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Chronic obstructive pulmonary disease (COPD) and cardiovascular disease often coexist, and acute cardiac events
frequently occur during COPD exacerbations. Even when cardiac complications are not clinically apparent,
biochemical evidence of cardiac dysfunction is often noted during exacerbations and portends poor prognosis.
Diagnosis of cardiac disease in COPD can be diﬃcult and necessitates a high degree of clinical suspicion. However,
the additional strain of an exacerbation could be a pivotal moment, during which previously unsuspected cardiac
dysfunction is exposed. In this Review, we present evidence about cardiac involvement in exacerbations of COPD, and
discuss diagnostic challenges and treatment opportunities.

Introduction
Patients with chronic obstructive pulmonary disease
(COPD) often have cardiovascular comorbidities.1
Patients with cardiovascular complications tend to have
more symptoms and higher mortality than do patients
with COPD alone.2 To distinguish symptoms of cardiac
disease from those of COPD can be diﬃcult, however,
and cardiac disease is often unrecognised.3,4
Exacerbations of COPD are characterised by symptomatic
deterioration or increased use of health care; definitions
do not ascribe cause, and primary cardiovascular
instability precipitating acute deterioration in COPD
symptoms is probably common.3 At one extreme,
decompensated cardiac failure could be mistaken for
COPD exacerbation.3,5 But even without clinical signs of
cardiac involvement, biochemical evidence of cardiac
dysfunction is often present.6–19 Increased cardiac
biomarkers during COPD exacerbations are associated
with poor prognosis, but their wider implications are
uncertain.6,18,19 In this Review, we examine the evidence
for cardiac dysfunction during exacerbations of COPD
Key messages
• Diagnosed cardiac comorbidities are common in patients
with chronic obstructive pulmonary disease (COPD) and
are associated with worse outlook. Prevalence might be
underestimated because of underdiagnosis.
• COPD exacerbations are often complicated by acute
cardiac dysfunction, which can be diﬃcult to recognise
clinically.
• Biochemical evidence of myocardial stretch (B-type
natriuretic peptides) and myocardial injury (troponins) is
often noted in exacerbations of COPD and is associated
with increased mortality.
• Results of observational studies suggest that cardiac
treatments could improve outcomes from COPD
exacerbations, but no prospective controlled trials have
been done.
• Further research into the pathogenesis and treatment of
acute cardiac dysfunction in COPD exacerbations is
urgently needed.
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and provide diagnostic, prognostic, and therapeutic
perspectives.

Epidemiology
COPD can be an important comorbidity in patients with
cardiovascular disease: it is identified in 7–16% of
patients with acute myocardial infarction and up to 52%
of patients with heart failure (appendix). The presence of
COPD is associated with an increased risk of readmission
to hospital and long-term mortality.20 Patients with
comorbid cardiac disease and COPD are less likely to be
given β blockers for cardiac dysfunction or β agonists for
airflow obstruction.21,22
About 20% of patients with COPD have a diagnosed
cardiovascular comorbidity (appendix). Cardiovascular
diagnoses are more common in those with severe airflow
obstruction. Both airflow obstruction and low forced vital
capacities are established cardiovascular risk factors,23,24
and the results of population-based studies show at least a
30% higher risk of cardiovascular death in patients with
impaired lung function, even after adjustment for age,
smoking status, and traditional cardiovascular risk
factors.23–25 Accurate estimation of cardiovascular mortality
in COPD is diﬃcult, however, because death certificates
can be unreliable. When cause of death is meticulously
reviewed, cardiovascular disease (including cerebrovascular disease) seems to account for 25% of all-cause
mortality.26 Cardiac deaths outnumber respiratory deaths
in mild and moderate COPD—only in advanced disease
does respiratory failure predominate.25 Comorbid heart
failure in COPD is associated with a doubling of the
mortality rate, poor quality of life, and low exercise
tolerance.27–29
Cardiovascular disease can be detected in as many as
55% of patients admitted with exacerbations of COPD
(table 1). Furthermore, around 20% of exacerbations of
COPD could be due to acute decompensated heart failure
and cardiac arrhythmias.38 Comorbid cardiac failure,
ischaemic heart disease, and arrhythmias have all been
associated with reduced survival from exacerbations of
COPD (table 1), and particularly with early inpatient
mortality.36,38,39 Retrospective studies have shown that
8–25% of patients with exacerbations of COPD have
www.thelancet.com/respiratory Vol 4 February 2016

Review

Study type

Population (n)

Key findings

Agabiti et al, 201030

Retrospective cohort

Patients admitted to hospital
(12 756)

Past history of IHD (15% of population; RR 1·3 [95% CI 1·1–1·5]), heart failure (10%; 1·7 [1·4–2·0]), and
atrial fibrillation (11%; 1·2 [1·0–1·4]) predicted mortality at 30 days

Almagro et al, 200231

Prospective cohort

Patients admitted to hospital
(135)

Past history of heart failure (33% of population) predicted long-term (>2 years) mortality (OR 2·30
[95% CI 1·39–2·83])

Almagro et al, 201532

Prospective cohort

Patients admitted to hospital
(606)

Past history of IHD (21% of population; HR 1·29 [95% CI 1·04–1·61]), heart failure (33%; 2·31 [1·05–5·1]),
and atrial fibrillation (21%; 2·8 [1·28–6·15]) predicted mortality at 3 months

Brekke et al, 200833

Retrospective cohort

Patients admitted to hospital
(897)

Past history of IHD (29% of population; HR 1·54 [95% CI 1·05–2·26]) and current atrial fibrillation (10%;
1·4 [1·03–1·9]) predicted mortality at 2 years, past history of heart failure (10%; 1·26 [0·91–1·75]) did not

Bustamante-Fermosel
et al, 200734

Retrospective cohort

Patients admitted to hospital
(972)

Current heart failure (28% of population) predicted in-hospital mortality (RR 3·47 [95% CI 1·24–9·66])

Chang et al, 201135

Prospective cohort

Patients admitted to hospital
(250)

Past history of cardiac disease (30% of population) did not predict mortality at 30 days (OR 0·7 [95% CI
0·25–1·99])

Connors et al, 19965

Prospective cohort

Patients admitted to hospital
(1016)

Current heart failure (26% of population; HR 0·66 [95% CI 0·45–0·97]) predicted mortality at 6 months,
past history of any cardiac disease did not (1·06 [0·74–1·5])

Dransfield et al, 200836

Retrospective cohort

Patients admitted to hospital
(825)

Past history of heart failure (28% of population) predicted in-hospital mortality (OR 4·54 [95% CI
1·53–13·5])

Escande et al, 201417

Prospective cohort

Patients admitted to hospital
(29)

Current heart failure (52% of population) predicted mortality at 5 years (HR 3·37 [95% CI 1·19-9·56])

Fruchter et al, 200937

Retrospective cohort

Patients admitted to hospital
(182)

Past history of IHD (43% of population) predicted mortality at 3 years (HR 2·34 [95% CI 1·38–3·95])

Fuso et al, 199538

Retrospective cohort

Patients admitted to hospital
(590)

Cardiac arrhythmia (19% of population; OR 1·91 [95% CI 1·10–3·31]) and current atrial fibrillation
(8%; 2·27 [1·14–4·51]) predicted in-hospital mortality, past history of IHD (3%; 2·69 [0·91-7·97]) did not

Harrison et al, 201439

Prospective cohort

Patients admitted to hospital
(1343)

Past history of heart failure (proportion of participants with heart failure not reported) predicted
in-hospital mortality (OR 1·75 [95% CI 1·06–2·91]) and mortality at 1 year (1·52 [1·11–21])

Hasegawa et al, 201440

Retrospective cohort

Patients admitted to hospital
(177 207)

Past history of heart failure (18% of population) predicted in-hospital mortality (OR 1·31 [95% CI
1·23–1·40])

Incalzi et al, 199741

Prospective cohort

Patients admitted to hospital
(270)

Current IHD (6% of population; HR 1·42 [95% CI 1·02–1·96]) predicted mortality at 5 years, past history
of IHD (4%; 1·05 [0·54–2·05]) did not

Lainscak et al, 201142

Retrospective cohort

Patients admitted to hospital
(968)

Past history of heart failure (27% of population) predicted mortality at 4 years (HR 1·72 [95% CI
1·39–2·14])

Lindenauer et al, 201343

Retrospective cohort

Patients admitted to hospital
(150 035)

Past history of heart failure (42% of population; OR 1·34 [95% CI 1·28–1·39]) and atrial fibrillation
(37%; 1·17 [1·12–1·22]) predicted mortality at 30 days; past history of IHD (50%; 0·87 [0·83–0·90]) did not

Marcun et al, 201244

Prospective cohort

Patients admitted to hospital
(127)

Current heart failure (55% of population) did not predict mortality at 6 months (HR 0·97 [95% CI
0·23–3·97])

McGhan et al, 200745

Retrospective cohort

Patients admitted to hospital
(51353)

Past history of heart failure (20% of population) predicted mortality at 5 years (HR 1·36 [95% CI
1·32–1·40])

Raurich et al, 200446

Retrospective cohort

Patients admitted to
intensive-care unit (101)

Past history of IHD (16% of population; RR 1·0 [95% CI 0·4–2·4]) and heart failure (15%; 1·7 [0·8–3·6])
did not predict in-hospital mortality

Roberts et al, 201147

Retrospective cohort

Patients admitted to hospital
(9201)

History of atrial fibrillation (10% of population) predicted in-hospital mortality (RR 1·31 [95% CI
1·05–1·62]) and mortality at 3 months (1·35 [1·17–1·55]), past history of heart failure (7%) predicted
mortality at 3 months (1·61 [1·37–1·89]). Past history of IHD (25%) did not predict in-hospital mortality
(0·98 [0·83–1·16]) or mortality at 3 months (0·96 [0·85–1·08])

Slenter et al, 201348

Retrospective cohort

Patients admitted to hospital
(260)

Past history of heart failure (22% of population) predicted mortality at 1 year (HR 1·75 [95% CI
1·03–2·97])

Soyseth et al, 200749

Retrospective cohort

Patients admitted to hospital
(854)

Past history of IHD (29% of population; 1·3 [95% CI 1·0–1·7]), heart failure (20%; 1·6 [1·2–2·2]), and atrial
fibrillation (20%; 1·6 [1·2–2·1]) predicted mortality at 2 years

Steer et al, 201250

Prospective cohort

Patients admitted to hospital
(920)

Current atrial fibrillation (13% of population) predicted in-hospital mortality (OR 2·66 [95% CI
1·39–5·09])

Stiell et al, 201451

Prospective cohort

Patients admitted to hospital
(945)

Neither past history of IHD (11% of population; OR 2·03 [95% CI 0·84–4·92]), current IHD (1%; 3·25
[0·95–11·04]), nor current heart failure (10%; 1·88 [0·94–3·78]) predicted mortality at 30 days

Tabak et al, 201352

Retrospective cohort

Patients admitted to hospital
(102 626)

Past history of heart failure (28% of population) predicted in-hospital mortality (OR 1·46 [95% CI
1·33–1·61])

Terzano et al, 201053

Prospective cohort

Patients admitted to hospital
(288)

Past history of IHD (16% of population) predicted mortality at 7 years (HR 3·43 [95% CI 1·02–11·55])

Wildman et al, 200954

Prospective cohort

Patients admitted to
intensive-care unit (832*)

Current atrial fibrillation (12% of population) did not predict mortality at 6 months (OR 1·58 [95% CI
0·98–2·54])

IHD=ischaemic heart disease. RR=risk ratio. OR=odds ratio. HR=hazard ratio.*Of these 832 patients, 752 had exacerbations of chronic obstructive pulmonary disease, and 80 had asthma exacerbations.

Table 1: Studies of prevalence of cardiac disease and association with mortality in exacerbations of chronic obstructive pulmonary disease
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abnormal cardiac troponin concentrations and
electrocardiograms, fulfilling diagnostic criteria for acute
coronary syndromes.4,7 Only a small proportion of these
events are recognised in routine clinical practice.4,8

Evidence for cardiac dysfunction in
exacerbations
Cardiac muscle injury

Biochemical evidence of cardiac injury during COPD
exacerbations is common (table 2) and predicts both
short-term and long-term mortality.6 Troponins are
globular protein complexes bound to the actin filaments
of myocytes that regulate contraction of skeletal and
cardiac muscle. These proteins are released into the
peripheral blood from cardiomyocytes after myocardial
injury. Troponin measurements are mainly used to
diagnose acute myocardial infarction, but, although they
are specific for myocardial necrosis, they are not specific
for ischaemic injury because cardiac troponins can also
be raised in heart failure, renal dysfunction, pulmonary
embolism, pulmonary hypertension, tachyarrhythmias,
and sepsis. Although increased cardiac troponin
concentrations in these disorders do not necessarily
suggest an acute coronary syndrome, they are
nonetheless consistently associated with poor prognosis.70
In patients with stable COPD, baseline concentrations
of high-sensitivity cardiac troponins tend to be higher
than those in matched controls who do not have COPD,
albeit within normal limits.71 During exacerbations, highsensitivity measurements show circulating cardiac
troponin concentrations higher than the upper limit of
normal in most cases, particularly in patients with known
ischaemic heart disease.6,9,10
Although patients with clinically apparent acute cardiac
disease have been excluded from previous investigations
of raised cardiac troponin concentrations during COPD
exacerbations,6,7,9,10 the nature of cardiac injury in this
setting was not assessed beyond basic clinical examination,
electrocardiography, and chest radiographs—all of which
have poor sensitivity for characterisation of cardiac disease
in this setting. Thus, what troponin release during an
exacerbation of COPD represents at a pathophysiological
level remains unclear. Some evidence shows that the
mortality associated with increased troponin concentrations in patients with COPD exacerbations might be
linked to tachycardia.10 Underlying left ventricular
hypertrophy is also common in patients with COPD and
could contribute to troponin increases in this setting.72
Cardiac dysfunction during COPD exacerbations could
also be caused by acute pulmonary hypertension and right
ventricular dysfunction (raised troponin concentrations
also occur in pulmonary hypertension caused by
pulmonary embolism and predict adverse outcomes).73

Cardiac strain or stretch
B-type natriuretic peptides (BNPs) are secreted from
ventricular cardiomyocytes in response to cardiac wall
140

stretch as a result of either volume or pressure overload
under sympathetic drive.74 BNPs downregulate the
sympathetic nervous system and the renin–
angiotensin–aldosterone system, enable natriuresis,
decrease peripheral vascular resistance, increase
smooth-muscle relaxation, stimulate myocardial
relaxation, and inhibit cardiac remodelling.74 Assays for
detection of physiologically active BNP and the
metabolically inactive cleavage by-product, aminoterminal pro-BNP (NT-proBNP), are valuable in the
diagnosis of heart failure and correlate with impaired
left ventricular function detected by echocardiography.74
However, mild-to-moderate increases also occur in
situations other than clinical heart failure: BNP
concentrations rise with age, and can be increased in
renal impairment, hyperdynamic states including
sepsis, and pulmonary hypertension.74 Raised BNP
concentrations are also noted in patients after acute
myocardial infarction without symptoms of heart
failure, when they are associated with an adverse shortterm outlook.75 High concentrations of BNPs predict an
increased risk of cardiovascular events and death in
asymptomatic people without heart failure, even after
adjustment for other cardiovascular risk factors.76
Serum BNP and NT-proBNP concentrations are often
raised during exacerbations of COPD (table 2) and
predict poor short-term and long-term prognosis.18,19,35,44
Taken together, evidence shows that cardiovascular
diseases are common in stable COPD and that
exacerbations of COPD are associated with an increased
risk of both overt and subclinical acute cardiac
dysfunction, both of which are associated with increased
mortality. After acute exacerbations of COPD, the shortterm (30 day), and, to some extent, long-term mortality of
patients with high concentrations of BNPs and cardiac
troponins are much higher than are those of patients
with normal BNP and cardiac troponin concentrations,
even after adjustment for exacerbation severity.35,44
Furthermore, NT-proBNP and cardiac troponins are
better indicators of short-term prognosis in COPD than
are widely used clinical prognostic instruments, such as
the confusion, urea, respiratory rate, blood pressure, and
age older than 65 years (CURB-65) and elevated blood
urea nitrogen, altered mental status, pulse greater than
109 beats per minute, and age older than 65 years
(BAP-65) scores.35 The dyspnoea, eosinopenia,
consolidation, acidaemia, and atrial fibrillation (DECAF)
score, which includes a cardiac parameter (ie, atrial
fibrillation), might be more accurate than CURB-65 or
BAP-65.50
Cardiac biomarkers could help to phenotype
exacerbations of COPD to improve stratification of
prognosis. They could also help to identify the cause of
the exacerbation, but not enough is known about the
mechanisms of cardiac dysfunction in COPD
exacerbations to provide definitive guidelines for
diagnosis and management.
www.thelancet.com/respiratory Vol 4 February 2016
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Study design

Study population (n)

Biomarkers

Key findings

Abroug et al,
200611

Cross-sectional

Patients admitted to
intensive-care unit (148)

NT-proBNP,
troponin T

High NT-proBNP and troponin T concentrations were significantly associated with left ventricular dysfunction
(p<0·0001)

Baillard et al,
200355

Prospective
cohort

Patients admitted to
intensive-care unit (71)

Troponin I

High troponin I concentrations (>0·5 μg/L) were noted in 18% of population and associated with increased risk
of in-hospital mortality (OR 6·52 [95% CI 1·23–34·47])

Brekke et al,
200833

Retrospective
cohort

Patients admitted to
hospital (396)

Troponin I

High troponin I concentrations (≥0·04 µg/L) were associated with increased risk of all-cause mortality (HR 1·64
[95% CI 1·15–2·34])

Brekke et al,
200956

Cross-sectional

Patients admitted to
hospital (441)

Troponin T

High troponin T concentrations (>0·04 µg/L) were noted in 27% of population; independent determinants of
increased concentrations were high neutrophil count, creatinine, heart rate, cardiac infarction injury score, and
low haemoglobin concentrations

Campo et al,
201557

Prospective
cohort

Patients admitted to
hospital (694)

Troponin T

High troponin T concentrations were noted in 70% of patients and associated with increased risk of cardiac
mortality and non-fatal myocardial infarction (composite HR 1·73 [95% CI 1·2–2·7])

Chang et al,
201135

Prospective
cohort

Patients admitted to
hospital (250)

NT-proBNP,
troponin T

High NT-proBNP (>1864 ng/L; OR 9·0 [95% CI 3·1–26·2] ) and troponin T (>0·03 µg/L; 6·3 [2·4–16·5])
concentrations were associated with increased risk of 30 day mortality

Fruchter et al,
200937

Retrospective
cohort

Patients admitted to
hospital (182)

Troponin I

High troponin I concentrations (>0·03 μg/L) were noted in 59% of population and associated with increased
risk of 3 year mortality (HR 1·32 [95% CI 1·08–2·25])

Gale et al,
201158

Prospective
cohort

Patients admitted to
hospital (140)

NT-proBNP

The highest quartile NT-proBNP concentrations (>298 ng/L) were associated with increased risk of 1 year
mortality (RR 3·02, p=0·001)

Gariani et al,
201115

Cross-sectional

Patients admitted to
hospital (57)

BNP

Increased BNP (>100 ng/L) in 81% of population, which had sensitivity of 92% and negative predictive value of
91% to detect left ventricular systolic failure and sensitivity of 93% and negative predictive value of 91% to
detect left ventricular diastolic failure

Harvey et al,
20048

Retrospective
case series

Patients admitted to
hospital (188)

Troponin I,
troponin T

High troponins (>0·4 μg/L for troponin I or >0·03 μg/L for troponin T) in 25% of population, which were
associated with longer hospital stays (5 days vs 3 days, p=0·001)

Hoiseth et al,
201159

Prospective
cohort

Patients admitted to
hospital (99)

High-sensitivity
troponin T

High troponin T concentrations (≥0·014 μg/L) were associated with increased long-term mortality (HRs 4·5
[95% CI 1·2–16·0] for troponin T 0·014–0·0399 μg/L and 8·9 [2·4–32·0] for troponin T ≥0·04 μg/L)

Hoiseth et al,
201210

Cross-sectional

Patients admitted to
hospital (99)

High-sensitivity
troponin T

High troponin T concentrations were associated with older age, arterial hypertension, tachycardia, and
increased serum creatinine (all p values <0·05)

Hoiseth et al,
201218

Prospective
cohort

Patients admitted to
hospital (99)

NT-proBNP

Highest tertile NT-proBNP concentrations (≥909 ng/L) were noted in 74% of population and were associated
with increased risk of long-term mortality (HR 3·2 [95% CI 1·3–8·1])

Hoiseth et al,
201460

Prospective
cohort

Patients admitted to
hospital (83)

High-sensitivity
troponin T,
NT-proBNP

Stable increased troponin concentrations were associated with higher mortality (HR 2·4 [95% CI 1·1–5·3]), as
were NT-proBNP concentrations >1181 ng/L (5·6 [1·8–17·0])

Inoue et al,
200961

Prospective
cohort

Patients with stable
COPD admitted to
hospital (60)

BNP

BNP concentration was higher during exacerbations of COPD than in stable disease (p=0·004) and correlated
with left ventricular ejection fraction (r=–0·41, p=0·0197)

Kanat et al,
200762

Randomised
controlled trial

Patients with stable
COPD admitted to
hospital (45)

BNP

BNP concentrations were higher during exacerbations of COPD than in stable disease (p=0·0001) and
significantly decreased from day 1 to day 10 of exacerbation (p<0·05); the decrease was more substantial with
diuretic treatment and was independent of right ventricular dysfunction

Kelly et al,
201363

Retrospective
cohort

Patients admitted to
hospital (252)

Troponin I

High troponin I concentrations (>0·04 μg/L, in 31 % of population) were associated with increased risk of
in-hospital mortality (OR 8·3 [95% CI 1·58–43·70])

Marcun et al,
201244

Prospective
cohort

Patients admitted to
hospital (127)

NT-proBNP,
troponin T

High NT-proBNP concentrations (>95th percentile) were noted in 60% of population and predicted 6 month
mortality (HR 4·2 [95% CI 1·07–14·01]), high discharge troponin T concentrations (>0·012 μg/L) were noted in
19% of population and predicted future admission to hospital (2·89 [1·13–7·36])

Martins et al,
200964

Retrospective
cohort

Patients admitted to
hospital (173)

BNP, troponin I

High troponin I concentrations (>0·012 μg/L) in 70% of patients, which were associated with increased use of
non-invasive ventilation and long-term mortality (p<0·01); high BNP concentrations (>100 ng/L) were noted
in 76% of population

McAllister et al,
20127

Case series

Patients admitted to
hospital (242)

Troponin I,
troponin T

High troponin concentrations (>99th percentile) in 10% of population

McCullough et
al, 200365

Cross-sectional

Emergency presentation
(417*)

BNP

High BNP concentration (>100 ng/L, in 37 % of population) was the strongest predictor of heart failure (OR 12·1
[95% CI 5·4–27·0])

Medina et al,
201119

Prospective
cohort

Patients admitted to
hospital (192*)

NT-proBNP

High NT-proBNP concentrations (>588 ng/L) were noted in 44% of population and predicted 1 year mortality
(OR 3·9 [95% CI 1·46–10·47])

Nishimura et al, Prospective
cohort
201416

Patients with stable
COPD admitted to
hospital (251)

BNP

BNP concentrations were higher during exacerbations of COPD than in stable disease, and higher during
exacerbation than before and after exacerbation (all p values <0·001)

Ouanes et al,
201212

Cross-sectional

Patients admitted to
intensive-care unit (120)

NT-proBNP

Left ventricular dysfunction was noted in 48% of patients; high NT-proBNP concentrations were associated
with left ventricular dysfunction (p<0·0001)

Patel et al,
201313

Prospective
cohort

Patients with COPD
exacerbations in the
community (98)

NT-proBNP,
troponin T

NT-proBNP and troponin T concentrations were higher during the exacerbation than during stable disease,
higher in patients with known ischaemic heart disease, and persistently increased more than 5 weeks after
exacerbation (all p values <0·01)
(Table 2 continues on next page)
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Study design

Study population (n)

Biomarkers

Key findings

(Continued from previous page)
Pavasini et al,
20156

Systematic
review and
meta-analysis

Patients admitted to
hospital (2062)

High-sensitivity
troponin T,
troponin I,
troponin T

High troponin concentrations (high troponin T in 17–74% of the population and high troponin I in 18–70%)
were associated with increased risk of all-cause mortality (OR 1·69 [95% CI 1·25–2·29]), mortality
within 6 months (3·22 [1·31–7·91]), and mortality after more than 6 months (1·38 [1·02–1·86])

SanchezMarteles et al,
200966

Case series

Patients admitted to
hospital (99)

NT-proBNP

NT-proBNP concentrations were higher in patients older than 65 years and in patients with atrial fibrillation
(p values <0·01)

SanchezMarteles et al,
201067

Prospective
cohort

Patients admitted to
hospital (192)

NT-proBNP

High NT-proBNP concentrations (>500 ng/L) were noted in 53% of population and associated with increased
risk of mortality at 6 months (OR 11·0 [95% CI 1·39–86·99)

Soyseth et al,
20139

Cross-sectional

Patients with stable
COPD admitted to
hospital (174)

High-sensitivity
troponin T

Troponin T concentrations were four-times higher during exacerbations than during stable disease (relative
change 4·26 [95% CI 3·02–6·00)

Stiell et al,
201451

Prospective
cohort

Emergency presentation
(945)

NT-proBNP,
troponin T,
troponin I

High NT-proBNP (>5000 ng/L) concentrations in 11% of patients and raised troponins (>99th percentile) in
13%; no significant diﬀerence in NT-proBNP (p=0·5) and troponin (p=0·9) concentrations between patients
with and without serious adverse events

Stolz et al,
200814

Prospective
cohort

Emergency department
presentations and
recovery (208)

BNP

BNP concentrations were higher during exacerbation than during recovery (p<0·001); increased BNP
concentrations were associated with admission to the intensive-care unit (HR 1·13 [95% CI 1·03–1·24] for an
increase of 100 ng/L), but not associated with in-hospital, 6 month, or 2 year mortality

Yang et al,
201068

Randomised
controlled trial

Patients admitted to
intensive-care unit (56)

BNP

Invasive ventilation reduced BNP concentrations more eﬃcaciously after 24 hours’ treatment than did
non-invasive ventilation (p<0·05)

Youssef et al,
201369

Cross-sectional

Patients admitted to
hospital (60)

Troponin I

High troponin I concentrations (≥0·01 μg/L) were noted in 70% of population and associated with severity of
exacerbations, right ventricular dysfunction, weaning failure from mechanical ventilation, and increased risk of
in-hospital mortality (all p values <0·05)

COPD=chronic obstructive pulmonary disease. BNP=B-type natriuretic peptide. NT-proBNP=amino-terminal pro B-type natriuretic peptide. OR=odds ratio. RR=risk ratio. HR=hazard ratio. *Included patients with
chronic asthma.

Table 2: Studies of cardiac biomarkers in exacerbations of COPD

Possible mechanisms of cardiac dysfunction
Several mechanisms could plausibly be implicated in
provoking cardiac distress during COPD exacerbation
(figure 1). Respiratory infections increase the risk of
vascular events and are the most common precipitant of
exacerbation.77 In a large prospective cohort of
20 101 exacerbations of COPD resulting in hospital
admission (in which antibiotic prescription was a criterion
to define exacerbation), myocardial infarction and stroke
risk within the early period after admission were more
than double the baseline risk.78 Cardiac troponin and BNP
concentrations are also increased in community-acquired
pneumonia, suggesting an increased risk of acute cardiac
dysfunction during acute respiratory infections.79
Hypoxaemia and tachycardia associated with a COPD
exacerbation can lead to adverse cardiac eﬀects, especially
in patients with pre-existing coronary disease or left
ventricular dysfunction. Infective COPD exacerbations
also provoke acute increases in arterial stiﬀness (as
assessed by aortic pulse wave velocity),13 which then
increases left ventricular afterload.
COPD is associated with systemic inflammation,
which is increased during acute exacerbations. Plasma
fibrinogen concentrations are associated with risk of
COPD exacerbations and adverse outcomes.80 Platelet
activation is present in stable COPD and increases
during exacerbations.81 Concentrations of other
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pro-atherothrombotic biomarkers, such as interleukins 6
and 8 and tumour necrosis factor α, and prothrombin
fragments are also raised during exacerbations. These
findings suggest that exacerbations of COPD lead to
systemic inflammation, hypercoagulability, increased
platelet activation, and oxidative stress. These factors can
cause endothelial dysfunction and precipitate
atherosclerotic plaque rupture and thrombosis.82
Emphysema in stable patients is associated with reduced
left ventricular filling and diastolic dysfunction on
echocardiography.83 Cardiac MRI studies show reduced
biventricular filling and blood volumes in severe and even
mild emphysema, which are thought to be secondary to
lung hyperinflation raising intrathoracic pressures and
impeding venous return.84 High intrathoracic pressures
generated by dynamic hyperinflation in acute exacerbations
of COPD would be expected to further impede venous
return.
β2 agonists are part of standard treatment for COPD
exacerbations, but have been associated with adverse
cardiovascular eﬀects.85 In comorbid cardiorespiratory
disease, increasing doses of β2 agonists have been
associated with an increase in admissions to hospital
associated with heart failure and increased all-cause
mortality.86 Thus high doses of β2 agonists given during
acute severe COPD exacerbations could plausibly
contribute to cardiac stress. β-agonist-induced cardiac
www.thelancet.com/respiratory Vol 4 February 2016
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toxic eﬀects in the setting of hypoxia were thought to be
a possible cause of asthma deaths;87 patients with COPD
have a greater risk than do those with asthma because
they are generally older, more hypoxaemic, and are more
likely to have pre-existing cardiac comorbidities.
Although β2 agonists are thought to be safe at standard
doses in stable COPD, the safety of the very high doses
that are often used in COPD exacerbations has not been
established in clinical trials. It is noteworthy that highdose β2-agonist therapy has been linked to cardiovascular
mortality in COPD exacerbations88 and that COPD
exacerbations and overuse of β2 agonists are increasingly
recognised as a cause of stress cardiomyopathy.89,90
COPD exacerbations are associated with acute
increases in pulmonary artery pressure,91 and cardiac
biomarker derangement might be a result of acute right
heart strain. Acute right heart strain can also be
associated with left ventricular dysfunction: raised
pulmonary pressures in patients with stable COPD are
associated with left ventricular diastolic dysfunction on
echocardiograms,92 and poor right heart function is
usually associated with impaired left heart function in
patients with COPD.93
COPD is associated with persistent autonomic
dysfunction that is amplified during acute exacerbations.
The physiological mechanism is not entirely understood,
but includes blunted sensory and stretch receptor
responses, arterial chemoreceptor upregulation due to
hypoxaemia and hypercapnia, arterial and cardiac
baroreceptor changes as a result of large fluctuations of
intrathoracic pressure, neurohormonal activation
secondary to systemic inflammation and the eﬀect of
exogenous β sympathomimetics. Taken together, these
physiological processes result in increased sympathetic
tone, loss of parasympathetic tone, reduced autonomic
reflexes, and altered baroreceptor sensitivity, all of
which are associated with adverse cardiac events.94
Determining how all these diﬀerent mechanisms
contribute to cardiac dysfunction in COPD exacerbations
is a key challenge for research.

Recognition of cardiac dysfunction
Diagnosis of cardiac disease in COPD is diﬃcult
(figure 2). Electrocardiographic abnormalities are
common in COPD exacerbations but under-recognised
in clinical practice.4,7 Additionally, recognition of an acute
coronary syndrome is challenging because the traditional
complex of chest pain, electrocardiographic changes, and
increased troponin concentrations might be unreliable
during an exacerbation of COPD. Many patients have
electrocardiographic changes in the absence of acute
cardiac injury,7 chest discomfort associated with COPD
exacerbation can be diﬃcult to distinguish from cardiac
pain, and troponins are frequently increased without
other evidence of myocardial infarction.6–8,10
Assessment of the cardiothoracic ratio and interstitial
oedema by chest radiography is obscured in patients
www.thelancet.com/respiratory Vol 4 February 2016
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Figure 1: Potential factors contributing to acute cardiac dysfunction in
exacerbations of COPD
COPD=chronic obstructive pulmonary disease.

with emphysema.95 Transthoracic echocardiography is
the most frequently used technique to assess cardiac
failure. It is non-invasive and does not expose patients
to radiation, but is associated with interobserver
variability, necessitates assumptions about cardiac
morphology and—pertinent to patients with COPD—
works poorly in patients with emphysema because of
impairment of the acoustic window.12,16 Cardiac MRI is
currently thought to be the gold standard for assessment
of cardiac function (particularly the right ventricle).96
However, the cost, duration, and claustrophobic nature
of an MRI scanner are impractical for patients with an
exacerbation of COPD.
Hence, as a result of the limitations of available
techniques, the relative contributions of acute coronary
disease and left ventricular or right ventricular
pathological changes to the biomarker derangements
and associated mortality noted in COPD exacerbations
are diﬃcult to distinguish. Dynamic cardiac CT is an
emerging technique that can be used to assess
biventricular function, pulmonary artery anatomy,
coronary artery calcification, and pulmonary structure,
and might inform future research and clinical
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Figure 2: Advantages and limitations of diagnostic modalities of acute cardiac dysfunction in exacerbations
of COPD
COPD=chronic obstructive pulmonary disease. BNP=B-type natriuretic peptide. NT-proBNP=amino-terminal pro
B-type natriuretic peptide. ECG=electrocardiography.

assessment of cardiac dysfunction in patients with
COPD.

Treating cardiac disease in COPD exacerbations
Almost no evidence from clinical trials is available as a
basis for management of cardiovascular disease during
COPD exacerbations. In view of the prevalence and
adverse consequences, cardiac involvement is an
important topic for future research. Few existing COPD
treatments reduce mortality from exacerbations and
treatment of cardiovascular comorbidities could possibly
have a greater eﬀect on overall mortality than do specific
respiratory treatments.
A particularly urgent question is whether cardioselective
β blockers should routinely be used in patients with
COPD. β blockers are an important component of the
management of both ischaemic heart disease and heart
failure, but have often been avoided in patients with
airways disease for fear of inducing bronchospasm.
Patients with COPD were excluded from the major
randomised controlled trials97 that showed the substantial
mortality benefit associated with β blockers in heart
failure. Short-term clinical trials suggest that patients
with stable COPD can tolerate cardioselective
144

β blockers,98,99 but no long-term clinical trial evidence of
the benefits and harms is available.
Despite the absence of evidence, there are good
reasons to suspect that β blockers might have
cardiovascular benefits in exacerbations of COPD.
Patients with COPD often have high resting heart rates
and sympathetic dominance of cardiac autonomic
modulation,100 which will be accentuated during
exacerbations. In apparently healthy populations and
those with known cardiac disease, resting heart rate is
an independent risk factor for all-cause mortality.101 The
results of observational studies have shown that
cardioselective β blockers are associated with lower
mortality in stable COPD.102 β blockers have also been
associated with reduced exacerbation rates.103
Furthermore, retrospective observational studies
suggest that mortality is lower in patients who are
taking β blockers at the time of an exacerbation than in
those who are not,36 but no prospective controlled trials
have been done. Many considerations would have to be
taken into account in an appropriate study. Use of a
highly cardioselective β blocker in patients who depend
on β2-agonist bronchodilators seems logical.
Identification of the target population at high
cardiovascular risk could be based on predictive riskscoring algorithms,104 simple clinical markers such as
tachycardia, serum cardiac biomarkers, or imaging (eg,
coronary artery calcium scoring), depending on the
balance between cost, accessibility, and precision.
Other perhaps less controversial options for treating
cardiac disease in COPD exacerbations also need to be
investigated. Ivabradine lowers the heart rate by
specifically blocking the sinoatrial node, and could be
an alternative to β blockers for patients in sinus
rhythm.105 Thrombocytosis has been associated with
increased mortality from COPD exacerbations and
patients taking antiplatelet drugs at the time of an
exacerbation had lower 1 year mortality in an
observational study.39 Although in a 2014 randomised
controlled trial, statins did not prevent COPD
exacerbations,106 the study was not designed or powered
to assess cardiac outcomes and patients at high
cardiovascular risk were excluded. Results of
retrospective studies107,108 suggest that mortality might be
lower in patients with COPD who are taking statins
than in those who are not. The results of observational
studies107,108 also suggest that angiotensin-convertingenzyme inhibitors and angiotensin receptor blockers
could reduce mortality in stable COPD and during
exacerbations of disease, but these drugs have also not
been assessed in clinical trials.
Many cardiac therapies have proven eﬃcacy for
primary indications in selected groups of patients.
However, patients with COPD tend to be excluded from
clinical trials of cardiac treatments (most notably trials
of β blockers109–111). Although patients with COPD have a
high risk of cardiac events and deaths, they might also
www.thelancet.com/respiratory Vol 4 February 2016
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Search strategy and selection criteria
We searched PubMed with the terms “chronic obstructive
pulmonary disease” or “COPD”, “exacerbation”, “cardiac
failure” or “heart failure”, “myocardial infarction”, “troponin”,
and “BNP” or “NT-proBNP” for original research and reviews
published in any language on or before Sept 1, 2015. We did
not do a systematic review, and used the most relevant
results. Further studies were identified from the reference
lists of reviewed papers. For foreign language studies,
translations were used.

be prone to increased adverse eﬀects from cardiac
treatments and the balance of risks and benefits of
these treatments, even in stable disease, remains
unclear. Future studies of cardiovascular treatments
should include patients with COPD to determine
whether both stable patients and those with disease
exacerbations would benefit from cardiac treatment.
However, we identified no ongoing clinical trials of
cardiac treatment during COPD exacerbations on
ClinicalTrials.gov or the Australian New Zealand
Clinical Trials Registry when we used the search terms
“chronic obstructive pulmonary disease” or “COPD”,
“cardiac treatment”, “beta-blocker”, and “statin”. A
feasibility study of β blockers in COPD exacerbations
(ACTRN12614001095651) has been done and a
randomised controlled trial of metoprolol for prevention
of exacerbation (NCT02587351) has not yet commenced
recruitment.

Conclusions
Accumulating evidence suggests that cardiac dysfunction
during exacerbations of COPD is common and portends
poor prognosis. The emphasis for treatment has been
placed on optimisation of therapies for COPD itself—
scant attention has been paid to the management of
cardiovascular complications. However, convincing
evidence suggests that a pulmonary exacerbation is often
associated with cardiac exacerbations, but this cooccurrence is often not suspected and can be diﬃcult to
detect clinically with the current approach to assessment
of patients with COPD exacerbations.
Few respiratory treatments substantially aﬀect mortality
from COPD exacerbations. Identification of cardiac
dysfunction during exacerbations represents an
opportunity to treat the primary, non-respiratory cause of
mortality in COPD. Treating the heart could also have a
greater eﬀect on outcomes than treatment solely directed at
the airways. Although there is tantalising evidence that
active management of cardiac disease with β blockers,
statins, and antiplatelet drugs could be beneficial, no
randomised controlled trials have been done and none
seem to be underway. There is an urgent need to understand
cardiac dysfunction in COPD exacerbations and establish
whether cardiac treatments improve outcomes.
www.thelancet.com/respiratory Vol 4 February 2016
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