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1.The relevance of the topic 

In Ukraine in the ranking of causes of death the first place is securely fastened for cardiovascular diseases, 

one of the most common and are rich in serious complications of which is coronary heart disease (CHD). 

The CHD most feared complication, which, in fact, mostly has lethal consequences in this pathology is 

myocardial infarction.  

According to official data, every year in Ukraine recorded about 40 thousand cases of heart attacks, 20 

thousand of which require emergency treatment. In 2018 for the first time Ukraine has provided the need 

for stent systems for emergency care for 100% of patients with STEMI (those patients with myocardial 

infarction, who need immediate help). That is, every Ukrainian with acute myocardial infarction in a critical 

situation, had the opportunity to get 1 stent free of charge. But the situation is much complicated by the 

fact that quite often one stent is not enough to ensure adequate blood supply to the ischemic portion of 

the heart muscle due to a significant extent the occlusion of the vessel. The worst, but, unfortunately, very 

common cases, are multi-vessel lesions of coronary vessels discovered during coronary angiography. This 

clinical situation is quite complex and requires a much more complicated surgical treatment – coronary 

artery bypass surgery, which requires not only modern equipment, but also high skill of the surgeon, that is 

critical to saving human life. 

Timely surgery coronary bypass surgery to prevent permanent changes to the heart muscle, in many cases, 

improves myocardial contractility and increases the quality and duration of life. 

2.A particular purpose. 

2.1. To know: 

1. Clinical manifestations of chronic forms of coronary heart disease. 

2. Risk stratification of cardiovascular events 

3. The main indications for coronary artery bypass grafting. 

4. Methods of minimally invasive surgery in coronary heart disease, their benefits and features. 

5. The technique of endoscopic coronary artery bypass grafting. 

Also know: 

• differential distinction between different variants of coronary heart disease, 

• principles of differential treatment of different variants of CHD 

• basic functional methods of investigation of cardiovascular system, 

• basic rules for decryption of electrocardiograms, 

• other modern methods of surgical treatment of coronary heart disease, their advantages and 

disadvantages compared to endoscopic CABG. 

2.2.To be able to: 

To diagnose angina on the basis of complaints, anamnesis, results of laboratory and instrumental 

investigations. 

To identify risk factors for coronary heart disease. 



To determine the indications for endoscopic coronary artery bypass grafting. 

Also be able to: 

the ECG interpretation, survey and conducting a physical examination of the patient, 

- setting the preliminary diagnosis and a plan of examination of patients, 

clinical interpretation of the data laboratory, instrumental, radiological, ultrasound and other methods. 

3. Basic knowledge, abilities, skills necessary for studying the topic (interdisciplinary integration). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. 4. Tasks for student`s work in preparation for the lesson: 

  4.1. The list of basic terms, parameters, characteristics that student has to learn to prepare for the lesson: 

Теrm Definition 

Coronary heart disease 
(CHD) 

pathological condition characterized by an absolute or relative violation of 
the blood supply to the myocardium due to damage to the coronary arteries 

Miocardial infarcton heart disease due to acute insufficiency of its blood supply, with the 
occurrence of a focus of necrosis in the heart muscle 

Types of blood supply of 
heart muscle 

varieties of coronary blood supply, when myocardiocytes feed mainly due to 
the right, left or both coronary vessels 

Myocardial revascularization хирургические методы лечения ИБС с целью непосредственного 
увеличения коронарного кровотока 

Multi-vessel coronary 
artery disease 

is a disease stage in which at least two or three of the 
epicardial coronary arteries is involved with atherosclerosis of 
significant severity.  

Coronary heart disease (CHD) 
  The goal is to learn how to determine the 
indications for CABG;  know the features, 
advantages and disadvantages of 
endoscopic coronary artery bypass grafting 

Biochemistry 
 The goal – to know the main markers of 
ischemic myocardial damage 

Human physiology 
 The goal – to know the normal 
physiology of the blood supply of 
myocardium, especially the innervation 
and regulation of the coronary vessels 

Normal anatomy and 
histology 
  The goal – to know the 
structure of the coronary 
vessels, aorta and heart 
muscle, the passage and 
location of the coronary 
vessels 

Pathological anatomy 
  The goal – to know the main 
stages of coronary 
atherosclerosis, it`s 
morphological features 

Propedeutics of internal diseases 
The goal – to know the symptoms 
of coronary heart disease, to be 
able to conduct differential 
diagnosis between forms of 
coronary heart disease 

Radiation diagnostics 
  The goal – to know the X-ray 
anatomy of the heart and coronary 
vessels, signs of multivascular 
damage, to determine the degree 
of coronary occlusion 



Coronary artery bypass 
grafting 

surgical operation that allows to restore blood flow in the arteries of the 
heart bypassing the site of narrowing of the coronary vessel by using shunts 
(vascular prostheses) 

4.2. Theoretical questions for the lesson: 

  1. Anatomical and histological structure of the aorta and coronary bed. 

  2. Radiological features of various types of myocardial blood supply. 

  3. The main indications for surgical myocardial revascularization. 

  4. Coronary artery bypass grafting: definition, characteristic. 

  5. The main features of endoscopic coronary artery bypass grafting. 

  6. Indications and contraindications for endoscopic coronary artery bypass grafting. 

  4.3. Practical (tasks that are performed in the lesson): 

  1. To determine the indications for revascularization based on the results of coronary angiography. 

  2. To depict the scheme of coronary artery bypass grafting. 

4.4. Topic Content 

  Patients with multi-vessel coronary artery disease often have stable or unstable angina.  Typically, such 

patients have indications for myocardial revascularization by traditional methods of percutaneous coronary 

intervention or coronary artery bypass grafting. 

  Indications for myocardial revascularization in chronic coronary heart disease are based on three main 

criteria: severity of the clinical picture of disease, nature of the coronary lesion and myocardial contractile 

function. 

  The main clinical indication for myocardial revascularization is a severe angina pectoris, resistant to drug 

therapy.  The severity of angina is assessed by subjective indicators (functional class), as well as objective 

criteria - exercise tolerance, determined by veloergometry or treadmill test. 

  Angiographic indications for myocardial revascularization can be formulated as follows: proximally 

located, hemodynamically significant obstruction of the main coronary arteries with a passage distal 

channel.  Lesions that lead to a narrowing of the lumen of the coronary vessel by 75% or more are 

considered hemodynamically significant as well as 50% or more lesions of the LCA trunk.  The more 

proximal the stenosis is and the higher is it`s degree, the more severe is the deficiency of coronary 

circulation.  The most prognostically unfavorable is lesion of the LCA trunk, especially with the left type of 

coronary blood supply.  Extremely dangerous proximal narrowing (above 1 septal branch) of the anterior 

interventricular artery, that can lead to the development of myocardial infarction of the anterior wall of the 

left ventricle.  An indication for surgical treatment is also proximal hemodynamically significant lesion of all 

three major coronary arteries. One of the most important conditions for direct myocardial revascularization 

is the presence of a flow channel distal to hemodynamically significant stenosis. To distinguish between 

good, fair, or poor distal direction. If it is good the lumen is intact, without the irregularities of outline, 

satisfactory diameter portion of the vessel below the last of hemodynamically significant stenosis. About 

good distal direction there are irregularities of the bordes or hemodynamically non-significant stenosis in 

the distal coronary artery. Poor distal direction means dramatically severe diffuse changes of blood vessels 

throughout or absence of contrast in distal departments. 



Generally the main indications for revascularization are: 

1) severe angina resistant to medical therapy, 

2) unfavorable prognostic coronary bed lesion - proximal hemodynamically significant lesion of the LMCA 

and major coronary arteries with stenosis 75% or more, and passable distal direction, 

3) preserved contractile function of the myocardium with the left ventricular ejection fraction 40% and 

above.  

Coronary artery bypass grafting (CABG) is an operation that allows to restore blood flow in the coronary 

arteries by bypassing the narrowing of the coronary vessel by shunts. 

Modern surgery for ischemic heart disease have recently emerged. The first operation of direct 

revascularization was performed in 60-th years of the twentieth century. Numerous comparative studies 

have shown convincingly that the operations of direct revascularization of the myocardium increase life 

expectancy, reduce the risk of myocardial infarction and improved quality of life compared to medical 

therapy, especially in patients with poor prognostic coronary bed lesion. 

For the implementation of CABG, the surgeon uses blood vessels of the chest or lower limbs of the patient 

to "bypass" significantly narrowed coronary arteries and thus to ensure the discharge of the blood and 

proper blood supply to the heart muscle. One end of the vessel is sewn to the aorta and the other – to the 

coronary artery below the point at which it is locked. Created bypass allows blood to flow to the heart. 

There are lot of arteries and veins that can be basis for shunts. They are the following: 

1) Saphenous vein; 

2) Radial artery; 

3) The Left internal thoracic (mammary) artery; 

4) Right internal thoracic (mammary) artery; 

5) Right a. gastroepiploica; 

6) inferior epigastric artery. 

The goal of coronary artery bypass grafting (CABG) is to completely revascularize the area of the 

myocardium penetrated by coronary arteries, the lumen of which is narrowed by more than 50%. 

  In 1995, a new method, minimally invasive coronary surgery, entered the clinical practice of cardiac 

surgery.  This is a new section of coronary surgery.  It is based on performing operations on a working heart 

without cardiopulmonary bypass (CBP) and using minimal access. 

  Currently, in clinical practice, several methods of minimally invasive surgery for coronary heart disease are 

used: 

  1) Without cardiopulmonary bypass with the use of a “stabilizer” for shunting (in order to stabilize a 

certain part of the heart and apply a shunt in this area, special stabilizing systems are used). 

  2) The use of minimal surgical incisions, including endoscopic operations (endovideo-assisted, MIRM - 

minimally invasive myocardial revascularization). 



  3) Robotic-assisted (in this case, a robot controlled by a surgeon performs the formation of an 

anastomosis. This technique is at the development stage). 

  The accumulated experience of performing operations on a working heart created the prerequisites for 

the development of minimally invasive myocardial revascularization, including using endoscopic 

techniques.  The pioneers of the introduction of endoscopic techniques in coronary surgery are F. Benetti 

(1995) and P. Nataff (1996), who determined the main directions of its application. 

  According to the founders of the method of minimally invasive coronary surgery, F. Benetti and P. Nataff, 

operations with endoscopic support have a very short history in spite of their unconditional prospects. 

  Indications for this type of surgical treatment are still very limited: in the leading clinics of the world this 

method is used in 10-20% of all operations for coronary artery disease.  Indications for surgery are based on 

clinical examination and aortocoronarography. 

  According to some German experts, if a person has narrowed the right coronary artery or its branches, 

then a minimally invasive operation is possible, without wide sternotomy and without the use of a 

cardiopulmonary bypass.  In case other arteries of the heart are affected and their narrowing is bigger than 

70-75%, as well as in cases of combined heart pathology (the presence of postinfarction aneurysm of the 

left ventricle, congenital or acquired heart disease requires surgical correction), the classic operation of 

coronary artery bypass grafting with  by connecting a heart-lung machine. 

  The outcome of the 2nd world congress on minimally invasive myocardial revascularization (Spain, 

Barcelona, 1998) was the definition of clinical indications for MIRM: 

  1. Repeated operations. 

  2. One-, two-vessel coronary artery lesions in the high-risk group of patients for operations using CBP. 

  3. Restenosis of coronary arteries after transluminal balloon angioplasty. 

Today more than 10 different methods of minimally invasive endoscopic coronary surgery have been 

developed using various mini-approaches, which allows you to bypass one, two or even three coronary 

arteries, and then from the small access, sew the distal end of the artery directly to the affected coronary 

vessel, thereby restoring blood circulation to  heart. 

 The most common mini-accesses at present are: right- and left-sided minithoracotomy with or without 

costal cartilage removal (Bennetti F. et al., 1995, V. Subramanian et al., 1996);  subxiphoid access 

(Grandjean et al., 1996);  parasternal left-sided mini-thoracotomy with removal of costal cartilage (P. Nataff 

et al., 1996, Vlasov G.P. et al., 1998).  Several approaches have also been developed that make it possible to 

revascularize several coronary arteries: “L-shaped” lower mininotomic access for multiple mammaro-

coronary bypass surgery of the anterior interventricular branch (UML), diagonal branch (DV), right coronary 

artery (PCA);  Upper and lower mininotome accesses for performing autogenous coronary artery bypass 

grafting of the LAD, DV, obtuse margin branches (VTK) and PKA (Vlasov G.P. et al. 1998). 

 In recent years, it has been customary to use the internal thoracic artery as the anastomosis in the leading 

cardiac surgical centers, while the shunt is not inserted into the aorta, but the distal part of the internal 

thoracic artery, below the stenosis, is sutured into the coronary artery.  If this option is not possible due to 

an abnormality in the development of the internal thoracic artery, then the arteries of the forearm (radial 

or ulnar) are used.  Typically, these anastomoses work for decades, unlike venous ones (due to the fact that 

the artery is more durable and is able to function precisely in conditions of high blood pressure, which, as 

you know, is the biggest in the aorta). 



 Nowadays methods of endoscopic mobilization of both the internal thoracic and right gastrointestinal 

artery (PSAA) (Nataff P. and Vlasov G.P.) have already been developed and implemented. 

 Robotic endoscopic coronary artery surgery has become a possible and effective alternative to the 

conventional coronary artery bypass grafting surgery.  This minimally invasive approach using the daVinci 

robotic system allows for subtle movements in the chest cavity and provides excellent visualization of the 

coronary arteries, allows for completely endoscopic surgery on both a stopped and a working heart.Surgical 

robotic technology emerged with the goal of performing remote operations in limited spaces and cavities. 

The basic parts of these systems include a surgical console or “master unit” (where the surgeon sits and 

controls the surgical arms and instruments), a “slave unit” (the robot itself, with three or four arms, that 

physically get in contact with the patient carrying the robotic surgical instruments) and a video system with 

screens positioned in the operating room, that share the surgeons view through a 3D/HD endoscopic 

camera with the rest of the surgical team. The robotic camera allows for enhanced visibility through the 

camera port with up to ten times magnification. The robotically controlled surgical instruments are inserted 

through instrument ports and are connected to the robotic arms via connector plates. A specific feature is 

that the instruments can be moved with more degrees of freedom than conventional surgical instruments.  

In totally endoscopic coronary artery bypass grafting (TECAB), the avoidance of a thoracotomy or 

sternotomy maximally preserves the thoracic integrity and function of the patient. This is seen as the main 
advantage of this ultimate minimally invasive approach. 

The world’s first TECAB with robotic assistance was performed in 1998 by Loulmet et al. with the first-

generation da Vinci robotic system (Intuitive Surgical, Mountain View, CA, USA) on the arrested heart. A 
left internal mammary artery (LIMA) to left anterior descending artery (LAD) anastomosis was performed 

successfully. Over the following years, subsequent interest and enthusiasm motivated surgeons to perform 

more complex operations, leading to the development of multivessel TECAB, off-pump operations, and 
hybrid approaches (TECAB combined with percutaneous coronary interventions). 

CPB is installed in the groin and an endoballoon positioned in the ascending aorta is used to induce 
cardioplegia. Operation time and efficiency can be optimized in arrested heart TECAB (AHTECAB) if the 

steps of endoscopic IMA harvesting and femoral vessel dissection and cannulation are performed at the same 
time by two surgeons, one at the console and the other at the operating table side. 

One femoral artery should be used for both CPB and introduction of the endoballoon, if the artery can 

accommodate a 23 Fr cannula. Alternatives are using both femoral arteries (one for CPB and the other for the 

endoballon with smaller cannulas in both sides) or sewing an 8 mm Hemashield graft to the left axillary 
artery for CPB and using one 19 Fr cannula on a femoral artery for endoballoon insertion. 

The endoaortic occlusion balloon is advanced up to the ascending aorta, with transesophageal 
echocardiographic (TEE) guidance. CPB is started, the endo-occlusion balloon is inflated in the ascending 

aorta (keeping the balloon pressure up to 350 mmHg) The endoballoon has a distal channel that allows 

antegrade high potassium cold cardioplegia to be delivered in the aortic root. Cardiac arrest can be rapidly 
induced using injections of adenosine. 

Safe use of the endoaortic occluder balloon requires the presence of a right radial or brachial invasive arterial 
blood pressure catheter. The reason is the occasional dislodgement of the balloon with possible occlusion of 
the innominate artery. 

Beating heart TECAB (BHTECAB) was first performed in the early 2000s. In the context of TECAB, a beating 

heart operation should be considered when there is any severe difficulty to attain cannulation or 

endoaortic balloon occlusion. Small femoral and axillary vessels can preclude the safe use of cannulas for 

remote access CPB. More than mild calcification of the ascending aorta should be seen as a 

contraindication for the use of the endoaortic occluder device, as well as an aorta larger than 4 cm. Patients 

with severe kidney dysfunction and vasculoppathy might benefit from the avoidance of a CPB run. 



The position of ports and technique for IMA harvesting is similar to AHTECAB. After opening of the 

pericardium and visualization of the LAD, a left subcostal port is inserted for the use of the endostabilizer.  

The absolute contraindications for TECAB are: 

  1) cardiogenic shock 

  2) hemodynamic instability; 

  3) severe pulmonary insufficiency. 

Condition that may prevent adequate surgical intervention (relative contraindications): 

1) pleural adhesions; 

2) a second operation; 

3) a significant limitation of the space (patients with obesity, hypertrophy of the heart muscle or other 

conditions that lead to an increase in cameras and the size of the heart) and chest deformity; 

4) an increase of aorta diameter of> 35 mm and significant atherosclerosis at the bifurcation of the 

abdominal aorta (for the intervention on a stopped heart). 

Totally endoscopic coronary artery bypass surgery offers many benefits for patients. Compared to 
traditional, open-heart bypass surgery, the advantages of TECAB include: 

 Faster recovery: Most patients are back to work and/or other activities within a week, compared to four to 
eight weeks with open-chest bypass. 

 No splitting of the breastbone: Keeping the breastbone intact speeds recovery and lessens the chance for 
post-surgical complications or infection. 

 Quicker resolution of pain: For many patients, Tylenol or aspirin are enough to control pain after discharge 
from the hospital. 

 Shorter hospital stay: The typical TECAB hospital stay is one to three days, versus five to seven for open-
chest procedures. 

 Heart continues to beat during the procedure: Keeping the heart beating reduces risks for complications. 

 Elimination of the heart-lung bypass machine: Avoiding the bypass machine decreases the risks for 
neurological complications and stroke. 

 Minimal blood loss and less need for transfusion 

 Internal mammary artery grafts: These grafts are superior to vein grafts because they are better able to 
withstand blood pressure over time and are less likely to develop blockages, reducing the need for re-
operation. 

 Minimal scarring: The procedure results in only four to five tiny scars, versus a long chest scar. 

TECAB is a good option for people of any age who require coronary artery bypass surgery. For the elderly, 
TECAB avoids complications with weakened bones due to osteoporosis. 

As with any surgery, the hospital stay and recovery times vary depending upon the overall health of the 
patient and other associated risk factors. 

In minimally invasive myocardial revascularization, the development of which is unthinkable without 

endoscopic support, there are more supporters. The diversity of the accesses, minimal trauma, the 

rejection of cardiac arrest and the use of artificial circulation allows, firstly, to reduce the cost of operation 

in ten times - single-lung bypass machine is 150-170 thousands., not to mention the disposable 



oxygenators, filters, cardioplegic solutions, heat exchangers, expensive drugs and prolonged postoperative 

treatment and patient care. Secondly, the new technique gives a chance of returning to normal life for 

people for who traditional surgery was unbearable: patients with acute myocardial infarction, as well as 

those who have severe comorbidities – diabetes mellitus, chronic renal failure, peptic ulcer, lung disease, 

etc. 

According to many leading cardiac surgeons developed an original technique of endoscopic coronary 

surgery - coronary artery bypass grafting - will soon completely abandon even the minimal cuts, replacing 

them with a few small punctures. 

5.The task for self-control. 

 A. Tasks for self-control (test tasks) 

 1. The main clinical indication for myocardial revascularization is 

 A. Prinzmetal angina treated with a single intake of calcium channel blockers. 

 B. First-time occurred angina. 

 C. Severe angina, resistant to drug therapy. 

 D. Stable coronary heart disease of any functional class that was first diagnosed 

 2. Indications for myocardial revascularization in chronic coronary heart disease are not based on: 

 A. The severity of the clinical picture of the disease. 

 B. The presence of chronic renal failure II-III stages. 

 C. The nature of the lesion of the coronary vessel. 

  D. Left ventricular ejection fraction. 

 3. Hemodynamically significant are the lesions that lead to: 

 A. Narrowing of the lumen of both coronary vessels by 35%; 

 B. LCA trunk lesions by 25%; 

 C. Narrowing of the lumen of one coronary vessel by 55%; 

 D. LKA trunk lesions 65%. 

 4. Shunts can be made from all of these vessels except: 

 A. Subcutaneous vein; 

 B. Right a. gastroepiploica; 

 C. Left gastric artery; 

 D. Left internal thoracic (mammary) artery. 

 5. The purpose of coronary artery bypass grafting (CABG) is the complete revascularization of the 

myocardial area penetrated by the coronary arteries, the lumen of which is narrowed: 



 A. more than 40%; 

 B. more than 50%; 

 C. more than 30%; 

 D. more than 20%. 

 6. The advantage of arterial shunt over venous is: 

 A. Localization in the body (veins are taken from the lower extremities, and arteries - from the upper half 

of the trunk); 

 B. Length (variability in the length of the arteries that can be taken is greater than that in the veins); 

 C. Resistance (arteries are more resistant to high blood pressure); 

 D. Structure of the wall (the presence of pericytes in the arteries ensures their longer functioning). 

 7. The clinical indications for a minimally invasive myocardial revascularization are not: 

  A. Repeated operations; 

  B. One-, two-vessel coronary artery lesions in a group of patients at high risk for surgery using CPB; 

 C. Coronary artery restenosis after transluminal balloon angioplasty; 

 D. Distal vascular bed well expressed. 

 8. What category of patients is the best for endoscopic aorto-coronary bypass grafting in the working 

heart: 

 A. Persons under 40; 

 B. Patients with initial (I-II) stages of CKD; 

 C. Patients with severe renal dysfunction and vasculopathy; 

 D. Patients without any history of surgery. 

 9. The absolute contraindication for TECAB is not: 

 A. Age over 60; 

 B. Cardiogenic shock; 

 B. Hemodynamic instability; 

 D. Severe pulmonary insufficiency. 

 10. The relative contraindication for TESAV is: 

 A. Cardiogenic shock; 

 B. Hemodynamic instability; 

 B. Presence of pleural sutures; 

 D. Severe pulmonary insufficiency. 


