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1. Introduction
According to the summary literature data, the incidence of a combination of oncological 

and cardiovascular diseases ranges from 0.2 to 28 % [1], and the incidence of a combination 
of lung cancer and coronary heart disease (CHD) is about 7 %, while manifestations of CHD 
that do not allow perform radical surgery, are detected in 10 % of patients with lung can- 
cer [2].

The presence of concomitant CHD in cancer patients is often a contraindication to sur-
gical treatment of tumors; it limits the severity of interventions, or changes the type of treat-
ment in favor of polychemotherapy or radiation therapy [3].

Antecedent myocardial revascularization is an effective method for preventing hospital 
complications and hospital mortality due to cardiac causes [4]. 

1. 1. Object of the study
The object of the study is coronary revascularization in patients with surgical lung patholo-

gy and concomitant ischemic heart disease.

A B S T R A C T

The object of the study: coronary revascularization in patients with malignant lung 
diseases and concomitant ischemic heart disease.
The problem to be solved: selection of the optimal tactics for coronary bypass grafting 
simultaneously with lung resections.
Main scientific results: an individual approach to the choice of tactics for carrying 
out simultaneous operations in patients with malignant lung diseases and concomitant 
ischemic heart disease is proposed. It has been shown that performing coronary artery 
bypass grafting simultaneously with lung resections, according to the proposed meth-
ods, allows minimizing surgical trauma and eliminating the influence of additional risk 
factors associated with cardiopulmonary bypass (CPB). 
The area of practical use of research results: surgical hospitals.
An innovative technological product: methods for performing simultaneous coronary 
(artery) bypass grafting in patients with malignant lung diseases, based on the use of 
sternotomy, thoracotomy and mini-thoracotomy approaches.
The area of application of an innovative technological product: clinical practice of 
performing simultaneous operations for combined pathology of the heart and lungs in 
medical institutions of a general surgical profile. 
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1. 2. Description of the problem
Over the past decade, primary percutaneous intervention (PCI) has become the leading 

method of reperfusion therapy, leading to significant reductions in hospital and long-term mor-
tality. The experience of PCI in patients with cancer is increasing every year [5]. Placement of a 
bare metal stent should be considered in patients with planned extracardiac surgery, which may be 
delayed by 4 weeks, and preferably by 3 months [5, 6].

The need for aggressive antiplatelet therapy in patients after angioplasty and stenting of the 
coronary arteries increases the risk of massive bleeding during organ resection operations with 
regional lymph node dissection for the tumor [4] and limits their use.

Simultaneous or staged coronary artery bypass grafting (CABG) in patients with major lung 
tumors and concomitant CHD with a high perioperative risk of cardiac complications (>5 %) is the 
most optimal way to solve the problem [4].

Traditionally, surgical treatment is carried out in stages: stage I is CABG, stage II is (a) sur-
gical treatment of a malignant neoplasm. According to the literature of recent years, the prospects 
are indicated in the use of CABG techniques without CPB and using minimally invasive approach-
es, which makes it possible to reduce cardiovascular injuries in patients with oncology, in the case 
of performing a single-stage operation, as well as using staged tactics [7].

Each of the treatment approaches (simultaneous and staged) has its supporters and oppo-
nents in international medical practice [8]. At the same time, the algorithms for simultaneous and 
staged operations are still controversial: the number of surgical approaches, the procedure for per-
forming individual stages of operations, the best terms for the interstage period [2, 8].

1. 3. Suggested way to solve the problem
A real way to improve the results of surgical treatment of patients with concurrent CHD 

is antecedent myocardial revascularization (coronary artery bypass grafting (CABG) or stenting) 
prior to non-cardiological operations [9]. There are publications on successful simultaneous CABG 
operations in combination with operations for oncopathology with a mortality rate not exceeding 
10–11 % [10]. Nevertheless, the question of the order of stages remains open. One of the ways to 
solve the problem, the authors suggest an individual approach to the choice of tactics using simul-
taneous operations that minimizes surgical trauma.

2. Materials and methods
For the period 2009–2020 at the State Institution “V. T. Zaitsev Institute of General and 

Emergency Surgery of the National Academy of Medical Sciences of Ukraine” 216 patients were 
operated on lung cancer (the average age of patients was 58.4±27.6 years, among them there were 
149 men (69 %) and 67 (31 %) women). Perioperative assessment of the cardiovascular system, as-
sessment of the functional reserves of patients, were carried out according to the recommendations 
of the ESC/ESA [11] using the Detsky, Goldman and Lee indices.

Coronary angiography was recommended in the presence of clinical signs of angina pecto-
ris FC III-IV according to the New York classification functional class III or IV according the Ca-
nadian Cardiovascular Society grading scale) and was based on the results of non-invasive studies.

Coronary and ventriculography were performed in 22 (10.2 %) patients with signs of angina 
pectoris III-IV FC (the average age of patients in this subgroup was 61.5±17.5 years, among them there 
were 13 men and 9 women). In nine patients of this subgroup, hemodynamically significant (more 
than 70 %) stenoses were revealed and in thirteen patients - occlusion of the coronary arteries (CA).

In all cases, simultaneous operations were performed: resections were performed prior to 
CABG. CPB was not used during CABG. The operations were performed using standard surgical 
techniques and standard instrumentation.

The design of the study was reviewed by the Committee on Medical and Bioetics of the 
“V. T. Zaitsev Institute of General and Emergency Surgery of the National Academy of Medical 
Sciences of Ukraine” at the planning stage (Protocol No. 8 dated 05.10.2009) and was recognized 
as meeting the principles of the Declaration of Helsinki of the General Assembly of the World 
Medical Association ( 1964–2000), the Convention of the European Council on Human Rights 
and Biomedicine (1997), the corresponding provisions of the WHO, the International Council of 
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Medical Scientific Communities, the International Code of Medical Ethics (1983) and the laws of 
Ukraine. Informed consent was obtained from patients included in the prospective study for addi-
tional studies and processing of personal data.

Simultaneous (off-pump) left internal mammary artery (LIMA) – to left anterior descending 
(LAD) bypass grafting and off-pump CABG in multivessel coronary artery lesions from sternoto-
my access after lobectomy were performed in seven cases: in five cases in right lung cancer and in 
two cases in left lung cancer. In six cases, from the sternotomy approach after lobectomy, obtuse 
marginal (OM) artery was bypassed for isolated stenosis of the circumflex branch of the left CA – 
in two cases for right lung cancer and in four cases for left lung cancer.

Simultaneous off-pump LIMA-LAD bypass grafting using the left mini-thoracotomy ap-
proach was performed after lobectomy from the right-sided thoracotomy approach in three cases 
and in two cases from the sternotomy approach. 

In three cases, a simultaneous (off-pump) CABG was performed after lobectomy from a 
right thoracotomy approach in the middle part of the right coronary artery (RCA) and in one case 
after lobectomy from a sternotomy approach, (off-pump) CABG was performed with a distal anas-
tomosis in the proximal part of the posterior descending artery.

3. Research results
Given the nature of the upcoming surgical intervention, taking into account the high risk of 

staged surgical operations due to the presence of mutually aggravating factors, the high risk of si-
multaneous (on-pump) CABG due to a poorly predictable systemic inflammatory response and an 
increased risk of haemorrhagic, infectious, embolic complications and multiple organ failure, the 
decision in all the above cases was made in favour of simultaneous open transactions without CPB.

Antecedent CABG creates conditions for adequate myocardial perfusion and prevention of 
cardiac complications; however, given the traumatic nature of manipulations during extraction of 
the lung root and the likelihood of possible damage to previously imposed grafts, we preferred the 
option of performing (off-pump) CABG immediately after the lung resection stage.

We consider a median sternotomy, which provides adequate access to the aorta, coronary 
arteries, and roots of the lungs, to be the optimal surgical approach for simultaneous CABG and 
lung resection in multivessel coronary lesions (Fig. 1, 2).

Fig. 1. Left-sided inferior lobectomy using sternotomy approach

Our practice has shown that in case of right lung cancer and single-vessel lesions of the 
proximal or middle segments of RCA, anterolateral thoracotomy (which provides access to the 
ascending aorta and mentioned segments of RCA) is applicable for simultaneous (CABG) oper-
ations (Fig. 3). 

Experience of 39 isolated off-pump LIMA-LAD bypass grafting operations in single-vessel 
lesion of the LAD using left anterior minithoracotomy approach, accumulated at the “V. T. Zait-
sev Institute of General and Emergency Surgery of the National Academy of Medical Sciences of 
Ukraine” allows us to consider this bypass method applicable when it is necessary to perform a 
right-sided lung resection (simultaneously) (Fig. 4). 
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Fig. 2. Off-pump CABG and LIMA-LAD bypass grafting using sternotomy approach after left-
sided inferior lobectomy

Fig. 3. Venous graft to the middle part of the right coronary artery, the right-sided thoracotomy 
approach in the 4th intercostal space

Fig. 4. Performing off-pump LIMA-LAD bypass grafting using left anterior mimi-thoracotomy 
in the 4th left intercostal space 

There were no cases of hospital mortality and perioperative myocardial infarctions. Com-
plications in the form of postoperative myocardial ischemia, heart failure were not revealed. The 
clinical effect was achieved in all cases - relapses of angina pectoris in the immediate postoperative 
period were not observed in patients of this group.

The main complication in the postoperative period was poor healing of the thoracotomy 
wound – 2 cases (both patients had diabetes mellitus), but without further complications and long-
term consequences.

4. Discussion of the research results
A feature of CABG in patients with lung cancer, in some cases, is a high risk of staged 

surgical interventions due to the presence of mutually aggravating factors caused by the pathology 
of the heart and lungs. We believe that performing surgical interventions in the volume of lung re-
section makes it impractical and sometimes impossible to perform simultaneous (on-pump) CABG 
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due to a poorly predictable systemic inflammatory response and an increased risk of hemorrhagic, 
infectious, embolic complications and multiple organ failure.

The issue of the order of CABG or lung resection remains open both in the case of staged and 
in the case of simultaneous operations [7]. In our opinion, the priority implementation of CABG 
creates conditions for adequate myocardial perfusion and prevention of cardiac complications; 
however, taking into account the traumatic nature of manipulations during extraction of the lung 
root and the likelihood of possible damage to previously performed grafts, we consider it possible, 
in some cases, performing (off-pump) CABG immediately after the lung resection.

In order to minimize surgical trauma, in case of lesions of the proximal RCA segment, we 
consider it possible to perform CABG from the thoracotomy approach. It should be noted that access 
to the distal segments of the RCA from the thoracotomy approach is sharply limited. The use of the 
right internal mammary artery for RCA bypass grafting is also possible, but in order to eliminate 
potential tension and damage to the graft, it is even more desirable after manipulation of the lung root.

The accumulated experience in carrying out coronary revascularization from a mini-tho-
racotomy approach allows using minimally invasive off-pump LIMA-LAD bypass grafting as the 
first stage of a simultaneous operation, including patients with multivessel disease, followed by 
revascularization of the remaining vascular lesions by means of a second stage percutaneous in-
tervention. This approach can be justified in case of pathology of potential venous grafts (varicose 
veins); high risk of complications associated with the extraction of auto veins (severe bilateral ath-
erosclerotic lesions of the arteries of the lower extremities); the need of proximal anastomoses to 
the aorta in pathology of the ascending aorta; high risk of CABG of all affected coronary arteries, 
associated with potential technical difficulties or the initial poor condition of the patient.

In the case of surgical interventions on the left lung, off-pump LIMA-LAD bypass grafting 
from a left-sided thoracotomy does not present technical difficulties.

Study limitations. The approach to myocardial revascularization described by us adheres 
to the principle of maximum benefit/cost ratio (where by benefit we mean complete and long-term 
myocardial revascularization with minimal medical risks for the patient, and by costs - general pro-
vision of interventions). This approach is in demand in the context of limited resources, as for most 
clinics in Ukraine. But it cannot be universal, because in well-equipped cardiac surgery centers of 
developed countries there is a possibility of effective revascularization by PCI for complex lesions 
of the coronary arteries, and total arterial revascularization of the myocardium thoracoscopically 
or robotically using CPB. These techniques, as expected, require expensive equipment, high qual-
ifications and training of surgeons, but, at the same time, their use is due to the availability of the 
patient and his preferences. 

Prospects for further research. Due to the constant development of technologies and the 
improvement of surgical treatment methods, it is relevant to study the long-term results of inter-
ventions with different strategies of revascularization in patients with surgical lung pathology: on-
pump CABG versus off-pump CABG, the use of minimally invasive off-pump LIMA-LAD bypass 
grafting technique for thoracic interventions versus revascularization using sternotomy.

5. Conclusions
Performing off-pump CABG simultaneously with lung resection can be widely used in clin-

ical practice, however, such decisions should be made jointly by cardiologists, cardiac surgeons 
and thoracic surgeons based on a specific clinical situation, with the obligatory consideration of the 
patient’s characteristics and with his participation.

The median sternotomy approach allows efficient lung resection and simultaneous CABG 
in multivessel lesions.

For single-vessel lesions of the proximal and middle segments of RCA in patients with sur-
gical pathology of the right lung, autovenous bypass grafting of RCA can be effectively performed 
using the thoracotomy approach.

In case of lesions in the system of the LAD in patients with surgical pathology of the right 
lung, it is advisable to perform minimally invasive off-pump LIMA-LAD bypass grafting using the 
left mini-thoracotomy approach. In the case of surgical interventions on the left lung, performing 
minimally invasive off-pump LIMA-LAD bypass grafting from a left-sided thoracotomy does not 
present technical difficulties.
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