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Background: Acute exacerbations of chronic obstructive pulmonary disease (AECOPDs) often require hospitalization, may necessitate mechanical ventilation, and
can be fatal. We sought to develop a simple risk score to
determine its severity.
Methods: We analyzed 88 074 subjects admitted with

an AECOPD between 2004 and 2006. We used recursive partition to create risk classifications for inhospital mortality. Need for mechanical ventilation served
as a secondary end point. We internally validated the
model via 1000 bootstrapping on half of patients and externally validated it on the remaining patients. We assessed predictive ability using the area under the receiver operating curve (AUROC).
Results: The in-hospital mortality rate was 2%. Three
variables had high discrimination of outcomes: serum urea
nitrogen level greater than 25 mg/dL (to convert to millimoles per liter, multiply by 0.357); acute mental sta-

A

tus change, and pulse greater than 109/min. For those
without any of the 3 factors, age 65 years or younger further differentiated the lowest-risk group. In those with
all 3 factors, the mortality rates were 13.1% (131 in 1000)
and 14.6% (146 in 1000) in the derivation and validation cohorts, respectively, compared with 0.3% (3 in 1000)
in both cohorts among patients without any of the 3 factors and age 65 years or younger (P⬍.001). The AUROC
for mortality in the 2 cohorts were 0.72 (95% confidence interval [CI], 0.70-0.74) and 0.71 (95% CI, 0.700.73), respectively. For mechanical ventilation, the
AUROCs were 0.77 (95% CI, 0.75-0.79) for both cohorts.
Conclusions: A simple risk class based on clinical variables easily obtained at presentation predicts mortality
and need for mechanical ventilation. It may facilitate the
triage and care of patients with AECOPD.
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CUTE EXACERBATIONS OF

chronic obstructive pulmonary disease (AECOPD)
represent a leading cause of
morbidity and mortality.1
On average, patients with COPD experience 1 to 2 exacerbations annually, with the
frequency of exacerbations increasing as
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lung function declines. Although more than
90% of persons with an exacerbation are
treated as outpatients, a growing number
of subjects require hospitalization. For example, between 1990 and 2000, the number of annual admissions for COPD exacerbation management in the United States
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grew from 463 000 to 726 000.2 Hospital
care for COPD remains expensive and accounts for more than 60% of the estimated $18 billion in direct costs for COPD
care annually in the United States.3 Because of the aging of the population, the
burden of COPD exacerbations is expected to rise.
Beyond the economic aspects of COPD
care, exacerbations also substantially impair quality of life.4 Over the last decade,
major improvements have been made in
the care of patients admitted for an
AECOPD. Both randomized trials and multiple systematic reviews have demonstrated the efficacy of antibiotics, corticosteroids, and noninvasive ventilation in this
syndrome.5 Furthermore, newer guidelines have proposed staging systems and
tools based on spirometric data to gauge
the severity of stable patients with COPD.6
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Unfortunately, these classification schemes differ significantly in their ability to categorize COPD severity accurately,7 specifically as it relates to patient outcomes. In
addition, because no diagnostic gold standard exists for
AECOPD, it is difficult to apply these classification
schemes in the acute care setting. When assessing a subject with an AECOPD during routine practice, physicians often lack COPD-specific information such as spirometric results. Clinicians also may not be able to obtain
spirometry in patients with an AECOPD either because
it is simply not available or because the patients are too
ill to perform the test. As a result, evaluating clinicians
must use their clinical acumen to determine diagnosis
and optimal treatment. Hence, clinicians faced with patients with COPD experiencing an apparent acute exacerbation lack a validated and practical means for triaging those patients and determining whether they might
safely be sent home or, if admitted, require intensive care.
In other disease states, the evolution of risk stratification schema has improved medical decision making and
enhanced efficiency and resource use. For example, the
Pneumonia Severity Index (PSI) is now endorsed in multiple national practice guidelines for communityacquired pneumonia.8 Validated severity of illness scoring instruments also foster the conduct of clinical trials
and other outcome studies. They provide a uniform means
for describing study patients and can help ensure that
disease severity is well-balanced in trial populations.
We sought to develop and validate a severity of illness tool for AECOPD that can be applied easily and
broadly at the time of admission. We hypothesized that
patients with AECOPD could be stratified by their risk
of death and need for mechanical ventilation (MV) based
on easily obtainable clinical data available at the time of
presentation to the emergency department (ED).
METHODS

DATA SOURCE
We examined the Cardinal Health Clinical Outcomes Research Database (Clinical Research Services, Cardinal Health,
Marlborough, Massachusetts) between January 1, 2004, and December 31, 2006. This data set has been described in detail elsewhere.8-13 Briefly, for acute care admissions to participating hospitals, the data set is comprised of demographic, diagnoses,
hospital mortality, results from laboratory testing, vital signs,
and other key clinical findings.

SUBJECTS
We included all persons older than 40 years (to exclude patients with potential asthma) with a principal International Classification of Diseases, Ninth Revision, Clinical Modification (ICD9-CM) discharge code of AECOPD (491.21, 491.22, or 496)
and diagnosis related group (DRG) 88 (COPD), DRG 541, 542,
565, 566, or 475 (5 DRGs indicating that MV was performed
during hospitalization). The DRG restrictions excluded approximately 1% of all patients with AECOPD hospitalized for
biopsies or other uncommon procedures. The International Classification of Diseases, Ninth Revision (ICD-9) procedure codes
used to identify MV were 967.0, 967.1, and 967.2. We did not
include patients with a principal diagnosis of “acute respira-

tory failure” (ARF) (ICD-9 code 518.81) and a secondary diagnosis of AECOPD for 2 reasons. First, we intend to develop
a tool that aids physicians in determining whether patients with
AECOPD need inpatient care. If patients present to the ED with
ARF, there is little ambiguity for admission. Second, one of our
aims was to develop a tool that predicts the need for subsequent MV during the index hospitalization. For patients presenting with ARF, an immediate MV is likely required. We randomly divided the population into 2 cohorts, one for model
derivation and another for model validation.

END POINTS
Hospital mortality served as the primary end point. Need for
MV during the first 48 hours of hospitalization served as a secondary end point. The combination of mortality or need for
MV any time during hospitalization represented another end
point for sensitivity analysis.

CANDIDATE COVARIATES
Potential candidate variables were selected a priori based on their
biological plausibility at explaining risk for mortality. Specifically, we explored demographic factors (age and sex), vital signs
(pulse, systolic blood pressure, diastolic blood pressure, temperature, and respiratory rate), mental status, results of laboratory testings, and underlying comorbid conditions. Altered mental status was defined as a Glasgow Coma Scale score less than
14 or a physician-charted designation of “disoriented,” “stupor,” or “coma.” Overall, 85% of the study population was admitted from the ED. Of these patients, more than 99% had vital
signs and mental status recorded in the ED. We noted the worst
recorded value. Otherwise, the worst value on admission day was
used. For laboratory testing, results from routine chemical, hematologic, blood gas, and metabolic analyses were considered as
potential predictive variables. Laboratory results were generally
collected on admission day and included those obtained in the
ED. For patients with multiple laboratory assessments on admission day, we used the worst values noted. For patients admitted
after 6:00 PM without laboratory data on admission day, the worst
laboratory value collected 1 day before or after admission was used.
Comorbid conditions of interest included underlying cardiopulmonary disease, chronic renal failure, history of malignant neoplasm, and other chronic conditions abstracted through medical
record review or secondary ICD-9 diagnostic codes.

RISK SCORE DEVELOPMENT
Deriving Mortality Prediction Rule
We used a recursive partition (RPART) approach to identify
mortality risk factors with the highest discriminative power.14-16
The RPART, also known as classification and regression tree
analysis,17 has been used to derive prediction rules for acute
chest pain,18 congestive heart failure,19 and other disease
states.20-22 The RPART first identifies 1 variable with the highest discrimination to partition the patient population into high
and low risk for the outcome of interest (nodes). It then continues the process to partition the subsequent nodes. The goal
is to identify the variables and partition point that optimally
separate low- from high-risk patients.

Simplified Mortality Risk Class
The RPART results in a treelike algorithm consisting of multiple nodes. To make the classification tree more user
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friendly, we simplified the algorithm into a manageable
number of risk classes based mainly on the number of risk
factors present.

RISK CLASS VALIDATION
Internal and External Validation
We used 1000 bootstrap iterations to internally validate the risk
class and estimate the 95% confidence intervals (CIs). We report the median of these 1000 reiterations as the parameter estimate and the 2.5 and 97.5 percentiles as the 95% CIs.23 We
relied on the area under receiver operating curves (AUROCs)
to assess model discrimination and the Cochrane-Armitage
trending statistic to assess whether the risk score could differentiate low-risk from high-risk patients in a fashion of graded
response based on the level of risk present.
We used the risk algorithm derived from the derivation cohort to score the validation cohort. We estimated the statistical parameters with another 1000 bootstrap iterations for the
validation cohort.

Using Mortality Risk Class to Assess
the Need for MV
To test if the risk classification system could predict the need
for MV, we applied the mortality risk classification to the population and assessed the concomitant need for MV within 48 hours
of admission for both derivation and validation cohorts. We
used the same statistical approach to estimate the AUROC and
trend as we did for mortality.

SENSITIVITY ANALYSIS
We further assess the utility of the risk score in predicting either
mortality or the need of MV any time during hospitalization,
using same statistical approaches. The RPART software used
to derive the initial rules was downloaded from a publicly accessible Web site.16 All other analyses were conducted using
Statistical Analysis Software (version 9.01; SAS Institute Inc,
Cary, North Carolina).
RESULTS

PATIENT CHARACTERISTICS
The study population contained data from 191 hospitals (41% teaching and 59% nonteaching). A total of 145
(76%) were urban hospitals and 46 (24%) were rural.
There were 33 hospitals (17%) with a bed size greater
than 300, 110 hospitals (58%) with a bed size between
100 and 300, and 48 hospitals (25%) with a bed size less
than 100. The study population consisted of 88 074 admissions for AECOPD. The median age was 72 years (interquartile range, 63-79), and 55% of patients were female. More than half of admissions were to teaching
hospitals. As Table 1 shows, tachycardia (heart rate
⬎109/min) was common in the population, and approximately 20% of subjects had blood urea nitrogen (BUN)
levels higher than 25 mg/dL (to convert to millimoles per
liter, multiply by 0.357). Mechanical ventilation was required in less than 1.1% of cases. The crude in-hospital
mortality rate was 1.8%.

DERIVATION OF PREDICTION RULE
The RPART approach initially selected a BUN level higher
than 25 mg/dL as the first partition node for separating
patients based on probability of hospital mortality
(Figure 1A). Subsequently, it segregated patients into
groups based on alterations in mental status followed by
a separation as a function of the pulse higher than 109/
min. Finally, age 65 years or younger further differentiated the lowest-risk group. This resulted in 9 distinct risk
cohorts given the potential combinations of the 3 risk factors and age. In the derivation cohort, for those without
any of the 3 main risk factors and age 65 years or younger,
the mortality rate was 0.3% (3 in 1000) compared with
13.8% (138 in 1000) in persons with all 3 main factors
present on admission (P ⬍.001). We noted similar findings in the validation cohort (Figure 1B).
SIMPLIFICATION OF RISK CLASS
Because of similarities in the chance for death based on
the presence of equivalent numbers of risk factors, and
to enhance the ease of use, the model was collapsed into
a simpler class schema. Hence, the model was compressed from 9 distinct categories into 5 level risk classes
(BAP-65 class) (Table 2). In the derivation cohort, for
patients who had none of the 3 main variables of interest (BUN level ⬎25 mg/dL, altered mental status, or pulse
⬎109/min), 17.6% were 65 years or younger (class I) and
34.4% were older than 65 years (class II). Approximately 39.6% possessed only 1 main risk factor (class III),
and 7.7% possessed 2 main risk factors (class IV). Few
subjects (0.7%) presented with concomitant elevations
in BUN level, alterations in mental status, and tachycardia (class V). The corresponding mortality rates differed significantly as a function of the BAP-65 class
(P ⬍ .001) (Figure 2). The model had a good fit, as
demonstrated by the AUROC in the derivation and validation cohorts (0.72 [95% CI, 0.70-0.74] and 0.71
[95% CI, 0.70-0.73], respectively). The CochraneArmitage test for trend and the 95% CIs were all highly
significant (P ⬍ .001) for both cohorts, confirming the
graded mortality risk with an increase in the level of
risk class.
BAP-65 CLASS AND MV
Although only 1.1% of the study population required MV
within the first 48 hours of admission, the simplified
BAP-65 class discriminated patients based on the need
for MV (Figure 3). As was seen with the probability of
death, persons with 2 or 3 main risk characteristics were
more likely to undergo MV than patients with fewer risk
factors. In the group at high risk for death (all 3 main
risk factors), 10.1% of persons underwent MV during the
first 48 hours of admission. Despite accounting for only
8.4% of the entire derivation sample, more than 44% of
all those needing MV had at least 2 main risk factors present. The results from the validation cohort were similar.
The AUROCs were 0.77 (95% CI, 0.75-0.79) for both cohorts. The Cochrane-Armitage test for trend and the 95%
CIs were all highly significant (P ⬍ .001). When the
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Table 1. Descriptive Statistics by Derivation and Validation Cohorts a
Derivation Cohort
Variable
Patient characteristics
Demographic
Total No.
Age, median (interquartile range), y
Male
Vital signs and altered mental status
Pulse ⬎109/min
Systolic blood pressure ⱕ99 mm Hg
Temperature ⱕ35°C
Respirations ⬎39/min
Altered mental status b
Laboratory findings
Blood urea nitrogen ⬎25 mg/dL
Creatinine ⬎1.4 mg/dL
Glucose ⬍70 mg/dL or ⬎240 mg/dL
Potassium ⬎4.9 mEq/L
Sodium ⱕ135 or ⬎145 mEq/L
Calcium ⱕ7.9 or ⬎10.1 mg/dL
Hemoglobin ⱕ11 g/dL or ⬎18 g/dL
White blood cell count ⬎19 800 µL
Albumin ⱕ2.4 g/dL
Albumin 2.4-3.0 g/dL
Aspartate aminotransferase ⬎100 U/L
Creatine phosphokinase ⱕ35 or ⬎500 U/L
Troponin I ⬎0.7 ng/mL or MB isoenzymes of creatine
kinase ⬎5 ng/mL
pH arterial ⱕ7.20
pH arterial ⬎7.21-7.30
PCO2 arterial ⱕ30 or ⬎85 mm Hg
PO2 ⱕ50 or ⬎140 mm Hg, or oxygen ⱕ35% or ⬎60%
Major comorbidity
Respiratory or metastatic cancer
Chronic renal failure
Chronic pulmonary heart disease
MV
MV within 48 h from admission
MV any time during hospitalization
Hospital characteristics
Cases from teaching hospitals
Cases from urban hospitals
Cases from hospitals with bed size ⬎300

Validation Cohort
P
Value

Prevalence

Mortality

Prevalence

Mortality

43 893
72 (63-79)
19 846 (45.2)

774 (1.8)

837 (1.9)

391 (2.0)

44 181
72 (63-79)
20 036 (45.4)

384 (1.9)

.15
.09
.69

13 063 (29.8)
5104 (11.6)
776 (1.8)
2074 (4.7)
3493 (8.0)

343 (2.6)
165 (3.2)
30 (3.9)
75 (3.6)
203 (5.8)

13 415 (30.4)
5183 (11.7)
806 (1.8)
2091 (4.7)
3515 (8.0)

387 (2.9)
194 (3.7)
39 (4.8)
85 (4.1)
227 (6.5)

.05
.63
.53
.96
.99

8564 (19.5)
6348 (14.5)
5903 (13.5)
2943 (6.7)
10 512 (24.0)
1985 (4.5)
6025 (13.7)
1784 (4.1)
416 (1.0)
2324 (5.3)
283 (0.6)
5237 (11.9)
1191 (2.7)

368 (4.3)
228 (3.6)
120 (2.0)
130 (4.4)
234 (2.2)
65 (3.3)
190 (3.2)
71 (4.0)
31 (7.5)
97 (4.2)
15 (5.3)
147 (2.8)
65 (5.5)

8770 (19.9)
6330 (14.3)
5882 (13.3)
3102 (7.0)
10 483 (23.7)
2080 (4.7)
6198 (14)
1798 (4.1)
410 (0.9)
2336 (5.3)
311 (0.7)
5270 (11.9)
1174 (2.7)

362 (4.1)
223 (3.5)
123 (2.1)
148 (4.8)
271 (2.6)
75 (3.6)
209 (3.4)
64 (3.6)
35 (8.5)
88 (3.8)
22 (7.1)
165 (3.1)
41 (3.5)

.21
.57
.56
.06
.44
.19
.19
.97
.76
.96
.28
.99
.60

380 (0.9)
1151 (2.6)
1205 (2.8)
2138 (4.9)

46 (12.1)
77 (6.7)
86 (7.1)
110 (5.1)

384 (0.9)
1185 (2.7)
1248 (2.8)
2129 (4.8)

1180 (2.7)
1363 (3.1)
3155 (7.2)

51 (4.3)
55 (4.0)
102 (3.2)

1300 (2.9)
1315 (3.0)
3243 (7.3)

53 (4.1)
50 (3.8)
107 (3.3)

.02
.27
.38

476 (1.1)
926 (2.1)

84 (17.7)
256 (27.7)

500 (1.1)
992 (2.3)

85 (17.0)
293 (29.5)

.50
.17

498 (2.1)
698 (1.9)
311 (2.2)

.047
.40
.07

23 259 (53.0)
35 668 (81.3)
14 070 (32.1)

431 (1.9)
631 (1.8)
251 (1.8)

23 707 (53.7)
36 000 (81.5)
14 414 (32.6)

45 (11.7)
78 (6.6)
88 (7.1)
92 (4.3)

.96
.58
.47
.72

Abbreviation: MV, mechanical ventilation.
SI conversion factors: To convert blood urea nitrogen to millimoles per liter, multiply by 0.357; creatinine to micromoles per liter, multiply by 88.4; glucose to
millimoles per liter, multiply by 0.0555; potassium and sodium to millimoles per liter, multiply by 1.0; calcium to millimoles per liter, multiply by 0.25; hemoglobin
to grams per liter, multiply by 10.0; white blood cell count to ⫻109/L, multiply by 0.001; albumin to grams per liter, multiply by 10.0; aspartate aminotransferase
and creatine phosphokinase to microkatals per liter, multiply by 0.0167; and troponin I and MB isoenzymes of creatine kinase to micrograms per liter, multiply
by 1.0.
a Data are presented as number (percentage) unless otherwise specified.
b Altered mental status was defined as a Glasgow Coma Scale score lower than 14 or a designation of disoriented, stupor, or coma by a physician.

BAP-65 class was applied to the combined mortality or
MV any time during hospitalization, we observed similar discrimination and trend (Figure 4).
COMMENT

This analysis of a large clinical database demonstrates that
patients with AECOPD present a wide range of disease
severity. More importantly, a simple clinical risk class easily stratifies patients by their risk of hospital mortality
and need for MV early during hospitalization. Furthermore, the nexus we observed between MV and mortal-

ity reinforces the biological plausibility of our proposed
severity of illness class.
For complex disease states, risk stratification tools facilitate triage assessments and enhance medical decision making. Determining hospital admission and placement have depended, in many conditions, solely on
clinical judgment and acumen. This has resulted in a wide
range of practice styles24 and may compromise patient
care. Likewise, limited medical resources are more likely
to be used efficiently if clinicians have a means for aligning need with outcomes. In that sense, risk severity tools
for pneumonia,8 a condition in many ways similar to

(REPRINTED) ARCH INTERN MED/ VOL 169 (NO. 17), SEP 28, 2009
1598

WWW.ARCHINTERNMED.COM

©2009 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ on 08/03/2015

AECOPD, have proved crucial. Since its creation, the PSI
has been endorsed in national practice guidelines and has
become part of many hospital protocols for communityacquired pneumonia management.25 An alternative to the
PSI, a simpler CURB-65 (confusion, BUN level ⬎19.6 mg/
dL, respiratory rate 30/min, low blood pressure, and age
65 years) that contains 5 variables, also has been developed to help with severity assessments in communityacquired pneumonia.26 Our efforts build on these earlier projects and extend the range of severity of illness
tools to AECOPD. Our mortality prediction rule relies
on easily obtainable information routinely available in
the ED. This fact enhances the possible value of our tool
in that it can be easily applied and does not require invasive testing, complex calculations, or expensive data
collection.
Prior severity of illness tools for COPD have only focused on intermediate and longer-term mortality and require extensive assessment of many risk factors. The
BODE score (body mass index, the degree of airflow obstruction and dyspnea, and exercise capacity) predicts
mortality over months and requires assessment of dyspnea, exercise capacity, and other factors.27 It has never
been validated for use in AECOPD. We aimed for pragmatism, as many components of the BODE score are likely
not available to physicians when evaluating a patient with
an AECOPD in the ED. Physicians often use biomarkers
in other disease states to facilitate assessments of acute
disease severity. In cardiac disease, measurement of troponin and brain natriuretic peptide levels has proven to
be very useful.28,29 Unfortunately, studies of biomarkers
in acute COPD exacerbations have been inconsistent. Serum brain natriuretic peptide level, for instance, may be
elevated in acute COPD flares. However, it does not appear to correlate well with either in-hospital mortality
or the need for MV, and its utility in risk stratification in
AECOPD remains to be proven.30
Why do BUN, mental status, and pulse correlate with
mortality in persons hospitalized for AECOPD? Likely,
these 3 variables capture significant end-organ dysfunction. Blood urea nitrogen has consistently appeared to
be an important marker of poor outcome in respiratory
syndromes.8 In AECOPD, it may reflect intravascular volume depletion ensuing from poor oral intake and hyperventilation in the days prior to admission. Similarly, tachycardia may capture interactions between volume status,
hypoxemia, and general distress. A decline in mental status can arise in AECOPD from hypercapnia and thus provides insight into underlying pathophysiologic mechanisms more accurately than direct measurement of the
partial pressure of carbon dioxide. Because some with
chronic respiratory failure tolerate elevated PCO2 levels
well, the more fundamental question ought to focus on
the body’s response to this derangement. Alternatively,
that blood gas data did not figure in our prediction rule
may appear surprising. In isolation, however, the blood
gas fails to integrate issues of physiologic reserve and the
ability to tolerate disease progression. Likewise, it is the
pathophysiological manifestations of the underlying diseases, not chronic conditions, that offered the most discriminative power in facilitating risk stratification for inhospital mortality or need for MV. Given the short time

A

Derivation cohort
(n = 43 893; mortality, 1.8%)
BUN ≤25 mg/dL
35 385
(1.2%)
No AMS

8508
(4.3%)

AMS

32 970
(1.0%)

No AMS
2415
(3.8%)

AMS

7430
(3.4%)

1078
(10.3%)

Pulse
Pulse
Pulse
Pulse
Pulse
Pulse
Pulse
Pulse
≤109/min >109/min ≤109/min >109/min ≤109/min >109/min ≤109/min >109/min
22 805
(0.7%)
Age
≤65 y
7710
(0.27%)

10 165
(1.6%)

1604
(2.6%)

811
(6.3%)

5633
(2.9%)

1797
(5.1%)

788
(9.0%)

290
(13.8%)

Age
>65 y
15 095
(0.89%)

B

Validation cohort
(n = 44 181; mortality, 1.9%)
BUN ≤25 mg/dL

BUN >25 mg/dL

35 460
(1.3%)
No AMS
33 056
(1.1%)

8721
(4.2%)

AMS

No AMS
2404
(5.0%)

7610
(3.4%)

AMS
1111
(10.0%)

Pulse
Pulse
Pulse
Pulse
Pulse
Pulse
Pulse
Pulse
≤109/min >109/min ≤109/min >109/min ≤109/min >109/min ≥109/min >109/min
22 606
(0.8%)
Age
≤65 y
7577
(0.32%)

10 450
(1.8%)

1558
(3.7%)

846
(7.3%)

5790
(2.7%)

1820
(5.4%)

812
(8.0%)

299
(14.1%)

Age
>65 y
15 029
(0.97%)

Figure 1. Classification tree for the derivation (A) and validation (B) cohorts.
AMS indicates altered mental status, defined as a Glasgow Coma Scale score
lower than 14 or a designation of disoriented, stupor, or coma by a
physician; BUN, blood urea nitrogen (to convert to millimoles per liter,
multiply by 0.357).

horizon for our analysis, the underlying chronic conditions may not exert the impact they might on either intermediate or longer-term mortality. Furthermore, our
goal was to create a simple risk stratification tool and not
to create a complex model to predict mortality. To accomplish the latter would have required adding multiple variables which, in turn, would have increased complexity and could hinder the model’s application. A similar
methodological approach in hospitalizations for congestive heart failure noted that 3 variables (BUN, systolic
blood pressure, and serum creatinine) had an AUROC
of 0.69,19 similar to the AUROC of 0.72 for our model.
Although we did not have FEV1 (forced expiratory volume in the first second of expiration) data to test whether
it would add predictive ability, including FEV1 in the risk
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BUN >25 mg/dL

Table 2. Distribution of BAP-65 Class and Corresponding Mortality by Derivation and Validation Cohorts
No. (%)
Derivation Cohort

Validation Cohort

BAP-65
Class a

Description

Prevalence

Mortality

Prevalence

Mortality

1
2
3
4
5

0 BAP present, age ⱕ65 y
0 BAP present, age ⬎65 y
1 BAP present
2 BAP present
3 BAP present

7710 (17.6)
15 095 (34.4)
17 402 (39.7)
3396 (7.7)
290 (0.7)

21 (0.3)
134 (0.9)
366 (2.1)
213 (6.3)
40 (13.8)

7577 (17.2)
15 029 (34.0)
17 798 (40.3)
3478 (7.9)
299 (0.7)

24 (0.3)
146 (1.0)
400 (2.3)
225 (6.5)
42 (14.1)

a “B” stands for blood urea nitrogen level higher than 25 mg/dL (to convert to millimoles per liter, multiply by 0.357); “A” stands for altered mental status
defined as a Glasgow Coma Scale score lower than 14 or a designation of disoriented, stupor, or coma by a physician; “P” stands for pulse higher than 109/min;
and “65” stands for older than 65 years.

20

Derivation cohort
Validation cohort

13.6 14.1

Mortality Rate, %

15

10
6.3 6.4

5
2.1 2.2
0.3 0.3

0

I

0.9 1.0

II

III

IV

MV Within 48 h From Admission, %

20

12.4

15
10.1

10
5.4 5.5

5

0

V

Derivation cohort
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Figure 2. Mortality rate by BAP-65 class. Results are presented as median
and 2.5th percentile and 97.5th percentile based on 1000 bootstrap
reiterations. BAP-65 indicates blood urea nitrogen level higher than 25
mg/dL (to convert to millimoles per liter, multiply by 0.357); altered mental
status, defined as a Glasgow Coma Scale score lower than 14 or a
designation of disoriented, stupor, or coma by a physician; pulse higher than
109/min; and age older than 65 years.

Figure 3. Mechanical ventilation (MV) within 48 hours of admission by
BAP-65 class. Results are presented as median and 2.5th percentile and
97.5th percentile based on 1000 bootstrap reiterations. BAP-65 indicates
blood urea nitrogen level higher than 25 mg/dL (to convert to millimoles per
liter, multiply by 0.357); altered mental status, defined as a Glasgow Coma
Scale score lower than 14 or a designation of disoriented, stupor, or coma
by a physician; pulse higher than 109/min; and age older than 65 years.

adjustment model is not very practical because of its low
availability among patients with AECOPD at the time of
ED presentation.
Our analysis has limitations. First, we relied on administrative data for the AECOPD diagnosis. This can be
an imprecise means for identifying persons with AECOPD.
However, administrative data sources have been used in
other projects addressing risk stratification in diseases
such as pneumonia, congestive heart failure, and pulmonary embolism.8,19,20 Recently, our approach to identifying patients with AECOPD was used in a large-scale
study on quality of care for COPD.24 Like this study, we
enhanced our effort to distinguish COPD from patients
with asthma by restricting the population to persons older
than 40 years. It should be noted that because our data
set consists of all COPD admissions in 191 hospitals, our
findings are less likely to be confounded as a result of
being based on a predefined subgroup of patients receiving predefined treatments. Using this database afforded
us the opportunity to study a large population from both
teaching and nonteaching hospitals and to validate our
findings both internally and externally.
Second, because we intended to develop a tool to aid
ED physicians in determining the need for admission and

MV after admission, we did not include patients with a
principal diagnosis of ARF for whom there is little ambiguity for admission and high likelihood of immediate
MV need. As such, we likely excluded subjects who had
ARF and concomitantly presented with AECOPD. Hence,
this may limit the generalizability of our findings. This
also likely explains why the observed mortality rate was
lower than what has been reported in other analyses of
AECOPD, which included patients with ARF.24 We caution clinicians not to apply our findings to persons who
present with ARF requiring emergent intubation and MV.
However, a much larger AECOPD population tend to present at the ED without definitive “ARF” but a wide range
of severity. Our tool identified 17% of AECOPD inpatients in the lowest risk class with less than 0.3% mortality. Physicians may decide whether many of these lowrisk patients can be treated as outpatients. Hence, a
stratification tool aiding physicians to differentiate patients at low risk from those at high risk would have value
in the clinical practice and management of resource utilization for this large patient population.
Third, we lacked information on certain COPDspecific covariates, particularly FEV1. As noted earlier,
spirometric data often are not available to physicians in

(REPRINTED) ARCH INTERN MED/ VOL 169 (NO. 17), SEP 28, 2009
1600

WWW.ARCHINTERNMED.COM

©2009 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ on 08/03/2015

Mortality or MV at Any Time, %

35
30

Derivation cohort
Validation cohort

25.5
22.2

25
20
15

11.7 12.0

10
3.9 4.2

5
0

1.1 1.0

1.5 1.5

I

II

III

IV

V

BAP-65 Class

Figure 4. Mortality or mechanical ventilation (MV) at any time during
hospitalization by BAP-65 class. Results are presented as median and 2.5th
percentile and 97.5th percentile based on 1000 bootstrap reiterations.
BAP-65 indicates blood urea nitrogen level higher than 25 mg/dL (to convert
to millimoles per liter, multiply by 0.357); altered mental status, defined as a
Glasgow Coma Scale score lower than 14 or a designation of disoriented,
stupor, or coma by a physician; pulse higher than 109/min; and age older
than 65 years.

the ED, and our goal was to create a score that could be
used easily and broadly using routinely available data.
More importantly, it remains unclear if and how FEV1
relates to outcomes in AECOPD. For example, a recent
review of more than 2000 patients with COPD found only
a weak correlation between FEV1 and both mortality and
need for hospitalization.31 Consequently, some have argued that one major inadequacy of the current staging
system for stable COPD is that it overemphasizes FEV1
and that we must develop tools based more on patientcentered factors.7 This was a major goal of our study. In
the same vein, we could not adjust for many process-ofcare variables that could affect outcomes. Specifically, we
could not take use of do-not-resuscitate orders into considerations. Our previous study had shown that do-notresuscitate was not uniformly defined or used across hospitals, which made it difficult to use for risk adjustment
purpose.32 Finally, we could not evaluate the use of noninvasive ventilation. The application of noninvasive ventilation for AECOPD is gaining acceptance, and our risk
stratification scheme needs to be validated for its utility
in predicting the need for noninvasive ventilation in addition to MV when data become available.
In conclusion, a simple risk class stratifies patients with
AECOPD by their risk for death and need for MV. Although no clinical decision rule is infallible and clinicians must always apply their best judgment, application of this risk score, if further validated in prospective
studies, may enhance the care of patients presenting to
the hospital with AECOPD.
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Call for Papers
Special Theme Issue: Cancer
The Archives of Internal Medicine, along with JAMA and
other Archives journals,will publish a special theme issue in March 2010 on Cancer. We invite submission of
papers as Clinical Trials, Original Investigations, Systematic Reviews, and Research Letters. We are interested in articles on the treatment and prevention of cancer, management of conditions associated with cancer
(eg, pain, depression), the psychosocial care of patients
with cancer, and issues facing practicing clinicians in caring for people with cancer as well as issues related to costs
of chemotherapy, evaluating new chemotherapy, the role
of surrogate markers, and issues related to the Cancer
Compendium. Papers submitted by October 1, 2009, will
have the best opportunity to be considered for this theme
issue.
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