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Abstract
Introduction
Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is a leading cause of poor quality of
life and mortality in developing countries. Noninvasive positive pressure ventilation (NIPPV) remains the
first-line intervention in hospitalized patients with acute respiratory failure (ARF) due to AECOPD.
However, NIPPV may fail in some patients. This study was conducted to assess the frequency of NIPPV
failure and clinical parameters and outcomes in AECOPD patients with failed NIPPV and their conversion to
invasive positive pressure ventilation (IPPV).

Methods
This prospective observational study was conducted in the pulmonology unit of a tertiary care hospital in
Pakistan. AECOPD patients with ARF who were candidates of NIPPV were included after securing informed
consent. Their demographic characteristics, clinical parameters, and in-hospital outcomes were recorded on
a semi-structured proforma. For statistical analysis, SPSS software version 22.0 for Windows (IBM, Armonk,
NY) was used.

Results
With 24 hours of NIPPV, 73 (70.2%) patients improved and the remaining 31 (29.8%) were shifted to IPPV.
Patients in the IPPV group had higher systolic blood pressure (BP) [133.8 mmHg (±21.2) vs. 121.1 mmHg
(±8.3); probability value (p): <0.000] and lower diastolic BP [68.7 mmHg (±13.4) vs. 76.2 mmHg (±10.8);
p: 0.003]. Their pH was more acidic [7.20 (±0.13) vs. 7.42 (±0.01); p: <0.000], heart rates were high [131.1
(±10.5) vs. 100.2 (±7.5); p: <0.000], and the percentage of oxygen saturation was low [90.7 (±3.0) vs. 93.4
(±4.5); p: 0.004]. Patients who were managed on NIPPV throughout their hospital stay required respiratory
support for fewer days [3.2 (±1.3) vs. 4.1 (±1.8); p: 0.005], and their hospital stay was shorter [3.5 (±1.2) vs.
5.3 (±2.5) days; p: <0.000]. Mortality rate in the NIPPV group was significantly lower (1.4% vs. 12.9%; p:
0.01).

Conclusions
Deranged blood pressure, increased heart rate, acidemia, and a low percentage of oxygen saturation are
crucial clinical and biochemical parameters that can predict the success of NIPPV with 24 hours of therapy
in patients with AECOPD and secondary ARF. Patients who do not improve with 24 hours of NIPPV therapy
usually have poor in-hospital outcomes including mortality.
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Introduction
In cases where the damaged respiratory system fails to exchange enough gases, mechanical ventilation must
be provided to the patient. Depending on the clinical and biochemical status of the patient, invasive or
noninvasive ventilation may be provided [1]. Noninvasive positive pressure ventilation (NIPPV) is provided
through a nasal or a face mask at a controlled rate. Invasive positive pressure ventilation (IPPV) is reserved
for critical patients and may require endotracheal intubation. The major advantage of NIPPV is that it allows
for ventilation support without interfering with the anatomy of the upper airway; however, the use of
intubation becomes mandatory in critically ill patients [2].
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Chronic obstructive pulmonary disease (COPD) is a major respiratory illness that has a profound impact on
public health. World Health Organization (WHO) projects COPD to pose the fifth-highest global disease
burden by 2020 [3]. COPD has a 6.2% prevalence in the Asia-Pacific region; of these, 46% has at least one
incidence of acute exacerbation of CODP (AECOPD), and 19% of AECOPD cases require hospital
admission [4]. AECOPD may be triggered by an infectious etiology or discontinuation of COPD medications
or precipitated by congestive heart failure or pulmonary embolism. The triggers may go unidentified in some
cases [5].

Over the past few years, various instances have been documented in the literature showing favorable
outcomes of utilizing NIPPV therapy in acute respiratory failure (ARF) secondary to AECOPD. These
outcomes have been measured in terms of reduced mortality rate, need for emergency endotracheal
intubation, duration of hospital stay, and rate of complications [2,6-8]. The efficiency of NIPPV therapy in
ARF patients secondary to AECOPD has been documented from Pakistan as well [9]. In comparison to IPPV,
NIPPV patients had a significantly shorter duration of ventilation, intensive care unit (ICU) stay, and
hospital stay. The failure rate of NIPPV was 20% [9]. In-ICU mortality was significantly lower in the NIPPV
group; however, post-ICU in-hospital mortality was comparable between the two groups.

Despite promising outcomes of NIPPV in ARF patients, its utilization is limited to only those patients who
are alert, conscious, and cooperative to therapy. AECOPD patients with severe respiratory distress may be
delirious or irritated and may have a Glasgow Coma Scale (GCS) score of less than 10. They may be
hemodynamically unstable or may have concomitant cardiac arrest necessitating emergency intubation and
ventilation [10]. NIPPV cannot be administered as first-line therapy in these patients. Furthermore, patients
initially managed on NIPPV may deteriorate and require invasive ventilation during the course of their
hospital stay. The rate of NIPPV failure has been reported to be 13-53% in the literature [9,11-13].

Some studies have compared the clinical and biochemical parameters and outcomes in patients with ARF
secondary to AECOPD managed via invasive and noninvasive ventilation [2,7,9,10]. However, few studies
have evaluated the patient characteristics and factors leading to the failure of NIPPV in these patients [12].
Hence, this study was conducted to evaluate the frequency of NIPPV failure and assess the clinical and
biochemical parameters and outcomes in AECOPD patients with failed NIPPV and subsequent initiation of
IPPV.

Materials And Methods
This prospective observational study was conducted in the pulmonology unit of a tertiary care hospital in
Pakistan. The study was performed from January 1, 2019 to June 30, 2019. We conducted the study after
gaining approval from the institutional review board.

Patients included in the study were known cases of COPD and were admitted with acute exacerbation and
acute respiratory failure. AECOPD was defined as sudden worsening breathlessness, cough, increased
sputum production, and change in sputum color [14]. ARF was categorized as hypercapnia (PaCO 2: >50

mmHg; pH: <7.30) and hypoxemia (PaO2: <60 mmHg) [15]. Only those patients who were eligible for

noninvasive positive pressure ventilation (NIPPV) were included. The patients with any two of the following
symptoms were deemed eligible for NIPPV: (i) moderate-to-severe respiratory distress with breathlessness
and utilization of accessory muscles along with paradoxical abdominal movement (ii) respiratory rate (RR)
of >25 breaths/minute (iii) moderate-to-severe acidosis (pH: 7.30-7.35) and hypercapnia (PaCO2: 45-60

mmHg) (iv) moderate-to-severe hypoxemia (PaO2: <60 and PaCO2: <45 mmHg). Patients who needed

intubation and invasive ventilation immediately, such as those with severe respiratory distress, severe
acidemia, respiratory arrest, altered mental status, and those who were hemodynamically or metabolically
unstable, were excluded [3]. The clinical and biochemical parameters of all patients were assessed at two
hours and 24 hours from the initiation of NIPPV. Those who did not improve and/or deteriorated within/at
24 hours of NIPPV and required immediate invasive ventilation via endotracheal tube were classified into
“invasive ventilation group”, and those who improved on NIPPV were classified into “noninvasive
ventilation group”. Patients who deteriorated and required invasive ventilation much after 24 hours of
initiation were excluded to reduce bias.

A semi-structured proforma was created to record patient demographic and clinical parameters. Patient age,
gender, comorbidity status, duration of COPD, and previous COPD-related hospitalizations were recorded.
The clinical parameters included in this study were RR, heart rate (HR), blood pressure (BP), oxygen
saturation (SpO2), arterial blood pH, and GCS score. Outcomes were assessed in terms of duration of

respiratory support, duration of hospital stay, and in-hospital mortality.

For statistical analysis, SPSS software version 22.0 for Windows (IBM, Armonk, NY) was used. Categorical
variables were presented as frequencies and percentages. Continuous variables were presented as mean and
standard deviation (SD). A chi-squared test was used for categorical variables, and an independent student t-
test was used for quantitative variables. A p-value of ≤0.05 was considered significant.
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Results
The study included 104 patients who fulfilled the inclusion criteria. There were more males than females
(80% vs. 20%). The mean age of the study sample was 39.3 (±18.4) years. Most of the patients (52%) had been
suffering from COPD for more than five years. The mean duration of COPD was 4.4 (±1.8) years. There were
some patients with respiratory comorbidities such as tuberculosis (18%) and asthma (10%). Cardiometabolic
comorbidities were more common. All baseline characteristics are summarized below (Table 1).

Baseline characteristics Number of patients (%)

Gender

Male 83 (79.8%)

Female 21 (20.2%)

Age*

Less than 40 years 23 (22.1%)

40-60 years 42 (40.4%)

Above 60 years 39 (37.5%)

Duration of COPD

Less than 2 years 11 (10.5%)

2-5 years 39 (37.5%)

More than 5 years 54 (51.9%)

Previous hospitalization for AECOPD

Never 29 (27.8%)

Once 62 (59.6%)

More than once 13 (12.5%)

Co morbidity status

Tuberculosis 19 (18.3%)

Asthma 11 (10.5%)

Other chronic respiratory diseases 08 (7.6%)

Cardiovascular disease 28 (26.9%)

Metabolic disease 38 (36.5%)

TABLE 1: Baseline characteristics of the patients at the time of admission (n = 104)
*Mean (±standard deviation): 39.3 years (±18.4)

COPD: chronic obstructive pulmonary disease; AECOPD; acute exacerbation of chronic obstructive pulmonary disease

The clinical characteristics of the patients at two hours of NIPPV are summarized below (Table 2).

2019 Ansari et al. Cureus 11(10): e5820. DOI 10.7759/cureus.5820 3 of 7



Clinical Parameters Mean (± Standard Deviation)

Systolic blood pressure, mmHg 134.5 (±19.7)

Diastolic blood pressure, mmHg 70.3 (±20.5)

Respiratory rate per minute 25.5 (±8.5)

Glasgow Coma Scale score 12 (±3)

Arterial pH 7.21 (±0.11)

SpO2, % 84.6 (±8.2)

Heart rate per minute 123.2 (±13.6)

TABLE 2: Clinical parameters when assessed after two hours of initiation of treatment (n = 104)
SpO2: peripheral capillary oxygen saturation

The patients were again assessed at 24 hours of NIPPV therapy. At this stage, patients who had improved
clinically as well as biochemically were separated from those who either had not improved or deteriorated.
Seventy three (70.2%) patients improved and the remaining 31 (29.8%) were shifted to invasive ventilation.
Patients in the invasive ventilation group had higher systolic BP [33.8 (±21.2) vs. 121.1 (±8.3) mmHg; p:
<0.000] and lower diastolic BP [68.7 (±13.4) vs. 76.2 (±10.8) mmHg; p: 0.003); their pH was more acidic [7.20
(±0.13) vs. 7.42 (±0.01); p:<0.000]; heart rates were higher [131.1 (±10.5) vs. 100.2 (±7.5); p: <0.000]; and
oxygen saturation percentage was lower [90.7 (±3.0) vs. 93.4 (±4.5); p: 0.004). GCS score was not considered
a valid parameter for intubated and ventilated patients as they were sedated. RR was not deemed a valid
parameter for intubated and ventilated patients as it was determined by the ventilator parameters and not by
any effort of the patients. All other parameters are compared below (Table 3).

Clinical parameters Noninvasive ventilation group  (n = 73) Invasive ventilation group (n = 31) Probability value

Systolic blood pressure, mmHg 121.1 (±8.3)* 133.8 (±21.2)* <0.000

Diastolic blood pressure, mmHg 76.2 (±10.8)* 68.7 (±13.4)* 0.003

Arterial pH 7.42 (±0.01)* 7.20 (±0.13)* <0.000

Heart rate per minute 100.2 (±7.5)* 131.1 (±10.5)* <0.000

SpO2, % 93.4 (±4.5)* 90.7 (±3.0)* 0.004

TABLE 3: Clinical parameters at 24 hours in patients improved with noninvasive positive pressure
ventilation and patients shifted to invasive ventilation (n = 104)
*standard deviation

SpO2: peripheral capillary oxygen saturation

Outcomes in patients who recovered with NIPPV only were compared with those who required intubation
and ventilation on three parameters. Patients who improved on NIPPV required respiratory support for a
mean duration of 3.2 (±1.3) days as compared to 4.1 (±1.8) days in patients who were eventually intubated
(p: 0.005). Similarly, the duration of hospital stay was longer for intubated and ventilated patients as
compared to those who improved on NIPPV only [5.3 (±2.5) vs. 3.5 (±1.2) days; p: <0.000]. There was only
one (1.4%) death reported in the NIPPV group as compared to 4 (12.9%) in invasive ventilation group (p:
0.01). All outcomes are summarized below (Table 4).
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Patient outcome Noninvasive ventilation group  (n = 73) Invasive ventilation group (n = 31) Probability value

Duration of respiratory support, days 3.2 (±1.3)* 4.1 (±1.8)* 0.005

Duration of hospital stay, days 3.5 (±1.2)* 5.3 (±2.5)* <0.000

In-hospital mortality 1 (1.4%) 4 (12.9%) 0.01

TABLE 4: In-hospital outcomes in patients improved with noninvasive positive pressure
ventilation and patients shifted to invasive ventilation (n = 104)
*standard deviation

Discussion
The rate of NIPPV failure and subsequent immediate endotracheal intubation was high in this study. Failure
and conversion to IPPV were predicted by unimproved BP, HR, oxygen saturation, and arterial pH at 24 hours
of NIPPV therapy. Patients who were managed on NIPPV throughout the hospital stay required respiratory
support for significantly fewer days, and their mean hospital stay was significantly shorter than patients who
were converted to IPPV. The mortality rate was significantly higher in patients with failed NIPPV and
immediate intubation.

Meeder et al. have reported a 30% NIPPV failure in ARF patients. They reported longer ICU stay and lower
survival rates in these patients as compared to those with successful NPPV. They concluded that the hospital
outcomes of NIPPV-failed and primarily intubated patients were similar [7]. In a multicenter database study
conducted over 15 years (1997-2011), Schnell et al. reported that the utilization of NIPPV for patients with
ARF needing ventilator support has increased from 29% to 42%; failure of NIPPV remains an independent
risk factor for mortality [16]. In acute respiratory failure due to AECOPD or any other etiology, NIPPV has
failed as the first-line intervention in as many as 13-53% patients [9,11-13]. And the mortality rate has been
higher in patients immediately intubated after NIPPV failure [13,17]. In a comparative study from India,
Bhattacharyya reported a 10% (n = 4/39) failure of NIPPV in COPD and subsequent intubation. Two of these
patients died (n = 2/4; 50%) as compared to 36% (n = 4/11) mortality in NIPPV failure and intubation in non-
COPD patients [8].

In an observational study from Egypt, 94% of cases of ARF due to AECOPD were successfully managed with
NIPPV. Failure was associated with lower GCS score, increased HR, and reduced systolic as well as diastolic
BP. Independent predictors of NIPPV failure included advanced age (65+ years), RR rate of ≥35 per minute,
pH of <7.26, and white blood cell count of either ≥20,000 or <4,000 [18]. The failure rate was very high and
increased HR and RR and acidemia were also associated with NIPPV failure in our study. In another
retrospective cohort, male gender and deranged pH even after 72 hours of NIPPV therapy in patients
admitted for the first time with ARF secondary to AECOPD were independent prognostic factors
for mortality at one year [19]. The work of Fan and colleagues deduced weak cough, high disease severity,
and malnutrition as independent risk factors for failure of NIPPV in AECOPD patients. The failure rate
reported in their work is 21%. NIPPV-failed patients stayed longer in ICU, had higher ICU and hospital costs,
and higher in-hospital mortality [20]. Soliman and colleagues reported a 28.5% failure rate of NIPPV and
immediate intubation in AECOPD patients at 24 hours from the initiation of therapy [21]. This is comparable
to our results (30%) at 24 hours. They predicted NIPPV failure in patients with high BMI, lower initial pH,
increased RR, higher PaCO2, and insignificant response to NIPPV after one hour [21].

In most of the instances where NIPPV is compared with IPPV in terms of outcomes, the patients had
indications for either modality [2,9,10]. Patients managed via IPPV were serious enough to not be left on
NIPPV alone. However, in this study, all patients were moderate-to-severely ill and were candidates of
NIPPV at the start of the study. We believe it to be a major strength of this study. We assessed invasive
ventilation only in patients where NIPPV failed and immediate intubation was indicated; hence, the
comparison is more precise. However, this study might not have included all predictors of outcome, such as
the physician’s decision about intubation. Due to resource constraints, some biochemical predictors may
have been missed out. NIPPV failure was considered at 24 hours from the initiation of therapy only, not
before or after that. This may have produced more precise data but also resulted in the exclusion of potential
cases. Where this data indicates an association, the results cannot be generalized and must only be
considered as a hypothesis indicating the need to conduct randomized controlled trials with a more robust
methodology to establish the authenticity of clinical and biochemical parameters at 24 hours of NIPPV in
predicting its failure and subsequent immediate intubation.

Conclusions
Noninvasive ventilation in acute respiratory failure due to AECOPD has shown great success rate. However,
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in some patients, its failure is inevitable. Failure of NIPPV and subsequent immediate intubation could be
predicted by unimproved BP, HR, oxygen saturation, and arterial pH at 24 hours from the initiation of NIPPV
therapy. Patients who did not improve with 24 hours of NIPPV therapy had poor in-hospital outcomes,
including death. Invasive ventilation should be considered in patients who do not respond to noninvasive
ventilation even after 24 hours. There is a pressing need to conduct randomized controlled trials with a
more robust methodology to establish the authenticity of clinical and biochemical parameters at 24 hours of
NIPPV in predicting its failure and subsequent immediate intubation.
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