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Abstract 
Objective: In patients with severe coronary artery disease (CAD), the risk of 
tumor surgery under general anesthesia is high, and whether coronary revas-
cularization should be prioritized remains debatable, considering tumor prog-
nosis. We aimed to analyze surgical outcomes for severe CAD with malig-
nancy. Materials and Methods: We analyzed 20 patients with malignant tu-
mors and 256 who underwent coronary artery bypass graft surgery (CABG) at 
our hospital to investigate early and long-term outcomes. We also conducted 
propensity score analysis. Results: No significant differences were observed in 
preoperative background. Patients with malignancy had significantly fewer le-
sions and bypass grafts. There was no significance in postoperative complica-
tions or cardiac events. After propensity score matching, results were similar. 
Treatment for malignancy was performed safely post-CABG. However, two 
patients could not undergo scheduled treatment because of change in their 
clinical condition after CABG. Conclusion: CABG in patients with malig-
nancy was safely performed and prevented postoperative cardiac events. Be-
cause postoperative status can be changeable, cancer team management 
should be considered for all CABG cases with malignancy. 
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1. Introduction 

With an aging population and improved diagnostic techniques, a significant in-
crease in the number of patients with malignancy combined with coronary artery 
disease (CAD) has been observed. Perioperative cardiac complications are a major 
cause of death in patients undergoing non-cardiac surgery with severe CAD, and 
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the treatment strategy for patients with malignancy combined with CAD remains 
a challenge for cardiac surgeons [1]. Patients with cardiovascular disease have 
higher cancer risk compared with individuals from the general population. “Re-
verse cardio-oncology” has started to attract more attention and called for aware-
ness among physicians for the increased cancer risk in patients with cardiovascu-
lar disease [2]. Cancer prevalence and mortality were >2-fold higher in patients 
with atherosclerotic cardiovascular disease than in patients with nonatheroscle-
rotic cardiovascular diseases [3]. These findings suggest atherosclerosis as a risk fac-
tor for cancer and a marker of poor prognosis [3]. Accordingly, there have been some 
reports describing the association between cardiovascular disease and cancer, how-
ever, most of them have not reported the relation of cancer stages. Moreover, the 
relation of CABG for cardiovascular disease with cancer stage has rarely presented. 

In patients with CAD, myocardial revascularization before malignant tumor 
therapy could allow for subsequent safe malignant surgery, chemotherapy, or both 
and potentially improve long-term survival [4]. Other studies have also shown 
that initial myocardial revascularization can ensure the safety of subsequent treat-
ments for malignancy [5] [6]. In critically ill patients with left main coronary ar-
tery or three-vessel disease, coronary artery bypass surgery has significant ad-
vantages in terms of reducing the incidence of adverse cardiac events during on-
cological surgery and preventing thrombosis. As reported in previous studies [4] 
[7], long-term survival was mainly driven by the prognosis of malignancy and was 
only secondarily related to CAD. These findings justify the indication to perform 
coronary surgery, at least in patients with early-stage malignancy. 

Conversely, the appropriate timing for cancer treatment can be missed because 
of CABG. European guidelines state that coronary artery revascularization should 
not be performed in cases where a prognosis of 12 months cannot be expected [8]. 
However, determining a 12-month prognosis is not easy. There are classifications 
for determining cancer treatment based on its stage, but these do not accurately 
reflect the prognosis. 

This study aimed to analyze surgical treatment outcomes for severe CAD in 
combination with malignancy and to evaluate their cancer treatment after CABG. 

2. Materials and Methods 

All consecutive adult patients with CAD who underwent surgery at our institution 
between August 2015 and September 2022 were included in this study. CABG was 
considered in patients with malignancy who were expected a prognosis of at least 
12 months. During this period, 276 adult patients underwent CABG; of these, 20 
(7%) had malignancy, and 256 (93%) did not. We evaluated preoperative factors 
and postoperative course. Patients who underwent procedures such as valve re-
placement or repair, left ventricular aneurysmectomy, congenital heart disease, or 
aortic surgery were excluded to ensure homogeneity of patients. Patients with ma-
lignancy who had already completed cancer treatment were also excluded. 

As previously reported [4], for safe hemodynamic maintaining, we recommend 
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prioritizing the surgical treatment of cardiac disease followed by subsequent treat-
ment of the neoplasm, either by surgical resection or radiation and oncological 
therapies. In patients with concomitant neoplastic and cardiac diseases, a staged 
approach is normally used: heart surgery performed first and then cancer resec-
tion scheduled 4 or 6 weeks later [4]. Only lung cancer or other mediastinum can-
cer were resected concomitantly with CABG.  

Clinical data were collected from the medical records, and multiple variables 
were recorded for each patient. Data on age, sex, hypertension, diabetes mellitus, 
dyslipidemia, present smoking, past smoking, chronic respiratory disease, chronic 
kidney disease, hemodialysis, peripheral artery disease, chronic atrial fibrillation, 
left ventricular ejection fraction, history of coronary artery intervention, and his-
tory of cerebral infarction were included. Information on the severity of CAD was 
obtained from angiography reports. Intraoperative factors, including the number 
of diseased vessels, use of cardiopulmonary bypass (CPB), and number of distal 
anastomoses were recorded.  

Conventional on-pump arrest, on-pump beating, or off-pump CABG was per-
formed based on the patient’s condition and surgeon’s preference. On-pump beat-
ing or conventional CABG is currently preferred, particularly in patients with he-
modynamic instability, whereas off-pump CABG is preferred for patients with se-
vere atherosclerotic changes. For patients with malignancy, we attempted to com-
plete CABG without CPB (off-pump CABG) due to concerns about potentially 
compromising the patient’s immune system or causing metastasis as a result of 
the CPB. All-cause mortality was the primary endpoint. An up-to-date clinical 
follow-up was obtained by telephone interview with patients or their family. All 
major adverse cardiac and cerebrovascular events after hospital discharge, defined 
as sudden death, recurrent angina, myocardial infarction, congestive heart failure, 
percutaneous coronary intervention, repeat coronary operation, or cerebrovascu-
lar accident, were recorded. Patency of the grafts was checked multidetector com-
puted tomography or standard coronary angiography in all patients after surgery 
or in patients with symptoms of ischemia. 

Statistical procedures 
Continuous variables are expressed as mean ± standard deviation or median 

(range), and categorical variables are expressed as the number (%) of patients. 
Categorical variables were analyzed using Fisher’s exact test. Continuous variables 
were compared using Student’s t-test, whereas non-parametric variables were an-
alyzed using the Mann-Whitney U-test. Survival curves were constructed using 
the Kaplan-Meier method and compared using the log-rank test. All data analyses 
were performed using the JMP 16.1 software (SAS Institute, Cary, NC, USA). Sta-
tistical significance was defined by p < 0.05. 

We conducted a 1:1 propensity score analysis to match patients without malig-
nancy, using JMP 16.1 software (SAS Institute, Cary, NC, USA). The nearest 
neighbor technique was adopted to match each case to a control which is closest 
in terms of the calculated propensity score. The propensity score was calculated 
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from the following 15 matching variables: age, sex, hypertension, diabetes melli-
tus, dyslipidemia, present smoking, past smoking, chronic respiratory disease, 
chronic kidney disease, hemodialysis, peripheral artery disease, chronic atrial fi-
brillation, left ventricular ejection fraction, history of coronary artery interven-
tion, and history of cerebral infarction.  

Ethics approval 
All procedures were performed in accordance with the tenets of the Declaration 

of Helsinki. The Ethics Committee of Aichi Medical University Hospital approved 
this study on October 26th, 2023 (approval number, 2023-522). All patients pro-
vided written consent for the use of their clinical data for scientific presentation 
or publication. 

3. Results 

Patient characteristics are listed in Table 1. Although patients with malignancy 
tended to be older than those without malignancy (p = 0.052) and were less likely 
to have a smoking habit (p = 0.052), all factors including age, sex, history of hyper-
tension, diabetes mellitus, dyslipidemia, chronic respiratory disease, chronic kid-
ney disease, hemodialysis, peripheral artery disease, chronic atrial fibrillation, left 
ventricular ejection fraction, history of coronary artery intervention, and history 
of cerebral infarction did not differ significantly between the two groups. 

 
Table 1. Characteristics of patients. 

 Total, 276 
Patients with 

cancer 20 (7%) 
Patients without 
cancer 256 (93%) 

p value 

Age (y) 71 (36 - 85) 73 (62 - 85) 70 (36 - 85) 0.052 

Sex (male, %) 239 (87) 15 (75) 214 (84) 0.32 

Hypertension (%) 188 (68) 15 (75) 173 (68) 0.49 

Diabetes (%) 169 (61) 13 (65) 156 (61) 0.72 

Dyslipidemia (%) 162 (59) 9 (45) 153 (60) 0.20 

Present smoking (%) 31 (11) 1 (5) 30 (12) 0.36 

Past smoking (%) 112 (41) 4 (20) 108 (42) 0.052 

Chronic respiratory disease (%) 39 (14) 2 (10) 37 (14) 0.58 

Chronic kidney disease (%) 71 (26) 5 (25) 66 (26) 0.94 

Hemodialysis (%) 36 (13) 4 (20) 32 (13) 0.34 

Peripheral artery disease (%) 42 (15) 2 (10) 40 (16) 0.50 

Chronic atrial fibrillation (%) 15 (5) 1 (5) 14 (5) 0.93 

Left ventricular ejection fraction (%) 56 (16 - 83) 61 (30 - 77) 56 (16 - 83) 0.36 

History of coronary artery intervention (%) 53 (19) 3 (15) 50 (20) 0.62 

History of cerebral infarction (%) 48 (17) 4 (20) 44 (17) 0.75 
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Table 2. Characteristics of patients in the matched cohort. 

 Total, 40 
Patients with 

cancer 20 (50%) 
Patients without 
cancer 20 (50%) 

p value 

Age (y) 73 (62 - 85) 61 (30 - 77) 74 (65 - 83) 0.47 

Sex (male, %) 33 (83) 15 (75) 18 (90) 0.21 

Hypertension (%) 33 (83) 15 (75) 18 (90) 0.21 

Diabetes (%) 22 (55) 13 (65) 9 (45) 0.20 

Dyslipidemia (%) 24 (60) 9 (45) 15 (65) 0.051 

Present smoking (%) 1 (3) 1 (5) 0 0.23 

Past smoking (%) 9 (23) 4 (20) 5 (25) 0.70 

Chronic respiratory disease (%) 7 (18) 2 (10) 5 (25) 0.21 

Chronic kidney disease (%) 11 (28) 5 (25) 6 (30) 0.72 

Hemodialysis (%) 6 (15) 4 (20) 2 (10) 0.37 

Peripheral artery disease (%) 7 (18) 2 (10) 5 (25) 0.21 

Chronic atrial fibrillation (%) 1 (3) 1 (5) 0 0.23 

Left ventricular ejection fraction (%) 62 (26 - 83) 61 (30 - 77) 62 (26 - 83) 0.73 

History of coronary artery intervention (%) 5 (13) 3 (15) 2 (10) 0.63 

History of cerebral infarction (%) 7 (18) 4 (20) 3 (15) 0.68 

 
After propensity matching analysis, our main cohort included 20 cases with 

malignancy and 20 cases without malignancy (Table 2). There were no significant 
different factors in the matched cohort. 

Figure 1(a) shows the details of tumors in patients with malignancy. There were 
seven cases of gastroenteric tumors (35%), seven of urinary tumors (35%), three 
of lung tumors (15%), and three of others (15%). Figure 1(b) shows the staging 
of each malignancy at the time of CABG. Eight patients (40%) had stage I cancer, 
three (15%) had stage II, two (10%) had stage III, six (30%) had stage IV, and one 
(5%) was unknown.  

Table 3 presents procedural and intraoperative data. There were no significant 
differences in urgent or emergency CABG, left main trunk disease, and use of 
CPB. Triple vessel disease was significantly rarer (p = 0.0010), and the number of 
vessels with significant stenosis and number of vessels bypassed were significantly 
fewer (p = 0.0019 and 0.0014) in patients with malignancy. The mean numbers of 
vessels with significant stenosis were 2.20 ± 0.62 and 2.62 ± 0.57 in patients with 
malignancy and those without, while the mean numbers of vessels bypassed were 
2.45 ± 1.28 and 3.29 ± 1.10 in patients with malignancy and those without, respec-
tively. There were no significant differences in intensive care unit stay, hospital 
stay, 30-day mortality, reoperation due to postoperative bleeding, paroxysmal 
atrial fibrillation, sternal infection, cerebrovascular event, and cardiac death. The 
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30-day mortality was detected in three cases without malignancy who experienced 
ST elevated myocardial infarction (1.1%): all cause of death in these patients was 
heart failure. In the matched cohort, triple vessel disease was significantly rarer (p 
= 0.025), the number of vessels with significant stenosis and number of vessels 
bypassed were significantly fewer (p = 0.015 and p = 0.016), and postoperative 
sternal infection occurred significantly rarer (p = 0.036) in patients with malig-
nancy (Table 4). 

 

 
(a) 

 
(b) 

Figure 1. (a) Subgroups and phenotype classifications; (b) Staging of malignancy. 

 
Sixteen patients with malignancy received definitive treatment for malignancy 

after CABG; nine underwent tumor resection, and seven received chemothera-
pies, including hormone therapy for malignant lymphoma or prostate adenocar-
cinoma. Two patients received palliative treatment, as scheduled. The remaining 
two patients could not undergo their planned cancer surgery owing to changes in 
the patients’ condition. One patient withdrew his request for surgical treatment 
for his cancer because of decreased physical strength following CABG. The other 
patient with esophageal cancer could not undergo definitive treatment owing to 
poor nutritional status after CABG.  
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Table 3. Operative procedures and outcomes. 

 Total, 276 
Patients with 

cancer 20 (7%) 
Patients without 
cancer 256 (93%) 

p value 

Urgent or emergency CABG 74 (27) 4 (20) 70 (27) 0.48 

Left main coronary artery disease (%) 75 (27) 4 (20) 71 (28) 0.45 

Triple vessel disease (%) 177 (64) 6 (30) 171 (67) 0.0010 

Mean number of vessels with  
significant stenosis 

2.59 ± 0.59 2.20 ± 0.62 2.62 ± 0.57 0.0019 

Use of CPB (%) 90 (33) 5 (25) 85 (33) 0.45 

Mean number of vessels bypassed 3.23 ± 1.14 2.45 ± 1.28 3.29 ± 1.10 0.0014 

ICU stay 2 (1 - 33) 3 (1 - 8) 2 (1 - 33) 0.52 

Hospital days 14 (1 - 270) 17 (6 - 29) 14 (1 - 270) 0.76 

Reoperation for bleeding (%) 3 (1) 0 3 (1) 0.63 

Paroxysmal atrial fibrillation (%) 52 (19) 4 (20) 48 (19) 0.89 

Sternal infection (%) 12 (4) 0 12 (5) 0.32 

Cerebrovascular event (%) 13 (5) 1 (5) 12 (5) 0.95 

30-day mortality (%) 3 (1) 0 3 (1) 0.63 

Cardiac death (%) 8 (3) 1 (5) 7 (3) 0.56 

CABG, coronary artery bypass graft surgery; CPB, cardiopulmonary bypass; ICU, intensive care 
unit. 

 
Table 4. Operative procedures and outcomes in the matched cohort. 

 Total, 40 
Patients with 

cancer 20 (50%) 
Patients without 
cancer 20 (50%) 

p value 

Urgent or emergency CABG 8 (20) 4 (20) 4 (20) 1.00 

Left main disease (%) 13 (33) 4 (20) 9 (45) 0.088 

Triple vessel disease (%) 19 (48) 6 (30) 13 (65) 0.025 

Mean number of vessels with  
significant stenosis 

2.43 ± 0.59 2.20 ± 0.62 2.65 ± 0.49 0.015 

Use of CPB (%) 9 (23) 5 (25) 4 (20) 0.7 

Mean number of vessels bypassed 2.88 ± 1.14 2.45 ± 1.28 3.30 ± 0.80 0.016 

ICU stay 3 (1 - 9) 3 (1 - 8) 3 (2 - 9) 0.78 

Hospital days 17 (6 - 60) 17 (6 - 29) 17 (11 - 60) 0.081 

Reoperation for bleeding (%) 0 0 0  

Paroxysmal atrial fibrillation (%) 7 (18) 4 (20) 3 (15) 0.68 

Sternal infection (%) 3 (8) 0 3 (15) 0.036 

Cerebrovascular event (%) 2 (5) 1 (5) 1 (5) 1.00 

30-day mortality (%) 0 0 0  

Cardiac death (%) 1 (3) 1 (5) 0 0.31 

CABG, coronary artery bypass graft surgery; CPB, cardiopulmonary bypass; ICU, intensive 
care unit. 
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Figure 2. Cumulative survival of all patients. 

 

 
(a) 

 
(b) 

Figure 3. (a) Causes of mortality in patients with malignancy; (b) Causes of mortality in 
patients without malignancy. 
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The Kaplan-Meier curve in Figure 2 shows the survival. We observed 15 deaths 
(5%): five (25%) in patients with malignancy and 10 (4%) in those without malig-
nancy in the year after CABG. In total, we observed 36 deaths (13%): 11 (55%) in 
patients with malignancy and 25 (10%) in those without malignancy. Significantly 
poorer outcomes were observed in patients with malignancy who underwent 
CABG (p < 0.0001). The causes of death in patients with and without malignancy 
are shown in Figure 3(a) and Figure 3(b), respectively. Most patients (n = 7, 64%) 
with malignancy died of recurrence or worsening of malignancy, whereas patients 
without malignancy died mainly of cardiovascular events (n = 7, 28%). In four 
patients of rhabdomyosarcoma, prostate adenocarcinoma, and renal cell carci-
noma, metastasis of primary cancer was detected during follow up period. Patients 
(n = 7, 64%) with malignancy who died of recurrence or worsening of malignancy 
were two of stage IV gastric cancer, one of stage III esophageal cancer, one of stage 
I cholangiocellular carcinoma, one of stage IV rhabdomyosarcoma, one of stage I 
lung cancer, and one of stage IV prostate adenocarcinoma. Patients with stage IV 
cancer could not survive in the late phase. 

Although the evaluation of patients’ activity is difficult, all patients with malig-
nancy could walk to the hospital as an outpatient till the end of the follow-up. 
Graft occlusion was not found in patients with malignancy after CABG. 

4. Discussion 

In the present study, CABG was safely performed in patients with malignancy. 
Even after propensity matching analysis, there was no significance in postopera-
tive complications and cardiac events. Further, in the present study, patients with 
stage IV malignancy died in the late phase, however, only one of them died from 
cardiac causes. Therefore, because cancer did not affect the prognosis of CABG, 
CABG appeared effective in reducing adverse cardiac events in patients with ma-
lignancy. Guha et al. reported that among patients undergoing CABG, the preva-
lence of comorbid malignancy has steadily increased [9]. They observed that apart 
from major bleeding, these patients shared similar outcomes with those of patients 
without malignancy, indicating that CABG utilization should not be declined in 
patients with malignancy, when otherwise indicated.  

In the majority of cancer patients, mortality was mainly due to cancer rather 
than cardiac death [10] [11]. In the presence of metastases, prostate, breast, colon, 
and lung cancers were independently associated with mortality, PCI complica-
tions, and major bleeding [12] [13]. Moreover, patients with metastatic cancer 
also had an increased risk of all-cause mortality and long-term noncardiac death 
compared with patients with limited cancer [14] [15]. In this study, we identified 
metastasis of primary cancer in four cases, but only one case, a case of rhabdomy-
osarcoma, resulted in late death. Depending on the histological type of the pri-
mary cancer, treatment of metastatic lesions may be possible. Even in cases with 
metastatic lesions, indication of CABG should be considered based on the histo-
logical type of the primary cancer. Conversely, the stage of cancer was related to 
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the mortality; no patients with stage IV cancer survived in the late phase. Stage 4 
advanced cancer cases generally have a poor prognosis, and even if a case is con-
sidered suitable for CABG, careful judgment should be made based on individual 
clinical backgrounds. 

In accordance with Darwazah et al., patients with tumors undergoing staged 
CABG and tumor surgery had the advantage of a low incidence of adverse cardi-
ovascular events, the interval between the two procedures ranged from 5 to 60 
days, and there was no significant correlation between the recurrence or metasta-
sis of the tumor and no correlation to the time between staged procedures [5]. In 
the present study, however, two patients were dropped out after CABG from sur-
gery for malignancy because of worsening activity, and nutritional status. Suzuki 
et al. reported that an independent association of polyvascular disease with the 
incidence of cancer in patients with CAD was found, implying the possibility that 
the severity of atherosclerosis could play a pivotal role in cancer development [3]. 
Numerous factors such as the presence of active cancer, current oncologic treat-
ment, and cancer-related co-morbidities (frailty, anemia, thrombocytopenia, nu-
tritional/performance status) require the clinician to personalize the management 
plan with the help of a multidisciplinary team comprising of a cardiologist, inter-
ventional cardiologist, and an oncologist [16]. In our hospital, post-surgical con-
ference in intensive care unit including cardiac surgeons, anesthesiologists, nurse 
practitioners, pharmacists, and nurses are held every day after cardiac surgery. 
This meeting includes nutrition staff, rehabilitation staff, and social workers, if 
necessary. After transport to the general ward, these meetings are held weekly or 
more. For patients who need meticulous care, these supports should be given be-
fore CABG. 

Garatti et al. proposed that, instead of PCI, CABG should not be withheld from 
patients with solid organ tumors owing to concerns about a poorer prognosis or 
reduced graft durability [4]. In the present study, patients with malignancy had 
significantly fewer lesions and, therefore, received fewer bypass grafts. CABG via 
left small thoracotomy with single-vessel bypass was commonly seen in patients 
with malignancy. This could be because catheter intervention requiring dual an-
tiplatelet therapy was avoided. Moreover, there were no patients with malignancy 
who developed graft occlusion in the present study. The reason why postoperative 
sternal infection occurred significantly rarer in patients with malignancy might be 
these fewer bypass grafts and difference in approach. For oncology surgeons, it is 
preferable that patients underwent CABG than PCI demanding dual antiplatelet 
therapy. Minimally invasive CABG enables less intraoperative bleeding, avoid-
ance of respiratory complications and sternal infection, and prompt postoperative 
recovery [17] [18]. In the future, if minimally invasive or robotic CABG develops 
dramatically and becomes popular, the waiting time until the next cancer surgery 
may be shortened. 

Limitation 
This study has some limitations. First, it was a retrospective study with a small 

https://doi.org/10.4236/ojts.2025.152002


K. Sugiyama et al. 
 

 

DOI: 10.4236/ojts.2025.152002 23 Open Journal of Thoracic Surgery 
 

sample size. Guha et al. reported that 8.6% of cancer patients were found in total 
CABG patients; this number is similar to our ratio [9]. 

Recall bias during the clinical course cannot be ruled out. To confirm these 
clinical data, more cases of malignant diseases combined with CAD are required. 
Second, the distribution of diseases in this study was varied, including gastroin-
testinal, respiratory, urinary, and thymic malignancies, and malignant lymphoma; 
further classification studies are challenging. The value of tumor staging in the se-
lection of treatment strategies for patients with malignancy combined with CAD 
requires further research. Third, some patients with advanced cancer denied ag-
gressive coronary evaluation and revascularization, so we could not include these 
high-risk patients. 

5. Conclusion 

CABG could be safely performed in patients with malignancy, contributing to 
avoid cardiac events in the late phase. Further, even after successful CABG, se-
quential support by multidisciplinary team is essential for a safe cancer treatment. 
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