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Factors affecting mortality in patients with COPD
exacerbations requiring ICU admission
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ABSTRACT

Background: Acute exacerbations of chronic obstructive pulmonary disease (AECOPD)
often require hospital admission and have a significant mortality rate. Patients with AECOPD
who need intensive care (ICU) have higher mortality rates. Identifying factors associated with
increased mortality might change approaches to treatment and improve communication with
patients’ families about prognosis.

Methods: Patients with AECOPD (ICD 9 code 491.21) directly admitted to the ICU between
1/1/2006 and 12/31/2010 were retrospectively reviewed. The inclusion criteria were age 45
years or older, diagnosis of AECOPD, and admission to an ICU. The exclusion criteria includ-
ed any history of another respiratory disease or decompensated cardiac disease. The primary
goal was to determine factors which affect survival.

Result: Two hundred and seventeen patients were included this study. The mean ages
were 70.4+10.4 years in the in-hospital death group and 66.4+10.9 years in the survivors.
The overall mortality rate was 12%. Multivariate analysis showed that the mortality rate was
significantly associated with a low mean arterial blood pressure (MAP) (odds ratio [OR] 0.91,
95% confidence interval [Cl] 0.86-0.96), an intubation event (OR 6.12, 95% CI 1.24-30.87),
and an elevated blood urea nitrogen (BUN) (OR 1.06, 95% CI 1.01-1.12) (P<0.05 for each
factor).

Conclusion: This study identified clinical parameters associated with increased mortality in
patients with AECOPD admitted to an ICU. These factors include a low MARP, intubation, and
a high BUN and are easily obtained during the initial evaluation of the patient. They reflect the
severity of the acute exacerbation and complications in other organ systems.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is an important disease that causes hospital admis-
sions, disability, high morbidity, and mortality. In the
United States, COPD accounts for about 14 million
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outpatient visits annually; acute exacerbations of
COPD (AECOPD) accounted for 725,000 hospital-
izations and 1.5 million emergency department visits
in 2000."2In the United Kingdom it is estimated that
1.5% of the population has COPD.® Some studies
report that three to six percent of AECOPD patients
require hospitalization and that mortality ranges from
three to 10% during these admissions.*® This rate is
much higher in the intensive care unit (ICU) setting
and approaches 30% in patients older than 65.%1°
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Comorbidity appears to increase the mortality
with AECOPD, and recent studies have focused on
clinical parameters which predict inpatient and 30-day
mortality following AECOPD."'* These studies used
models with PaCO2, oxygen saturation'™, BMI'®',
age'® '8 1° and comorbidities to predict in-hospital
mortality during AECOPD.'"® However, these studies
did not address mortality in AECOPD patients admit-
ted to ICUs. Identifying factors that strongly affect
mortality in ICU patients might help clinicians make
better treatment decisions and facilitate discussions
with patients and their families about the prognosis.

We hypothesized that underlying medical con-
ditions, such as congestive heart failure (CHF), dia-
betes mellitus and cancer, nursing home residence,
routine laboratory tests on admission, chest X-rays,
and medical prediction scores, such as the CURB-
65 and the APACHE I, might help physicians identify
patients at risk for death during admissions to the in-
tensive care unit (ICU). We reviewed the medical re-
cords in COPD patients admitted to an ICU to identify
factors associated with mortality.

METHODS

We conducted retrospective chart reviews of
patients at University Medical Center in Lubbock, TX,
between January 1, 2006, and December 31, 2010,
diagnosed with a COPD exacerbation who needed
ICU admission. We used ICD 9 codes 491.21 (ob-
structive chronic bronchitis with [acute] exacerbation)
to identify patients. The inclusion criteria were ages
45 year or older, a diagnosis of COPD exacerbation
defined by at least two criteria (increased dyspnea,
cough increased in frequency and severity, and spu-
tum production increased in volume and/or changed
character), and patients admitted to the ICU on hos-
pital admission. The exclusion criteria included a his-
tory of another respiratory disease, such as asthma,
or a cardiac disorder resulting in congestive heart
failure. The Institutional Review Board at Texas Tech
University Health Sciences Center in Lubbock, TX,
approved the study.

From electronic medical records and case man-
agement resources, we collected the patients’ ages,

sex, body mass indices(BMI), baseline pulmonary
function tests, comorbidities, CBCs, complete met-
abolic profiles, initial arterial blood gases, sputum
cultures, blood cultures, chest X-rays, APACHE I
scores, CURB-65 scores, final diagnoses, length of
hospital stays, and in-hospital mortality rates. The
primary outcome was the identification factors asso-
ciated with increased in-hospital mortality. We sepa-
rated patients into two groups: group one died during
hospital admission and group two survived to hospital
discharge.

We used descriptive statistics to characterize
the study population. We calculated means + stan-
dard deviations, medians with interquartile ranges,
and frequencies with percentages as needed. T-tests
and Chi square tests were used to analyze differences
between patients who died and patients who survived
the acute flare. We then used logistic regression anal-
ysis to analyze which factors affected the in-hospital
mortality. We selected factors with a P-value less than
0.05 from the univariate analysis to analyze in the
multivariate logistic regression models to determine
factors that predicted increased mortality. Statistical
analysis was performed using SPSS version 16.0;
P-values <0.05 were consider statistically significant.

REsuLTs

We identified 325 patients admitted to intensive
care units with the ICD 9 code for AECOPD between
January 1, 2005, and January 1, 2011. However, after
chart reviews 108 patients were excluded from the
study (5 deaths, 103 survivors) because they did not
meet inclusion criteria or met exclusion criteria. The
majority of excluded patients had congestive heart
failure with an exacerbation or acute asthma. There-
fore, this study enrolled 217 cases with AECOPD who
needed ICU admission; 26 died during hospitalization
and 191 survived to hospital discharge (Figure 1).
The overall length of stay was 9.01 + 6.00 days; the
length of stay was 8.37 + 4.99 days in survivors and
13.69 + 9.78 days in nonsurvivors.

Most patients were elderly with comorbidity;
the mean age was 70.4£10.4 years and 66.9 + 10.9
years in the mortality and survivor groups, respec-
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Figure 1 Case selection process

Total cases identified - 325

Cases
> excluded - 108
(Including 5 deaths)

Y
Cases included for review - 217

———
In hospital deaths Survivors
26 (12%) 191 (88%)

tively (Table1). Forty-seven percent of the patients
(102/217) were men. The body mass index was ap-
proximately 26 kg/m? in both groups. Baseline pulmo-
nary function tests were available in 34.6% of patients

Table 1 Demographic data

in the mortality group and in 38.7% of the survivor
group; the FEV1s were lower in the mortality group
(P=NS). There were no statistically significant differ-
ences in baseline characteristics between the mortal-
ity and the survivor groups except for nursing home
status. Most patients (57.6%) who died came from
nursing homes; 8.3% of survivors came from nurs-
ing homes (P<0.001) (Table 1). We compared nursing
home patients with non-nursing home patients and
found multiple differences at a P-value of less than
0.1; all differences indicated that nursing home pa-
tients were older and sicker and had more comorbid-
ity (Table 2).

Univariate logistic regression demonstrated
a statistically significant increase in risk of death in
patients with low mean arterial pressure, low oxygen
saturation, low arterial pH, high blood glucose, low
hemoglobin, high BUN, low albumin, pleural effu-
sion, intubation, high APACHE Il score, high CURB
65 score, and nursing home residence (Table 3).
However, the FEV1, positive blood cultures, positive

Variable In hospital death Survivors P-value

Age mean * SD, year 704104 66.9 +10.9 0.71
Men (N=102) 16 (61.5%) 86 (45%) 0.91
BMI £ SD 26171 26.7 £ 8.5 0.55
PFT tests (N=86) 9 (34.6%) 74 (38.7%)

FEV1 > 80% predicted 0 1

50% < FEV1 < 80% 1 23

30% < FEV1 < 50% 4 32

FEV1 < 30% 4 18
Underlying diseases o 0

Diabetes (N=62 7 (26.9%) 55 (28.8%) 0.82

H;apeen‘:iéio‘n (21=129) 18 (69.2%) 111 (58.1%) 0.61

Lung Cancer (N=7) 2 (7'60/::) 5 (2.6"f>) 0.44

Chronic kidney disease (N=21) 5 (19.2%) 16 (8.3%) 0.77

Cerebrovascular accident (N=23) 5 (19.2%) 18 (9.4%) 0.41

Congestive heart failure (N=53) 9 (34.6%) 44 (23%) 0.76
Nursing home (N=31) 15 (57.6%) 16 (8.3%) <0.001

Summary variables are presented as the mean + SD for quantitative variable and the count (%) for discrete variables
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sputum cultures, pulmonary infiltrates on chest x-ray,
and alterations in mental status were not significantly
associated with outcomes.

Multivariate logistic regression analysis using
significant factors identified in the univariate analysis
demonstrated that a low mean arterial MAP (OR 0.91,
95% C10.86-0.96), an intubation event (OR 6.12, 95%

Table 2 Nursing Home Patient Characteristics

Cl 1.24-30.87), and an elevated BUN (OR 1.06, 95%
Cl 1.01-1.12) (P<0.05 for each factor) significantly in-
creased the odds ratio for mortality (Table 4).We ex-
cluded APACHE Il scores and CURB-65 scores in this
analysis to eliminate the possibility that a composite
score would obscure the contribution of individual fac-
tors. We also excluded nursing home status for the
same reason.

Factors Nursing home Non Nursing home P-value
N=31 N=186
Age mean * SD, year 71+24 66.7 £ 0.8 0.02
Men 18 of 31 82 of 186 0.18
BMI = SD 255+1.2 26.9+0.7 0.42
PFT tests (N=86) 7 of 31 79 of 186
FEV1, predicted 38+5.1 42.8 2.0 0.48
Underlying diseases
Diabetes (N=62) 13 of 31 49 of 186 0.07
Hypertension (N=129) 24 of 31 105 of 186 0.28
Lung Cancer (N=7) 1 of 31 6 of 186 <0.01
Chronic kidney disease (N=21) 4 of 31 17 of 186 0.04
Cerebrovascular accident (N=23) 6 of 31 17 of 186 0.09
Congestive heart failure (N=53) 10 of 31 43 of 186 0.28
Age > 65 (N=131) 24 of 31 107 of 186 0.04
Mean arterial pressure (mmHg) 72+ 3.8 84.7+1.3 <0.01
Initial 02 sat (%) 89.3%1.3 92.3 0.4 <0.01
Initial glucose (mg/dl) 172.9 £16.9 153£ 5.4 0.18
Hemoglobin (g/dL) 11.8£0.4 13.220.17 <0.01
WBC (x 103/uL) (N=217) 14.1£1.0 12.57 £ 0.53 0.28
BUN (mg/dl) 33.9%4.9 19.3 £ 0.94 <0.01
Albumin (g/dL) 3.1%0.1 3.7 0.04 <0.01
pH (ABG) (N=193) 7.31£0.02 7.33£0.01 0.33
CXR (N=217)
Pleural effusion (N:22 of 217) 7 of 31 15 of 186 0.02
Infiltration (N:60 of 217) 11 of 31 49 of 186 0.39
Intubation (N= 92 of 217) 21 of 31 71 of 186 <0.01
BiPAP (N= 35 of 217) 2 of 31 33 of 186 0.11
APACHE Il score (N=204) 17.2%1.4 12.3%0.4 <0.01
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Table 3 Univariate logistic regression

Factors In hospital deaths Survivors P-value | Odds 95% CI
(N=26) (N=191) ratio

Age

Over all 70.4+10.4 66.9 +10.9 0.13 1.03 0.99-1.07

Age > 65 (N=131) 19 of 131 112 of 131 0.16 1.92 0.77-4.78
Sex

Men (N=102) 16 of 26 86 of 191 0.12 1.96 0.84-4.25
FEV1, % predicted (N=86 of 217) 33195 43.5+17.8 0.097 0.96 0.99-1.01
Nursing home (N=31 of 217) 15 of 26 16 of 191 <0.001 | 14.9 | 5.88-38.85
Initial clinical and laboratory result

MAP* (mmHg) 64.1 ¥13.4 85 +18.3 <0.001| 0.92 0.89-0.95

MAP < 65 mmHg 15 of 26 (58%) 27 of 191(14%) | <0.001 | 16.35 | 6.08-43.94

Initial O2 sat (%) 88.1 ¥8.5 92.3+4.5 <0.001 | 0.89 0.83-0.95

Initial BS (mg/dL) 192 £97 151 £69.6 0.015 | 1.006 | 1.001-1.01

Hemoglobin (g/dL) 11.6 ¥2.6 13.2%+2.2 0.002 | 0.746 0.62-0.9

WBC (x 103/uL) 13.9716.15 12.63 £7.21 0.37 1.02 0.97-1.07

BUN (mg/dL) 36.5 +28.6 19 £12.7 <0.001 | 1.05 1.03-1.07

Albumin (g/dL) 3.1+0.7 3.7%20.5 <0.001 | 0.15 0.07-0.34

pH form initial ABG 7.27 ¥0.13 7.33*0.1 0.009 0.01 0.00-0.28
Culture result

Positive blood culture 4 of 25 (16%) 10 of 161 (6.2%) | 0.09 2.87 0.83-10.0

Positive sputum culture 6 of 21 (28.6%) |42 of 151 (27.8%)| 0.94 1.04 0.38-2.85
CXR

Pleural effusion 7 15 0.007 4.08 | 1.48-11.25

Infiltration (N=60 Of 217) 10 50 0.26 1.64 0.69-3.85
Intubation (N= 92 of 217) 21 of 26 (80.7%) |71 of 191 (37.1%)| <0.001 | 7.04 | 2.54-19.49
BiPAP (N= 35 of 217) 4 (15.38%) 31 (16.23%) 0.90 0.93 0.30-2.89
Clinical score

APACHE Il score (N=204) 2197 11.7+4.2 <0.001 | 1.48 1.28-1.7

CURB-65 score (N=215) 3.3+1 161 <0.001 | 4.04 | 2.47-6.62

Summary variables are presented as the mean + SD for quantitative variable and the count (%) for discrete variables

*MAP = Mean arterial pressure

DiscussioN

Our study design involved patients with AE-
COPD who required ICU admission and used routine

at a higher risk for mortality during the hospital ad-
mission. In this study the overall mortality rate for
patients with AECOPD requiring ICU admission was
12% which is slightly lower than the rates reported in
other studies which ranged from 15% to 24%.%1°

admission data (such as age, sex, BMI, underlying

medical problems, and nursing home status), diag-
nostic tests, and laboratory results to identify patients

Our study demonstrated that patients with AE-
COPD have lower survival rates if they have low mean
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Table 4 Multivariate logistic regression analysis

Factors In hospital deaths | Survivors | P-value B (OR) 95% ClI

(N=26) (N=191)

Mean arterial pressure 64.1+13.4 85+18.3 | <0.001 | -0.09 (0.91) 0.86-0.96

(mmHg)

Initial O2 sat (%) 88.1%+8.5 92.3 4.5 0.16 -0.66 (0.94) 0.85-1.03

Initial glucose (mg/dL) 192 + 97 151 +£69.6 | 0.60 -0.02 (0.99) 0.99-1.01

Hemoglobin (g/dL) 11.612.6 13.2+2.2 0.14 -0.22 (0.81) 0.60-1.07

BUN (mg/dL) 36.5 + 28.6 19+12.7 0.04 0.06 (1.06) 1.01-1.12

Albumin (g/dL) 31107 37205 0.35 -0.55 (0.58) 0.18-1.83

pH 7.27 £0.13 73301 | 0.819 | -0.71 (0.49) 0.01-221

Pleural effusion 7 of 26 15 of 181 0.09 1.65 (5.2) 0.76-35.86

Intubation 21 of 26 76 of 191 0.03 1.82 (6.12) 1.24-30.87
(80.7 %) (39.7 %)

arterial pressures, high BUNs, or require intubation.
Survival was significantly increased with an increase
in mean arterial pressure, and our multivariate logis-
tic regression indicated that a one mmHg increase in
blood pressure decreased mortality by 9%. MAP is a
clinical parameter that reflects hemodynamic status,
and a lower MAP should imply more disease severity.
A high blood urea nitrogen was also associated with
higher mortality in our study. BUN is a component of
the CURB-65 which predicts the severity of pneumo-
nia and the BAP-65 which predicts poor outcomes in
AECOPD.?222 High BUNs may reflect impaired cir-
culation and/or acute kidney injury which could lead
to poor outcomes. We also tested the utility of the
CURB-65 score to predict mortality since a previous
study showed that this score could predict early mor-
tality in AECOPD.2"?2 Both the APACHE Il score and
the CURB-65 score predicted mortality in our study in
the univariate analysis, but we did not include these
factors in the multivariate logistic regression since
these composite scores could potentially obscure the
contribution of single factors. Patients in our study who
needed intubation had a mortality rate of 21.6% (21
of 97), which was significantly higher than in patients
who did not require intubation on admission and had
a mortality rate of 4.2% (5 of 120). This reflects the
severity of the underlying COPD, and/or the severity
of the acute flare in disease, and/or the potential for

ventilator associated adverse events.

Low albumin levels were also associated with
increased mortality in the univariate analysis, and this
is consistent with an earlier study which used rou-
tine laboratory tests to help predict in-hospital mor-
tality in AECOPD.? Both low hemoglobins and low
albumin levels may represent underlying malnutrition
prior to admission and/or systemic inflammation, and
these processes could contribute to poor hospital out-
comes.?*?% Patients in nursing homes usually have ei-
ther an acute iliness that requires convalescence, or
a chronic medical illness with significant impairment,
or both. Nursing home status had the highest odds
ratio in the univariate analysis and is a simple predic-
tor for poor outcomes.?

Our study is limited by the fact that it was a ret-
rospective study and used the medical records for all
clinical information. In addition, our ICU has an open
admission policy, and physicians may not use uniform
admitting criteria or approaches to treatment. There-
fore, the patients in this ICU may differ from other
ICUs. The strength of this study is that we used only
routine admission data to predict mortality risk fac-
tors in AECOPD. Therefore, these results are simple
and easy to use at the time of admission. Moreover,
the important factors identified in this study represent
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either quantitative information that has reasonable
measurement accuracy or categorical information
with a clear yes/no answer.

CONCLUSIONS

We identified several clinically important pa-
rameters which are easily available in ICU patients
and suggest that these simple parameters (low MAP,
intubation, and high BUN) can help predict in-hospi-
tal mortality in patients with AECOPD requiring ICU
admission. Identifying high risk patients may allow in-
terventions to reduce the mortality rate in this patient
group. For example, a more consistent effort to use
BiPAP might avoid intubation and reduce mortality. In
addition, this risk assessment should help clinicians
inform patients and their families about prognosis and
care expectations while the patient is in the ICU.

KEY POINTS

1. COPD patients with acute exacerbations have
a 12% mortality rate if admitted to an ICU.

2. Nursing home patients with COPD often have
multiple comorbidities.

3. Patients with low mean blood pressures, high
BUNSs, and severe respiratory failure requiring
intubation have higher mortality rates.
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