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Coronary artery disease is associated with an increased
mortality rate following video-assisted
thoracoscopic lobectomy
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ABSTRACT

Objective: To compare the incidence of major adverse cardiac events (MACE)
and mortality following video-assisted thoracoscopic surgery (VATS) lobectomy
in patients with and without coronary artery disease (CAD).

Methods: Multicentre retrospective analysis of 1699 patients undergoing VATS
lobectomy (January 2012-March 2015). CAD definition: previous acute myocar-
dial infarct (AMI), angina, percutaneous coronary intervention (PCI) or coronary
artery bypass graft (CABG). MACE definition: postoperative acute myocardial
ischemia, cardiac arrest or any cardiac death. Propensity score analysis was per-
formed to match patients with and without CAD. Outcomes of the 2 matched
groups were compared.

Results: The incidence ofMACE and mortality for the entire population was 0.4%
(7 patients) and 1.7% (29 patients); 218 patients (13%) had a history of CAD: 106
previous AMI, 55 angina, 32 CABG, and 81 PCI. The propensity score yielded 2
well-balanced groups of 218 pairs with and without CAD. MACE (CAD 2
[0.9%] vs no-CAD 1 [0.5%]; P¼ 1), cardiovascular and pulmonary complications
(CAD 61 [28%] vs no-CAD 51 [23%]; P ¼ .3) and postoperative stay (CAD
7.3 days vs no-CAD 6.2 days; P ¼ .3) were not different between the groups.
The incidence of atrial fibrillation (CAD 31 [14%] vs no-CAD 18 [8.2%];
P ¼ .07), 30-day mortality (CAD: 11 [5%] vs no-CAD 2 [0.9%]; P ¼ .02) and
death among complicated patients (CAD 18% vs no-CAD 3.9%; P ¼ .009)
were higher in the CAD group.

Conclusions: The incidence of MACE following VATS lobectomy in patients
with CAD is low and similar to patients without CAD. However, their risk of post-
operative mortality is fivefold higher compared with non-CAD patients, warrant-
ing refined preoperative functional evaluation and more intense postoperative
monitoring. (J Thorac Cardiovasc Surg 2017;154:352-7)
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Patients with CAD had higher 30-day mortality than

those without CAD after VATS lobectomy.
Central Message

Coronary artery disease is associated with

increased mortality after VATS lobectomy.

This information is important to inform the

shared decision-making process and to opti-

mize patient care.
Perspective

Coronary artery disease is common in candi-

dates for lung cancer resection. There is scant

evidence regarding its impact on the outcome

of VATS lobectomy. We found that patients

with CAD had few postoperative major adverse

cardiac events but fivefold higher 30-day mor-

tality compared with non-CAD patients. This

information is important to inform the shared

decision-making process and optimize patient

care.
See Editorial Commentary page 358.
Coronary artery disease (CAD) is frequently encountered in
candidates for lung cancer surgery. Recent data from large
organizational databases show that this condition is present
in 7% to 16% of patients affected by resectable lung
cancer.1,2

The risk of major adverse cardiac events (MACE)
following anatomic lung resection for lung cancer is approx-
imately 3%.3 However, the literature available on cardiac
risk and lung cancer surgery is scarce, particularly regarding
the impact of this comorbidity on outcomes following
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Abbreviations and Acronyms
AF ¼ atrial fibrillation
CAD ¼ coronary artery disease
CI ¼ confidence interval
CVD ¼ cerebrovascular disease
DLCO ¼ carbon monoxide lung diffusion capacity
FEV1 ¼ forced expiratory volume in 1 second
MACE ¼ major adverse cardiac events
ppo ¼ predicted postoperative
VATS ¼ video-assisted thoracoscopic surgery
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video-assisted thoracoscopic surgery (VATS) lobectomy,
which has become the treatment of choice for early-stage
non–small-cell lung cancer in many centers.4,5 Compared
with patients undergoing lobectomy through thoracotomy,
those operated through VATS have reduced incidence of
complications (including cardiovascular complications)
and in-hospital mortality. The benefits of VATS have been
shown to be particularly evident in high-risk patients.6-10

For this reason an increasing number of patients with
underlying comorbidities and traditionally considered at
high risk for surgery are now considered surgical
candidates. Therefore, we felt that there was a need to fill
the knowledge gap about the influence of CAD on the
outcome of patients undergoing VATS lobectomy.

The objective of this study was to assess the influence of
CAD on the outcome of patients undergoing VATS lobec-
tomy for lung cancer.

PATIENTS AND METHODS
We involved 4 thoracic surgery units (3 from Europe and 1 from the

United States) and performed a retrospective analysis on prospectively

collected data of patients submitted to VATS lobectomy (January 2012-

March 2015) for lung cancer. Patients whose operations started with a

VATS approach and then were converted to open surgery for technical rea-

sons or major intraoperative complications were also included in this anal-

ysis (88 patients). We chose to include the converted patients as we believe

analyses about VATS anatomic resections should be performed as an

intention-to-treat one. The inclusion of patients who required conversion

to open approach ensure a more realistic outcome analysis.11 The local

institution review boards reviewed the study, which was classified as ser-

vice evaluation not requiring ethics committee approval.

Surgical treatment was discussed and agreed by the local multidisci-

plinary tumor boards. Patients were referred to a specialist cardiologist

for noninvasive testing and to optimize their medical treatment in case their

cardiac risk was considered high (ie, cardiac risk index>2) and according

to current guidelines.12,13 No patients in this series had a prophylactic

revascularization procedure before the operation. All patients submitted

to lung resections were deemed hemodynamically stable.

Inoperability criteria included a predicted postoperative forced expira-

tory volume in 1 second (ppoFEV1) or a predicted postoperative carbon

monoxide lung diffusing capacity (ppoDLCO) <30%, in association

with a maximum oxygen consumption (VO2 max)<10 mL/kg/min, when-

ever performed.13

All patients were operated on by board-qualified thoracic surgeons

through a 2- to 3-port VATS anterior approach, as per surgeon preference.

Taking into account the differences of practice among the participating
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centers, patients were managed according to similar standardized pathways

of care pre- and postoperatively, including early mobilization, venous

thromboembolism prophylaxis, chest physiotherapy, and physical rehabil-

itation. Surgical pain control was achieved inmost of the patients by using a

combination of paravertebral analgesia with local anaesthetics and intrave-

nous patient-controlled analgesia.

Definitions
For the purpose of this study, CAD was defined as follows: previous

acute myocardial infarct (AMI), angina, previous percutaneous coronary

intervention (PCI), and/or previous coronary artery bypass graft

(CABG). MACE included postoperative acute myocardial ischemia (evi-

denced by the appearance of a new Q wave in 2 or more contiguous leads

on electrocardiogram or by laboratory isoenzyme evidence of myocardial

necrosis),14 cardiac arrest, and any cardiac death. Definitions of CAD and

MACE were discussed and agreed among the coinvestigators before data

from the individual centers were merged into a common dataset for the

analysis. All these variables were elements already present in the prospec-

tively maintained institutional databases of each unit. Discrepancies or

incomplete information were verified by review of the medical records per-

formed by the local investigators at each center.

Cardiovascular and pulmonary complications were defined as those

occurring in-hospital or within 30 days from operation, and included acute

respiratory distress syndrome, atrial arrhythmia, ventricular arrhythmia,

bronchoscopy for atelectasis, pneumonia, pulmonary embolism, deep

vein thrombosis, myocardial infarct, acute renal failure, stroke. Their def-

initions were in accordance with the Society of Thoracic Surgeons and Eu-

ropean Society of Thoracic Surgeons joint standardization of variables.14

Mortality was defined as any death occurring within 30 days or over a

longer period if the patient was still admitted in the hospital.

For the purpose of this study, failure-to-rescue was defined as any death

(in-hospital or within 30 days) that occurred in patients who developed car-

diovascular or pulmonary complications according to the previous defini-

tion (irrespective of the severity of complications).

Statistical Methods
To minimize the impact of other confounders on the outcome, pa-

tients with and without CAD were compared after matching by using

a propensity score case matching analysis.15 Propensity scores were

estimated by logistic regression analysis including baseline and surgical

characteristics: age, sex, FEV1%, DLCO%, history of cerebrovascular

disease, diabetes, neoadjuvant chemotherapy, side and site of lobec-

tomy, conversion to thoracotomy. Clustering of data at the institutional

level was taken into account by using a panel data analysis with the var-

iable ‘‘Institution’’ as a cluster variable. All variables except DLCO

(5% missing data) were complete and there was no missing endpoint

variable. Missing variables were imputed by averaging the nonmissing

values (numeric variables).

Patients with and without CAD were then matched 1:1 according to

their nearest propensity score without replacement. The propensity score

analysis yielded 2 groups of matched pairs that were then compared in

terms of baseline characteristics and outcome.

To evaluate the magnitude of the differences of the variables between

the 2 groups, we used the standardized difference (effect size). Effect size

is calculated by dividing the difference of the averages of the 2 groups by

the standard deviation of the total population. An effect size lower than

0.2 indicates a small difference. The standardized difference is considered

more appropriate than P value to assess the adequacy of the matching

process, as it is less affected by sample size.16 The incidences of

MACE and mortality were compared by means of the Fisher exact test.

A P value of .05 was accepted as significant. In addition, as a further

method of risk adjustment, we included the propensity score in a multi-

variable comparison of outcome along with the comparison variable of in-

terest (CAD).15,17
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TABLE 2. Unmatched comparison of baseline characteristics between

patients with and without CAD

Variables

Patients with

CAD (218)

Patients without

CAD (1481)

Effect

size

Age 70.75 (6.8) 65.85 (10.7) 0.47

Sex male, n (%) 138 (63) 653 (44) 0.39

FEV1% 84.13 (18.8) 87.14 (20.4) 0.15

DLCO% 68.74 (18.5) 72.65 (18.9) 0.24

CVD, n (%) 22 (10) 73 (4.9) 0.23

Diabetes, n (%) 39 (18) 120 (8.1) 0.34

Neoadjuvant

chemotherapy, n (%)

9 (0.40) 57 (0.38) 0.01

Side right, n (%) 145 (67) 850 (57) 0.19

Site upper, n (%) 122 (56) 766 (52) 0.08

Results are expressed as means and standard deviations (numeric variables) or as

number and percentages (categorical variables). Effect size or standardized difference

is calculated by dividing the difference of the averages of the 2 groups by the standard

deviation in the total population. Effect size: 0.2 small difference; 0.5 medium differ-

ence; 0.8 large difference. CAD, Coronary artery disease; FEV1, forced expiratory

volume in 1 second;DLCO, carbon monoxide lung diffusion capacity; CVD, cerebro-

vascular disease.
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All tests were 2-tailed and a significance level of .05 was considered.

The statistical tests were performed on the statistical software Stata 12.0

(Stata Corp, College Station, TX).

RESULTS
The baseline characteristics of all 1699 patients included

in the study are described in Table 1. Of these patients, 218
(13%) had a history of CAD: 106 previous AMI, 55 angina,
32 CABG, and 81 PCI with some patients who experienced
more than 1 event. MACE and mortality rates for the entire
population were 0.4% (7 patients) and 1.7% (29 patients),
respectively.

The most frequent cause of death was respiratory (15
cases). Four patients died of pulmonary embolism, 5 of
sepsis, and 2 of multiorgan failure. Only 3 patients experi-
enced cardiac-related deaths.

The unmatched comparison between patients with and
without CAD is shown in Table 2. In summary, compared
with patients without CAD, those with CAD were older,
more frequently men, had a lower DLCO, and had a higher
incidence of previous cerebrovascular disease (CVD) and
diabetes (effect sizes greater than 0.2).

The propensity score matching yielded 2 groups of 218
pairs of patients with and without CAD, well balanced for
baseline characteristics (Table 3).

Table 4 shows the results of the comparison between the 2
matched groups. Briefly, the incidence of MACE (P ¼ 1),
the rate of cardiovascular and pulmonary complications
(P ¼ .3), and the postoperative stay (P ¼ .3) were not
different between the 2 matched groups. Compared with pa-
tients without CAD, those with CAD experienced a higher
rate of atrial fibrillation (AF) (P ¼ .07) and fivefold higher
30-day mortality rate (P ¼ .02) (Figure 1). When the pro-
pensity score was used to adjust the risk in a multivariable
regression analysis performed on all patients (matched
and unmatched), CAD was not significantly associated
with MACE (regression coefficient 0.5, SE 0.9, P ¼ .6).
However, CAD remained significantly associated with
TABLE 1. Characteristics of the patients included in the study (1699

patients)

Variables

Age 67.4 (61-74)

Sex male, n (%) 791 (47%)

FEV1% 86.8 (73-99)

DLCO% 72 (62-80)

CVD, n (%) 95 (5.6)

Diabetes, n (%) 159 (9.2)

Side right, n (%) 995 (59)

Site upper, n (%) 888 (52)

Results are expressed as medians and interquartile ranges (numeric variables) or as

number and percentages (categorical variables). FEV1, Forced expiratory volume

in 1 second; DLCO, carbon monoxide lung diffusion capacity; CVD, cerebrovascular

disease.
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30-day mortality (regression coefficient 0.9, SE 0.4, odds
ratio 2.5, P ¼ .03).

The failure-to-rescue rate in the matched groups (the
mortality rate observed among patients with postoperative
cardiovascular and pulmonary complications) was higher
in the patients with CAD compared with those without
CAD (CAD: 18%, 95% confidence interval [CI] 9.4-30.0
vs no-CAD: 3.9%, 95% CI 0.5-13.0, P ¼ .009).

Of the 88 VATS lobectomies that were converted to tho-
racotomy, 16 had CAD and their mortality rate was not sta-
tistically significantly different than in those non-CAD
patients who were converted (13%, 95% CI 2-38 vs 7%,
95% CI 2-15, P ¼ .6) (Video 1).
DISCUSSION
Background and Rationale for the Study

CAD is a frequent comorbidity in candidates to lung
resection. The incidence of CAD in patients with operable
lung cancer has been reported to vary from 8% to
16%.1,2 The presence of CAD has been associated with
increased morbidity and mortality following lung
resection.1,18-23 In some of these studies, CAD was even
more important than pulmonary function as a risk factor
for postoperative major morbidity, increasing the risk by
1.6 times.21 Nevertheless, the impact of CAD in a selected
population of patients with lung cancer operated on by
VATS has never been reported. The rationale for investi-
gating the effect of CAD in this group of patients is to pro-
vide information to be used during multidisciplinary
discussion for selecting the best treatment option and to
be shared with the patient at the time of surgical consulta-
tion. In fact, the use of VATS has become the recommended
approach for early-stage lung cancer radical treatment5 and
ery c July 2017



TABLE 3. Comparison of baseline characteristics between matched

groups of patients with and without CAD (218 matched pairs)

Variables

Patients

with CAD

Patients

without CAD

Effect

size

Age 70.75 (6.8) 71.07 (7.2) 0.05

Sex male, n (%) 138 (63) 129 (59) 0.08

FEV1% 84.13 (18.8) 83.01 (20.9) 0.06

DLCO% 68.74 (18.5) 68.08 (17.5) 0.04

CVD, n (%) 22 (10) 26 (12) 0.07

Diabetes, n (%) 39 (18) 41 (19) 0.03

Neoadjuvant

chemotherapy, n (%)

9 (4.0) 7 (3.2) 0.05

Side right, n (%) 145 (67) 134 (62) 0.10

Site upper, n (%) 122 (56) 124 (57) 0.02

Results are expressed as means and standard deviations (numeric variables) or as

number and percentages (categorical variables). Effect size or standardized difference

is calculated by dividing the difference of the averages of the 2 groups by the standard

deviation in the total population. Effect size: 0.2 small difference; 0.5 medium differ-

ence; 0.8 large difference. CAD, Coronary artery disease; FEV1, forced expiratory

volume in 1 second;DLCO, carbon monoxide lung diffusion capacity; CVD, cerebro-

vascular disease.
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has challenged traditional operability criteria, having
shown its beneficial effects particularly in high-risk pa-
tients.6,9 This has allowed operating on an increasing
number of patients with underlying comorbidities,
including cardiovascular comorbidities.

For this reason, we wanted to verify the incidence of ma-
jor cardiac events and mortality in patients with and without
CAD undergoing VATS lobectomy.

Main Findings
We found that patients with CAD had a similar and very

small incidence of MACE compared with a matched cohort
of patients without CAD. A previous study includingmostly
thoracotomy patients found that the incidence of MACE in
patients with CAD was approximately 6% compared with
only 1% in those without CAD.22 Similarly, Fernandez
and colleagues,23 using the Surveillance, Epidemiology,
and End Results-Medicare database, found that patients
with a previous coronary stent procedure within 1 year
from lung cancer resection had postoperative MACE and
mortality rates of 9.3% and 7.7%, respectively. Although
the surgical access was not specified, it seems plausible
TABLE 4. Comparison of outcomes between matched groups of patients w

Patients with CAD (n ¼
MACE, n (%) 2 (0.9%, 0.1-3.2

Cardiopulmonary complications, n (%) 61 (28, 22-34)

LOS, d 7.3 (6.3-8.3)

AF, n (%) 31 (14, 9.9-19.0)

30-d mortality, n (%) 11 (5.0, 2.5-8.8)

Results are expressed as means and 95% confidence intervals (numeric variables) or numbe

artery disease; MACE, major adverse cardiac events; LOS, length of postoperative stay; A
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that most patients in the latter study were operated on
through a thoracotomy, as the series spanned back to 1998.
In our series, the rate of MACE in patients with CADwas

only 0.9% (vs 0.5% in non-CAD patients). This low inci-
dence of MACE likely reflects a protective effect of VATS
in this high-risk group of patients.
We also found that in spite of a similar incidence of over-

all cardiovascular and pulmonary complications, patients
with CAD had a fivefold higher risk of 30-day mortality
compared with their matched counterparts without CAD.
This discrepant result is explained in part by the higher inci-
dence of patients who died after developing complications
in the CAD group compared with the non-CAD group.
The failure-to-rescue rate in the matched population was
almost fivefold higher among complicated patients with
CAD compared with complicated patients without CAD.
One possible explanation can be found in the reduced

aerobic reserve of patients with CAD, caused by a direct ef-
fect of the underlying cardiac disease or indirectly by phys-
ical deconditioning. The occurrence of a postoperative
complication in this situation may increase the oxygen de-
mand to a level exceeding the aerobic capacity of the patient
leading in turn to an anaerobic metabolism, lactic acidemia,
multiorgan failure, and eventually death. In this regard,
CAD is not the direct cause of death, as shown by the low
incidence of cardiac deaths in this series, but a predisposing
factor exposing the patient to a higher risk in case of post-
operative complications.
Unfortunately, details about baseline cardiac function (ie,

ejection fraction) or maximum oxygen consumption during
cardiopulmonary exercise test were not available in most of
the patients as per institutional preoperative evaluation
pathways. They would have certainly added useful informa-
tion to this study to clarify the cause of the increased mor-
tality among complicated patients with CAD. Certainly,
these results warrant future prospective investigations
aimed at validating this hypothesis.
Another interesting finding of our analysis was regarding

the incidence of AF. Although the incidence of AF in pa-
tients without CAD (7%) was in line with the incidence re-
ported in other large VATS series,2,10 AF was twice as
common in patients with CAD than in patients without it.
ith and without CAD (218 pairs)

218) Patients without CAD (n ¼ 218) P

) 1 (0.5%, 0.1-2.5) 1

51 (23, 18-30) .3

6.2 (5.5-6.9) .3

18 (8.2, 5-13) .07

2 (0.9, 0.1-3.2) .02

rs, percentages and 95% confidence intervals (categorical variables). CAD, Coronary

F, atrial fibrillation.
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FIGURE 1. Comparison of outcomes between matched patients with and

without coronary artery disease (CAD). MACE, Major adverse cardiac

events. VIDEO 1. Dr Alberto Sandri describes on behalf of his coauthors the

rationale, objective, methods, and main findings of this study. Video

available at: http://www.jtcvsonline.org/article/S0022-5223(17)30546-9/

addons.
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A previous study showed that CAD (previous percuta-
neous transluminal coronary angioplasty, stent placement,
and preexisting history of angina) was an independent
risk factor for AF, with a fourfold increased risk compared
with patients without CAD.24 However, other studies did
not find CAD as a risk factor associated with AF after ad-
justing the analysis for other confounders.25,26
Study Limitations
This study has potential limitations. First, this is a retro-

spective analysis on prospectively collected data from 4
different centers. Inherent selection bias may be present,
as in all retrospective analyses of this kind. However, to
minimize this problem, we used a propensity score analysis,
which is considered the most reliable method for a balanced
comparison in a nonrandomized setting.15 However, pro-
pensity score analysis does not take into account unmea-
sured or unknown factors associated with outcome.
Moreover, it does not completely adjust accurately for
biases resulting from cohort selection. In addition, the con-
struction of the propensity score and the adequate balancing
of groups were limited by the variables available and the
small sample size. For instance, important variables that
could have been associated with the outcome of interest,
such as smoking status or clinical stage, were not available
for all patients and were not used in the analysis.

In addition, owing to the nature of study, information
about the patients with CAD at risk of having surgery
who were initially referred to surgeons and then underwent
nonsurgical treatment was not available. As mentioned pre-
viously, this introduced an inherent selection bias that was
difficult to control completely even using adequate
balancing with propensity score.

Second, details about cardiac function were not available
in most patients. This information would have been useful
to clarify the causal relationship between incidence of com-
plications and mortality in patients with CAD. Similarly, a
356 The Journal of Thoracic and Cardiovascular Surg
cardiopulmonary exercise test was performed in a small
number of patients due to institutional protocols. Therefore,
objective data about aerobic capacity were missing in this
series.

Third, for the retrospective nature of the study, informa-
tion about medical treatment of CAD at the time of surgery
was not available. Likewise, the precise number of patients
who were referred to a cardiologist before surgery for opti-
mization of their medical treatment or additional testing
was not available in this dataset. Nevertheless, as mentioned
previously, none of the patients in this series received a pro-
phylactic invasive cardiologic procedure (ie, PCI or stent)
before lung resection.

Finally, the low incidence of MACE has limited the
statistical power of the study to detect any significant dif-
ference between CAD and non-CAD groups. The calcu-
lated power for the comparison of the 2 matched
groups to detect a significant difference with an alpha
level of 0.05 in our population was only 14%. With
such a low rate of MACE, a 30-fold larger sample size
would be needed to have a statistical power of at least
80%. Future large data analyses would be warranted to
confirm our results.

CLINICAL IMPLICATIONS AND CONCLUSIONS
We showed that, despite a very low incidence of MACE,

the presence of CAD is associated with a fivefold higher
risk of mortality after VATS lobectomy. Based on this
finding, we have started to refer patients with a history of
CAD to cardiopulmonary exercise test to better evaluate
the functional reserve and to identify deficits in the oxygen
transport system to be possibly corrected before the opera-
tion. Moreover, our results represent useful information to
be used to decide the best treatment strategy for this high-
risk group of patients during multidisciplinary meetings.
Finally, taking into the account the several limitations
ery c July 2017
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discussed previously, the findings of our study can be used
as information to be shared with the patients during the sur-
gical consultation.
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