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 Background: The co-existence of coronary heart disease (CHD) and lung cancer is increasing in an increasingly aging pop-
ulation. The aim of this study was to evaluate patient outcome from combined off-pump coronary artery by-
pass graft (CABG) surgery and lung resection in patients more than 50 years-of-age.

 Material/Methods: A retrospective clinical study of 23 patients with a mean age of 70.2±8.4 years (range, 51–86 years) includ-
ed 18 men and five women with CHD and lung cancer who underwent a single operation with combined off-
pump CABG surgery and lung resection, for non-small cell lung cancer (NSCLC) (n=22) and small cell lung can-
cer (n=1). Surgical approaches included: median sternotomy in six patients; left lateral thoracotomy in nine 
patients; a median sternotomy in three patients; median sternotomy combined with thoracoscopic lobectomy 
in five patients.

 Results: In the retrospective study of 23 patients, there were no deaths and no new cases of myocardial infarction (MI) 
in the immediate perioperative period. During the follow-up period, six patients died from lung cancer metas-
tasis or recurrence; one patient died of acute renal failure; and one patient died from the effects of chemother-
apy. The remaining 15 patients underwent postoperative follow-up for between 3–79 months with no deaths 
and no new cases of MI.

 Conclusions: For patients who are more than 50 years-of-age and who have CHD and lung cancer, a single combined oper-
ation that includes off-pump CABG and lung resection can be safe and effective.
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Background

Worldwide, lung cancer has a high mortality rate and re-
mains the leading cause of cancer-associated death [1]. 
Cigarette smoking is recognized to be the major risk fac-
tor for lung cancer, and the relationship between cigarette 
smoking and the risk of lung cancer has been proven for 
several decades [2]. In China, during the past two decades, 
there has been an increase in the prevalence of smoking in 
Chinese men, which is reported to be as high as 52.9%, lead-
ing to the increasing incidence of lung cancer [3]. In China, 
lung cancer in non-smoking women is mainly due to a fami-
ly history lung cancer and to passive smoke inhalation from 
cigarettes or fires used in cooking [4]. Smoking is also one 
of the major risks for coronary heart disease (CHD), due to 
its effects on the aggregation of platelet and constriction 
of blood vessels [5].

The population of patients with combined lung cancer and 
CHD is expected to increase, and surgical treatment for both 
conditions is shifting to older patients due to the increasing-
ly aging population and the improvements in patient diagno-
sis. It has been reported that at least 5% of patients who re-
quire lung resection due to lung cancer also require coronary 
artery bypass graft surgery [6].

However, the presence of CHD increases the surgical morbid-
ity of patients with lung cancer [7]. This fact creates a clini-
cal dilemma for surgeons on how to decide on the best treat-
ment for with combined early lung cancer and severe CHD, 
but because surgical techniques have continued to improve, 
it is now possible to conduct combined coronary artery bypass 
graft (CABG) surgery and lobectomy for lung cancer in a sin-
gle combined surgical procedure [8,9].

The co-existence of CHD and lung cancer is increasing in an 
increasingly aging population who may be at increased risk of 
the complications of general anesthesia. Therefore, the aim of 
this retrospective clinical study was to evaluate patient out-
come from combined off-pump CABG surgery and lung resec-
tion for lung cancer in patients more than 50 years-of-age in 
a single center in China.

Material and Methods

Patients

All patients included in the study, or their legal represen-
tatives, signed written informed consents to participate in 
the study and for all surgical procedures. The study was ap-
proved by the local Institutional Review Board (IRB) of the 
First Affiliated Hospital, Nanjing Medical University, China. All 

clinical procedures were performed in accordance with current 
clinical guidelines and regulations.

A retrospective clinical study included 23 patients who were 
diagnosed with lung cancer and severe coronary heart dis-
ease (CHD) and who underwent combined surgical treatment 
between May 2009 and December 2016. The patients in the 
study had a mean age of 70.2±8.4 years (range, 51–86 years) 
and included 18 men and five women with CHD and lung can-
cer. All patients underwent a single operation with combined 
off-pump coronary artery bypass graft (CABG) surgery and lung 
resection, for non-small cell lung cancer (NSCLC) (n=22) and 
small cell lung cancer (n=1).

Patients who were selected for the study were symptomat-
ic, with symptoms that included a cough, chest pain or chest 
discomfort after exercise. Clinical examination, blood serum 
analysis, and cardiac echocardiography were performed for 
all patients. Each patient underwent coronary angiography, 
and pre-operative evaluation by positron emission tomogra-
phy (PET) or computed tomography (CT) imaging, or combined 
PET/CT imaging, pulmonary function tests, or bronchoscopy.

More than half of the patients (n=15) included in the study had 
a triple-vessel coronary artery disease (CAD). Echocardiography 
showed that the average left ventricular ejection fraction 
(LVEF) was 64.38%. Patients with lung cancer were classified 
and staged pre-operatively in accordance with the 2001 World 
Health Organization (WHO) classification of lung tumors and 
using the TNM staging system [10]. Of the 23 patients includ-
ed in the study, 61% of the patients had stage I lung cancer 
(14 patients). The clinical characteristics of the patients includ-
ed in the study are summarized in Table 1.

The combined surgical procedure

Surgery was performed under general anesthesia with dou-
ble-lumen endotracheal tube intubation. The lung and cardiac 
surgical procedures were carried out simultaneously. Coronary 
anastomoses were performed first on the beating heart us-
ing off-pump CABG surgery, followed by the lobectomy for re-
section of lung cancer.

The CABG procedure included harvesting of an arterial or ve-
nous graft followed by aortocoronary bypass graft implanta-
tion. All the patients received complete coronary revascular-
ization. Single left internal mammary artery (LIMA) was used 
in one patient who had stenosis of the left anterior descend-
ing (LAD) coronary artery; both the LIMA and a saphenous vein 
graft (SVG) were used in nine patients; the saphenous vein 
graft (SVG) alone was used in 12 patients; both the SVG and 
the radial artery was used in one patient.
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Surgical approaches included: median sternotomy in six pa-
tients; left lateral thoracotomy in nine patients; a median ster-
notomy in three patients; median sternotomy combined with 
thoracoscopic lobectomy in five patients. The thoracoscop-
ic lobectomy was performed through three incisions, without 
rib spreading, with a working incision of between 2.5–4.0 cm 
in length. The thoracoscopic lobectomy procedures were per-
formed by a standardized three port anterior approach, as pre-
viously described by Hansen et al. [11]. A complete lymphad-
enectomy was performed, if necessary. To achieve complete 
lymph node dissection, the operating table was rotated to pro-
vide an improved visual operative field. Video-assisted tho-
racoscopic surgery (VATS) was used with headlamp auxiliary 
lighting. The details of the lung resection and the number of 
anastomosed vessels are summarized in Table 2.

Separate pleural and mediastinal drainage tubes were used in 
all patients at the end of the surgical procedure, and low mo-
lecular-weight heparin (LMWH) was given to all patients until 

hospital discharge. Treatments to prevent platelet aggrega-
tion included acetylsalicylic acid (ASA), ticagrelor, or clopido-
grel were commenced.

Patient follow-up

The patients were all followed up postoperatively at one month, 
three months, and at six months after hospital discharge. At 
follow-up, all patients underwent a physical examination, elec-
trocardiogram (ECG), chest X-ray, and echocardiography. After 
the first six months of follow-up, patients were followed up 
every six months, either through clinic attendance, or by tele-
phone interview.

Statistical analysis

The JMP Pro 11 statistical software program (SAS Institute, 
Cary, NC, USA) was used for statistical analysis. The Kaplan–
Meier method was used to analyze patient overall survival (OS).

Results

Patient morbidity and mortality

This study included 23 patients with a mean age of 70.2±8.4 years 
(range, 51–86 years) and included 18 men and five women with 
CHD and lung cancer. The combined surgical procedures were 
carried out in a group of patients more than 50 years-of-age.

No early postoperative patient mortality occurred, and no 
myocardial ischemia occurred. The mean operation time 
was 333.6±89.8 minutes, and the quantity of intraoperative 
bleeding was 613.0±358.4 ml. The mean drainage from the 
drainage tubes during the first 24 hours postoperatively was 
392.2±296.0 ml. The chest tubes and mediastinal drains were 
maintained for three days postoperatively, or longer if the dai-
ly drainage was >150 ml.

The mean length of hospital stay was 19.2±12.3 days, with 
a mean duration of stay in the intensive care unit (ICU) of 
40.4±32.4 hours. During the period of hospitalization, two pa-
tients required a re-thoracotomy for postoperative bleeding. 
One patient had a sternal dehiscence and a sudden cardiac ar-
rest, five days following surgery, diagnosed as a postoperative 
pulmonary thromboembolism, and was resuscitated success-
fully by rescued by cardiopulmonary resuscitation (CPR). There 
was one case of postoperative acute renal failure, treated with 
hemofiltration. There were two patients who were re-admit-
ted to ICU for atrial fibrillation and acute respiratory failure. 
All patients recovered and were discharged from the hospi-
tal. The details of the peri-operative course of the patients in 
the study are shown in Table 3.

Preoperative variables
Number of patients 
(means ±SD or%)

Age(y, mean ±SD) 51–86 (70.2±8.4)

Female (n,%)  5 (22)

NYHA class (n,%)

 I  3 (13.0)

 II  18 (78.3)

 III  2 (8.7)

Comorbidities (n,%)

 Hypertension  15 (65.2)

 Hyperlipidemia  2 (8.7)

 Diabetes mellitus  7 (30.4)

  Cerebrovascular artery 
disease

 13 (56.5)

Smoking (n,%)  13 (56.5)

CAD Class (n,%)

 Stable angina  19 (82.6)

 Unstable angina  4 (17.4)

Number of disease vessels 
(n, mean ±SD)

1–3 (2.6±0.7)

Table 1.  Characteristics of patients underwent combined off-
pump coronary artery bypass grafting and pulmonary 
resection.

SD – standard deviation; NYHA – New York Heart Association; 
CAD – coronary artery disease.
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Patient follow-up

During the follow-up period, six patients died from lung cancer 
metastasis or recurrence; one patient died of acute renal fail-
ure; and one patient died from the effects of chemotherapy. The 
remaining 15 patients underwent postoperative follow-up for 
between 3–79 months with no deaths and no new cases of MI.

No case was lost to follow-up. No patient had cardiovascular 
events, including MI, sustained ventricular tachycardia, heart 
failure, or sudden cardiac death postoperatively. There were 
eight patients who died during the follow-up, of whom, one 
patient died of acute renal failure three months postopera-
tively, and one patient died due to intolerance to chemother-
apy five months postoperatively.

Case Histology/staging Cardiac procedure Lung procedure Incision

1 Adenocarcinoma/I A CABG×2 LUL Median sternotomy and left lateral 
thoracotomy

2 Squamous cell lung cancer/II A CABG×4 LUL Median sternotomy and left lateral 
thoracotomy

3 Adenocarcinoma/I B CABG×2 RML Median sternotomy and right lateral 
thoracotomy

4 Adenocarcinoma/III A CABG×4 LLL Median sternotomy

5 Adenocarcinoma/I B CABG×3 Right upper + 
lower WR

Median sternotomy

6 Adenocarcinoma/III A CABG×4 LLL Left lateral thoracotomy

7 Adenocarcinoma/III A CABG×1 LLL Left lateral thoracotomy

8 Adenocarcinoma/I B CABG×3 Left upper + 
right upper WR

Median sternotomy

9 Adenocarcinoma/II B CABG×3 LLL Left lateral thoracotomy

10 Squamous cell lung cancer/I A CABG×1 Left pneumonectomy Left lateral thoracotomy

11 Adenocarcinoma/IA CABG×4 RUL Median sternotomy and thoracoscopic 
lobectomy

12 Adenocarcinoma/IB CABG×2 LLL Left lateral thoracotomy

13 Small cell lung cancer/IA CABG×4 Right upper WR Median sternotomy

14 Adenocarcinoma/III A CABG×3 LLL Left lateral thoracotomy

15 Adenocarcinoma/IA CABG×2 RLL Median sternotomy and thoracoscopic 
lobectomy

16 Squamous cell lung cancer/I B CABG×2 Left pneumonectomy Left lateral thoracotomy

17 Adenocarcinoma/III A CABG×4 Right lower WR Median sternotomy and thoracoscopic 
lobectomy

18 Squamous cell lung cancer/III A CABG×2 LUL Left lateral thoracotomy

19 Adenocarcinoma/II B CABG×3 RUL Median sternotomy

20 Squamous cell lung cancer/I B CABG×2 Right upper WR Median sternotomy

21 Squamous cell lung cancer/I B CABG×2 Right lower WR Median sternotomy and thoracoscopic 
lobectomy

22 Squamous cell lung cancer/I A CABG×3 LLL Left lateral thoracotomy

23 Adenocarcinoma/I A CABG×2 RLL Median sternotomy and thoracoscopic 
lobectomy

Table 2. Surgery variables of patients underwent combined off-pump coronary artery bypass grafting and pulmonary resection.

CABG – coronary artery bypass grafting; LLL – left lower lobectomy; LUL – left upper lobectomy; RLL – right lower lobectomy; 
RUL – right upper lobectomy; WR – wedge resection; RML – right middle lobectomy.
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Of the six patients who died of canfcer metastasis or cancer 
recurrence, death occurred at between 7–35 months postop-
eratively. Of the patient deaths at follow-up from lung cancer, 
four patients were diagnosed as lung cancer stage IIIA, one 
patient as stage IIB, two patients as stage IB, and one patient 
had stage IA lung cancer.

The remaining 15 patients who survived at the end of the 
study were followed-up from between 3–79 months, with a 
median follow-up period of 22.7 months. The 5-year survival 
rate was 47.9% according to the Kaplan-Meier survival anal-
ysis (Figure 1).

Discussion

Cardiovascular disease and lung cancer are both associated 
with cigarette smoking, which has become more common in 
China. Prompt treatment of coronary heart disease (CHD) is 
required to minimize the perioperative risk of the lung sur-
gery for lung cancer. However, it can be difficult to treat pa-
tients who require both cardiac surgery and lung resection for 
lung cancer at the same time, especially for patients with se-
vere CHD [12,13].

Recent advances in surgical techniques have led to an increase 
in the proportion of patients with CHD undergoing percuta-
neous coronary intervention (PCI). The early and mid-term 

Variables Interquartile range/number Means ±SD/%

Operation time (hour) 155–470  333.6±89.8

Intraoperative blood loss (ml) 200–2000  613.0±358.4

Postoperative drainage (ml) 580–9390  3066±2215

Time of ICU (hours) 14.8–114.4  40.4±32.4

Time of hospital stay (days) 8–57  19.2±12.3

Overall complications

 Absent 17 73.9

 Present 6 26.1

  Bleeding (n) 2 8.7

  Sternal dehiscence (n) 1 4.3

  Renal failure (n) 1 4.3

  Acute respiratory failure 1 4.3

  Atrial fibrillation (n) 1 4.3

Table 3. Surgical outcomes and postoperative complications.

SD – standard deviation; ICU – Intensive Care Unit.

Figure 1. Kaplan-Meier survival curves for relapse free survival (A) and overall survival (B) according to the patients in our study.

0 20 40
Time (months)

60 80

Re
lap

se
-fr

ee
 su

rv
iva

l (
%

)

100

80

60

40

20

0
0 20 40

Time (months)
60 80

Ov
er

all
 su

rv
iva

l (
%

)

100

80

60

40

20

0

N23
A B

3311
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Liu B. et al.: 
Combined CABG and lung resection for lung cancer
© Med Sci Monit, 2018; 24: 3307-3314

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



outcomes of patients with CHD following treatment with PCI 
or coronary artery bypass graft (CABG) have been investigated 
in a propensity-matched study, which showed that although 
PCI was associated with lower rates of periprocedural stroke, 
major bleeding, and acute renal injury, CABG was associated 
with reduced rates of early and late recurrent ischemia and 
reduced repeat revascularization procedures [14]. Therefore, 
stent placement should be avoided in patients who are be-
ing considered for surgery soon after coronary intervention. 
Previously reported studies have shown a preference for a two 
stage procedure, where coronary intervention is performed 
first, followed by lung resection with surgical treatment re-
quiring an interval of between six and 12 weeks after coro-
nary stenting [15].

When lung cancer has been diagnosed, surgical resection should 
be performed as soon as possible. Patients also require inten-
sive anticoagulation following coronary artery stenting, but this 
is associated with a high risk for hemorrhagic complications. 
The high coagulation state associated with malignancy may 
also influence the patency of the coronary artery stent [16]. If 
the CABG is performed first, the postoperative recovery peri-
od required may also postpone the surgery for lung resection, 
which may result in tumor progression. However, if lung tumor 
resection surgery is performed first, the perioperative risk of 
severe coronary artery impairment can cause fatal complica-
tions [17]. The two-stage approach also requires two rounds of 
general anesthesia, two separate chest incisions, and a longer 
overall hospital stay. It may be difficult to persuade patients 
to undergo further surgical procedures in a relatively short pe-
riod. Therefore, simultaneous management of both diseases 
can avoid the need for a second operation, decrease periop-
erative stress and pain, and may have economic benefits by 
decreasing treatment costs and the costs of hospital stay [18].

In this study, a one-stage approach was used, and off-pump 
CABG was performed. The mid-term mortality and long-term 
morbidity between off-pump CABG and on-pump coronary 
revascularization were comparable. However, extracorporeal 
circulation can increase the concentration of free oxygen rad-
icals, which leads to cell damage [19], inhibits the immune sys-
tem, enhances tumor growth, and can promote tumor metas-
tases [20]. Off-pump CABG can reduce bleeding during tumor 
resection, due to the decreased intraoperative heparin dose. 
CABG is usually performed first, as it is the most aseptic of the 
two surgical procedures. Also, when CABG is performed first, it 
can ensure that there is an adequate intraoperative coronary 
artery blood supply to avoid intraoperative myocardial isch-
emia and cardiac dysfunction.

The CABG procedure often requires a median sternotomy, which 
fully exposes the heart and major cardiac vessels, and offers 
the opportunity to undertake revascularization in a timely way 

when there is myocardial ischemia. However, lung cancer re-
section with a median sternotomy may be associated with 
technical problems, as left lower lobectomy is difficult to per-
form through a median sternotomy. The use of a two-incision 
approach to open both pleural cavities can lead to significant 
postoperative discomfort, more pain and an increased inci-
dence of early postoperative complications. In this study, per-
formed in a single center, the clinical experience of the sur-
geons resulted in the use of a single incision approach for the 
combined surgical procedures. Two surgical approaches were 
used in three patients, who received a medial sternotomy and 
lateral thoracotomy; single surgical incisions were used in 15 
patients, of whom six patients underwent median sternotomy, 
and nine patients underwent lateral thoracotomy. The single 
left lateral thoracotomy was performed for the CABG and left 
lower lobectomy or left pneumonectomy. Five patients under-
went a median sternotomy and video-assisted thoracoscopic 
surgery (VATS) as an approach for CABG and right lobectomy. 
In general, the tumor size and localization determine the sur-
gical approach of the one-stage operation.

Thoracoscopic equipment was used to minimize the incision 
size and minimize postoperative pain. A previous study has 
shown that evaluation of postoperative pain, according to the 
visual analog scale (VAS) of Scott–Huskisson, showed that me-
dian sternotomy was less painful than posterolateral thora-
cotomy [21]. The use of the internal mammary artery retractor 
and auxiliary thoracoscopic equipment allowed improved vi-
sion of the hilar and mediastinal anatomy. The use of dispos-
able tracheal endoscopic and vascular closure devices used in 
the lobectomy allowed for easier and safer surgical resection, 
and avoided contamination from the pulmonary resection to 
the CABG. Because previous studies have shown that thora-
coscopic lobectomy was superior in terms of length of stay, 
postoperative pain, preserving pulmonary function, and post-
operative complications when compared with open lobecto-
my [22,23], in this study, technology was used that was most 
appropriate for the patients clinically. The surgical approach 
for the CABG procedures was determined by the degree and 
extent of the coronary artery occlusions; arterial and venous 
grafts were both used, and the left internal mammary artery 
(LIMA) was used, as in many CABG procedures.

In this study, there was no postoperative in-hospital mortality. 
However, previously published studies have shown an in-hos-
pital mortality of the combined surgical procedure of between 
0–6.5% [24,25]. In this study, the postoperative complications 
were monitored. There were two patients who required re-ex-
ploration for postoperative bleeding. Postoperative acute re-
nal failure is mainly determined by the degree of the surgical 
trauma and the preoperative renal function. Patients with lung 
cancer and who underwent harvesting of the LIMA as a graft 
may have had impaired healing of the sternotomy incision, 
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resulting in sternal dehiscence. Pulmonary embolism is high-
ly influenced by the increased coagulation state in patients 
with cancer. In this study, cardiac arrhythmia and acute re-
spiratory failure occurred in one patient (4.3%). In this study, 
all postoperative complications were diagnosed quickly and 
treated appropriately.

The findings of this study are supported by previous studies 
that have shown that the one-stage approach did not increase 
the surgical trauma and affect postoperative recovery [26]. 
The cumulative survival rate in this study was 47.9% at five 
years. Previous studies have reported 5-year overall survival 
rate that varied from 64–67% [18,27]. The overall 5-year sur-
vival rate of stage I–III lung cancer is 60–80%, 40–60%, and 
6.7–20.8%, respectively [28,29]. The reasons for the lower sur-
vival rate from lung cancer in our hospital are believed to be 
that there were up to 26% of patients included in this study 
who were diagnosed with stage III lung cancer, and more lo-
bectomy cases (65.2%) were included, compared with previ-
ously published studies.

This study had several limitations, as it was a small, non-con-
trolled, retrospective study that was performed at a single cen-
ter. Future large-scale, multicenter, controlled clinical studies 
are recommended.

Conclusions

The findings of this retrospective clinical study have shown 
that for patients who are more than 50 years-of-age and who 
have coronary heart disease (CHD) and lung cancer, a single 
combined operation that includes off-pump coronary artery 
bypass graft (CABG) surgery and lung resection can be safe 
and effective. These findings applied particularly to patients 
with early-stage lung cancer and when thoracoscopic equip-
ment was used to minimize the incision size and reduce post-
operative pain.
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