length of hospital stay were also documented.

Data were checked for normality using the Shapiro—Wilk test.
Normally distributed continuous variables were presented
as mean t standard deviation (SD) and compared using the
independent sample t-test, while non-normally distributed
variables were summarized as median (IQR) and compared using
the Mann—-Whitney U test. Categorical variables were presented
as frequencies and percentages, and associations between
categorical variables (including timing of NIPPV initiation and
NIPPV outcome) were assessed using the Chi-square test or
Fisher’s exact test as appropriate. A p-value <0.05 was considered
statistically significant.

Results

A total of 246 patients with acute exacerbation of chronic
obstructive pulmonary disease (AECOPD) requiring non-invasive
positive pressure ventilation (NIPPV) were included in this
prospective study. The mean age of the participants was 70.7 +
9.4 years, with the majority (43.9%) in the 71-80-year age group
(Figure 1).

Age group distribution among included
participants
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Figure 1: Age group distribution.

Female patients comprised 57.3%, while males accounted for
42.7% (Figure 2). The mean height, weight, and BMI were 63.4
+ 2.2 inches, 51.7 + 6.1 kg, and 20.0 + 2.5 kg/m?, respectively
(Table 1).
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Figure 2: Sex distribution
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Table 1: Demographic Characteristics of the Study Participants
(n=246)

40-50 5 (2.0%)
61-70 68 (27.6%)

>80 (81-90; >90 combined) 29 (11.7%)

Female 141 (57.3%)

Weight (kg), mean + SD 51.7+6.1

Regarding NIPPV initiation timing, the mean time from
presentation to NIPPV initiation was 1.6 + 2.0 hours in the
success group and 1.2 £ 1.7 hours in the failure group; however,
this difference was not statistically significant (p = 0.122). The
majority of patients (90.7%) received NIPPV early, within the
first two hours of presentation, and this subgroup demonstrated
a higher success rate (89.4%) compared to those initiated late
(10.6%), though the difference was not significant (p > 0.05). The
initial inspiratory positive airway pressure (IPAP) setting showed
a statistically significant difference between the two groups.
The mean IPAP among those with successful NIPPV outcomes
was 13.9 + 2.4 cm H,0, compared to 15.5 + 1.0 cm H,0 in the
failure group (p < 0.0001), suggesting that excessively high
initial pressures might be associated with poorer tolerance or
outcomes. The expiratory positive airway pressure (EPAP) did
not differ significantly between groups (5.1 +0.5vs. 5.0+ 0.3 cm
H,0, p = 0.374). Similarly, the duration of the first NIPPV session
was comparable between success (5.6 + 1.0 hours) and failure
groups (5.7 £ 0.6 hours, p = 0.897) (Table 2).

Table 2: Association between Timing of Initiation and NIPPV Outcome

At the time of Initiation NIPPV Outcome NIPPV Outcome Total P-value
Success (N=208) Failure (N=38)

Early 186 89.4%)

(97 4%) 223 90.7%)

IPAP at initiation 13.9+2.4

15.5+1.0 14.1+2.3 <0.0001

Duration of 1st NIPPV
Mann-Whitney U test, Chi-Square Test

5.6%1.0

In terms of overall NIPPV use and hospitalization, the mean
total duration of NIPPV until the outcome event was 16.2 + 8.2
hours in the success group and 16.9 + 8.0 hours in the failure
group, showing no significant difference (p = 0.363). However,
a marked difference was noted in length of hospital stay, which
was significantly longer among patients with NIPPV failure (9.9

Table 3: Association between Duration and NIPPV Outcome

Duration NIPPV Outcome NIPPV Outcome | Mean Difference 95% Cl P-value
Success(N 208) Fallure(N 38)

5.7+0.6 5.6%1.0 0.897

+ 4.2 days) compared to those who improved with NIPPV (6.3 +
1.5 days, p < 0.0001) (Table 3, Figure 3). These finding highlights
that delayed response or failure to NIPPV is associated with
prolonged hospitalization and possibly more severe disease
trajectory.

Length of hospital stay, days 6.311.5

Mann-Whitney U test
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Figure 3: Association between duration and NIPPV outcome

9.914.2 19-111 <0.0001

Discussion

NIPPV has revolutionized the management of AECOPD with
type 2 respiratory failure by reducing the need for endotracheal
intubation, lowering complications, and improving survival
outcomes.” Its effectiveness is now well established across
various clinical settings, but the timing of initiation, pressure
titration, and duration of use remain crucial determinants of
success. Gudelli et al. (2024) reported an 84% NIPPV success
rate with significant improvement in ABG and reduced hospital
stay among 50 AECOPD patients.? Khilnani et al. (2010) observed
that NIPPV improved gas exchange and reduced intubation need
in 90% of cases with very high PaCO,, while Shaheen et al. (2018)
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found a 76% success rate versus 20% in conventional therapy.”?
Similarly, Liu et al. (2005) showed that early NIPPV reduced
respiratory fatigue and intubation in 36 patients.®

Inthe present study, although a large majority of patients (90.7%)
received NIPPV within the first two hours of presentation,
early initiation did not demonstrate a statistically significant
improvement in NIPPV success (89.4% vs. 97.4%, p > 0.05).
Therefore, our findings do not establish that early initiation
independently improves outcomes, and the observed numerical
trend should be interpreted as hypothesis-generating rather than
conclusive. Likewise, the duration of the first NIPPV session and
the total duration of NIPPV use showed no significant association
with treatment success. The only parameter that differed was
length of hospital stay, which was longer among patients with
NIPPV failure; however, this was a secondary outcome and
was not the primary aim of the study. Plant et al. (2000) found
that early ward-based NIPPV reduced intubation and mortality
in AECOPD.' Brochard et al. (1995) provides strong evidence
supporting this claim, demonstrating significant reductions
in endotracheal intubation (from 74% to 26%), hospital stay
duration (from 35 to 23 days), and in-hospital mortality (from
29% to 9%). The study’s large sample size (85 patients) and
statistically significant results (P < 0.001 for intubation reduction)
offer robust validation of early NIV initiation benefits.}
Additional research P. Lindenauer et al. (2014) further confirms
these findings in broader clinical settings.*> Our observation that
patients in the failure group required significantly higher IPAP
echoes findings from Moretti et al. (2000) who reported that
excessively high starting pressures may indicate greater disease
severity, reduced tolerance, or patient—ventilator asynchrony.6
Conversely another study emphasized that gradual pressure
escalation tailored to patient comfort improves compliance and
outcomes, supporting our recommendation for individualized
pressure titration rather than fixed high settings.*

The mean total NIPPV duration (~16 hours) showed no significant
impact on success or failure, aligning with Khilnani et al. (2010)
and Carrillo et al. (2012), who reported that early physiologic
improvement—within the first 1-2 hours—predicts outcome
better than total ventilation time.**> Our study also found a
significantly longer hospital stay among NIPPV failures (9.9 + 4.2
days) than successes (6.3 + 1.5 days), which parallels the results
of A. Taha et al. (2019) which found that NIPPV failure patients
had longer hospital stays, while N. Rathi et al. (2017) reported
the NIPPV failure group had the greatest hospital length of
stay and highest mortality rates.’®'” Annelijn M. Meeder et al.
(2016) further confirmed that NIPPV failure was associated
with longer ICU stay and lower survival rates.’® T. Corréa et al.,
2015 specifically noted NIPPV failure was linked to increased
in-hospital death risk and substantially longer ICU and hospital
stays (median 12 vs. 2 days in ICU, 30 vs. 15 days in hospital).*?
Regionally, our findings resonate with Bhattacharyya et al. (2011,
India), who reported early NIPPV success rates exceeding 80%
when initiated promptly with moderate pressures.* Together,
these South Asian data strengthen the evidence that timely
recognition, careful titration, and protocolized monitoring can
achieve outcomes comparable to high-income settings despite
limited ICU resources.

Our demographic profile—with elderly predominance (mean age
70.7 years) and slightly higher female representation—reflects
local epidemiology, where biomass exposure and delayed
diagnosis drive COPD burden among older women, as previously
noted by Adhikari et al. (2018).1 A. Petroianni et al. (2018) found
NIV efficacy in BMI subgroups below 20 kg/m?, while J. Berkius et
al. (2010) demonstrated long-term survival benefits for low-BMlI
COPD patients using NIV.2%21 S, Budweiser et al. (2006) noted that
malnourished COPD patients (BMI < 20 kg/m?) even experienced
significant weight gain after NIV initiation.? Critically, A. Thille et
al. (2021) showed NIV’s differential effectiveness, with significant
reintubation risk reduction in obese/overweight patients but not
in normal or underweight patients.??

Conclusion

This study reaffirms the pivotal role of NIPPV in the management
of AECOPD with type 2 respiratory failure. In our cohort, most
patients responded favorably to NIPPV, reflecting both its
efficacy and feasibility in a tertiary hospital setting in Nepal. In
our cohort, early initiation of NIPPV was common; however, it
did not demonstrate a statistically significant association with
NIPPV success. Therefore, while early initiation remains clinically
desirable based on prior literature, our study does not provide
evidence that timing independently influences outcomes.

Equally important, our results suggest that excessively high
inspiratory pressures at the onset may predict poorer tolerance
or underlying disease severity, highlighting the need for gradual,
patient-tailored titration rather than aggressive initial settings.
The lack of significant difference in total NIPPV duration between
success and failure groups indicates that early physiologic
response and appropriate pressure adjustment matter more
than total ventilation hours

Recommendations

Although early initiation is widely recommended in existing
literature, our findings did not show a significant difference in
outcomes between early and late initiation. Clinical decisions
should therefore prioritize individualized assessment, careful
pressure titration, and close monitoring during NIPPV rather
than focusing solely on timing.Establishing standardized local
protocols for timing, pressure settings, and follow-up could
further enhance success rates even in resource-constrained
environments. Ultimately, this study reinforces that prompt,
well-calibrated NIPPV use can substantially reduce morbidity,
hospital burden, and possibly mortality among AECOPD patients
in Nepal and similar healthcare settings.

Limitations of the study

This was a single-center observational study, so the results may
not be generalizable to all settings. Variations in clinician practice
and incomplete follow-up of arterial blood gases might have
influenced outcomes. Long-term outcomes such as readmission
or mortality after discharge were not assessed. Despite these
limitations, the study provides important real-world evidence
on NIPPV use in AECOPD within a resource-limited environment.
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