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Background: B-type natriuretic peptide (BNP) and the N-terminal fragment of pro-BNP
(NT-pro-BNP) are established biomarkers of heart failure. Increased levels of natriuretic peptide
(NP) have been associated with poor outcomes in acute exacerbation of COPD (AECOPD);
however, most studies did not address the conditions that can also increase NT-pro-BNP levels.
We aimed to determine if NT-pro-BNP levels correlate with outcomes of AECOPD in patients
without heart failure and other conditions that can affect NT-pro-BNP levels.

Methods: We conducted a retrospective study in patients hospitalized for AECOPD with
available NT-pro-BNP levels and normal left ventricular ejection fraction. We compared patients
with normal and elevated NT-pro-BNP levels and analyzed the clinical and outcome data.
Results: A total of 167 of 1,420 (11.7%) patients met the study criteria. A total of 77% of male
patients and 53% of female patients had elevated NT-pro-BNP levels (P=0.0031). NT-pro-BNP
levels were not associated with COPD severity and comorbid illnesses. Log-transformed NT-
pro-BNP levels were positively associated with echocardiographically estimated right ventricular
systolic pressure (7=0.3658; 95% confidence interval [CI]: 0.2060-0.5067; P<<0.0001). Patients
with elevated NT-pro-BNP levels were more likely to require intensive care (63% vs 43%;
P=0.0207) and had a longer hospital length of stay (P=0.0052). There were no differences in
the need for noninvasive positive pressure ventilation (P=0.1245) or mechanical ventilation
(P=0.9824) or in regard to in-hospital mortality (P=0.5273).

Conclusion: Patients with AECOPD and elevated NT-pro-BNP levels had increased hospital
length of stay and need for intensive care. Based on our study, serum NT-pro-BNP levels cannot
be used as a biomarker for increased mortality or requirement for invasive or noninvasive
ventilation in this group of patients.

Keywords: acute exacerbation of COPD, NT-pro-BNP, natriuretic peptide, COPD

Background

COPD is a leading cause of morbidity and mortality worldwide and is associated with a
significant economic burden. In 2014, 15.7 million Americans reported that they were
diagnosed with COPD.! Prevalence of COPD increases with age, ranging from 2.6%
in adults aged 18-34 years of age to 12.3% in adults aged 75 years or older.!

Studies show that >50% of adults with low pulmonary function do not know that
they have COPD, suggesting that actual estimates could be higher.? COPD not only
leads to limitations in daily activities but also leads to increased economic burden. Work
force participation estimates suggest a significant decline in adults with COPD as well
as limitations in the type and amount of work that they can perform with restricted
activity days ranging from 27 to 63 days per year compared with adults without COPD.?
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B-type natriuretic peptide (BNP) is derived from the pro-
hormone pro-BNP, an intracellular, 108-amino acid precursor
protein, which is cleaved into two fragments and released by
myocytes, yielding BNP and the 76-amino acid N-terminal
fragment of pro-BNP (NT-pro-BNP).

BNP and NT-pro-BNP are established biomarkers of
heart failure (HF)* and are primarily used for diagnosis, risk
stratification, and management. Elevated natriuretic peptide
levels have also been observed in patients with COPD
without HF, likely originating from the left and right sides of
the heart. Cor pulmonale, secondary pulmonary hypertension,
and hypoxemia represent important stimuli for the release
of natriuretic peptides from the right side of the heart and
increase BNP gene expression.>”’

Several studies have suggested the utility of BNP in pre-
dicting the outcomes of COPD. A prospective, single-center
study?® of stable patients with COPD in the ambulatory setting
suggested that NT-pro-BNP predicts survival in unadjusted
survival plots; however, the association was not significant
when adjusted for the presence of a dilated left atrium, aortic
stenosis, and left ventricular systolic dysfunction. Another
study of patients with AECOPD suggested an association
between elevated NT-pro-BNP levels and 30-day mortality.’
That study was limited to include only those patients with
known cardiovascular diseases. Hoiseth et al'® showed an
association between NT-pro-BNP and long-term mortality in
patients with AECOPD; however, ~12% of the patients in that
study did not have spirometrically confirmed COPD. A meta-
analysis by Buchan et al'! found that most of the studies
correlating COPD with NT-pro-BNP levels included left
ventricular dysfunction as a primary or secondary end point.

We aimed to assess the correlation between NT-pro-BNP
levels and outcomes in patients admitted to the hospital
with AECOPD while accounting for known confounders of
NT-pro-BNP elevation. The primary outcomes included the
needs for noninvasive positive pressure ventilation (NIPPV),
mechanical ventilation (MV), tracheostomy, and admission
to the intensive care unit (ICU). In addition, we evaluated
mortality and the length of stay (LOS) parameters.

Methods

This was a retrospective study of all adult patients admitted
with AECOPD to our institution from January 2010 to
December 2014. We obtained data regarding baseline
demographics, Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) staging, and home oxygen
requirement. We reviewed laboratory parameters and chest
X-rays at the time of admission, serum NT-pro-BNP levels,
and echocardiograms.

The inclusion criteria were available spirometry with
post-bronchodilator forced expiratory volume in 1 second
(FEV )/forced vital capacity (FVC) <0.70, available serum
NT-pro-BNP levels at the time of admission, normal left
ventricular ejection fraction confirmed by echocardiogram
within 12 months of admission, and a clinical diagnosis of
COPD exacerbation. We excluded patients with any of the
following characteristics: advanced renal disease, systolic
HF (ejection fraction <50%), valvular heart disease, acute
myocardial infarction, and grade 3 or grade 4 diastolic
dysfunction (DD). We included patients with grades 1 and
2 DD in our analysis to evaluate if any correlation with NT-
pro-BNP exists.

A total of 1,420 patients were admitted with the diagnosis
of AECOPD during the study period. Of these, 167 patients
(11.7%) met our study criteria described earlier and were
analyzed.

Statistical analysis

We compared the clinical characteristics between patients
with normal and elevated age-specific NT-pro-BNP levels
by ) tests for categorical data, Student’s #-tests for continu-
ous parametric data, and Wilcoxon—-Mann—Whitney tests for
continuous nonparametric data. Kruskal-Wallis test was used
to compare the NT-pro-BNP levels among patients catego-
rized by GOLD stage and ethnicity. We used log-transformed
NT-pro-BNP levels to correlate right ventricular systolic
pressure (RVSP) and other laboratory results by Spearman
correlation tests.

We conducted a multivariable logistic regression
analysis of binary outcomes, including NIPPV use, need
for intubation and mechanical intubation, and need for
new tracheostomy, which were our primary outcomes
under focus. A multivariable linear regression analysis was
conducted for NT-pro-BNP levels, laboratory data, LOS
in the hospital and in the ICU, and the number of days of
MV and NIPPV.

We expressed the results as counts (percentages) for
discrete variables and as mean values (£ standard deviation
[SD]) for continuous variables. Statistically significant asso-
ciations were retested using multivariable models to account
for interactions and confounders. The P-values =0.05 were
considered statistically significant, and all confidence inter-
vals (CIs) were reported to four decimal places. We employed
RStudio V0.98.1103 (RStudio Inc., Boston, MA, USA) and
Excel 2010 (Microsoft Corp, Redmond, WA, USA) for the
data analyses. This study was reviewed and approved by
the institutional review board at Bronx-Lebanon Hospital
Center. The study number is 01081503, which was approved
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on January 8, 2015. The institutional review board waived
the need for informed consent for this study due to its retro-
spective nature. The study followed strict policies to protect
patient data confidentiality.

Results

A total of 167 patients met the study criteria during this period
of which 104 (62%) had elevated age-specific NT-pro-BNP
levels. Table 1 shows the general characteristics of the two
groups. The mean age of the patients was 63.1+9.9 years.
A total of 39% of the patients were males. There were no
differences among ethnic groups in the proportion of patients
with elevated or normal NT-pro-BNP levels (P=0.3624) or
in the severity of COPD as indicated by GOLD staging or
home oxygen requirement. Patients with normal NT-pro-
BNP levels had higher BMI than those with elevated NT-
pro-BNP levels, but there were no differences between the
two groups in terms of underlying comorbid conditions. The
median interval between the echocardiogram and hospital
admission was 28 days (range: 1-364 days).

Table 2 shows the laboratory values during admission.
Patients with elevated NT-pro-BNP levels had lower serum
albumin (P=0.0042), higher serum blood urea nitrogen
(BUN) levels (P=0.0164), and higher partial pressure of

carbon dioxide (P=0.043). There were no differences in
serum creatinine, serum bicarbonate, serum troponins, serum
pH, and partial pressure of oxygen between the two groups.
We also noted that patients with elevated NT-pro-BNP levels
had higher RVSPs compared to patients with normal NT-
pro-BNP levels (P=0.0002). Patients with normal NT-pro-
BNP levels were more likely to have grade 1 or grade 2 DD
(87%) compared with patients with elevated NT-pro-BNP
levels (P=0.0033).

In the Pearson correlation analysis (Table 3), there was
a significant, moderately positive association between the
log-transformed NT-pro-BNP levels and echocardiographi-
cally estimated RVSP (»=0.3658; 95% CI: 0.2060-0.5067;
P<0.0001; Figure 1). There were weakly positive relation-
ships between the log-transformed NT-pro-BNP levels
and pCO, levels (r=0.2113; 95% CI: 0.0615-0.3519;
P=0.0061) and serum bicarbonate levels (=0.1893; 95%
CI: 0.0386-0.3317; P=0.0143).

Clinical interventions and patient outcomes are summa-
rized in Table 4. Patients with elevated NT-pro-BNP levels
were more likely to be admitted to the ICU (63% vs 43%;
P=0.0207), which was evident in the univariate regression
model (OR =2.22; 95% CI: 1.1799-4.2373; P=0.0141),
however, in the multivariable model, it did not reach

Table | Demographic characteristics of patients with AECOPD according to age-specific NT-pro-BNP levels

Variables All cases Normal NT-pro- High NT-pro- Significance
(n=167) BNP (n=63) BNP (n=104)
Demographics
Mean age (SD) 63.1 (9.9) 63.7 (9.6) 62.8 (10.0) P=0.5303
Sex, n (%)
Male 65 (39) 15 (24) 50 (48) P=0.0031
Female 102 (61) 48 (76) 54 (52)
Mean BMI (SD) 29.6 (11.9) 323 (12.8) 27.9 (10.9) P=0.0149
Ethnicity, n (%)
African-American 91 (54) 36 (57) 55 (53) P=0.3624
Hispanic 67 (40) 22 (35) 45 (43)
Others (Asian or White) 9(5) 5(8) 44
COPD severity, n (%)
GOLD | 14 (8) 6 (10) 8 (8) P=0.8998
GOLD 2 47 (28) 20 (32) 27 (26) P=0.5299
GOLD 3 76 (46) 27 (43) 49 (47) P=0.7074
GOLD 4 30 (18) 10 (16) 20 (19) P=0.7379
Home oxygen dependant, n (%) 65 (39) 20 (32) 45 (43) P=0.1880
Comorbidities, n (%)
Pulmonary embolism 5@33) 2(3) 3(3) P=1.0000
Atrial fibrillation 15 (9) 3(5 12 (12) P=0.2281
Renal failure 12 (7) 1(2) I P=0.0613
Liver failure 2(1) 0(0) 2(2) P=0.7088
Malnutrition 18 (11) 6 (10) 12 (12) P=0.8811

Abbreviations: AECOPD, acute exacerbation of COPD; BMI, body mass index; BNP, B-type natriuretic peptide; NT-pro-BNP, N-terminal fragment of pro-BNP;

02, oxygen; SD, standard deviation.
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Table 2 Laboratory and imaging results according to age-specific NT-pro-BNP levels in patients with AECOPD

Variables All cases Normal NT-pro- High NT-pro- Significance
(n=167) BNP (n=63) BNP (n=104)
Laboratory
NT-pro-BNP (pg/mL), mean (SD) 704.1 (1,430.2) 88.3 (53.3) 1,077.2 (1,707.1) P<<0.0001
Albumin, serum (g/dL), mean (SD) 3.9 (04) 4.0 (0.4) 3.8 (0.4) P=0.0042
BUN, serum (mg/dL), mean (SD) 17.4 (9.5) 14.8 (6.2) 18.9 (10.7) P=0.0164
Creatinine, serum (mg/dL), mean (SD) 0.9 (0.6) 0.8 (0.4) 1.0 (0.7) P=0.0561
Troponin elevation, n (%) 6 (4) 0 (0) 6 (6) P=0.1541
pH, mean (SD) 7.3 (0.1) 7.3 (0.1) 7.3 (0.1) P=0.3222
pCO, (mmHg), mean (SD) 60.4 (21.7) 56.0 (14.5) 63.0 (24.6) P=0.043
pO, (mmHg), mean (SD) 74.4 (38.8) 70.7 (34.8) 76.7 (40.8) P=0.2644
Bicarbonate, serum (mEq/L), mean (SD) 28.3 (5.0) 274 (3.8) 28.8 (5.6) P=0.1988
Echocardiogram
RVSP (mmHg), mean (SD) 422 (12.8) 37.5(9.2) 45.5 (14.0) P=0.0002
DD, n (%)
No DD 44 (26) 8 (13) 36 (35) P=0.0073
Grades | and 2 DD 123 (74) 45 (87) 54 (65)

Abbreviations: AECOPD, acute exacerbation of COPD; BNP, B-type natriuretic peptide; BUN, blood urea nitrogen; DD, diastolic dysfunction; NT-pro-BNP, N-terminal
fragment of pro-BNP; pCO,, partial pressure of carbon dioxide; pO,, partial pressure of oxygen; RVSP, right ventricular systolic pressure; SD, standard deviation.

statistical significance (OR =1.9608; 95% CI: 1.0007-3.8903;
P=0.0512). Patients with elevated NT-pro-BNP levels had a
greater hospital LOS (6 days [interquartile range, IQR 5] vs
4 days [IQR 3]; P=0.0052) compared to patients with normal
NT-pro-BNP levels, which was also noted in multivariable
model (OR =477.6; 95% CI: 19-11,993.6; P<<0.001). We did
not observe any significant differences in the need for NIPPV
or MV or in-hospital mortality between the two groups.

Discussion

Our study is the largest to date to evaluate the role of NT-
pro-BNP in patients admitted to the hospital for AECOPD
while considering the severity of COPD and excluding
potential confounders of elevated NT-pro-BNP levels. We
found an inverse relationship between elevated NT-pro-
BNP levels and mild left ventricular DD in patients with
AECOPD. Patients with elevated NT-pro-BNP levels had
lower BMI and albumin levels and elevated BUN levels,
were less likely to have grade 1 or grade 2 DD and more
likely to have elevated RVSP on echocardiogram. They were

Table 3 Correlation analysis of NT-pro-BNP

Variables tested Correlation coefficient P-value
NT-pro-BNP and RVSP  r=0.3658; 95% CI: 0.2060-0.5067 P<0.0001
NT-pro-BNP and pCO, r=0.2113; 95% CI: 0.0615-0.3519  P=0.006
NT-pro-BNP and r=0.1893; 95% CI: 0.0386-0.3317 P=0.014

serum bicarbonate

Abbreviations: BNP, B-type natriuretic peptide; Cl, confidence interval; NT-pro-
BNP, N-terminal fragment of pro-BNP; pCO,, partial pressure of carbon dioxide;
RVSP, right ventricular systolic pressure.

also more likely to be admitted to the ICU and had a greater
hospital LOS. NT-pro-BNP levels did not have a significant
impact on mortality or the requirement for NIPPV, intubation
and MV, or new tracheostomy.

In a previous study, Medina et al'? evaluated the prog-
nostic value of NT-pro-BNP in patients with AECOPD.
They excluded patients with HF, depressed ejection fraction,
abnormal diastolic function, valvular heart disease, or chronic
kidney disease to minimize confounding etiologies for the
rise in NT-pro-BNP. They did not, however, limit their study
to patients with spirometrically confirmed COPD, and their
analysis did not include LOS or the need for NIPPV or MV.
They expressed the study outcomes for all chronic pulmonary
diseases, which included COPD, chronic asthma, pulmonary
fibrosis, and others. Therefore, it is unclear whether the

RVSP (mmHg)

90
80
70
60
50
40
30
20 &

10

0
1 10 100 1,000 10,000 100,000
Log-transformed NT-pro-BNP levels

RVSP (mmHg)

Figure | Scatter plot showing a moderately positive association of NT-pro-BNP
levels with echocardiographically estimated RVSP.

Abbreviations: BNP, B-type natriuretic peptide; NT pro-BNP, N-terminal fragment
of pro-BNP; RVSP, right ventricular systolic pressure.
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Table 4 Outcomes and interventions according to age-specific NT-pro-BNP levels in patients with AECOPD

Variables All cases Normal NT-pro- High NT-pro- Significance
(n=167) BNP (n=63) BNP (n=104)
Interventions, n (%)
NIPPV 83 (50) 26 (41) 57 (55) P=0.1245
Intubation 20 (12) 7(11) 13 (13) P=0.9824
Tracheostomy 4(2) 1(2) 3(3) P=0.9925
LOS
Number admitted to floor, n (%) 75 (45) 36 (57) 39 (38) P=0.0207
Floor median LOS (IQR) 5(6) 43) 6 (5) P=0.0053
Number admitted to ICU, n (%) 92 (55) 27 (43) 65 (63) P=0.0207
ICU median LOS (IQR) 2(2) 2(2) 2(2) P=0.6868
Total hospital LOS (IQR) 5(5) 43) 6 (5) P=0.0053
Discharge disposition, n (%)
Home 149 (89) 59 (94) 90 (87) P=0.2663
Nursing home 12 (7) 2(3) 10 (10)
Hospice 4(2) 2(3) 2(2)
In-hospital death 2(1) 0(0) 2(2) P=0.5273

Abbreviations: AECOPD, acute exacerbation of COPD; BNP, B-type natriuretic peptide; ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; NIPPV,
noninvasive positive pressure ventilation; NT-pro-BNP, N-terminal fragment of pro-BNP.

outcomes accurately represent a direct association between
elevated NT-pro-BNP levels and outcomes in patients with
AECOPD. We excluded patients without confirmed COPD
by limiting our study to patients with spirometry showing
postbronchodilator FEV /FVC <0.70, and we further clas-
sified the included patients based on the severity of COPD.
We did not observe any relationship between elevated
NT-pro-BNP levels and COPD severity or home oxygen
use at baseline.

The pathophysiological processes leading to elevated
NT-pro-BNP levels and the relationships between those
processes and adverse outcomes in AECOPD are not well
understood. Studies have shown that patients with normal
NT-pro-BNP or troponin T levels had lower mortality rates
than patients with abnormal levels of those proteins, sug-
gesting possible cardiac involvement. In patients with severe
COPD, hypoxia and pulmonary vasoconstriction can lead to
pulmonary hypertension and right ventricular dysfunction.
Studies of patients with pulmonary hypertension have shown
relationships between NT-pro-BNP and invasive pulmonary
hemodynamics and echocardiographic measures of right
ventricular function.'® Another study showed significant cor-
relations between elevated plasma BNP levels and pulmonary
artery systolic pressure and left ventricular dysfunction in
patients with stable COPD." High biological variability in
NT-pro-BNP levels has been observed among patients with
stable chronic HF.!>!¢ It has been unclear whether elevated
levels of NT-pro-BNP in patients with COPD are primarily
due to left or right heart dysfunction. In our study, we
excluded patients with valvular abnormalities or chronic

systolic and diastolic HF and included those with grade 1 or
grade 2 DD, pulmonary embolism, or atrial fibrillation in a
multivariable analysis. Therefore, our findings of elevated
echocardiographic RVSP in patients with AECOPD and
elevated NT-pro-BNP levels might represent a direct impact
of AECOPD on right ventricular function in certain patients.
However, we cannot comment on whether the elevated RVSP
was associated with an acute insult due to the AECOPD or
due to another coexisting condition.

The rate of admission to the ICU for AECOPD ranges
between 7% and 22% among various studies.'”" In our
study, ~55% of the patients admitted to the hospital with
AECOPD were admitted to the ICU. The high rate of admis-
sion to the ICU in our study likely reflects local practice,
because all patients requiring the new use of NIPPV or
MV in our hospital are admitted to the ICU. Patients with
AECOPD presenting with elevated NT-pro-BNP levels were
more likely to be admitted to the ICU compared with those
presenting with normal NT-pro-BNP levels (70% vs 43%).
The hospital LOS for patients with AECOPD varies with
the severity of illness and the requirement for MV.?° Nevins
et al*! evaluated 60 patients with COPD exacerbation who
required MV; the mean duration of MV was 8.9 days, and
the median hospital LOS was 14 days.?! In our study, the
median LOS for mechanically ventilated patients was 8§ days
(range: 1-103 days), which is consistent with the study by
Nevins et al.?! In addition, we reviewed data for patients
who were admitted to the hospital but did not require ICU
care as well as for patients who required ICU care, which
provided us with additional insights. Patients with elevated
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NT-pro-BNP levels had a greater LOS than patients with
normal NT-pro-BNP levels whether or not they required
ICU admission. Furthermore, patients with elevated NT-
pro-BNP levels were more likely to be admitted to the
ICU, although the overall LOS in the ICU was comparable
between the two groups.

Connors et al* reported an in-hospital mortality rate of
11% in a cohort of 1,016 patients with hypercapnic respira-
tory failure secondary to AECOPD. Patients requiring MV
had an increased mortality rate. The mortality rate in our
study (1.2%) was lower than that in the study by Connors
et al* but was more in line with the study by Medina et al,'?
which showed a 30-day hospital mortality rate of 1.6%. We
attribute those differences to our exclusion criteria, which
could have resulted in a younger patient population and
excluded patients with other comorbidities such as under-
lying heart diseases and advanced renal disease that also
affect mortality.

In a recent study, Calzetta et al*® explored the teleological
activities and paradoxical effects of BNP and its therapeutic
implications in chronic obstructive pulmonary disorders.
They suggested that BNP is much more than a biomarker as
it may modulate the bronchial tone in COPD patients. This
effect on bronchial epithelium is independent of its interac-
tion with the parasympathetic system. Broncho-relaxant
effect of BNP is thought to be mediated by its interaction
with natriuretic peptide receptor A (NPR-A) that is present
on the bronchial epithelium. Integrity of the bronchial epi-
thelium is essential for this interaction. Furthermore, BNP
has a higher molecular weight compared with currently used
bronchodilators, which may lead to technical difficulties in
developing a delivery device.

Our study had some limitations. We used a retrospective
design and included patients from a single center, which
cares for an inner-city population with specific demographic
characteristics. Furthermore, our study group was relatively
small. Despite finding trends toward greater requirements
for NIPPV and MV and a higher mortality rate in patients
with elevated NT-pro-BNP levels, those trends were not
statistically significant. A larger study might have provided
more insight into those important parameters. Echocardio-
grams were not always performed at the time of obtaining
NT-pro-BNP levels, therefore, we cannot definitively exclude
that some patients may have developed low ejection fraction
or more severe DD in the interim. As the providers were
not blinded to patient’s laboratory data, we cannot assert
if finding a higher NT-pro-BNP level contributed to the

decision to admit patients to the ICU. Due to retrospective
nature of the study, we cannot accurately assess why the NT-
pro-BNP was ordered in our study population. To address
the potential bias of underlying cardiac disease to the best of
our ability, we excluded patients with any of the following
characteristics: systolic HF (ejection fraction <50%),
valvular heart disease, acute myocardial infarction, and
grade 3 or grade 4 DD. We further included patients with
grades 1 and 2 DD, atrial fibrillation, pulmonary embolism,
and those with elevated serum troponin levels in our analysis
and did not find any significant positive association with
elevated NT-pro-BNP levels. Our study revealed important
associations but could not prove any causation. Despite
those limitations, the strengths of our study include the
inclusion of carefully selected patients with spirometrically
confirmed COPD, the exclusion of confounders of elevated
NT-pro-BNP levels including chronic and stable HF, and the
inclusion of all patients with AECOPD who were admitted
to our hospital, which allowed us to compare the hospital
LOS and the requirements for NIPPV and MV between
patients with and without elevated NT-pro-BNP levels. To
our knowledge, ours is the largest study so far to evaluate
the role of NT-pro-BNP in patients admitted to the hospital
with AECOPD, including only patients with spirometrically
confirmed COPD and excluding potential confounders that
can increase NT-pro-BNP levels.

Conclusion

In our study, patients with AECOPD who had elevated
age-specific NT-pro-BNP levels had higher likelihood of
ICU admission and longer hospital LOS. Echocardiograms
were more likely to show elevated RVSP in patients with
elevated NT-pro-BNP levels, suggesting a possible asso-
ciation between COPD and right ventricular dysfunction.
Larger prospective studies are needed to validate our find-
ings and to assess whether any direct correlation exists
between adverse outcomes of AECOPD and right heart
dysfunction.
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