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Introduction: COPD is a leading cause of morbidity and mortality worldwide. Patients with 

COPD often require admission to intensive care units (ICU) during an acute exacerbation.

Objective: This study aimed to identify the factors independently associated with hospital 

mortality in patients requiring ICU admission for acute exacerbation of COPD.

Methods: Patients admitted to the ICU of Frankston Hospital between January 2005 and 

June 2016 with an admission diagnosis of COPD were retrospectively identified from ICU 

databases. Patients’ comorbidities, arterial blood gas results, and in-patient interventions were 

retrieved from their medical records. Outcomes analyzed included hospital and ICU length of 

stay (LOS) and mortality.

Results: A total of 305 patients were included. Mean age was 67.4 years. A total of 77% of 

patients required non-invasive ventilation; and 38.7% required invasive mechanical ventilation 

(IMV) for a median of 127.2 hours (SD =179.5). Mean ICU LOS was 4.5 days (SD =5.96), and 

hospital LOS was 11.6 days (SD =13). In-hospital mortality was 18.7%. Multivariate analysis 

revealed that patient age (odds ratio [OR] =1.06; 95% CI: 1.031–1.096), ICU LOS (OR =1.26; 

95% CI: 1.017–1.571), Acute Physiology and Chronic Health Evaluation-II score (OR =1.07; 

95% CI: 1.012–1.123), and requirement for IMV (OR =4.09; 95% CI: 1.791–9.324) to be sig-

nificantly associated with in-hospital mortality.

Conclusion: Patient age, requirement for IMV, and illness severity were associated with poor 

patient outcomes.
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Introduction
COPD is a progressive condition characterized by abnormal inflammatory processes 

in the lungs, leading to irreversible airflow limitation.1 COPD is one of the common 

causes of death,2 with current literature reporting in-hospital mortality rates ranging 

from 11% to 48%.3–14 In addition to this significant rate of mortality, COPD has a 

high level of morbidity and patients often require admission to the intensive care unit 

(ICU) during acute exacerbations.6 Patients admitted to ICU with COPD often have 

multiple comorbidities15 and present with acute respiratory failure as a result of an 

infective exacerbation or at the end stage of their disease.5,14

The ability of clinical or laboratory features to reliably predict the outcomes of 

patients admitted to the ICU with COPD has been assessed by a number of previous 

studies.3–6,14,16,17 These studies have produced conflicting results. Significant independent 

predictors were shown to include increased age, lower body mass index, high partial 

pressures of carbon dioxide (PaCO
2
) at admission, renal failure, and forced expiratory 

volume in 1 second (FEV
1
).3–6,14,16,17 However, these predictors were not consistent 

across studies, and significant predictors in one study were often non-significant 
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in another.16,17 The variable most consistently identified 

as an independent predictor of worse prognosis was an 

increased Acute Physiology and Chronic Health Evaluation 

(APACHE)-II score.3,4,6,11–14 Without a firm consensus, the 

predictive value of pre-ICU measurements, such as arterial 

blood gas, presence of specific comorbidities, and require-

ment for mechanical ventilation remains unclear. Further-

more, the majority of studies investigating patients admitted 

to ICU with COPD exacerbations had relatively small sample 

sizes.3–6,8,9,11,12,16–18

The aim of this study was to identify factors that are 

independently associated with hospital mortality for COPD 

patients with an acute exacerbation admitted to ICU.

Methods
Ethical approval
This study was reviewed and approved as audit activity by 

Research Governance of Peninsula Health (ref: QA/16/PH/2). 

As this was a retrospective study that required no patient 

contact and presentation of anonymized data, requirement 

for informed consent was waived.

Study design and setting
This was a retrospective cohort study of patients admitted 

to the ICU with exacerbation of COPD at Frankston 

Hospital. The 15-bed ICU located in Victoria (Australia) is a 

level III, university affiliated, teaching unit that admits 1,100 

intensive care and high dependency patients per annum.

Patients and data
All adult patients admitted to the study ICU between 

1 January 2005 and 31 June 2016 with a diagnosis of COPD 

were included in the study. Patients who had COPD as a 

known comorbidity but were admitted for management of 

another condition were excluded.

Data were collected retrospectively from the medical 

records of eligible patients. Demographic data included age, 

sex, and relevant comorbidities, including diabetes, hyper-

tension, coronary artery disease, chronic renal failure, and 

arrhythmias. Other pre-admission variables included smoking 

status and use of home oxygen and systemic steroids.

Previous admissions to hospital or ICU for an exacer-

bation of COPD were noted. Physiological data included 

patients’ partial pressures of oxygen and PaCO
2
 closest to 

ICU admission; their highest serum lactate 24 hours after 

admission; requirement of non-invasive ventilation (NIV) or 

invasive mechanical ventilation (IMV) and APACHE-II and 

III scores. Spirometry results from assessments conducted 

within 12 months prior to patients’ ICU admission dates were 

analyzed. Variables extracted from these tests included vital 

capacity, FEV
1
, forced vital capacity, and diffusing capacity 

of the lung for carbon monoxide. Our intensive care man-

agement practices of exacerbation of COPD did not change 

significantly during the study period.

Patient outcomes included hospital and ICU length of 

stay (LOS) and mortality.

Statistical methods
Data were analyzed using SPSS 2419 and Mplus 8.20 To 

compare the differences between the survived and deceased 

groups of patients, chi-square tests were performed for the 

categorical variables and the continuous variables were 

assessed by the independent sample t-tests via SPSS pro-

gram. The association between the independent variables 

and the binary outcome of hospital mortality was examined 

by logistic regression model using maximum likelihood 

estimation in Mplus.

Results
Demographics and baseline 
characteristics
Over the ten-and-a-half-year study period, there were 

305 patients admitted to Frankston Hospital’s ICU with 

a primary diagnosis of COPD. The mean age of patients 

was 67.41 (±10.49) years, and the majority were female 

(59.7%). The most common comorbid condition was 

hypertension, seen in 52.67% of patients (Table 1), and 

over half (61.3%) of patients were either current or ex-

smokers. One-fifth of patients (20.5%) were being managed 

on home oxygen prior to hospital admission. A majority 

(56.3%) of patients had been previously admitted to hos-

pital for an exacerbation of their COPD and 16.7% had 

previously required ICU admission. Other demographic 

data regarding our population are outlined in Table 1. On 

admission to ICU, patients had a mean APACHE-II and III 

scores of 17.83 (±6.75) and 60.59 (±22.71), respectively 

(Table 1). Patients’ most recent lung function tests within 

12 months prior to admission were also collected and our 

study population demonstrated an average FEV
1
 of 40.35% 

of the predicted value (Table 2). Other biochemical values 

and investigations can be seen in Table 2.

Hospital course and outcomes
The average ICU and hospital LOS was 4.48 (±5.96) and 

11.6 (±13.05) days, respectively (Table 3). The ICU and 

hospital mortality were 11.5% and 18.7%, respectively. 

Approximately one-third of patients required IMV (n=104), 

and two-thirds required NIV (n=218).
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Table 1 Differences in patients’ characteristics between the surviving and deceased patients

All patients
(n=305)

Surviving
(n=248)

Deceased
(n=57)

P-value

Age (years) 67.41 (±10.49) 66.64 (±10.88) 70.75 (±7.86) 0.01a

Male gender 40.3% 37.9% 50.9% 0.07b

APACHE-II score (n=304) 17.83 (±6.75) 16.94 (±6.36) 21.65 (±7.12) 0.01a

APACHE-III score (n=304) 60.59 (±22.71) 57.90 (±21.58) 72.26 (±23.94) 0.01a

SAPS-2 score (n=292) 37.69 (±14.86) 35.74 (±14.11) 45.77 (±15.3) 0.01a

Pneumonia at admission (n=225) 32% 31.7% 33.3% 0.845b

Systemic steroids (n=225) 41.9% 42.1% 41.2% 0.906b

Home O2 (n=224) 20.5% 16.8% 38.5% 0.01b

Comorbidities
Diabetes (n=274) 22.6% 23% 20.40% 0.851b

Hypertension (n=281) 52.7% 52.6% 52.90% 1.000b

Coronary artery disease (n=281) 32.7% 32.6% 33.30% 1.000b

Chronic renal failure (n=298) 5.37% 5.3% 5.60% 1.000b

Malignancy (n=298) 12.08% 11.9% 13.00% 1.000b

Arrhythmia (n=273) 16.48% 15.6% 20.40% 0.545b

Depression (n=274) 22.99% 24.0% 18.40% 0.508b

Prior admissions for COPD
To hospital (n=215) 56.3% 54.7% 63.9% 0.313b

To ICU (n=210) 16.7% 15.4% 22.9% 0.282b

Notes: aIndependent sample t-tests; bchi-square tests. Data shown as mean (± standard deviation) or %. Data in bold indicates statistical significant difference between the groups.
Abbreviations: APACHE-II score, Acute Physiology and Chronic Health Evaluation-II score; ICU, intensive care unit.

Table 2 Differences in physiological assessments between the surviving and deceased patients

All patients Surviving Deceased P-valuea

Diastolic BP, mmHg (n=291) 74.2 (±16.08) 75.42 (±15.43) 69.23 (±17.83) 0.01
Mean BP, mmHg (n=292) 99.05 (±20.05) 100.65 (±19.19) 92.45 (±22.25) 0.01
Systolic BP, mmHg (n=291) 147.20 (±31.55) 149.63 (±29.72) 137.21 (±38.8) 0.02
Pulse rate, bpm 107.47 (±24.64) 107.61 (±23.53) 106.89 (±28.99) 0.86
Respiratory rate, brpm (n=290) 28.84 (±9.49) 29.04 (±9.04) 28.0 (±11.16) 0.51
Temperature, °C (n=290) 36.99 (±3.84) 36.74 (±0.96) 38.02 (±8.44) 0.26
Biochemistry

Highest serum lactate, mmol/L (n=205) 2.59 (±7.43) 2.74 (±8.14) 1.89 (±1.15) 0.54
PaCO2, mmHg (n=281) 63.06 (±21.40) 61.78 (±20.62) 68.86 (±23.99) 0.03
PaO2, mmHg (n=282) 11.11 (±90.05) 105.64 (±84.34) 135.33 (±109.58) 0.71
HCO3, mmol/L (n=265) 27.86 (±11.62) 27.77 (±10.52) 28.25 (±15.38) 0.79
pH (n=266) 7.39 (±0.75) 7.4 (±0.77) 7.38 (±0.65) 0.87
Albumin, g/L (n=276) 38.94 (±10.89) 38.65 (±9.42) 40.28 (±16.00) 0.49
Bilirubin, µmol/L (n=267) 7.5 (±4.53) 7.36 (±4.1) 8.52 (±5.87) 0.20
Creatinine, µmol/L (n=275) 95.68 (±57.20) 91.69 (±47.82) 113.66 (±86.22) 0.08
Glucose, mmol/L (n=283) 11.15 (±4.5) 11.34 (±4.6) 10.32 (±3.88) 0.14
Hematocrit, % (n=280) 0.45 (±0.81) 0.43 (±0.63) 0.5672 (±1.3) 0.49
Potassium, mmol/L (n=282) 6.3 (±12.61) 5.89 (±10.85) 8.55 (±18.46) 0.32
Sodium, mmol/L (n=283) 155 (±113.40) 151.62 (±97.5) 173.5 (±166.80) 0.35
Urea, mmol/L (n=278) 10.08 (±5.76) 9.66 (±5.55) 11.99 (±6.3) 0.01
WCC, ×109/L (n=276) 12.98 (±6.16) 13.69 (±5.83) 15.39 (±7.4) 0.01

Lung function test
FEV1, L (n=97) 40.35 (±17.84) 40.94 (±17.38) 36.20 (±21.21) 0.39
FVC, L 70.82 (±20.62) 71.11 (±21.32) 68.56 (±12.74) 0.70
VC, L 39.05 (±37.86) 36.64 (±38.20) 67.98 (±16.46) 0.01
DL/VA, mL/min/mmHg/L 34.0 (±24.53) 33.27 (±24.41) 39.13 (±25.90) 0.46
DLCO, mL/min/mmHg 31.91 (±13.87) 32.17 (±13.8) 30.35 (±14.7) 0.67
AaDO2, mmHg 80.6 (±150.18) 68.18 (±131.05) 131.60 (±205.94) 0.08
FiO2, % 0.44 (±0.23) 0.422 (±0.22) 0.51 (±0.27) 0.04

Notes: aAll comparisons were analyzed using independent sample t-tests. Data shown as mean (± standard deviation). Data in bold indicates statistical significance. DL/VA, 
diffusing capacity divided by the alveolar volume; DLCO, diffusing capacity of carbon monoxide; AaDO2, alveolar-arterial oxygen difference.
Abbreviations: BP, blood pressure; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; PaO2, partial pressure of oxygen; PaCO2, partial pressure of 
carbon dioxide; WCC, white cell counts.
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On univariable analysis, patients who died more often 

required IMV than those who survived (66.7% vs 32.1%, 

P0.001) (Table 3). Furthermore, those who died during 

their admission were more likely to have higher APACHE-II, 

APACHE-III, and Simplified Acute Physiology Score-2 scores 

(P0.001), and were more likely to have been on home oxygen 

prior to admission (38.5% vs 16.8%, P=0.002) (Table 1). 

Those who died during their stay also had higher PaCO
2
 

levels at admission when compared with those who survived 

(68.86 mmHg vs 61.78 mmHg, P=0.03) (Table 2).

The biochemical marker that was found to be significantly 

associated with overall mortality was a high blood urea con-

centration (11.99 vs 9.66 mmol/L, P0.01). Patients who 

did not survive hospital admission also had significantly 

increased white cell counts (WCC) at ICU admission on 

average, compared with those who survived (15.39 ×109/L 

vs 13.69 ×109/L, P=0.01) (Table 2).

Multivariate analysis
Table 4 shows that the significant factors associated 

with in-hospital mortality were increased age (odds ratio 

[OR] =1.06, 95% CI: 1.03–1.10, P=0.004), longer ICU 

stay (OR =1.26, 95% CI: 1.02–1.57, P0.001), higher 

APACHE-II score (OR =1.07, 95% CI: 1.01–1.12, 

P=0.02), and the requirement for IMV (OR =4.09, 95% 

CI: 1.79–9.32, P=0.02).

Discussion
This study investigated the outcomes of patients admitted to 

an Australian ICU following acute exacerbations of COPD 

over a 10-and-a-half-year period. In-hospital mortality during 

the study period was 18.7% and ICU mortality was 11.5%. 

Age, requirement of mechanical ventilation, ICU and hospital 

LOS, and APACHE-II scores were found to be significant 

predictors of hospital mortality.

The hospital and ICU mortality in our study compares 

favorably to the other studies reporting hospital and ICU 

mortality for this patient group. The mortality rates recorded 

in this study are at the lower end of the ranges quoted from 

previous studies, with ICU mortality reported between 6% 

and 29%4–6,11,13,14,21 and hospital mortality ranging from 11% 

to 48%.3–14 This is likely to be related to improved standards 

of acute in-patient COPD care in recent years, as well as 

improved management of co-existing chronic illnesses.

The factors identified to be independently associated 

with hospital mortality in this study were consistent with 

those of other studies, including APACHE-II/III scores and 

age.3,7,11,13,18,21

Requirement for IMV was independently associated with 

mortality in our study. This finding is consistent with Ongel 

et al;13 however, six other studies failed to find any associa-

tion between IMV and hospital mortality.3,5,6,8,14,17 The exact 

mechanism of this association remains unclear; however, 

it is likely to be related to disease severity, with patients 

requiring IMV likely to be more unwell than those who do 

not require this intervention. Senneff et al found that, when 

controlling for severity of illness, IMV had no significant 

impact on mortality in the short or long term.14

ICU and hospital LOS were also found to be significant 

factors of mortality. Few studies have examined the rela-

tionship between LOS and in-hospital mortality. Hill et al 

reported that patients who survived their hospital admission 

had significantly longer periods of hospitalization than those 

Table 3 Differences in patient outcomes between the surviving and deceased patients

All patients Surviving Deceased P-value

ICU mortality 11.5%
Hospital mortality 18.7%
Hospital LOS, days 11.63 (±13.05) 12.21 (±13.65) 9.09 (±9.66) 0.10a

ICU LOS, days 4.48 (±5.96) 4.12 (±5.46) 6.04 (±7.60) 0.07a

Proportion requiring NIV (n=282) 77.3% 79.7% 66.0% 0.03b

Proportion requiring IMV (n=269) 38.7% 32.1% 66.7% 0.01b

Length of IMV, hours (n=65) 127.18 (±179.49) 103.72 (±152.38) 173.06 (±220.03) 0.19a

Length of NIV, hours (n=158) 107.97 (±701.58) 106.36 (±755.80) 117.42 (±181.99) 0.88a

Notes: aIndependent sample t-tests; bchi-square tests. Data shown as mean (± standard deviation) or %. Data in bold indicates statistical significant difference between the groups.
Abbreviations: ICU, intensive care unit; IMV, invasive mechanical ventilation; LOS, length of stay; NIV, non-invasive ventilation.

Table 4 Significant factors associated with in-hospital mortality 
examined using multiple logistic regression

OR 95% CI P-value

Age 1.06 1.03–1.10 0.01
Hospital LOS 0.79 0.63–1.00 0.01
ICU LOS 1.26 1.02–1.57 0.01
APACHE-II score 1.07 1.01–1.12 0.02
IMV requirement 4.09 1.79–9.32 0.02

Note: Data in bold indicates statistical significant difference between the groups.
Abbreviations: APACHE-II score, Acute Physiology and Chronic Health Evaluation-II 
score; ICU, intensive care unit; LOS, length of stay; IMV, invasive mechanical ventilation.
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who did not survive,11 while Ai Ping et al reported that longer 

duration of hospital stay was associated with increased risk 

of mortality.4 This is likely to be associated with end-of-life 

practices, which vary significantly between ICUs.

It has been well documented that higher FEV
1
 on spirom-

etry is positively associated with longer-term survival of 

COPD patients.16,22–24 However, consistent with previous 

studies,4,6,17 spirometry values, including FEV
1
, were not sig-

nificant independent factors of in-hospital and ICU mortality 

in the present study. Lower FEV
1
 suggests increased severity 

of COPD and therefore, should theoretically be associated 

with worse outcomes for patients admitted to ICU with an 

exacerbation of COPD. Unfortunately, only one-third of the 

sample had spirometry results available for analysis in the 

present study, and this may have influenced our findings. 

Likewise, previous studies investigating this association 

share similar limitations, with Raurich et al recording FEV
1
 

and forced expiratory ratio for 70 patients out of 101;17 Breen 

et al recording only 60 lung function tests out of 74;6 and Ai 

Ping et al only 57.4

Additionally, the time between baseline spirometry 

results and hospital admission for acute exacerbation var-

ied within our sample, and this may have impacted on the 

validity of our findings. Some patients underwent spirometry 

many months before admission, while others received a 

baseline reading only weeks prior to hospital admission. This 

limitation is shared with previous studies investigating this 

association.4,6,17 A more uniform time interval between base-

line spirometry and hospital admission may better elucidate 

the relationship between FEV
1
 and mortality in the ICU set-

ting; however, achieving this is impractical. Indeed, further 

research into the role of spirometry predicting outcome of 

ICU admission for acute COPD exacerbations is required 

given its increasing use as a determinant of COPD severity 

under current practice. Given that many ICU admissions 

occur in the context of an acute exacerbation of COPD, it may 

also be important to consider patients’ lung function during 

this acute illness in relation to their stable baseline.

Univariate analysis indicated significantly higher PaCO
2
, 

WCC, higher blood urea concentration, and lower blood pres-

sure in patients who died compared with survivors (Table 2). 

These findings may be interpreted as representing a more 

severe exacerbation of COPD; however, these variables were 

not significantly associated with in-hospital mortality on mul-

tivariate analysis. Breen et al have previously demonstrated 

that higher PaCO
2
 level was an independent predictor of 

in-hospital mortality among ICU patients with COPD; how-

ever, no other studies have replicated this finding.6 Previous 

studies have suggested that severity of non-respiratory organ 

system dysfunction during hospital admission may have 

greater importance in predicting short-term ICU and hospital 

outcomes,14,17 while signs of respiratory dysfunction (includ-

ing hypercapnia) may have greater prognostic significance 

in the longer term.14

Strengths and limitations
The present study included patient data from over 10 years. 

Our population base for this group of patients is the larg-

est to be studied in a Western country in recent years and 

therefore, the results of this paper have significant clinical 

utility in the management of patients in similar ICU settings. 

Similarly, this study includes data from more recent patient 

admissions, and is, therefore, better reflective of current 

clinical practice in the ICU management of acute COPD 

exacerbations.

In addition, this study was able to use patient databases 

to investigate a range of important clinical and biochemical 

variables, and their association with patient outcomes.

Despite this, the present study has a number of limitations 

that must be acknowledged. Data were collected from a single 

site, limiting its generalizability. Furthermore, given the ret-

rospective nature of this study, data collection was limited to 

existing medical records, and not all variables were able to 

be collected from every patient in the sample. For example, 

only one-third of patients had appropriate spirometry results 

available, with many of these results also occurring at hetero-

geneous time intervals before hospital admission. We also 

did not record information regarding patients’ resuscitation 

status and treatment limitations at admission to ICU.

The long-term survival and quality of life for patients 

requiring admission to ICU for an exacerbation of COPD 

are beyond the scope of the present study. In addition, no 

information was collected regarding patients’ functional 

status or frailty prior to hospital admission. Such informa-

tion may be useful to inform decision making and resource 

allocation in the ICU.

Conclusion
Mortality from COPD remains high, and exacerbations of 

COPD are a significant cause of hospitalization and ICU 

admission. In the present study, patient age, APACHE-II 

score, ICU LOS, and IMV requirement were independent 

factors associated with in-hospital mortality for patients 

admitted to ICU for acute exacerbations of COPD. Further 

research is needed to elucidate the relationship between base-

line spirometry values and patient outcomes in the long and 
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short term. Additionally, long-term follow-up of outcomes 

and quality of life post-ICU discharge would be beneficial.
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