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Abstract
Introduction: Hypercapnic respiratory failure (HRF), also known as type-2 respiratory 
failure (T2RF), is a commonly encountered problem in the emergency department 
and inpatient floor. Non-invasive ventilation (NIV) is the upfront ventilation 
technique in various causes of acute hypercapnic respiratory failure (AHRF) such as 
chronic obstructive pulmonary disease (COPD) and acute cardiogenic pulmonary 
edema. Our study aimed to investigate the outcomes of NIV in patients with AHRF.

Methods: This observational cross-sectional study was conducted among 83 
patients with AHRF who were admitted in the inpatient ward and ICU of the 
Department of Internal Medicine of  tertiary center hospital from February 2024 
to November 2024. A convenience sampling technique was used. The clinical and 
laboratory data from the patients satisfying inclusion criteria were collected using a 
proforma form, entered into, and analyzed using appropriate statistical tools.

Results: The mean age of patients with AHRF enrolled in this study was 68.04±11.48 
years and around three-fourths were females(n= 61, 73.5%).Most patients were 
admitted with a diagnosis of acute exacerbation of COPD. Approximately 93% of 
patients had a good outcome after NIV in terms of clinical and ABG parameters.

Conclusion: This study identified acute exacerbation of COPD as the leading cause 
of AHRF in the Nepali population. NIV is a safe and effective first-line ventilatory 
treatment for patients with mild-to-moderate AHRF.
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Introduction
Hypercapnic respiratory failure (HRF), also known as type-
2 respiratory failure (T2RF), is a commonly encountered 
complication of various chronic respiratory illness. HRF is 
identified on arterial blood gas (ABG) analysis as an elevated 
partial pressure of carbon dioxide (PaCO2> 45 mmHg). It can be 
further classified as acute, acute-on-chronic, or chronic. Acute 
hypercapnia is always accompanied by respiratory acidosis (pH 
<7.35), which is appropriate for the degree of hypercapnia, 
whereas chronic hypercapnia is associated with a low-normal 
or near-normal pH, and acute-on-chronic hypercapnia lies 
between these parameters.1

Various mechanisms are involved in hypercapnia development. 

These include decreased minute ventilation, increased dead 
space, increased carbon dioxide production, and other 
multifactorial mechanisms attributed to upper airway disorders. 
Increased dead space and reduced minute ventilation are the 
most common causes of hypercapnia, as observed in cases of 
acute exacerbation of chronic obstructive pulmonary disease 
(COPD).2

Mechanical ventilation has been used to reverse HRF, with the 
primary aim of achieving adequate alveolar ventilation and 
improving oxygen exchange. However, it has been associated 
with multiple complications and ventilator-associated 
infections.3

Non-invasive ventilation (NIV) has been used in patients with 
respiratory failure since the late 1980s. Over the past 20 years, 
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this technique has become the first-line intervention 

for some forms of acute respiratory failure.4 NIV is a technique 
whereby mechanical ventilation is delivered to patients without 
using an invasive endotracheal airway. It can be used in selected 
patients who do not have contraindications and do not require 
airway protection or secretion management.5 With the use 
of NIV, it is possible to achieve similar physiological benefits 
of reduced work of breathing and improved gas exchange as 
in with invasive mechanical ventilation while reducing the 
associated complications.4

This technique has often been used in patients with acute 
exacerbation of COPD because the HRF occurring in these 
patients seems to respond very well to NIV.6–8 For this reason, the 
Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
report on Global Strategy for the Diagnosis, Management, and 
Prevention of Chronic Obstructive Pulmonary Disease has stated 
a preference for NIV over invasive ventilation as the initial mode 
of ventilation to treat acute respiratory failure in hospitalized 
patients with exacerbation of COPD.9

The Official European Respiratory Society (ERS)/American 
Thoracic Society (ATS) clinical practice guidelines on non-
invasive ventilation for acute respiratory failure recommend the 
use of bilevel NIV for patients with acute respiratory failure (ARF) 
leading to acute-on-chronic respiratory acidosis (pH ≤7.35) due 
to COPD exacerbation. They also recommended a trial of bilevel 
NIV in patients considered to require endotracheal intubation 
and mechanical ventilation unless the patient is immediately 
deteriorating.10

Methods
This study was conducted in the Medicine Department of a 
tertiary care hospital that handles a large volume of patients 
with respiratory failure. Ethical approval was obtained from the 
Institutional Review Committee (IRC) of Pokhara Academy of 
Health Sciences(Approval No: 146/080).

The study population consisted of patients who were diagnosed 
with acute HRF (AHRF) based on arterial blood gas (ABG) 
analysis and met the inclusion criteria.

The sample size was calculated using convenience sampling. 
The formula for estimating a proportion, where the proportion 
(p) was 0.68, based on a previous study by Manish et al.,which 
found 68% of patients with HRF improved with NIV in the form 
of  Bi Level Positive airway pressure (BiPAP).11 With a confidence 
level of 95% (Z = 1.96) and a precision of 0.10, the required 
sample size was determined to be 83 patients.

The inclusion criteria required all participants to be adults 
aged 16 years or older, present with AHRF, and have no 
contraindications for NIV. AHRF was defined as the presence 
of the following: respiratory rate greater than 25 breaths 
per minute, arterial pH < 7.35, and PaCO2 greater than 45 
mmHg. Exclusion criteria included conditions such as cardiac 
or respiratory arrest requiring urgent endotracheal intubation; 
medically unstable conditions (e.g., hypotension, uncontrolled 
cardiac ischemia, or arrhythmia); inability to protect the 
airway (e.g., excess secretions or a stuporous/comatose state); 
abnormalities precluding proper interface fit (e.g., agitation, 
facial trauma, burns, surgery, or anatomical abnormalities); and 
overt gastrointestinal bleeding.

After informed and written consent, BiPAP was initiated in all 
the patients. NIV was delivered to patients in bed at an angle 
>30° and in all patients a full mask was used as interface for 
delivery of positive pressure. Spontaneous mode was used 
with an initial inspiratory positive airway pressure (IPAP) of 
10cm H2O. IPAP was increased by 2cm every 10 minutes until 
therapeutic response upto maximum of 20cm of H2O. Initial 
expiratory positive airway pressure (EPAP) of 5cm of H2O was 
used and increased for desired effect but IPAP was kept 5cm 
above EPAP. Oxygen was supplied through a separate port 
to maintain an arterial oxygen saturation of 88 to 92% to be 
measured by a peripheral oxygen saturation probe. Patient 
comfort, respiratory rate, oxygen saturation, and dyspnea was 
assessed every 30 minutes for 6 hours, and hourly thereafter. 
Standard medical therapy was continued along with NIV as 
per indications for the individual patient. A repeat ABG was 
obtained after 4 hours of initiation of BiPAP and periodically 
thereafter as clinically indicated.

NIV failure was defined as need for ETI and invasive 
mechanical ventilation due to worsening of clinical feature 
such as respiratory distress (tachypnea, tachycardia, labored 
breathing), hypotension, worsening level of consciousness, or 
ABG evidence of worsening respiratory distress while on NIV.

Treatment success was defined as initial improvement in 
physiological and clinical parameters allowing weaning from 
NIV.

Data collection was performed after obtaining approval from 
the IRC. Informed consent was obtained from all participants 
after explaining the purpose of the study. Data were recorded in 
a pro forma designed for the study, which was filled out by the 
researcher for each recruited patient.

Data were entered into MS-EXCEL and analyzed using SPSS 
software version 25 with appropriate descriptive statistics 
such as frequency, percentage, mean, and standard deviation. 
The association between the different variables was studied 
applying chi square test with 95% confidence interval.

Results
A sample of 83 patients were included in the study. Patients with 
AHRF enrolled in this study had a mean age of 68.04±11.476. 
The minimum and maximum ages of the patients were 22 and 
105 years respectively.Most of the patients, 73 (88%) were 
aged between 40 and 80 years.Out of all, 22(26.5%) were 
male and 61 (73.5%) were female. Majority of patients were 
admitted with a diagnosis of acute exacerbation of COPD 
(89.15%), 5 cases of bronchiectasis (6%), and two cases (2.4%) 
with interstitial lung disease and each case of Acute Interstitial 
Pneumonia and Scoliosis.Among all, 77 patients (92.7%) had a 
good clinical outcomes after NIV(BiPAP)in terms of clinical and 
ABG parameters. Among the patients who did not improve, 
2 patients (2.41%) improved after intubation and mechanical 
ventilation, while four patients (4.81%) did not survive.Among 
the patients enrolled in the study, 95.9% of those with COPD 
had a good outcome following treatment with NIV, whereas 
60% of those with bronchiectasis had a good outcome. Among 
the study participants, 14 patients (16.86%) had a baseline 
respiratory rate of ≥ 30 breaths per minute, as shown in Table 1.
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Table 1: Baseline clinical characteristics of enrolled patients

Characteristics Categories Frequency Percentage 
(n=)

Sex Male 22 26.5

Female 61 73.5

Clinical 
diagnosis at 
presentation

Acute exacerbation 
of COPD

74 89.15

Acute Interstitial 
Pneumonia

1 1.2

Interstitial Lung 
Disease

2 2.4

Bronchiectasis 5 6

Others (Restrictive 
-Scoliosis)

1 1.2

BMI (Kg/m2) < 18.5 15 18

18.5-25 52 62.6

>25 16 19.28

Heart rate 
(beats/min)

<100 56 83.13

≥100 26 31.71

Respiratory 
rate (breaths/
min)

<30 69 83.13

≥30 14 16.87

pH 7.25-7.35 63 75.9

<7.25 20 24.1

PaCO2 (mmHg) 46-80 54 65.1

>80 29 34.9

PaO2 (mmHg) <60 29 34.9

≥60 54 65.1

HCO3 (Meq/L) <30 45 54.2

≥30 38 45.8

In patients with baseline pH >7.25, 61 out of 63 patients (96.82%) 
improved with NIV and 2 (3.18%) did not improve, while in 
patients with baseline pH <7.25, 16 out of 20 patients (80%) 
improved with NIV and 4 (20%) did not improve {Chi-square= 
6.41, P value= 0.011} which was statistical significance. A pH 
level >7.25 is associated with a higher likelihood of a positive 
outcome. Similar response was observed in patients with 
baseline heart rate < 100bpm, respiratory rate < 30 breaths/ 
minute and PCO2 < 80mmHg as shown in table 2.

Table 2: Clinical characteristics and ABG parameters by outcome of NIV

Characteristics
(Baseline)

Categories Improved on NIV (N) Chi-square value P-value

Yes 
N (%)

No
 N (%)

Age (years) <70 42 (93.3%) 3 (6.7%) 0.046 0.83

≥70 35 (92.1%) 3 (7.9%)

Sex Male 21 (95.45%) 1 (4.55) 0.321 0.571

Female 56 (91.8%) 5 (8.2%)

Heart rate (beats/min) <100 49 (98%) 1 (2%) 5.31 0.024

≥100 28 (84.84%) 5 (15.16%)

Respiratory rate (breaths/min) <30 68 (98.55%) 1 (1.45%) 20.38 0.001

≥30 9 (64.28%) 5 (35.72%)

pH ≥7.25 61 (96.82%) 2 (3.18%) 6.41 0.011

<7.25 16 (80%) 4 (20%)

PaCO2 (mmHg) <80 54 (100%) 0 (0%) 12.04 0.001

≥80 23 (79.31%) 6 (20.69%)

PaO2 (mmHg) <60 25 (86.20%) 4 (13.8%) 2.86 0.091

≥60 52 (96.29%) 2 (3.71%)

HCO3 <30 42 (93.33%) 3 (6.67%) 0.046 0.830

≥30 35 (92.1%) 3 (7.9%)
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The mean BMI of those patients who improved on NIV was 
21.92±4.115, whereas for those who did not improve on NIV, 
the mean BMI was 21.27±5.048. The mean heart rate at baseline 
in those patients who did not improve was significantly higher 
(104±7.58) than that in those who improved (96.25±11.912).
Similarly, the mean baseline respiratory rate was higher among 
those who did not improve (32.17±3.251) compared to those 
who improved (24.89±3.638), as shown in Table 3.

Table 3: Comparison of baseline characteristics between those 
who improved on NIV and those who did not

Characteristic Improved on NIV Not improved on NIV

Mean age (years) 67.97±11.274 68.83±15.065

BMI (kg/m2) 21.92±4.115 21.27±5.048

Heart rate (beats/min) 96.25±11.912 104±7.58

Respiratory rate 
(breaths/min)

24.89±3.638 32.17±3.251

Mean pH 7.281±0.052 7.185±0.081

Mean PaCO2 (mmHg) 71.63±15.53 104.35±3.728

Mean PaO2 (mmHg) 72.67±31.55 56.02±14.838

The patients who improved had higher pH at baseline than those 
who did not improve and showed a significant improvement in 
pH after the initial 4 hours of treatment with NIV. In the group 
of patients who did not improve, the mean pH showed a slight 
improvement after 4 hours, thereafter the pH decreased, 
resulting in the need for intubation and invasive mechanical 
ventilation.The baseline PaCO2 was lower in the patients who 
showed a good outcome, with a rapid improvement seen even 
after 4 hours of NIV, and continued to improve thereafter 
with near-normal values seen at outcome.In the patients 
who did not improve, the baseline PaCO2 was higher, with no 
improvement after 4 hours of NIV, and worsening was observed 
thereafter.The most significant clinical marker in this study was 
respiratory rate. Patients who improved with NIV had a lower 
baseline respiratory rate than those who did not improve, and 
rapid improvement was seen after 4 hours. In patients who did 
not improve, only a slight improvement in the respiratory rate 
was noted after the initial 4 hours of treatment with NIV.PaO2 
was significantly higher at baseline in the group of patients who 
improved with NIV than in those who did not improve. PaO2 
improved in both groups after the initial first few hours of NIV 
and continued to improve in the group with a good outcome. 
However, in patients who did not improve, PaO2 declined after 
initial improvement, as shown in Figure 1.		

A							     

B

C							     
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D
Fig.1. Changes in characteristics (A. pH, B. pCO2, C. Respiratory 
rate, D. paO2) with time in patients with AHRF on NIV

Discussion
Numerous studies have supported effectiveness of NIV, 
particularly in COPD exacerbation. For example, a study 
by Brochard et al. demonstrated the benefits of NIV in 
treating acute exacerbations of COPD, reducing the need for 
conventional mechanical ventilation.16 Similarly, a larger trial by 
Plant et al. showed more rapid improvements in arterial pH and 
respiratory function with NIV.17

In Nepal, studies have examined the effectiveness of NIV in the 
treatment of AHRF. Pandey et al. analyzed 28 patients and found 
significant improvements in pH and PaCO2 after NIV treatment.18 
Subedi et al. studied 50 patients with COPD and found that 68% 
improved with NIV.11 The study found that patients with worse 
baseline acidemia or higher PaCO2 were less likely to improve 
with NIV.The current study involved 83 patients with AHRF, the 
majority of whom had COPD exacerbation. Overall, 92.7% of 
patients improved with NIV, while 2.41% required intubation. 
This success rate was comparable to that of other studies. 
This study also found that factors such as age, respiratory 
rate, pH, and PaCO2 levels at baseline could help predict NIV 
success. Patients who showed improvement had lower baseline 
respiratory rates, PaCO2 levels, and higher pH levels.

The study also highlighted the importance of early NIV 
monitoring: patients with no improvement in respiratory rates 
or PaCO2 within the first 4 hours were less likely to benefit 
from further NIV treatment and may require intubation. Similar 
findings have been observed in other studies, reinforcing the 
predictive value of respiratory parameters in determining NIV 
success. This suggests that baseline PaCO2, pH, and respiratory 
rate should guide treatment decisions for patients with AHRF.19

Among the 83 patients who presented with AHRF in the 
study, majority of cases, 74(89.15%) were diagnosed as acute 
exacerbation of COPD. This huge predominance of COPD is due 
to the high prevalence of COPD in the country and because 
the majority of AHRF cases worldwide are due to COPD 
exacerbations.20

This study showed a very good outcome of NIV in patients 
presenting with mild-to-moderate AHRF. Among 83 patients, 
77(92.7%) improved after treatment with NIV, while 6 patients 
did not improve, of which 2 patients required intubation and 
4 did not survive. Similar studies conducted elsewhere have 
reported success rates very much comparable to the present 
study. Ambrosino et al. reported success in 78% of ARF and in 
Nepal, Subedi et al. reported a success rate of 68%11.

The need for intubation and invasive mechanical ventilator 
support in this study was only 2.41%, which was significantly 
lower than that reported by Ambrosino et al. and Subedi et al. 
Overall mortality rate in the present study was 4%, which was 
comparable to that reported by Subedi et al. (10%) in Nepali 
population. Plant et al reported a mortality of 20% in controls 
compared to 10% in those receiving NIV.21

Fourteen patients (16.86%) in our study had a baseline 
respiratory rate of ≥ 30 breaths per minute. The results of the 
study showed that patients with a respiratory rate < 30 breaths 
per minute more chance of improving with NIV compared 
to those with a baseline respiratory rate of ≥ 30 breaths per 
minute. The baseline respiratory rate can be a predictor of 
the outcome following treatment with NIV and hence can be 
used as a prognostic tool.Similarly, 63 patients (75.9%) who 
had a baseline pH of > 7.25 were found to have more chance of 
improving with NIV compared to those patients with a baseline 
pH of < 7.25.

A low pH at the time of presentation has been linked to 
higher mortality rates and an increased likelihood of requiring 
Intubation in patients admitted for COPD exacerbations. 
Additionally, studies have indicated that a lack of significant 
improvement in respiratory acidosis and respiratory rates 
within the initial hours of NIV use is associated with a greater 
risk of NIV failure.22

In our study, Patients with a baseline PaCO2≥80 had a lesser 
chance of improving compared to the patients with a baseline 
PaCO2 ≤80. Thus, the inability to demonstrate an improvement 
in PaCO2 within 4 hours of NIV can serve as a reliable indicator 
that the patient is unlikely to benefit from continued NIV 
treatment. This may also suggest a need for intubation and 
mechanical ventilation. Additionally, this finding aligns with 
the BTS/ICS guidelines for managing AHRF in adults, which 
recommend considering invasive mechanical ventilation if 
acidosis persists or worsens after initial NIV therapy. While 
patients with more severe acidosis are less likely to respond 
to NIV, a trial of NIV should still be attempted as the preferred 
initial ventilatory support because of its significant advantages 
over intubation and mechanical ventilation.1

Similar findings were observed in patients with a lower PaO2 
at baseline. Among the 29 patients with a baseline PaO2 ≤60 
mmHg, 4 patients did not improve while 2 patients with a 
baseline PaO2 ≥60 mm Hg did not improve. Hence, it can be 
predicted from this finding that patients who are not hypoxemic 
(PaO2>60 mmHg) at presentation have a higher chance of 
improvement with NIV. Similar findings were noted by one of 
the pilot studies by Brochard et al. which showed that after 45 
minutes of inspiratory positive airway pressure by face mask, 
the mean (±SD) arterial pH rose from 7.31±0.08 to 7.37±0.07 
(P<0.01), the PaCO2 fell from 68±17 mmHg to 55±15 mmHg 
(P<0.01) and the partial pressure of oxygen (PaO2) rose from 
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52±12 mmHg to 69±16 mmHg (P<0.01). These changes were 
accompanied by a reduction in the respiratory rate from 31±7 
to 21±9 breaths per minute (P<0.01).16

This study has shown similar findings to existing studies regarding 
the favorable outcome, overall efficacy, and predictors for 
success in treatment with NIV for cases presenting with AHRF.

Conclusion 
This study identified acute exacerbation of COPD as the leading 
cause of AHRF in Nepali population. It demonstrated favorable 
outcomes in patients with mild-to-moderate AHRF who were 
treated with NIV. Additionally, the findings suggest that baseline 
clinical and ABG parameters, along with the patient response 
during the initial hours of NIV treatment, can serve as predictors 
of the final outcome. In conclusion, NIV is a safe and effective 
first-line ventilatory treatment for patients with mild-to-
moderate AHRF. The baseline clinical and ABG parameters can 
help predict patient outcomes and guide further management 
strategies. 
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