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Background: Congestive heart failure is underdiagnosed in patients with chronic obstructive 

pulmonary disease (COPD). Pulmonary congestion on chest radiograph at admission for acute 

exacerbation of COPD (AECOPD) is associated with an increased risk of mortality. A standard-

ized evaluation of chest radiographs may enhance prognostic accuracy.

Purpose: We aimed to evaluate whether a standardized, liberal assessment of pulmonary conges-

tion is superior to the routine assessment in identifying patients at increased risk of long-term 

mortality, and to investigate the association of heart failure with N-terminal prohormone of 

brain natriuretic peptide (NT-proBNP) concentrations.

Material and methods: This was a prospective cohort study of 99 patients admitted for 

AECOPD. Chest radiographs obtained on admission were routinely evaluated and then later 

evaluated by blinded investigators using a standardized protocol looking for Kerley B lines, 

enlarged vessels in the lung apex, perihilar cuffing, peribronchial haze, and interstitial or alveolar 

edema, defining the presence of pulmonary congestion. Adjusted associations with long-term 

mortality and NT-proBNP concentration were calculated.

Results: The standardized assessment was positive for pulmonary congestion in 32 of the 

195 radiographs (16%) ruled negative in the routine assessment. The standardized assessment 

was superior in predicting death during a median follow up of 1.9 years (P=0.022), and in 

multivariable analysis, only the standardized assessment showed a significant association with 

mortality (hazard ratio 2.4, 95% confidence interval [CI] 1.2–4.7) (P=0.016) and NT-proBNP 

(relative concentration 1.8, CI 1.2–2.6) (P=0.003).

Conclusion: By applying a standardized approach when evaluating pulmonary congestion on 

chest radiographs during AECOPD, a group of patients with increased risk of dying, possibly 

due to heart failure, is identified.
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Background
During recent years, increasing attention has been paid to the role of comorbidities in 

patients with chronic obstructive pulmonary disease (COPD). Cardiovascular diseases 

(CVD) are among the extrapulmonary manifestations of COPD. The incidence of and 

mortality from CVD, such as cerebral stroke, myocardial infarction (MI), heart failure 

(HF), and arrhythmias are higher among COPD patients than in the general population, 

even after adjusting for smoking and other important confounders.1−4 Accordingly, 

increased awareness of concomitant CVD in COPD is warranted. In review articles 

on the use of new radiological imaging modalities in COPD, particular attention 

is paid to the presence of emphysema, bronchiectasis, or vascular remodeling.5,6 
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There is little emphasis on the signs of heart disease and 

what can still be learned from the standard chest radio-

graphs, though this remains central in the diagnosis of HF.7 

Reportedly, only 16% of chest radiographs taken during 

acute exacerbation of COPD (AECOPD) show abnormal 

findings,8 but when observed, these are findings that will have 

therapeutic consequences. Pulmonary congestion, a sign of 

congestive HF, is among the abnormalities that can be found. 

HF is associated with increased mortality, although effec-

tive treatment exists. However, it has been shown that heart 

disease often remains undiagnosed in COPD patients,9−11 

Therefore, radiographic evidence of such could be important 

to the clinicians.

In a previous study, we found that signs of pulmonary 

congestion on chest radiographs taken on admission for 

AECOPD was strongly and independently associated with 

long-term mortality.12 These radiographs were investigated 

by dedicated study physicians, and the prevalence of pulmo-

nary congestion on admission was 16%. Our impression was 

that in everyday practice, radiological signs of HF remain 

undetected in a high proportion of COPD patients.

The natriuretic peptides B-type natriuretic peptide (BNP) 

and the amino terminal fragment of the BNP prohormone 

(NT-proBNP) are established markers of HF.7 BNP and chest 

radiographs have been found to be independently associated 

with HF in patients presenting with acute dyspnea.13 Both 

BNP and NT-proBNP are independently associated with 

worse prognosis during and after AECOPD.14−17

Radiological evaluation of HF in patients with COPD 

may be difficult.18 Therefore, in the present study we 

wanted to a) investigate whether a standardized investiga-

tion of pulmonary congestion on chest radiograph taken on 

admission for AECOPD could predict mortality better than 

routine evaluation of the radiographs, and b) validate the 

standardized assessment with regard to the presence of HF, 

as evaluated by NT-proBNP levels.

Methods
During 23  months in 2005 and 2006 we prospectively 

included 99 unselected patients as they were admitted with 

AECOPD. Among these, 41 patients had data recorded on 

one or more readmissions during the inclusion period, and 

in total, we gathered data from 219 admissions. The details 

regarding patient inclusion and data gathering have been 

described in previous papers.12,19 On admission, we recorded 

medical history, clinical data, electrocardiograms (ECG), and 

chest radiographs. In addition to a qualitative analysis of prior 

MI (pathological Q, loss of R, and T inversion) and acute 

ischemia (ST segment depression or elevation), the ECG 

analysis included a cardiac infarction injury score (CIIS), 

where a score $20 indicates high probability of prior MI.20 

In one study of COPD patients without a history of CVD, 

CIIS $20 was associated with increased mortality.9 The ECG 

analyses were conducted by two independent investigators 

blinded for all other information, and discrepancies were 

settled by a third investigator.

Chest radiographs were obtained routinely on admission, 

the standard being posteroanterior and lateral projections. 

In clinically deranged patients unable to cooperate or stand 

up, only the frontal plane image with anteroposterior projec-

tion was obtained. For the “standardized assessment,” the 

radiographs were examined by two of the investigators, a 

pulmonologist, and a radiology fellow, blinded to all clinical 

data. In each case, they cooperated to determine the presence 

or absence of Kerley B lines, enlarged vessels in the lung apex 

(redistribution), peribronchial cuffing, perihilar haze, and 

interstitial or alveolar edema. If any of these features were 

present, it was considered positive for pulmonary congestion. 

The investigators also recorded the presence of infiltrates 

and pleural effusions. On admission, the radiographs had 

routinely been examined by first the radiology fellow on call 

and then by one of the senior radiologists (a minority of the 

radiographs were evaluated by a senior radiologist only). The 

radiologists were unaware that the patient under investigation 

was to be included in any study. Their descriptions (“routine 

assessment”) therefore reflect the normal everyday radiologic 

evaluation and were retrieved from the hospital’s electronic 

records, and it was noted whether or not pulmonary conges-

tion had been reported.

Blood collected on admission was stored at −80°C 

for subsequent analysis of NT-proBNP and creatinine 

concentrations. From the hospital records, we also recorded 

the discharge diagnoses with regard to concomitant HF or 

infection (International Classification of Diseases [ICD]-10 

codes I50 or J10-22).21 The patients were followed with 

respect to survival until the end of 2008 or death.

The study was approved by the Data Inspectorate and 

the Regional Ethics Committees South East. All patients 

provided written informed consent.

Statistical analyses
Baseline analyses
Using the 99 baseline observations, we first analyzed the 

crude mortality rates associated with the two radiological 

assessments and compared them using a logrank test. We also 

calculated the two assessments’ sensitivity and specificity for 
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identifying patients at risk of death during the observation 

period and compared the two assessments, using receiver-

operating characteristics (ROC).

For both radiological assessments, we then investigated the 

univariable baseline associations between pulmonary conges-

tion and covariables. We compared clinical and biochemical 

data in these groups, using the Kruskal–Wallis test for continu-

ous variables (age, body mass index [BMI], forced expiratory 

volume in 1 second‌/‌forced vital capacity [FEV
1
/FVC] ratio, 

mean arterial pressure, serum creatinine, leucocyte count, 

serum C-reactive protein [CRP], hemoglobin, heart rate, arte-

rial oxygen saturation [SaO
2
], arterial partial pressures of O

2
 

[PaO
2
] and CO

2
 [PaCO

2
], and arterial pH) and chi-square or 

Fisher’s exact test for categorical data (smoking status [current 

or recent versus previous or never], history of coronary artery 

disease, HF, diabetes mellitus, and arterial hypertension, atrial 

fibrillation, peripheral edema, and chest pain on admission, 

patient posture, infiltrate on chest radiograph, and prior MI, 

acute ischemia, and CIIS $20 in ECG).

Bivariable analyses
If patients with and without pulmonary congestion had 

different values of a covariable in any radiological assess-

ment (P,0.20 in the baseline analyses), this covariable was 

investigated with regard to an association with mortality and 

NT-proBNP concentration.

Analysis of mortality
To investigate the association between the relevant cova-

riables and mortality, we calculated the mortality rates in 

each category of the covariables, with continuous variables 

categorized by quartiles, and compared these with survival, 

using an age-adjusted logrank test.

Analysis of NT-proBNP
Due to the skewed distribution of NT-proBNP concentra-

tions, the natural logarithm of the NT-proBNP concentration 

(lnBNP) was used as the dependent variable in these analyses. 

The associations between lnBNP and the relevant categorized 

covariables were then compared using Student’s t-test or 

analysis of variance (ANOVA). In each category of the cova-

riables, we also calculated the geometric mean of NT-proBNP 

concentration, that is, the antilog of the mean lnBNP value.

Multivariable analyses
In the baseline and bivariate analyses, only the 99 baseline 

observations were included in the analyses. However, for the 

multivariable analyses, we also used data from later admissions, 

in an extended Cox model (survival)22,23 and a linear mixed 

model (LMM) (associations with NT-proBNP).24,25

Analysis of mortality
All variables that were associated with both pulmonary 

congestion (P,0.20 with either radiological assessment) and 

mortality (logrank P,0.20) were included in a Cox regres-

sion analysis with time-dependent covariables (ie, allowing 

update of a patient’s data on repeat admissions). Using a 

backward elimination procedure, the model was reduced by 

removing variables with P.0.05 provided that the coefficient 

of the association between mortality and any radiological 

assessment changed less than 20%. Age and sex were kept in 

the model by convention, and both radiological assessments 

were kept for comparison. The proportional hazards assump-

tion was checked by the Martingale residuals.

Analysis of NT-proBNP
The variables that were associated with pulmonary conges-

tion (in the baseline analyses) and NT-proBNP concentration 

(P,0.20  in bivariable analysis) were included in a LMM 

along with age, sex, and both radiological assessments. The 

advantage of the LMM is that unbalanced data (the number 

of observations and the time elapsed between them are dif-

ferent between the patients) can be analyzed without intro-

ducing bias.25 We could therefore include all observations 

in this analysis. The model was manually backward reduced 

by removing variables with P.0.05 unless their removal 

increased the Akaike information criterion (AIC) statistic 

(ie, resulting in poorer model fit).

All the analyses were performed using SAS 9.2 (SAS 

Institute Inc., Cary, NC, USA).

Results
Baseline analyses
The mean age at inclusion was 71.5 years (standard deviation 

[SD] 9.0), and the mean FEV
1
/FVC was 45% (SD 0.14%). 

The chest radiograph was missing for one admission, thus, 

218 admissions, from 99 patients, constituted the study 

sample. The patient characteristics, grouped by evaluation 

of their chest radiographs at inclusion, are shown in Table 1 

for those variables that differed (P,0.20) within any radio-

graphic assessment. Lung function was included to better 

characterize the cohort. Among the variables that were 

not significantly different at baseline were smoking status 

(48% active or recent smokers), history of coronary artery 

disease (27%), history of diabetes mellitus (8%), leucocyte 

count (mean 11.1  ×  109/L, SD 5.0), serum creatinine 
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Table 1 Characteristics of patients with and without pulmonary congestion at baseline, assessed by standardized and routine procedure

Pulmonary congestion by standardized assessment Pulmonary congestion by routine assessment

Present 
(n=16)

Not present 
(n=83)

P-value Present 
(n=14)

Not present 
(n=85)

P-value

Age, years 73.3 (9.6) 71.1 (8.8) 0.419 76.0 (8.7) 70.7 (8.8) 0.049
Female 8 (50%) 39 (47%) 0.825 6 (43%) 41 (48%) 0.709
Medical history
 H istory of HF 7 (44%) 7 (8.4%) 0.0002 4 (29%) 10 (12%) 0.108
 H istory of HT 9 (56%) 22 (27%) 0.019 6 (43%) 25 (29%) 0.315
  FEV1, litera 0.84 (0.35) 0.93 (0.47) 0.777 1.01 (0.50) 0.90 (0.44) 0.576
  FEV1/FVC, %a 0.43 (0.09) 0.46 (0.15) 0.799 0.43 (0.11) 0.46 (0.15) 0.688
  BMI, kg/m2a 21.4 (5.8) 23.0 (5.1) 0.099 21.7 (3.6) 22.9 (5.4) 0.630
Findings on admission
  Peripheral edema 7 (44%) 11 (13%) 0.004 3 (21%) 15 (18%) 0.715
 H eart rate, min-1 100.8 (16.9) 100.9 (23.5) 0.739 90.4 (18.4) 102.6 (22.7) 0.055
 S aO2, % 83.2 (8.2) 91.0 (5.9) 0.0001 87.2 (7.7) 90.1 (6.7) 0.087
  PaCO2, kPaa 6.9 (2.1) 5.9 (1.4) 0.097 6.4 (1.9) 6.0 (1.5) 0.333
  PaO2, kPaa 6.8 (1.5) 8.6 (1.8) 0.0004 7.7 (2.4) 8.4 (1.7) 0.127
Biochemistry
  CRP, mg/L 67 (22–88) 26 (9–66) 0.078 60 (40–74) 25 (9–72) 0.088
 N T-proBNP, pg/mL 2,681 (585–3,571) 339 (150–973) 0.001 2,331 (351–3,483) 370 (145–1,019) 0.005
Chest radiograph
  Patient supine 12 (75%) 26 (31%) 0.002 7 (50%) 31 (36%) 0.335
  Infiltrate 4 (25%) 7 (8.4%) 0.075 2 (14%) 9 (11%) 0.653
ECG
  Atrial fibrillation 2 (13%) 5 (6.0%) 0.315 4 (29%) 3 (3.5%) 0.007
  Prior MI on ECG 9 (56%) 26 (31%) 0.056 4 (29%) 31 (36%) 0.765

Notes: The data are presented as numbers (percent of the column total), mean (standard deviation), or median (interquartile range). The table includes variables that differ 
(P,0.20) between the presence and absence of CHF in any of the two radiological assessments. Age, sex, and lung function were included by convention. aSpirometry, BMI, 
and blood gas were available for 88, 94, and 97 patients, respectively.
Abbreviations: BMI, body mass index; CHF, congestive heart failure; CRP, C-reactive protein; ECG, electrocardiogram; FEV1, forced expiratory volume in 1 second; 
FVC, forced vital capacity; HF, heart failure; HT, arterial hypertension; MI, myocardial infarction; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; PaCO2, 
arterial partial pressure of CO2; PaO2, arterial partial pressure of O2; SaO2, arterial oxygen saturation.

Figure 1 Randomly selected chest radiographs assessed negative in the routine 
assessment and positive in the standardized assessment.
Notes: (A) FEV1 =2.3 L, FEV1/FVC =0.6, NT-proBNP =109 pg/mL. (B) FEV1 =1.0 L, 
FV1/FVC =0.38, NT-proBNP =4,310 pg/mL.
Abbreviations: FEV1, forced expiratory volume in 1  second; FVC, forced vital 
capacity; NT-proBNP, N-terminal prohormone of brain natriuretic peptide.

(median 66 µmol/L, interquartile range [IQR] 54−88), and 

CIIS (38% had a score $20).

Of all 218 radiographs, 195 (89%) were ruled negative 

for pulmonary congestion, by routine clinical assessment. 

In 32 of these (16%), the standardized assessments were 

positive. The corresponding numbers using the index obser-

vations only were 10 of 85 radiographs (12%). The features 

suggesting pulmonary congestion in the 32  radiographs 

were interstitial edema in two cases, enlarged vessels in 

the apex in 22 cases, Kerley B lines in one case, perihilar 

haze in 13 cases, and peribronchial cuffing in eight cases. 

Figure 1 shows two radiographs (selected at random), which 

were considered negative by the routine assessment but 

positive for apical blood vessels and perihilar haze by the 

standardized assessment.

In the ten baseline observations that were negative in the 

routine assessment but positive in the standardized assess-

ment, the median NT-proBNP concentration was 1,027 pg/mL 

(IQR 400−3,426). Conversely, among the eight baseline 

observations that were positive in the routine assessment 

and negative in the standardized assessment, the median NT-

proBNP concentration was 397 pg/mL (IQR 271−1,859).

Survival analyses
During a median follow-up time of 1.9 years, 57 patients died. 

Of these, 15 had pulmonary congestion by the standardized 

assessment (sensitivity 26%, specificity 98%, ROC area 0.62 
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[95% confidence interval (CI) 0.56−0.68]), and eleven had pul-

monary congestion by the routine assessment (sensitivity 19%, 

specificity 93%, ROC area 0.54 [0.496−0.63]). Comparing the 

ROC, the standardized assessment proved superior in predict-

ing death (P=0.022, Figure 2). Figure 3 shows patient survival, 

stratified by radiological assessment. The overall mortality rate 

was 28.7 per 100 patient-years (95% CI: 22.1−37.2). Among 

the patients positive and negative for pulmonary congestion 

by the standardized assessment, the mortality rates were 111 

(95% CI: 67.1−185) and 22.7 (95% CI: 16.8−37.2), respec-

tively (logrank P,0.0001). The corresponding mortality rates 

by the routine assessment were 56.0 (95% CI: 31.0−101) and 

25.7 (95% CI: 19.2−34.3), with logrank P=0.039.

Of the variables in Table 1, PaCO
2
, serum CRP, and ECG 

changes were not associated with mortality (age-adjusted 

logrank P.0.20). There was a trend towards increasing 

mortality with lung function below the mean (FEV
1
 ,0.9 L 

and FEV
1
/FVC ,0.45 [age-adjusted logrank P=0.093 and 

P=0.103, respectively]), but as this was not associated with 

any radiological assessment (Table 1), it was not included in 

further analyses. Patient survival, by the remaining covariables, 

is shown in Tables 2 and 3. Reducing the model resulted in the 

final model shown in Table 4. Of the two radiological evalu-

ations, only the standardized assessment proved significantly 

associated with long-term mortality. The other variables in the 

model were age, sex, peripheral edema, and patient posture. 

As three observations had missing data on peripheral edema, 

this analysis was based on 215 observations.

Table 2 Number of mortalities (with mortality rates per 
100 patient-years) in patients with AECOPD, by selected 
dichotomous covariables

Covariable No Yes P-valuea

Female sex 27 (25) 30 (34) 0.250
History of HF 46 (26) 11 (59) 0.019
History of HT 34 (23) 23 (44) 0.034
AF on admission 51 (27) 6 (64) 0.078
Peripheral edema 40 (23) 17 (81) ,0.0001
Supine posture 28 (21) 29 (46) 0.003
Radiological infiltrate 49 (27) 8 (47) 0.186

Note: aLogrank P-value for equality of survival.
Abbreviations: AECOPD, acute exacerbation of COPD; COPD, chronic obstructive 
pulmonary disease;  AF, atrial fibrillation; HF, heart failure; HT, hypertension.

Validation against NT-proBNP
Several of the variables that differed between the radiological 

assessments also showed an association with NT-proBNP 

concentration. These variables were age, BMI, history of 

HF, edema and atrial fibrillation on admission, heart rate, 

mean arterial pressure, SaO
2
, PaO

2
, PaCO

2
, serum CRP, and 

patient posture. Tables 5 and 6 show the geometric means of 

baseline NT-proBNP concentrations and the corresponding 

P-values for these variables.

When these variables were included in a LMM, a model 

with fixed effects only (ie, no random effects) and a spatial 

linear covariance structure had the lowest AIC (the best fit). 

Reduction of the full model resulted in the final model shown 

in Table 7, adjusting for sex and statistically significant asso-

ciations. With the standardized assessment, the NT-proBNP 

concentrations were 50% higher in patients with pulmonary 

congestion than in patients without (ratio 1.8 [95% CI: 

1.2−2.6] [P=0.003]). Using the routine assessment, there 

was no significant difference in NT-proBNP concentration 

(ratio 1.6 [0.96−2.6] [P=0.069]).

Discussion
In this study, a standardized, liberal assessment of pulmonary 

congestion on chest radiographs obtained on admission for 

AECOPD identified a group of patients at increased risk 

of dying, which was not reported by routine radiological 

assessment. The standardized assessment was also more 

strongly associated with NT-proBNP concentrations, indi-

cating that this assessment more accurately identified con-

comitant HF with pulmonary congestion. A higher awareness 

of HF among COPD patients is warranted as it may have 

therapeutic consequences.

Although we applied accepted criteria for diagnosing 

pulmonary congestion,8,26 our standardized assessment may 

be regarded as liberal. Applying a liberal definition inher-
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Figure 2 ROC curves for the routine (red dashed) and standardized (blue) 
assessments.
Notes: Age-adjusted logrank P,0.0001 between R−/S− and R−/S+; age-adjusted P=0.049 
between R+/S− and R−/S+. The results were based on the 99 index admissions.
Abbreviations: COPD, chronic obstructive pulmonary disease; R-, radiological 
assessment negative; R+, radiological assessment positive; S-, standardized 
assessment negative; S+, standardized assessment positive; ROC, receiver-operating 
characteristics.
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Table 4 Hazard ratios (with 95% confidence intervals) for dying 
during a median of 1.9 years follow up after acute exacerbation 
of COPD

Covariable Hazard ratio (95% CI) P-value

Age (per 5 years) 1.2 (1.01–1.4) 0.036
Female sex 1.8 (1.006–3.2) 0.048
Peripheral edema 2.5 (1.4–4.8) 0.004
Supine posture 1.8 (1.008–3.2) 0.047
Pulmonary congestion  
by routine assessment

1.7 (0.85–3.5) 0.128

Pulmonary congestion by  
standardized assessment

2.4 (1.2–4.7) 0.016

Note: The hazard ratios were based on 215 observations in 99 patients in an 
extended Cox regression analysis.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease.

Table 5 Geometric mean (with number of observations) 
of baseline NT-proBNP concentration (pg/mL), by selected 
dichotomous variables

Covariable No Yes P-valuea

Female sex 600 (60) 573 (57) 0.880
History of HF 429 (85) 930 (14) 0.063
AF on admission 438 (92) 1,537 (7) 0.026
Peripheral edema 514 (81) 909 (18) 0.037
Supine posture 363 (61) 746 (38) 0.015

Note: at-test P-value for the difference in the natural logarithm of NT-proBNP 
concentrations.
Abbreviations: AF, atrial fibrillation; HF, heart failure; NT-proBNP, N-terminal 
prohormone of brain natriuretic peptide.

Table 6 Geometric mean of baseline NT-proBNP concentrations 
(pg/mL), by quartiles of selected continuous variables

Covariable (with quartile  
limits)

Q1 Q2 Q3 Q4 P-valuea

Age, years (63.8; 71.4; 78.6) 207 380 492 1,311 ,0.0001
BMI, kg/m2 (19.5; 21.9; 25.4) 594 994 281 301 0.006
HR, min-1 (84; 99; 116) 782 318 438 495 0.181
SaO2, % (87; 92; 94) 1,134 419 220 540 0.0005
PaO2, kPa (7.0; 8.2; 9.4) 891 362 326 499 0.070
PaCO2, kPa (5.0; 5.7; 6.6) 575 443 276 738 0.110
CRP, mg/L (9; 29; 73) 486 265 502 831 0.005

Note: aANOVA P-value for the difference in the natural logarithm of NT-proBNP 
concentrations.
Abbreviations: ANOVA, analysis of variance; BMI, body mass index, CRP, 
C-reactive protein; HR, heart rate; NT-proBNP, N-terminal prohormone of brain 
natriuretic peptide; PaO2, arterial partial pressure of oxygen; PaCO2, arterial partial 
pressure of carbon dioxide; SaO2, arterial oxygen saturation.

Table 7 Relative concentration of NT-proBNP in patients with 
acute exacerbation of COPD

Relative 
NT-proBNP

P-value

Age (per 5 years) 1.4 (1.2–1.6) ,0.0001
Female 1.4 (0.84–2.2) 0.221a

CRP quartile 0.059b (for trend)

1.  (,9 mg/L) 1

2.  (9–29 mg/L) 1.1 (0.75–1.6) 0.635
3.  (29–73 mg/L) 1.3 (0.86–1.9) 0.224

4.  ($73 mg/L) 1.7 (1.1–2.7) 0.014

Pulmonary congestion by  
routine assessment

1.6 (0.96–2.6) 0.069

Pulmonary congestion by  
standardized assessment

1.8 (1.2–2.6) 0.003

Notes: The results were analyzed in a linear mixed model with 218 observations 
from 99 patients. aSex was kept in the model by convention; bCRP was kept in the 
model in spite of P.0.05 as its removal resulted in poorer model fit.
Abbreviations: COPD, chronic obstructive pulmonary disease; CRP, C-reactive 
protein; NT-proBNP, N-terminal prohormone of brain natriuretic peptide.

Table 3 Number of mortalities (with mortality rates per 100 patient-years) in patients with AECOPD, by quartiles of selected 
continuous covariables

Covariable (with quartile limits) Q1 Q2 Q3 Q4 P-valuea

Age, years (63.8; 71.4; 78.6) 8 (14) 14 (26) 15 (33) 20 (48) 0.030
BMI, kg/m2 (19.5; 21.9; 25.4)† 15 (35) 17 (47) 10 (18) 11 (19) 0.043
SaO2, % (87; 92; 94) 21 (76) 13 (25) 7 (11) 16 (30) ,0.0001
PaO2, kPa (7.0; 8.2; 9.4)† 20 (69) 13 (25) 10 (17) 13 (23) 0.001

Notes: aLogrank P-value for equality of survival. †BMI and PaO2 were available for 94 and 97 patients, respectively.
Abbreviations: AECOPD, acute exacerbation of COPD; COPD, chronic obstructive pulmonary disease;  BMI, body mass index; PaO2, arterial partial pressure of oxygen; 
SaO2, arterial oxygen saturation.

ently carries a risk of misclassifying normal radiographs as 

pathological. This error is expected to increase the sensitivity, 

but attenuate the specificity. However, in the present study, 

compared with the routine assessment, the association with 

both mortality and NT-proBNP became stronger using the 

standardized assessment. Both the sensitivity and specificity 

were higher, meaning that the standardized assessment not 

only identified more patients at risk of dying, but also, acquit-

ted more patients with a better prognosis. Consequently, it was 

superior in identifying patients at risk of dying, as reflected 

by the greater (though admittedly still low) area under the 

curve (AUC) value in the ROC analysis. Hence, in order to 

detect patients at risk, clinicians as well as radiologists should 

pay more attention to the pulmonary vasculature, particularly 

the upper lung fields, in COPD patients hospitalized with 

worsening of dyspnea. It is not unlikely that such findings 

are overlooked as the underlying cause of the exacerbation 

in these patients is expected to be an acute inflammatory or 

infectious process in the airways.

We investigated the hypothesis that the standard-

ized assessment identified more patients with increased  
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NT-proBNP concentrations than did the routine assessment. 

The two assessments concurred with regard to pulmonary 

congestion in the majority of cases, and the NT-proBNP 

concentrations could not be expected to be significantly differ-

ent between them. However, when compared in a multivariable 

analysis, only the standardized assessment remained associ-

ated with NT-proBNP. Among the observations that were nega-

tive in the routine assessment but positive in the standardized 

assessment, the NT-proBNP concentrations were relatively 

high. In two studies,27,28 NT-proBNP concentrations below 264 

and 1,000 pg/mL, respectively, were optimal to rule out HF in 

AECOPD, while 1,800 pg/mL and 2,500 pg/mL, respectively, 

were suggested to confirm the presence of concomitant HF. In 

light of this, many of the patients identified by the standard-

ized, but not by the routine assessment, may have suffered 

from HF (as well as from COPD exacerbation) on admission. 

However, the diagnosis of left HF cannot be established by 

NT-proBNP alone as natriuretic peptides may originate from 

the right ventricle, particularly in these patients.

In all, 44% of the patients with pulmonary congestion 

found by the standardized assessment had a history of HF com-

pared with 29% found with the routine assessment. The study 

investigators were blinded for all clinical data, but the clinicians 

who performed the initial assessment were not. Thus, despite 

potential information of known HF, the routine assessment was 

less likely to diagnose pulmonary congestion. There may have 

been some systematic clinical bias in that the radiologists were 

informed that the radiograph under investigation was from 

a COPD patient with (yet another) acute exacerbation. This 

may influence the radiologists to describe it as such, without 

specifically looking for signs of HF. Such an approach should 

be discouraged on the basis of our findings.

Radiological infiltrates and serum CRP both showed some 

association with the standardized assessment, mortality, and 

the NT-proBNP level, and one might speculate whether we 

have identified patients with lower airway infections rather 

than HF. The review of the patient records does not support 

this as the proportion of patients with a discharge diagnosis 

of pneumonia/airway infection was similar across the groups 

(data not shown).

The radiology fellow and the pulmonologist performing 

the standardized assessment had about the same experi-

ence as the attending and senior physicians, respectively, 

performing the routine assessments. The investigators, 

including a pulmonologist, performing the standardized 

assessment were of course aware that they did this as part of 

a study; the radiologists who performed the routine assess-

ments were not. Moreover, one of our hypotheses was that 

unrecognized HF in COPD patients is common. Thus, the 

awareness of the investigators performing the standard-

ized assessment was higher, and the threshold to rule in 

pulmonary congestion may have been lower. As they were 

blinded to the clinical data and objectively determined the 

presence or absence of predefined radiological features, we 

have sought to minimize this potential bias. However, it is 

noteworthy, if it proves true, that one can identify COPD 

patients at increased risk of dying simply by increasing the 

awareness of pulmonary congestion. Indeed, this is a key 

message from this study: To minimize the potential preju-

dice and subjectivity in the interpretations, radiographs from 

patients presenting with AECOPD should be systematically 

examined for signs of left HF as this may be challenging 

to diagnose clinically. If such signs are present, clinicians 

should take this into consideration. When identified, heart 

disease in COPD patients should be treated according to 

guidelines, as emphasized in the latest GOLD revision.29 

Therefore, in contrast to the recommendation made in a 

recent review,8 we suggest chest radiography, an inexpen-

sive and readily available procedure, to be performed as a 

routine examination in AECOPD.

In the multivariable analyses, we used data from 

218 observations from 99 patients. By using statistical models 

described in standard textbooks,22−25 this can be done without 

introducing bias or inflating the results. Particularly regarding 

the survival analysis, each patient contributes, with observation 

time from inclusion to death or censoring. However, the 

patients are allowed to change on readmissions (for example 

from congestion to not congestion or from CRP first quartile 

to CRP third quartile).
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Figure 3 Survival after acute exacerbation of COPD, stratified by radiologic 
evaluation of pulmonary congestion on admission.
Notes: For the routine assessments, AUC =0.54; for the standardized assessments, 
AUC =0.62.
Abbreviations: AUC, area under the curve; ROC, receiver operating characteristics.
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Limitations
Our study sample was quite small but was unselected. In 

spite of only 99 included patients, we showed a statistically 

significant difference in mortality between the two radio-

logical assessments. Based on our results, a much larger 

sample would be needed to show significant differences in 

NT-proBNP.

This was a small single-center study, and we do not 

know to what extent the present findings can be generalized. 

The applicability of the assessment should be validated in 

other cohorts of COPD patients and different populations. 

Finally, there may be residual confounding in the material, 

ie, unidentified factors associated with radiologic interpreta-

tion and mortality.

Conclusion
By applying a standardized and liberal approach when 

evaluating pulmonary congestion on chest radiographs 

during AECOPD, a group of patients at increased risk of 

dying was identified. The observation that NT-proBNP 

concentrations were increased in these patients suggests 

that this may have been due, at least partially, to left-sided 

congestive heart failure. The systematic assessment of chest 

radiographs of COPD patients hospitalized for worsening 

of dyspnea may give important information that may guide 

their treatment.
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