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Abstract: Coronary artery disease is common in patients with chronic

obstructive pulmonary disease (COPD). Previous studies have shown

that patients with COPD have a higher risk of mortality than those

without COPD after coronary artery bypass grafting (CABG). However,

most of the previous studies were small, single-center studies with

limited case numbers (or their only focus was mortality). The aim of our

study was to focus on readmission, acute myocardial infarction (AMI),

acute respiratory failure (ARF), cerebrovascular accident, and venous

thromboembolism rates after CABG in an Asian COPD population.

We conducted a nationwide case–control study in Taiwan using the

claims database of hospitalization between January 1, 2009 and Decem-

ber 31, 2013. Patients with COPD before CABG were defined as the

case groups. Each case was propensity score-matched by age, sex,

hypertension, diabetes, dyslipidemia, cardiovascular disease, cerebro-

vascular disease, and chronic kidney disease, with 2 controls selected

from CABG patients without COPD. The outcomes of interest were

mortality, wound infection, and the readmission rate over 30 days for the

following diseases: AMI, pneumonia, ARF, cerebrovascular accident,

and venous thromboembolism.

There were 14,858 patients without COPD and 758 patients with

COPD who underwent CABG. After propensity score matching, the 30-

day mortality and 30-day readmission rates and AMI were higher in the

non-COPD group. The incidences of pneumonia and ARF after CABG

were higher in the COPD group.

Chronic obstructive pulmonary disease does not necessarily lead to

mortality, readmission, or AMI after CABG, and the major respiratory

complications associated with CABG in patients with COPD were
MS, Chin-Chen C
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Abbreviations: AMI = acute myocardial infarction, ARF = acute

respiratory failure, CABG = coronary artery bypass grafting, CKD

= chronic kidney disease, COPD = chronic obstructive pulmonary

disease, CVA = cerebrovascular accident, CVD = cardiovascular

disease, HR = hazard ratio, ICD-9-CM = International

Classifications of Disease, Ninth Revision, Clinical Modification,

NHI = National Health Insurance, NHIRD = National Health

Insurance Research Database.

INTRODUCTION

C oronary artery disease is common in patients with chronic
obstructive pulmonary disease (COPD) because these 2

conditions share smoking as a common risk factor. Previous
studies have shown that patients with COPD who underwent
coronary artery bypass grafting (CABG) had high morbidity and
mortality rates.1–6 A prospective study enrolled patients with
coronary artery disease who underwent CABG between 1992
and 2001,7 and found that patients with only COPD had a higher
mortality rate than those with no comorbidities, and COPD
patients with more than 1 comorbidity had the worst prognosis.
Another study documented a high mortality rate in patients with
COPD who underwent CABG, especially those older than 75
years with severe COPD and receiving steroids.8 However,
these studies had some limitations, including focusing on the
prognosis of mortality without investigating the postoperative
complications, studies performed at a single center with limited
case numbers without an Asian population, and the fact that
many studies were published more than 20 years ago. The
advancements in surgery and anesthesia over the past decade
have had a significant impact on the outcome; however, the
postoperative complication rate associated with CABG in Asian
patients with COPD remains unknown. To resolve this import-
ant issue, we conducted a nationwide study on the mortality
rates in various time periods and for postoperative compli-
cations in these patients.

METHODS

Data Source
The Taiwan National Health Insurance Research Database

(NHIRD) was used in this study. The NHIRD is a claim database
based on Taiwan’s National Health Insurance program, which
covers 99% of the population. The NHIRD contains all regis-
tered inpatient and outpatient medical records based on the
medical expenditure applications and the clinical modification
of the International Classifications of Disease-9 (ICD-9-CM).
To avoid the possibility of ethical violations, personal identi-
ed to secure the confidentiality of the
was approved by an institutional review
ical Center (10412-E01).
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Study Subjects
The study included patients older than 40 years who

underwent CABG (ICD-9-CM code of surgical procedures:
36.1 and 36.2) between January 1, 2009 and December 31,
2013. Those with a discharge diagnosis of COPD (ICD-9-CM:
490–492, 496) within 1 year before CABG were defined as the
case groups. Those with a history of cancer (ICD-9-CM: 140–
208) with a catastrophic illness card before CABG were
excluded. Each case was propensity score-matched by age,
sex, hypertension, diabetes, dyslipidemia, cardiovascular dis-
ease (CVD), cerebrovascular accident (CVA), and chronic
kidney disease (CKD). Two controls were selected from CABG
patients without COPD. Comorbidities, such as hypertension,
diabetes, dyslipidemia, CVD (extracardiac vascular disease
included carotid artery disease and peripheral vascular disease
and excluded heart valve disease), CVA (cerebrovascular dis-
ease included subarachnoid hemorrhage, intracerebral hemor-
rhage, unspecified intracranial hemorrhage, stenosis of the
precerebral arteries, occlusion of the cerebral arteries, transient
cerebral ischemia, late effects of cerebrovascular disease, and
conditions caused by problems that affect the circulation of
blood to the brain), and CKD were evaluated within 1 year
before the day of surgery. The outcomes of interest in this study
were mortality, infection (wound infection included deep and
superficial sternal wound infection and saphenous vein harvest
wounds), and readmission within 30 days postoperatively for
the following diseases: acute myocardial infarction (AMI; ICD-
9-CM: 410), pneumonia (ICD-9-CM: 480–488), acute respir-
atory failure (ARF; ICD-9-CM: 518.5, 518.81, 518.82, and
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518.84), and CVA. Patients with deep vein thrombosis (ICD-
9-CM: 453.4 and 451.8) and pulmonary embolism (ICD-9-CM:
415.1) were also considered. All of the study subjects were

TABLE 1. Demographic Analysis of COPD and Non-COPD Patien

Before Matching

Characteristics

Non-COPD
With CABG
(n¼ 14,858)

COPD
with CABG

(n¼ 706)

Age, n (%)
40–49 1144 (7.70) 10 (1.42) <
50–59 3731 (25.11) 68 (9.63)
60–69 4820 (32.44) 166 (23.51)
�70 5163 (34.75) 465 (65.44)

Sex, n (%)
Female 3616 (24.34) 92 (13.03) <
Male 11242 (75.66) 614 (86.97)

Comorbidities, n (%)
HTN 9734 (65.51) 439 (62.18) 0
Diabetes 7279 (48.99) 278 (39.38) <
Dyslipidemia 4993 (33.60) 157 (22.24) <
CVD 8367 (56.31) 481 (68.13) <
CVA 1654 (11.13) 99 (14.02) 0
CKD 1130 (7.61) 45 (6.37) 0

ECMO 750 (5.05) 31 (4.39) 0

CABG¼ coronary artery bypass grafting, CKD¼ chronic kidney disease, C
accident, CVD¼ cardiovascular disease, ECMO¼ extracorporeal membran�

P< 0.05.
y Propensity score-matched (matched by age, sex, HTN, diabetes, dyslip
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followed up until the occurrence of the aforementioned out-
comes or until the end of the study (December 31, 2013).

Statistical Analysis
Pearson chi-square test or Fisher exact test for categorical

variables and the Wilcoxon rank-sum test for continuous vari-
ables were used to compare the differences between the CABG
patients with/without COPD. The conditional logistic
regression model was applied to estimate the odds ratio of
death adjusted for potential risk factors. A P value <0.05 was
set as statistically significant. All of the analyses were per-
formed using Statistical Analysis System statistical software
(version 9.4; SAS Institute, Inc., Cary, NC).

RESULTS
There were 14,858 patients without COPD (males 76%) and

706 with COPD (males 87%) who underwent CABG. The age
distribution differed between these 2 groups. Approximately one-
third of the patients without COPD were 60–69 years old, and
one-third were older than 70 years, compared with 24% (60-69
years) and 65% (70 years) of the patients with COPD (Table 1).

In the non-COPD group, hypertension was the most preva-
lent comorbidity (66%), followed by CVD, diabetes, dyslipi-
demia, and CVA. In the COPD group, CVD was the most
prevalent comorbidity (68%), followed by hypertension, dia-
betes, dyslipidemia, and CVA.

The main complications in COPD and non-COPD patients
after CABG before and after propensity score matching are
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shown in Table 2. Before matching, the length of stay was
longer in patients with COPD than in those without COPD
(patients with COPD had a median of 20 days). Compared with

ts With CABG Between 2009 and 2013

After Matchingy

P

Non-COPD
With CABG

(n¼ 1412)

COPD
with CABG

(n¼ 706) P

0.0001
�

20 (1.42) 10 (1.42) 1.0000
136 (9.63) 68 (9.63)
332 (23.51) 166 (23.51)
924 (65.44) 462 (65.44)

0.0001
�

184 (13.03) 92 (13.03) 1.0000
1228 (86.97) 614 (86.97)

.0690 881 (62.39) 439 (62.18) 0.9242
.0001

�
556 (39.38) 278 (39.38) 1.0000

0.0001
�

309 (21.88) 157 (22.24) 0.8529
0.0001

�
960 (67.99) 481 (68.13) 0.9475

.0176
�

195 (13.81) 99 (14.02) 0.8939
.2263 91 (6.44) 45 (6.37) 0.9500
.4347 100 (7.08) 31 (4.39) 0.0154

OPD¼ chronic obstructive pulmonary disease, CVA¼ cerebrovascular
e oxygenation, HTN¼ hypertension.

idemia, CVD, CVA, and CKD) case-to-control ratio¼ 1:2.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Main Complications of COPD and Non-COPD Patients Undergoing CABG, Before and After Propensity Score Matching

Before Matching After Matching

Complications

Non-COPD
With CABG
(n¼ 14,858)

COPD With
CABG

(n¼ 706) P

Non-COPD
With CABG

(n¼ 1412)

COPD with
CABG

(n¼ 706) P

LOS, days (median, IQR) 17 (12–25) 20 (14–31) <0.0001
�

18 (13–28) 20 (14–31) 0.1398
Mortality, n (%)

30-day mortality 1059 (7.13) 51 (7.22) 0.9226 141 (9.99) 51 (7.22) 0.0369
�

90-day mortality 1513 (10.18) 86 (12.18) 0.0875 200 (14.16) 86 (12.18) 0.2081
365-day mortality 2017 (13.58) 126 (17.85) 0.0013

�
258 (18.27) 126 (17.85) 0.8109

365-day wound infection (deep) 758 (5.10) 33 (4.67) 0.6134 72 (5.10) 33 (4.67) 0.6711
30-day readmission, n (%) 6005 (40.42) 323 (45.75) 0.0048

�
711 (50.35) 323 (45.75) 0.0457

�

AMI 4091 (27.53) 188 (26.63) 0.5987 507 (35.91) 188 (26.63) <0.0001
�

Pneumonia 986 (6.64) 77 (10.91) <0.0001
�

111 (7.86) 77 (10.91) 0.0202
�

ARF 1547 (10.41) 117 (16.57) <0.0001
�

185 (13.10) 117 (16.57) 0.0313
�

CVA 1150 (7.74) 64 (9.07) 0.1995 142 (10.06) 64 (9.07) 0.4679
90-day, n (%)

DVT 5 (0.03) 0 (0.00) 1.0000 1 (0.07) 0 (0.00) 1.0000
PE 20 (0.13) 3 (0.42) 0.0498

�
1 (0.07) 3 (0.42) 0.1109

AMI¼ acute myocardial infarction, ARF¼ acute respiratory failure, CABG¼ coronary artery bypass grafting, COPD¼ chronic obstructive
thr
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patients without COPD, those with COPD had a higher
mortality rate at 365 days; however, there was no difference
at 30 or 90 days. The wound infection rates were also similar
between these 2 groups. The 30-day readmission rate before
matching and reasons for readmission, including AMI, pneu-
monia, ARF, and CVA, were higher in the COPD group than in

pulmonary disease, CVA¼ cerebrovascular accident, DVT¼ deep vein�
P< 0.05.
the non-COPD group.
After propensity score matching by age, sex, hypertension,

diabetes, dyslipidemia, CVD, CVA, and CKD, the 30-day

TABLE 3. The Conditional ODDS Ratio of Majority Complication

Before Matching

Complications

Crude
Conditional

OR (95% CI)

Adjusted
Conditional

ORy (95% CI)

Mortality
30-day mortality 1.02 (0.76–1.36) 0.69 (0.51–0.93)
90-day mortality 1.22 (0.97–1.54) 0.81 (0.64–1.04)
365-day mortality 1.38

�
(1.14–1.69) 0.93 (0.75–1.15)

365-day wound infection 0.91 (0.64–1.30) 0.96 (0.67–1.38)
30-day readmission 1.24

�
(1.07–1.45) 0.79 (0.66–0.94)

AMI 0.96 (0.81–1.13) 0.60 (0.50–0.73)
Pneumonia 1.72

�
(1.35–2.20) 1.28 (0.99–1.64)

ARF 1.71
�

(1.39–2.10) 1.24 (1.00–1.54)
CVA 1.19 (0.91–1.55) 0.82 (0.53–1.26)

90-day
DVT — —

PE 3.17 (0.94–10.68) 3.40 (0.96–12.05)

AMI¼ acute myocardial infarction, ARF¼ acute respiratory failure, C
pulmonary disease, CVA¼ cerebrovascular accident, DVT¼ deep vein thr�

P< 0.05.
yAdjusted by age, sex, and comorbidity.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
mortality and 30-day hospital readmission rates were higher in
the non-COPD group than in the COPD group. AMI was the most
common reason for 30-day readmission after CABG (35.91%).
There were a few cases of pulmonary embolism in these 2 groups.

Table 3 shows the conditional odds ratios for the majority
of the complications within each group. After matching, the

ombosis, LOS¼ length of stay, PE¼ pulmonary embolism.
patients with COPD had 45% and 34% increased risks for
pneumonia and ARF, respectively, after CABG, compared with
patients without COPD.

s Within COPD and Non-COPD Patients Undergoing CABG

After Matching

P

Crude
Conditional

OR (95% CI)

Adjusted
Conditional

ORy (95% CI) P

0.0141
�

0.70 (0.50–0.98) 0.69 (0.49–0.97) 0.0319
�

0.0942 0.84 (0.64–1.10) 0.83 (0.63–1.09) 0.1833
0.4929 0.97 (0.77–1.23) 0.96 (0.75–1.23) 0.7615
0.8101 0.91 (0.60–1.39) 0.91 (0.60–1.40) 0.6772
0.0099

�
0.83
�

(0.69–1.00) 0.78 (0.63–0.96) 0.0180
�

<0.0001
�

0.65
�

(0.53–0.79) 0.56 (0.45–0.71) <0.0001
�

0.0587 1.44
�

(1.06–1.95) 1.45 (1.07–1.97) 0.0184
�

0.0492
�

1.32
�

(1.03–1.69) 1.34 (1.04–1.74) 0.0266
�

0.3637 0.89 (0.65–1.22) 0.68 (0.40–1.17) 0.1648

— — — —

0.0580 6.02 (0.63–57.99) 6.19 (0.64–60.01) 0.1157

ABG¼ coronary artery bypass grafting, COPD¼ chronic obstructive
ombosis, PE¼ pulmonary embolism.
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DISCUSSION
This first-ever national survey of CABG showed that

patients with COPD had lower 30-day readmission, mortality,
and AMI rates compared with those without COPD. However,
the rates for pneumonia and ARF after CABG were higher in the
COPD groups.

Comorbidities in Patients Undergoing CABG
In our study, the most common comorbidity was hyper-

tension in patients undergoing CABG, and no statistically
significant differences were found between the COPD and
non-COPD groups. Diabetes and dyslipidemia were higher in
the non-COPD than the COPD group, whereas the cardiovas-
cular and cerebrovascular disease rates were higher in the
COPD group. A previous multicenter and regional database
study7 showed that among CABG patients who had COPD and
other comorbidities, vascular disease was the most prevalent
comorbid condition (48.1%) followed by diabetes (47.2%). In
our study, the COPD patients had a higher prevalence of CVD.
COPD and CVD shared the risk factor of smoking, and COPD is
a chronic systemic inflammatory disease that results in athero-
sclerosis. However, there was no clear definition of vascular
disease in the previous study, and individually determining the
prevalence of hypertension, CVD, and CVA was difficult.

Mortality in CABG Patients With COPD
In our study, CABG patients with COPD had lower 30-day

mortality, readmission, and AMI rates; this was also observed in
another study.9 Having COPD did not necessarily predict a poor
outcome for patients undergoing CABG. Therefore, COPD
should not preclude undergoing CABG surgery based on the
current study. Intensive pulmonary rehabilitation after oper-
ation and effective drug therapy for COPD may improve out-
come after CABG in patients with COPD.

In our study, the 30-day mortality rate in patients with
COPD undergoing CABG was 7.23%. Bruce et al7 reported a
7.2% annual incidence of death. Medalio et al10 reported 37
patients with COPD and higher rates of readmission in the
COPD group, with a 4% annual incidence of death after 8.6
years of follow-up. DeRose et al evaluated 544 patients with an
ejection fraction of less than 25% who underwent CABG and
122 patients with COPD in a study group. The 30-day mortality
rate in these patients with congestive heart failure was 5.5%.
The study was performed at a single hospital from 1992 to 2002,
and focused on long-term (5 and 10-year) survival rates.11 We
enrolled 14,858 patients undergoing CABG and 706 patients
with COPD, and documented a short survival and postoperative
complications, including wound infection, readmission, AMI,
pneumonia, ARF, CVA, deep vein thrombosis, and pulmonary
embolism.

A previous study enrolled 832 patients who underwent
CABG between 1995 and 1996. Risk factors for 5-year
mortality were preoperative renal impairment, diabetes, con-
gestive heart failure, COPD, and old age.12 Another single-
center retrospective study of 221 patients with COPD who
underwent CABG between 1998 and 2003 revealed that these
patients had a slightly longer hospital stay than controls.
Pulmonary infections were more frequent in patients with
severe COPD compared with those with mild to moderate
COPD, and none of the patients with COPD who underwent

Ho et al
CABG died 30 days postoperatively.9

Whether the mortality is associated with CABG remains
controversial. A Danish database study reported that the 30-day

4 | www.md-journal.com
mortality rate after CABG surgery has greatly improved over
the past decade; however, the 1-year mortality rate remained
constant.13 In our study, the 30-day mortality rate was lower in
patients with COPD after CABG than the control group. This
protective effect may be due to surgery being performed after
the stabilization of the patient’s general conditions. Further-
more, a COPD diagnosis may have influenced the behavior of
the surgeon to minimize complications or perform the surgery
under favorable conditions. In our study, a preoperative diag-
nosis of COPD did not seem to place the patient at considerable
risk during CABG.

Pneumonia and ARF in CABG Patients With
COPD

Similar to the previous study,9 our study showed that
patients with COPD had a higher incidence of pneumonia than
CABG complications. Although no statistically significant
differences were found for the length of hospital stay between
the 2 groups, patients with COPD tended to have a longer
hospital stay. Additionally, COPD had a significant effect on
ARF after CABG surgery. Compared with patients without
COPD, those with COPD had a 34% increased incidence of
ARF. The immune system may be weakened in patients with
COPD due to airway inflammation, obstruction, the destruction
of epithelium, and the loss of defensive abilities. The respiratory
complications of pneumonia and ARF were higher after CABG
in the COPD group compared with the non-COPD group in
our study.

Thromboembolism in CABG Patients With COPD
The risk of thromboembolism increases after surgery,

especially orthopedic surgery, and the prognosis is poor if
thromboembolism occurs after surgery.14 Previous studies
reported a high prevalence of venous thromboembolism in
patients with COPD, including an acute exacerbation.15 Deep
vein thrombosis and pulmonary embolism were less common in
Asian patients with COPD or patients who underwent ortho-
pedic surgery.16,17 Patients with COPD have a higher incidence
of deep vein thrombosis and pulmonary embolism17; however,
these incidences were very low in patients with COPD under-
going CABG in our study, and there was no significant differ-
ence in the rate of thromboembolism after CABG between the
COPD and non-COPD groups. The unfractionated heparin and
low-molecular-weight heparin were discontinued before oper-
ation. In our study, patients with deep vein thrombosis or
pulmonary embolism did not receive extracorporeal circulation.
In this study, we demonstrated a low incidence of deep vein
thrombosis and pulmonary embolism in Asian COPD patients
after CABG, and the bleeding tendency in the Asian population
indicates that the surgeon should more strongly consider antic-
oagulant or antiplatelet treatments before surgery.

Savas Oz et al18 showed that moderate-risk patients with
COPD who received inhaled bronchodilator and steroid treat-
ment for 10 days before CABG had improved outcomes and
reduced adverse events and complications. Therefore, in
patients with COPD receiving CABG, they recommend the
use of preoperation treatment. This treatment would decrease
the lengths of intensive care unit stay, hospital stay, and
inotropic support. In our study population, patients with COPD
maintain their regular medical treatment (including broncho-

Medicine � Volume 95, Number 8, February 2016
dilator inhalation). This may lead to better outcomes in COPD
patients. In accordance with Bilgehan et al, we thought that a
multidimensional approach including preoperative medical

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



21. Wang MT, Tsai CL, Lo YW, et al. Risk of stroke associated with
treatment and pulmonary rehabilitation after surgery should
improve postoperative outcomes.

Limitations
The results of the current study highlight the research gap

in assessing complications after CABG in Asian patients with
COPD. This study has some limitations. First, pulmonary
function tests and laboratory data were not available in the
database. Therefore, the accuracy of the diagnosis and classi-
fication of COPD may be criticized. The ICD-9-CM codes for
COPD diagnosis have been widely used in other studies and
demonstrate the coding validity.19–21 Second, there is no ejec-
tion fraction assessment (heart function), and the severity of
coronary artery disease also cannot be evaluated. The associ-
ation between disease severity and complications is also lack-
ing. We only show a relationship between CABG and COPD in
a nationwide database. Third, we do not have information on
medication adherence; this key factor may associate with post-
operative complications. We believe that the large number of
patients with CABG drawn from the NHIRD and the complete
patient enrollment provide representative results.

CONCLUSIONS
The mortality, readmission, and AMI rates were not

higher in patients with COPD after CABG than those without
COPD. The risk of deep vein thrombosis and pulmonary
embolism was also very low in the Asian CABG patients with
COPD, and this risk was not significantly different from those
without COPD. Respiratory complications associated with
CABG may lead to deleterious consequences. To improve
the outcome after CABG in patients with COPD, we must
understand the underlying cause of the respiratory disease and
devise early prevention strategies.
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