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Purpose: Acute exacerbation of chronic obstructive pulmonary disease (COPD) is a major cause of mortality and morbidity. Noninvasive ventilation 
(NIV) is proven to be effective in the majority of patients with acute exacerbation COPD (AECOPD) complicated with respiratory failure. NIV could be 
lifesaving but also can delay mechanical ventilation if its efficacy is not assessed in a timely manner. In this study, we analyzed potential predictors of NIV 
failure in AECOPD in a tertiary medical intensive care unit (MICU). In particular, we wondered whether duration of NIV among those who eventually 
failed was associated with poor outcomes.
Methods: A retrospective review of consecutive patients with a primary diagnosis of AECOPD requiring NIV admitted to the MICU was conducted for 
the period between 2012 and 2017. Baseline data included demographics, APACHE III score, albumin level, blood lactate, and blood gas elements. 
Additional chart review was performed to collect NIV setting parameters on presentation to the MICU. Clinical outcome variables collected included 
outcome and duration of NIV, duration of invasive mechanical ventilation, MICU length of stay, hospital length of stay, and in-hospital mortality. 
Multivariate regression analysis was performed to determine independent variables associated with clinical outcomes.
Results: There were 370 patients who met the inclusion criteria; 53.2% were male. Mean age was 64.7 ± 11.2 years old. Mean baseline FEV1 was 34 ±17% 
of predicted. Patients had mean pH of 7.20 ± 0.54 and PaCO2 of 70.3 ± 28.7 on presentation; 323 patients (87.3%) were successfully weaned off NIV; 47 
patients (12.7%) failed NIV and required invasive mechanical ventilation. APACHE III score was higher among patients who failed NIV (68.3±18.9 versus 
48.8± 15.2, P < 0.001). In the subset of 47 patients who failed NIV requiring intubation, duration of NIV was 25.0 ± 58.8 h. Multivariate regression 
analysis yielded a model consisting of APACHE III score and body mass index as predictive variables for NIV failure (C-statistic = 0.809). Duration of NIV 
was not associated with worse clinical outcomes among patients who failed NIV.
Conclusions: NIV is successful in preventing invasive mechanical ventilation in majority of patients with acute respiratory failure due to COPD. Patients 
with worse clinical status at presentation are more likely to fail NIV and require mechanical ventilation. In the subgroup of patients who failed NIV, 
duration of NIV prior to intubation was not associated with poor clinical outcomes.
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INTRODUCTION
Noninvasive ventilation (NIV) is the preferred initial modality in provid-
ing ventilator assistance to patients with acute hypercapnic respiratory 
due to acute exacerbation of chronic obstructive pulmonary disease 
(AECOPD) [1]. The use of NIV in patients with AECOPD has been 
shown to improve survival and decrease need for subsequent mechanical 
ventilation [2, 3]. While use of NIV for this indication is increasingly 
common, some patients with AECOPD will ultimately deteriorate 
despite use of NIV, eventually requiring invasive mechanical ventilation 
(IMV) [4]. Furthermore, a lack of response to NIV use may also be asso-
ciated with additional harms mainly in the peri-intubation period [4]. 
Therefore, to minimize potential harms, predicting which patients with 
AECOPD are at high risk of NIV failure related to potential harm of 
prolonged NIV has been an intense area of research. 

Based on current literature between 9% and 50% of patients present-
ing with AECOPD fail to respond to NIV. Previous studies have focused 
on identifying factors associated with success of NIV in AECOPD 
patients. Studies have identified presence of concomitant hypoxemia 
and improvement in heart rate, respiratory rate, and hypercapnia after 
1 h of NIV treatment, as predictors of successful NIV use in AECOPD 
[5, 6]. Duration of NIV is commonly cited as a risk for peri-intubation 
related harm [4]. Notwithstanding, a prospective study showed no differ-
ence in outcomes between COPD patients who were maintained on 
NIV despite persistent hypercapnia and those who responded early [7]. 
Whether duration of NIV itself is a predictor of prolonged IMV or mor-
tality remains unclear. 

In this study, we evaluated patients with a diagnosis of AECOPD 
who were admitted to a tertiary medical intensive care unit (MICU) for 
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the treatment of acute hypercapnic respiratory failure with NIV. We 
aimed to delineate early predictors of NIV failure and specifically assess 
whether prolonged NIV duration is a predictor of poor clinical out-
comes, including prolonged mechanical ventilation and death. 

METHODS
We conducted a retrospective cohort study in a tertiary MICU. The 
study was approved under the institute Institutional Review Board num-
ber (18-457). Utilizing a pre-existing APACHE database, patients admit-
ted between January of 2012 and December of 2017 with a diagnosis of 
COPD were identified. All the patients were then screened using the 
APACHE database coding for a primary admission diagnosis of 
AECOPD, needing NIV and having an age greater than 18 years. Those 
who met the inclusion criteria underwent chart revision. A documented 
use of NIV with the initial settings recorded in the respiratory therapist 
data set was required for inclusion in the study. Patients who were intu-
bated on arrival to the MICU, received NIV for a reason other than 
AECOPD, or had pre-existing advanced directives against mechanical 
ventilation were excluded from further analysis (Figure 1). 10% of the 
charts were randomly selected and were audited by the first author to 
confirm the accuracy of data obtained from respiratory therapy and 
APACHE databases. 

We collected demographic data and patient characteristics including 
age, sex, smoking status, serum albumin, body mass index (BMI), home 
oxygen utilization, and the presence or absence of co-existing obstructive 
sleep apnea, classification/severity of their COPD (and FEV1), and sever-
ity of illness on presentation to the MICU (APACHE III Score). Arterial 
blood gases taken at the time of ICU admission as well as after imple-
mentation of NIV were recorded to examine serial changes in pH, 
PaCO2, PaO2, and lactate. NIV driving pressure (defined as inspiratory 

positive airway pressure minus expiratory positive airway pressure) on 
initiation of NIV was also recorded. 

The primary outcome for this study was rate of failure of NIV with 
need for IMV. Secondary outcomes included duration of NIV, duration 
of mechanical ventilation, successful extubation (defined as extubation 
without the need for re-intubation within the index MICU admission), 
MICU length of stay, hospital length of stay, and in-hospital mortality.

Statistical analysis
ANOVA was used to compare continuous variables between the two 
groups, and Pearson’s chi-square test was used to compare categorical 
variables. Logistic and linear regression models were performed for 
binary and continuous outcomes separately. Variables were considered 
significant at P < 0.15 on univariate analysis and subsequently identified 
as potential predictor variables and entered into a multivariate regres-
sion model. Correlation analysis of the predictors was conducted to 
avoid the multi-collinearity in a regression model. Stepwise variable 
selection procedure was then performed to identify the final multivariate 
regression model with a significant subset of predictors. Receiver opera-
tor characteristics curves were constructed for logistic regression models. 
SAS 9.4 software (SAS Institute, Cary, NC) was used for all analyses.

RESULTS
Between 1 January 2012 and 31 December 2017, 25,913 patients received 
care in the MICU; 754 patients were admitted to the MICU with a pri-
mary diagnosis of COPD. In this subgroup, 370 patients met the inclu-
sion criteria and were included in the analysis (Figure 1); 323 (87.3%) 
patients did not require subsequent IMV (NIV success group); 47 
patients failed initial support with NIV and underwent endotracheal 
intubation (NIV failure group). 

FIGURE 1.
Flowchart for patient selection. ICU = intensive care unit; NIV = noninvasive ventilation; COPD = chronic obstructive pulmonary 
disease.
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There were no significant differences in patient age, sex, or smoking 
status between the two groups (Table 1). Compared with patients who 
were able to successfully wean from NIV without the need for mechani-
cal ventilation, patients who required IMV had higher APACHE III 
score on admission (68.3 vs. 48.8, P < 0.001). We found no statistically 
significant differences in FEV1 percent predicted at baseline, serum albu-
min levels, baseline NIV driving pressure, and other tested variables 
between the two groups (Table 1).

Clinical outcomes including duration of invasive and NIV are dis-
played in Table 2. Median duration of NIV use trended lower in the NIV 
success group without statistical significance (16.2±33.2 h versus 
25.0±58.8 h in the success and failure groups, respectively, P = 0.14). 
Hospital and MICU length of stay (LOS) were significantly longer in the 
NIV failure group (Table 2).

In the univariate analysis APACHE III score was significantly associ-
ated with NIV success (OR 0.936, 95% CI 0.917–0.955, P < 0.0001) 

TABLE 1
Patient characteristics

Factor
Overall (n = 370) Success (n = 323) Fail (n = 47)

Pn Statistics n Statistics n Statistics

Age 370 64.7±11.2 323 64.7±11.3 47 64.5±10.9 0.91a

Sex 370 — 323 — 47 — 0.12b

  Female — 173(46.8) — 146(45.2) — 27(57.4) —

  Male — 197(53.2) — 177(54.8) — 20(42.6) —

Body mass index 367 28.2±10.2 322 27.8±9.7 45 30.7±13.0 0.075a

Current smoker 337 — 298 — 39 — 0.29b

  No — 232(68.8) — 208(69.8) — 24(61.5) —

  Yes — 105(31.2) — 90(30.2) — 15(38.5) —

Home Oxygen 332 — 292 — 40 — 0.97

  No — 74(22.3) — 65(22.3) — 9(22.5) —

  Yes — 258(77.7) 227(77.7) — 31(77.5) —

APACHE III score 369 51.3±16.9 322 48.8±15.2 47 68.3±18.9 <0.001a

Baseline_FEV1 265 0.34±0.17 234 0.33±0.16 31 0.38±0.21 0.18a

Baseline respiratory rate 368 23.5±6.1 321 23.3±6.0 47 24.9±7.2 0.11a

Albumin 307 3.6±0.59 266 3.6±0.58 41 3.5±0.66 0.12a

  No — 62(16.8) — 48(14.9) — 14(29.8) —

  Yes — 308(83.2) — 275(85.1) — 33(70.2) —

pH 308 7.2±0.54 275 7.2±0.57 33 7.3±0.09 0.96a

PaCO2 308 70.3±28.7 275 69.5±28.9 33 76.8±26.8 0.17a

Baseline lactate 177 1.4±1.2 145 1.4±1.01 32 1.7±1.8 0.26a

Driving pressure 363 9.1±3.4 317 9.0±3.3 46 9.3±3.7 0.56a

aTwo-sample t-test.
bPearson’s chi-square test.

TABLE 2
Clinical outcomes and duration of mechanical ventilation

Overall (n = 370) Success (n = 323) Fail (n = 47)

Pn Statistics n Statistics n Statistics

Medical intensive care unit LOS 369 3.4±4.7 322 2.6±2.9 47 9.0±8.9 <0.001a

Hospital LOS 370 10.6±14.6 323 9.6±14.8 47 17.6±11.5 <0.001a

Duration IMV 47 115.1±130.8 0 — 47 115.1±130.8 —

Duration NIV 361 17.3±37.4 316 16.2±33.2 45 25.0±58.8 0.14a

In-hospital mortality 370 — 323 — 47 — 0.029b

  No — 358(96.8) — 315(97.5) — 43(91.5) —

  Yes — 12(3.2) — 8(2.5) — 4(8.5) —

Able to extubate 47 — 0 — 47 — —

  No — 5(10.6) — — — 5(10.6) —

  Yes — 42(89.4) — — — 42(89.4) —
aTwo-sample t-test.
bPearson’s chi-square test.

NIV = Noninvasive ventilation; LOS = length of stay; IMV = invasive mechanical ventilation
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TABLE 3
Univariable logistic regression model for noninvasive venti-
lation success

Variable Odds ratio
95% confidence 

interval P

Baseline respiratory rate 0.963 0.918–1.009 0.1161

APACHE III score 0.936 0.917–0.955 <0.0001

Baseline lactate 0.854 0.646–1.128 0.2663

Albumin 1.503 0.897–2.518 0.1219

Home Oxygen (yes vs no) 1.014 0.459–2.238 0.9727

Driving pressure 0.974 0.890–1.065 0.5609

Body mass index 0.976 0.950–1.003 0.0790

PaCO2 0.993 0.983–1.003 0.1772

pH 0.981 0.488–1.971 0.9561

Baseline FEV1 0.251 0.032–1.939 0.1851

Lung compliance 1.000 0.992–1.008 0.9628

TABLE 4
Multivariable logistic regression model for noninvasive ven-
tilation success

Variable Odds ratio 95% confidence interval P

APACHE III score 0.929 0.909–0.950 <0.0001
Body mass index 0.962 0.928–0.996 0.0288

(Table 3). Multivariable logistic regression model showed that combining 
APACHE III score and BMI (Table 4) had the highest accuracy for pre-
dicting likelihood of NIV failure (c-statistic 0.809). (Figure 2). 

DISCUSSION
In this single academic center cohort, 87% of the patients with AECOPD 
admitted to the MICU improved with the application of NIV alone and 
were able to avoid IMV. We found no significant differences in demo-
graphic variables or baseline lung impairment between the patients who 
failed NIV and those who did not. Failure of NIV was predominantly 

driven by a higher APACHE III score at admission and a model combin-
ing APACHE III score and BMI discriminated successfully between suc-
cess and failure of NIV. Notably, we found no effect of the duration of 
NIV on adverse outcomes. To our knowledge, this is the largest cohort 
study from an academic setting for the investigation of the effect of NIV 
duration on clinical outcomes. 

Failure of NIV has been associated with poor clinical outcomes 
overall. Walkey and Soylemez-Wiener [8] reported a greater odds of 
hospital mortality for 54,911 patients hospitalized with acute respira-
tory failure due to COPD who failed NIV prior to IMV in the 
Nationwide Inpatient Sample between 2000 and 2009 (multivariate 
adjusted OR 1.14; 95% CI 1.11–1.17). Similarly, Correa and colleagues 
[9] found that odds of in-hospital mortality was increased by more than 
4 times among 85 patients who failed NIV for acute respiratory failure 
due to COPD. The predictors of NIV failure included age and 
APACHEII score in this cohort. More recently, a prospective study by 
Steriade et al. [10] demonstrated a positive association of NIV failure 
with in-hospital mortality, LOS and duration of NIV in 89 patients 
with AECOPD, with an overall mortality rate of 11.2% and a NIV 
failure rate of 12.4%. The study showed that the total duration of NIV 
applied within the first 72 h (mean 30.3 ± 14.5 h) had no impact on 
NIV failure or mortality. Duan and colleagues [11] derived and 

FIGURE 2.
Receiver operating characteristic curve for the prediction of noninvasive ventilation failure using a model incorporating 
patient body mass index and APACHE III score. ROC = receiver operator characteristics.
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validated a simple risk score that incorporated heart rate, pH, con-
sciousness, oxygenation, and respiratory rate (HACOR) with excellent 
predictive power for NIV failure among COPD patients .

Our findings confirm and extend these observations. While the ideal 
duration of NIV prior to initiation of IMV is not clearly defined, our 
data support the contention that for selected patients, a longer trial of 
NIV may be appropriate, and may not be associated with the risk of a 
prolonged ventilator course and poor outcomes if failure ultimately 
occurs. We should note that these conclusions hold within the context 
of a MICU with 24-h staffing and an integrated intensivist and respira-
tory therapist team that manage patients on NIV. Consequently, clinical 
signs of NIV failure such as tachycardia [12], tachypnea [11, 12], per-
sistent or worsening acidosis [11, 12], decreased consciousness [11, 12], 
and poor oxygenation [11] are constantly monitored and patients can be 
easily transitioned to IMV if needed. To that end, delivery of NIV by a 
dedicated NIV team has been associated with a lower risk of requiring 
IMV and in-hospital mortality [13].

Our findings are also consistent with Duan and colleagues [11] since 
APACHE III score captures all elements of HACOR. In our study 
cohort, elevated BMI was also an independent predictor of NIV failure. 
BMI has been shown to have a significant nonlinear relationship with 
overall mortality in COPD. Studies have demonstrated increasing mor-
tality for BMI < 20 and decreasing up to BMI of 30, with association less 
clear above this threshold [14]. Paradoxically, while mortality has been 
shown to decrease above BMI of 20, increasing obesity class in COPD 
has been independently associated with worse quality of life, reduced 
6-min walk distance, increased dyspnea, and greater odds of severe 
AECOPD, possibly from overlapping comorbidities common in this 
population [14]. The literature regarding the association of NIV failure 
and BMI is mixed. Steraide et al found that BMI influenced NIV set-
tings, but did not alter NIV failure rates or NIV associated mortality [10]. 
Conversely, Demoule et al. [15] found that a moderately increased BMI 
in patients presenting with AECOPD was associated with NIV success. 
The correlation of BMI with nutrition and muscle mass and the distribu-
tion of body fat and its relation to likelihood of NIV failure would ben-
efit from further investigation. 

We acknowledge that our study has limitations inherent to its retro-
spective nature and single-centre origin. It is difficult to determine whether 
other undocumented or unrecognized factors drive NIV success or failure 
due to the reliance on data collection on presentation. Initial ventilator 
settings, and arterial blood gas (ABG) data were occasionally missing on 
retrospective chart review, which could have provided further insight into 
reasons for NIV failure. Intubation is a clinical decision and threshold to 
intubate may vary from provider to provider [16]. Since our MICU is 
staffed by board-certified intensivists on weekly rotations and the study 
represents a 6-year time period, we doubt the presence of a significant 
provider-based bias in the assessment of the need for intubation. Prolonged 
use of NIV can be associated with adverse events related to the delivery of 
NIV such as aspiration, abdominal bloating, and skin ulcers. However, 
NIV is typically well tolerated in patients with AECOPD and requires 
close supervision [17].

Acute COPD exacerbations can have heterogeneous etiology [18] 
with potential implications for therapy [19]. Our study did not assess the 
different exacerbation phenotypes on the outcomes of NIV and there-
fore cannot exclude a potential effect. Further, our data set did not con-
tain comorbidities beyond those included in the APACHE III scoring 
system. Inclusion of cardiac comorbities, in particular, may have 
improved accuracy of the prediction model. Additionally, the relatively 
low mortality and NIV failure rates seen within our cohort may limit our 
ability to produce a more precise estimate of the likelihood of NIV fail-
ure. The external validity of these findings are limited to the setting of an 
academic MICU with intensive staffing.

CONCLUSION
NIV has an established role in the management of acute respiratory fail-
ure due to COPD exacerbation even in critically ill patients. In this 

context, duration of NIV was not associated with worsening outcomes in 
those who failed NIV and required endotracheal intubation in this large 
retrospective cohort. Rather, severity of critical illness and BMI pre-
dicted NIV failure. These findings support the prolonged use of NIV for 
acute respiratory failure during AECOPD provided the availability of 
close monitoring by an ICU team throughout the clinical course. 
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