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Abstract: Coronary artery bypass grafting (CABG) has developed rapidly in recent years as an important way to 

treat coronary heart disease. Among them, multi-vessel CABG is considered to improve the long-term patency rate 

of grafted vessels and improve the long-term quality of life of patients.  main means.  Although multi-arterial 

CABG has been generally carried out in developed countries such as Europe and the United States, multi-arterial 

CABG in China is still in its infancy, and it is only carried out in a few large heart centers in China.  Therefore, 

through literature review, this article elaborates on multi-vessel CABG from three aspects: "patient selection", 

"characteristics of arterial grafts" and "bypass surgery strategy". 

Keywords:  coronary artery bypass grafting, multi-vessel coronary artery bypass grafting, arterial grafting, bypass 

strategy, patient selection. 

1.   INTRODUCTION 

In recent years, with the continuous development of the human economy and society and the continuous improvement of 

people's living standards, the incidence of coronary heart disease is also increasing.  Coronary artery bypass grafting 

(CABG) is the most effective treatment for coronary heart disease, and its surgical volume and surgical techniques are 

constantly improving [1-2].  The so-called CABG is an operation to replace blocked coronary arteries to improve 

myocardial blood supply, relieve angina pectoris, improve quality of life, and reduce the risk of death from coronary heart 

disease.  At present, the most commonly used coronary artery bypass graft material in the world is "left internal mammary 

artery (LIMA) + saphenous vein".  However, in the 1980s, studies by Lytle et al. showed that the long-term patency rate 

of the internal mammary artery (IMA) was significantly better than that of the great saphenous vein [3-4].  The 10-year 

patency rate of the great saphenous vein is only 50-60%, while the 10-year patency rate of the internal mammary artery 

can be as high as 80-90% [5-6].  Therefore, since the 1990s, more arteries have been used for CABG, including the right 

internal mammary artery (RIMA), radial artery (RA), right gastroepiploic artery, etc., which further reduces the long-term 

mortality of CABG patients, the main serious  Cardiovascular and cerebrovascular event (MACCE) incidence and risk of 

repeat revascularization.  In recent years, the field of coronary surgery has begun to advocate the use of bilateral internal 

mammary artery (BIMA), RA, right gastroepiploic artery, and other bypass vessels for multi-arterial CABG, and even put 

forward the concept of total arterial CABG, to achieve better  Good long-term graft patency rate and clinical prognosis [7-

8].  Therefore, through literature review and clinical experience, this paper expounds on multi-arterial CABG from the 

aspects of "patient selection", "arterialized CABG grafting", "bypass surgery strategy", and "future and prospect". 

2.   PATIENT CHOICE 

Locker et al. analyzed the factors affecting the long-term survival rate of patients with multi-vessel CABG and found that: 

advanced age, low ejection fraction, diabetes, chronic obstructive pulmonary disease, peripheral vascular disease, 

cerebrovascular accident, left main stenosis greater than 50%, non-specific  Cardiopulmonary bypass is an independent 

prognostic factor [9].  Therefore, in 2011, the American College of Cardiology and the American Heart Association 

recommended the use of total arterial CABG in patients younger than 60 years old (class IIb recommendation, level of 
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evidence C) [1];  of patients using BIMA (class IIa evidence, level B recommendation) [2], but no specific age limit was 

made.  The 2019 "Chinese Expert Consensus on Arterial Coronary Arterial Bypass Grafting 2019 Edition" recommends 

the use of multi-arterial and total arterial CABG in patients aged <65 years [10].  Based on the comprehensive analysis of 

the above-mentioned guideline recommendations and our center's experience in carrying out multi-vessel CABG, we 

believe that patients who meet the following conditions can be considered for multi-vessel bypass surgery:  

● Patients under the age of 60 are given priority for multi-vessel CABG.  Of course, multi-vessel CABG may also be 

considered for some patients under the age of 65 who are in the good physical condition and suitable for coronary artery 

disease;  

● Patients with emergency surgery or other serious heart diseases that require simultaneous surgical correction are not 

suitable for multi-vessel CABG.  Branch arterial CABG;  

c. Patients with severe heart failure or other multiple organ dysfunctions before surgery are not suitable for multi-arterial 

CABG;  

● Before surgery, it is necessary to investigate the vascular lesions of the proposed arterial bridge.  In the presence of 

stenotic or occlusive lesions, multi-vessel CABG should be carefully selected. 

Commonly used arterialized CABG grafts 

 At present, the commonly used arterial bridges for multi-arterial CABG are bilateral internal mammary arteries and radial 

arteries.  Of course, there are also reports of using the right gastroepiploic artery, inferior epigastric artery, external 

circumflex femoral artery, etc. as vascular graft materials, but they are rarely used in general.  The following are the 

commonly used internal mammary arteries and radial arteries: 

2.1 Internal Mammary Artery (IMA): 

2.1.1 Application status: The left internal mammary artery is the gold standard bypass vessel for CABG. Compared with 

the venous bypass vessel, it not only has the advantage of a high long-term patency rate but also has the advantages of 

improving survival and reducing MACCE.  Therefore, except for rare contraindications, such as poor LIMA blood flow 

caused by left subclavian artery stenosis and serious risk of poor sternal union, LIMA should be routinely used as a 

bypass vessel for the anterior descending artery (LAD).  Observational data reports: LIMA patency rate is about 98% in 1 

year, 95% in 5 years, and still more than 90% in 10 years; RIMA patency rate is about 93% in 1 year, 90% in 5 years, and 

in 10 years still more than 80% [11].  And a large number of studies have shown that compared with unilateral internal 

mammary artery, the long-term survival rate and the incidence of MACCE in patients with CABG using BIMA are 

significantly improved [3,12].  Therefore, the current recommendations for the use of the internal mammary artery are: 

when the LAD requires revascularization, the IMA bypass vessel should be used unless there are contraindications (class I 

recommendation, level of evidence B); for suitable patients (non-sternal complications high risk  ), the use of BIMA 

bypass vessels should be considered (class IIa recommendation, level of evidence B) [13-14].  However, the current use 

rate of LIMA in the North American thoracic surgery database exceeds 90%, while the use rate of BIMA is only 5%; the 

use rate of BIMA in Europe is slightly higher than that in North America, about 10%.  The main reason for the low 

utilization rate of BIMA is poor postoperative sternum healing [15]. 

2.1.2 Key points of use: Poor healing of postoperative chest incision or infection of chest incision is an important reason 

that restricts the development of BIMA bypass surgery.  To further reduce the incidence of poor thoracic incision healing 

or thoracic incision infection after BIMA bypass surgery, the following points should be noted:  

● Studies have shown that diabetes is an independent risk factor for poor postoperative wound healing.  We must pay 

attention to controlling blood sugar, and it is best to control the preoperative HbA1c below 6.5% (class I recommendation, 

level B evidence) [16];  

● Use skeletalization techniques to obtain bilateral internal mammary arteries (class I recommendation, level B evidence).  

On the one hand, the free internal mammary artery using the skeletal technique can prolong the free length of the internal 

mammary artery, thereby making the anastomosis of the internal mammary artery easier;  For chest wall injury, some 

branches of the internal mammary artery and internal mammary vein are preserved, which is beneficial to the healing of 

the postoperative chest incision [17-19];  
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● The sternum should be fixed firmly (class IIb recommendation, level C evidence).  Good sternum fixation is the 

premise to promote sternum healing. Therefore, we recommend that patients under 50kg routinely use 5 wires to fix the 

sternum, and add a wire to fix the sternum for every 10kg of weight gain.  If necessary, the "figure 8 fixation" can also be 

used to fix the sternum;  

● Previous studies have shown that BMI>40kg/m2 is a high-risk factor for poor postoperative sternum healing.  

Therefore, BIMA bypass is not recommended for such patients [20].   

● Smoking cessation (class I recommendation, level B evidence) [14]. 

2.2 Radial artery (RA): 

2.2.1 Application status: Because RA is easy to obtain and the length is sufficient to reach the area of all coronary target 

vessels, RA is usually used as a supplement to ITA and is widely used in multi-vessel CABG.  Observational data report 

that the patency rate of RA can exceed 95% at 1 year, 90% at 5 years, and still exceed 85% at 10 years [11]. And large-

scale observational studies have shown that if the target vessel selection is appropriate, the 5-year patency rates of RA and 

RIMA are similar, and the composite cardiovascular events (including all-cause death, myocardial infarction, and 

revascularization) using RA and RIMA have no difference [21-23].  Therefore, the current recommendations for RA use 

are: as a supplement to IMA-LAD, RA bypass vessels should be used for coronary target vessels with severe proximal 

stenosis, and their patency and clinical outcomes are better than SVG (class I recommendation, grade B Evidence) [2,13]; 

however, the current use rate of RA in North America and Europe is only about 5%, the use rate of RA in Australia is 

higher than 10%, and the use rate of RA in China is 5.5%. There are two main reasons for the low utilization rate of RA: 

competing blood flow and bridge vasospasm [24]. 

2.2.2 Key points of use:  

● Evaluation before radial artery acquisition: To avoid the excessive influence of the radial artery on the blood supply to 

the hand and the motor and sensory dysfunction of the hand, every patient who is going to undergo radial artery bypass is 

recommended. Before surgery, the blood supply of the hand and the patency of the radial artery should be fully evaluated.  

The most commonly used auxiliary examinations are Allen's test, dynamic Doppler ultrasound before and after RA 

occlusion, ambulatory blood pressure, or finger pulse oxygen saturation monitoring [25].  Allen's experiment: After 

making a fist, artificially pressurized and blocked the blood flow of the radial artery and the ulnar artery until complete 

ischemia of the hand was observed, and then the ulnar artery was relaxed, and the time required for the palm to fully 

recover its color was recorded.  If the time is less than 6s, the Allen test is negative, and the radial artery can be obtained; 

if the time is greater than 6s, the test is positive and the radial artery cannot be obtained. Of course, many studies have 

shown that the Allen test has false-positive and false-negative results.  Therefore, people began to try to use the finger 

pulse oxygen saturation monitoring method to assess the blood supply of the forearm [26]. 

The so-called finger pulse oximetry refers to recording the changes in blood oxygen saturation in the area supplied by the 

radial artery by placing a digital oximeter on the thumb.  After blocking the radial artery and the ulnar artery, the normal 

blood oxygen saturation will be interrupted, and the ulnar artery will be released immediately. If the normal blood oxygen 

saturation curve cannot be restored, it indicates that the communication between the radial artery and the ulnar artery has 

not been restored, and the radial artery cannot be obtained. Dynamic Doppler ultrasound: A Doppler ultrasound probe is 

placed on the third metacarpal head to directly measure blood flow in the superficial palmar arch [27].  The continuous 

attenuation of the Doppler sound signal at the superficial palmar arch after compression of the radial artery indicates 

insufficiency of the ulnar artery [28-31].   

● The contraindications of the radial artery as a graft vessel are mainly anatomical variation, radial artery calcification (or 

stenosis), and traumatic damage to the radial artery.  The so-called anatomical variation mainly refers to the abnormal 

alignment of the radial artery, which makes it more difficult to obtain, or the severe dysplasia of the radial artery makes it 

unusable [32]; studies have shown that the incidence of calcification in the radial artery is significantly higher than that in 

the internal mammary artery, and the calcification rate of the radial artery is significantly higher than that of the internal 

mammary artery can be as high as 13%.  Therefore, if the radial artery is calcified and narrowed, it should not be used as a 

graft material [33]; the most common traumatic injury to the radial artery is iatrogenic, such as radial artery puncture and 

placement of a piezometric tube for monitoring arterial blood pressure, radial artery puncture for coronary angiography or 

coronary intervention, etc[34-35].  Therefore, once the patient intends to undergo radial artery bypass grafting, the 

http://www.researchpublish.com/journalss/IJHS
https://www.researchpublish.com/
http://www.researchpublish.com/


International Journal of Healthcare Sciences    ISSN 2348-5728 (Online) 
Vol. 10, Issue 1, pp: (62-69), Month: April 2022 - September 2022, Available at: www.researchpublish.com 

 

   Page | 65  
Research Publish Journals 

invasive operation of the radial artery should be minimized. When obtaining the radial artery, the non-handed side and the 

non-injured side should be selected as far as possible. Of course, to make the operation more convenient, the left radial 

artery is preferred.   

● Acquisition technology of radial artery: The smooth muscle of the radial artery wall is well developed, which is prone to 

spasms. Therefore, from the beginning of obtaining the radial artery, attention should be paid to avoiding radial artery 

injury, reducing direct stimulation of the radial artery, and trying to avoid radial artery spasms.  RA is mostly obtained by 

open incision, using the "no-touch technique" (class I recommendation, level C evidence ) [2,13], using low-power 

electrocautery or ultrasonic scalpel to obtain as little mechanical or thermal stimulation of the radial artery as possible 

[36];  

● Antispasmodic strategy for radial artery (class IIa recommendation, level C evidence): Since most radial arteries are 

harvested with arterial spasm, they cannot be directly used for CABG [37].  The risk period of RA spasm is the time of 

intraoperative acquisition and the early postoperative period, so after the intraoperative acquisition of RA, it should be 

immersed in a special antispasmodic liquid (the common formula of this liquid is papaverine + heparinized blood, or 

added vitamin A).  Lapamil, nicardi, and other calcium ion antagonists)[38-39], calcium ion antagonists are often used 

intravenously after surgery or combined with nitrate anticonvulsants, among which calcium ion antagonists are 

recommended to be used for several weeks to several months[40].  Other less commonly used antispasmodics include 

milrinone, papaverine, and phenoxybenzamine. The biggest side effect of using the above antispasmodic drugs is 

hypotension, so attention should be paid to monitoring the blood pressure changes of patients when using antispasmodic 

drugs.   

● Management of competing blood flow: Competing blood flow is one of the main causes of RA graft failure. 

In addition, severe competitive blood flow can lead to the "line-like sign" of the graft vessel, that is, the overall diffuse 

stenosis of the vascular graft, which does not respond to vasodilator drugs.  Moreover, the reversal of the RA line-like 

sign is extremely rare, and such grafted vessels have lost their function and should be classified as occluded vessels [41]. 

Studies have shown that when the target vessel of the RA artery bridge is moderately narrowed, the patency rate after the 

anastomosis is lower than when the target vessel is severely narrowed. Therefore, the thickness of the target blood vessel 

should be comprehensively considered when selecting the target blood vessel for RA. 

The 2011 American College of Cardiology and American Heart Association (ACC/AHA) guidelines state that RA should 

only be considered for target vessels of the right main coronary artery with stenosis greater than or equal to 90% and 

target vessels of the left coronary system with stenosis greater than 70% as a bypass vessel. The 2016 STS and 2018 

European Society of Cardiology and European Society for Cardiothoracic Surgery (ESC/EACTS) guidelines update 

recommended RA for severely stenotic coronary target vessels [2,13]. 

3.   SURGICAL STRATEGIES FOR ARTERIAL BYPASS GRAFTING 

3.1 Application status: Multi-vessel CABG refers to the use of two or more arterial bypass vessels to reconstruct 

important or wide blood supply target vessels, and the use of the great saphenous vein to reconstruct lesser target vessels 

to achieve multi-vessel coronary artery disease revascularization. Total arterialized CABG means that all bypass vessels 

are made of arterial vascular material. The use of multi-arterial CABG was better in RCT studies, such as 26% in the 

SYNTAX study [44] and as high as 21% in the FREEDOM study. The latest data from STS showed that compared with 

LIMA+SVG, patients with multi-vessel CABG using BIMA or LIMA+RA had no significant increase in mortality within 

30 days after surgery [45]. 

However, patients using BIMA had a higher incidence of poor postoperative chest healing. This indicates that the use of 

multi-vessel CABG is safe in the perioperative period, and the use of BIMA requires a more careful selection of patients 

(excluding high-risk patients with the poor sternal union), while the use of IMA+RA requires relatively fewer patient 

conditions and surgical techniques.  Most retrospective studies have shown that the patency rate, survival rate, and cardiac 

function of patients with multi-vessel CABG are significantly better than those of patients with single-vessel CABG 5-7 

years after surgery [46].  In addition, some observational studies have shown that the long-term survival rate of patients 

with total arterial bypass grafting is better than that of patients without total arterial bypass grafting, but there is no 

multicenter randomized controlled trial to verify this conclusion [47]. The current use of multi-arterial CABG is close to 

50% in Australia, about 12% in Europe, about 7% in North America, and about 6.3% in China.  
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3.2 Choice of surgical strategy: what kind of patients are suitable for arterial CABG?  How to choose between multivessel 

CABG and total arterial CABG?   

(1) Although many retrospective studies have shown that patients under the age of 70 can still obtain a good long-term 

patency rate and long-term survival rate by receiving multi-vessel graft CABG [48].  However, the median age at which 

BIMA and RA were applied in the US STS database was only 59 and 61 years. Based on the living standards and average 

life expectancy of Chinese residents, Chinese experts recommend multi-vessel CABG for those patients who are 

relatively young (less than or equal to 65 years old) and have a long life expectancy.  

Secondly, the good cardiac function of patients is a necessary prerequisite; for those patients with emergency bypass 

surgery or patients with heart failure caused by chronic coronary heart disease, multi-vessel CABG or total arterial CABG 

is not recommended due to the high risk of bypass surgery[10]. 

Thirdly, arterialized CABG may be considered for patients with left main and/or multivessel coronary artery disease; 

patients with severe coronary target vessel disease and good distal vessel conditions should consider multivessel or even 

whole arterial CABG (Class IIa).  recommendation, level of evidence C) [2,13].  Other factors to be considered include: 

whether the patient has severe heart disease requiring concurrent surgical treatment, the surgeon's own surgical 

experience, and surgical technique and whether the patient has systemic multiple organ dysfunction, etc.   

(2) There is no unified conclusion on how to choose between multi-vessel CABG and total arterial CABG. The guidelines 

recommend that more arterial bypass should be selected based on the patient's conditions, target vessel characteristics, and 

operator experience.  Vascular (Class I, Level of Evidence C) [2,13].  Although total arterial CABG has a high long-term 

effect, after all, it has a higher surgical technique and the patient's conditions, so it should not be carried out blindly. The 

author believes that multi-arterial CABG should be promoted to reduce the risk of surgery, and it is also suitable for some 

patients. Total arterial CABG can be performed. 

4.   FUTURE AND PROSPECTS 

In the past 50 years, CABG surgical technology has developed rapidly, and both the number of surgical cases and the 

surgical effect have been greatly improved.  LIMA-LAD serves as the "gold standard" for CABG surgery.  However, there 

is still a lack of solid evidence-based medical evidence for the use of second artery grafts and even the development of 

total arterial CABG.  Although many observational studies and retrospective analyses have confirmed the advantages of 

multi-arterial and total arterial CABG, there is still a lack of confirmation from multicenter randomized controlled studies.  

Therefore, our future work should do the following: 

 (1) Actively build a heart disease diagnosis and treatment team including cardiologists, cardiac surgeons, imaging 

diagnostic doctors, and intensive care doctors.  The treatment of coronary heart disease is no longer a matter of a single 

department of cardiology or cardiac surgery but should be considered by the entire heart disease diagnosis and treatment 

team.  Therefore, the guidelines recommend that the possibility of using arterial bypass vessels (including the number, 

type, and selection of target vessels) should be used as part of the cardiac team to discuss the revascularization plan (class 

I recommendation, level C evidence) [10]; 

 (2) Positive participation in international scientific research cooperation, carrying out high-quality clinical research, and 

finding solid evidence-based medical evidence for multi-vessel CABG or total arterial CABG;  

(3) Personalized surgical plan: The patient's coronary artery should be comprehensively considered when formulating a 

surgical plan   

(4) Encourage competent heart centers to carry out various training, communication, and promotion activities on 

arterialized CBAG;  

(5) Improve the quality control and evaluation system, connect arterial bypass vessels, and use ratio as a key metric. 

5.   CONCLUSION 

In recent years, multi-arterial CABG and total arterial CABG have become the focus of coronary surgery. These two types 

of procedures have brought good long-term patency and survival rate of grafts to patients.  Although this type of surgery 

has certain requirements on the patient's conditions and the operator's surgical technique, through the continuous efforts of 

everyone, arterialized CABG will be further popularized and optimized worldwide. 
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