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Retrospective Study
Clinical application of individualized total arterial coronary artery bypass grafting in coronary artery surgery

Chen WG et al. Individualized total arterial coronary artery bypass grafting

Wei-Guang Chen, Bai-Chun Wang, Yong-Ri Jiang, Ye-Yang Wang, Yang Lou

Wei-Guang Chen, Bai-Chun Wang, Yong-Ri Jiang, Ye-Yang Wang, Yang Lou, Second Ward, Department of Heart and Great Arteries Surgery, Fourth Affiliated Hospital of Harbin Medical University, Harbin 150001, Heilongjiang Province, China

Author contributions: Chen WG, Wang BC, Jiang YR, Wang YY, and Lou Y constructed the study, collected and recorded data, and wrote the manuscript; Wang BC critically read the manuscript and proposed comments; All authors approved the final version of the manuscript.

Corresponding author: Bai-Chun Wang, MD, Chief Physician, Second Ward, Department of Heart and Great Arteries Surgery, Fourth Affiliated Hospital of Harbin Medical University, No. 37 Palace Street, Nangang District, Harbin 150001, Heilongjiang Province, China. baichun705@163.com

Received: February 25, 2021
Revised: April 19, 2021
Accepted: April 26, 2021
Published online: July 6, 2021


Abstract
BACKGROUND
Total arterial revascularization is associated with increased patency and long-term efficacy and decreased perioperative morbidity and mortality and incidence of cardiac-related events and sternal wound infection compared with conventional coronary artery bypass surgery (CABG), in which the left internal mammary artery (LIMA) is typically grafted to the left anterior descending artery with additional saphenous vein grafts often used. This study determined whether these favorable clinical results could be realized at the authors’ institute.

AIM
To summarize the early efficacy and clinical experience of individualized total arterial coronary artery bypass grafting surgery. 

METHODS
CABG was performed on 35 patients with non-single-vessel coronary artery disease by adopting total arterial grafts at Fourth Affiliated Hospital of Harbin Medical University between April 2016 and December 2019. LIMA was used in 35 patients, radial artery (RA) was used in 35 patients, and right gastroepiploic artery (RGEA) was used in 9 patients. Perioperative complications were observed, short-term graft patency rate was followed-up, and quality of life was assessed. 

RESULTS
All patients underwent off-pump coronary artery bypass and the surgeries were successful. All of them were discharged without any complications or deaths. During the follow-up, it was found that patients’ angina symptoms were relieved and New York Heart Association classification for cardiac function was class I to class II. A total of 90 vessels were grafted with no occlusion for internal mammary artery, three occlusions for RA, and one occlusion for RGEA. 

CONCLUSION
The individualized total arterial strategy based on the vessels targeting individual anatomic characteristics can achieve complete revascularization with satisfactory short-term grafting patency rate.
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Core Tip: To determine whether total arterial revascularization is superior to conventional coronary artery bypass surgery (CABG), we observed the efficacy and clinical outcomes in patients receiving three major arterial grafts during arterial revascularization surgery. All patients were discharged without occurrence of death. Over a follow-up of 3 mo to 1 year, the number of anastomoses was high, the graft occlusion rate was low, and no severe complications occurred. The use of arterial conduits generally provides significantly better late survival especially in patients with multi-vessel coronary disease, cardiac event-free survival and improved health-related quality of life compared to conventional CABG.


INTRODUCTION
Coronary heart disease (CHD), a common clinical heart disease, is one of the diseases with the highest mortality rate worldwide[1]. Despite the continuous development of interventional techniques, coronary artery bypass grafting is still the ideal and standard treatment for multi-vessel coronary artery disease[2]. The long-term patency rate after coronary artery bypass surgery (CABG) is an important factor influencing the prognosis of patients. At present, an internal mammary artery and one or more great saphenous veins grafts (SVGs) are commonly used as conduit for transmyocardial revascularization. However, bypass with SVG is associated with gradual atherosclerosis and occlusion, and its patency rate is much lower than that of arterial bypass. It follows that SVG occlusion is proved to be a stumbling block for CABG. Accordingly, the concept of total arterial revascularization with minimum of SVG is called out. In this study, total arterial CABG was performed in 35 patients with CHD at the authors’ department and has archived satisfactory clinical results. 

MATERIALS AND METHODS
Clinical materials
Thirty-five patients with CHD undergoing total arterial CABG at Fourth Affiliated Hospital of Harbin Medical University (Harbin, China) between April 2016 and December 2019 were selected as the study subjects (Table 1). There were 26 males and 9 females with an average age of 56 ± 8.75 years (range: 33 to 73 years), of whom 2 were over 70-years-old, 12 were diagnosed with diabetes mellitus, 6 underwent left main coronary artery surgery, 29 were diagnosed with multi-vessel disease, and 8 patients were diagnosed with acute myocardial infarction. Specifically, 35 patients received left internal mammary artery (LIMA) grafts and 35 received radial artery (RA) grafts including 12 who received bilateral RA grafts and 9 who received right gastroepiploic artery (RGEA) grafts during the CABG surgery.

Preoperative preparation
Routine preoperative testing was carried out via coronary angiography, echocardiography, computed tomography (CT) chest scan, CT head scan, arterial blood gas analysis, and blood test to comprehensively assess the basic preoperative situations of patients. For patients with myocardial infarction or complicated with mitral regurgitation, diuretics were routinely administrated to maintain homeostasis and actively improve their cardiopulmonary function. The modified Allen’s test for routine preoperative testing was performed in patients who planned to undergo bypass surgery with RA prepared as a conduit. If time to thenar eminence relief was less than or equal to 6 s, it was considered negative. Moreover, if the ultrasound of upper extremity vessels showed no obvious tunica intima injuries or thrombosis, it was suggested that RA should be chosen as an arterial graft[3]. The availability RA was not allowed in patients with a history of forearm trauma, anomalous RA anatomy or Raynaud’s disease or in patients whose RA is the dominant artery of forearms. RGEA was prepared for CT scan of the abdomen in routine preoperative testing to see if there were any primary abdominal lesions or calcification in patients requiring bypass surgery. Computed tomography angiography (CTA) test should be further performed in patients with calcification in the abdominal aorta to discover whether celiac artery stenosis occurred. In addition, patients were examined for celiac artery stenosis. For patients with confirmed or suspected celiac artery stenosis, it was not recommended RGEA should be used as the arterial conduits. Doppler ultrasound was also used in routine preoperative testing to check the diameter of internal mammary artery and blood flow in the internal mammary artery.

Procedures
LIMA harvest: Median sternotomy was performed. The LIMA was separated from the branches to the first intercostal artery to the bifurcation of the internal mammary artery and the superior abdominal wall artery while branches along the way were clamped using titanium clips (Figure 1A). 

RA harvest: RA incision extended from 2 cm to the elbow joint to transverse 2–3 cm incision in the wrist flexor fold. Arc incision was made along the RA pulse and around the medial to the edge of flexor carpi radialis. Always be mindful of preservation of the superficial branches to radial nerve and lateral cutaneous nerve of forearm. RA and its two accompanying satellite veins should be exposed and should be divided together using the “non-touch technique.” The branches should be treated with titanium clips to avoid spasticity. It is also suggested that papaverine saline should be used to spray, soak and wash and preserve branches (Figure 1B). 

RGEA harvest: To harvest a GEA graft, the median sternotomy incision should be extended to 3–5 cm below the xiphoid process and entered the abdominal cavity. The RGEA was separated along the middle of the greater curvature of the stomach to the margin of pylorus. The branch vessels should be clamped using titanium clips and the branches on the side of the greater curvature of the stomach should be cut off. In addition, papaverine hydrochloride solution should be sprayed locally for standby use (Figure 1C). 
Schemes were formulated for individualized total arterial revascularization CABG by comprehensively considering factors such as preoperative coronary angiography, distribution and calcification of target vessels during operation, heart size and the length of grafted vessel. A variety of conduits could be used for the surgery such as Y or T grafting configuration. If the length of LIMA was not long enough to be anastomosed with the anterior descending branch, or the flow rate was slightly poor, its diagonal branch could be selected to realize anastomosis. Actually, RA should be used to be anastomosed with the anterior descending branch. The median sternal incision was adopted and systemic heparin (1.5 mg/kg) was given to main the activated clotting time for more than 300 s. The ascending aorta was clamped with lateral forceps and the proximal end graft anastomoses should be managed firstly. Distal anastomosis and off pump coronary artery bypass (OPCAB) surgery was performed with anterior descending branch, diagonal branch, circumflex branch, right coronary artery or posterior descending branch and posterior branch of left ventricle selected as graft sequence. When RGEA was used, an incision was made on the diaphragm at the anastomotic position within the coronary artery, and then the artery was fixed on epicardium. At last, neutralization, hemostasis and sternal closure were performed.

Perioperative management
After surgery, stable hemodynamic level and internal environment should be maintained. Myocardial markers were monitored regularly to ensure adequate volume and avoid using large dose of alpha receptor agonists. Considering the characteristics of spasticity for vessel grafts, apart from the no-touch technique used during the operation, continuous intravenous pumping of diltiazem (0.5 to 1 μg/kg per min) should also be administered during the operation and within 48 h after the operation. Moreover, oral diltiazem should be given to patients up to 1 year after surgery. If drainage decreased after the surgery, low molecular weight heparin could be injected subcutaneously on the first postoperative day or in the morning on the next day twice a day for 5 to 7 d. In addition, antiplatelet agents such as Bayaspirin and clopidogrel/ticagrelor should be taken orally timely.

RESULTS
All 35 patients in the study underwent OPCAB. The surgeries were successful and all of them recovered and were discharged with no deaths reported. During the follow-up, all the symptoms of angina were relieved and the cardiac function class was between class I and class II. In general, a total of 90 vessels were grafted with an average of 2.6 vessels per person. LIMA was chosen in 35 patients, RA was chosen in 35 patients including bilateral harvesting of RA in 12 patients and RGEA in 9 patients. During a 3-mo to 1-year follow-up, no occlusion was discovered for LIMA graft and RA graft occlusion occurred in 3 patients with graft occlusion rate of 6.5% and occlusion of RGEA occurred in 1 patient with graft occlusion rate of 11.1%. Graft occlusion rate was 6.2% in patients with diabetics. No graft occlusion was observed in patients over 70 years old. Two patients had mild numbness in left forearm and left thumb and returned to normal at 1 wk after surgeries, with no other complications of forearm and hand and no abdominal complications such as gastrointestinal complications (Figure 2).

DISCUSSION
In 1967, Favaloro and Johnson succeeded in using greater saphenous vein (GSV) as a bypass conduit for the grafting procedure between the aorta and a coronary artery. Since then, the said method has been introduced and popularized rapidly because of its definite curative effect. Subsequently, it has become the main surgical treatment for CHD. However, after years of follow-up and observation, it was found that the GSV was prone to intimal hyperplasia and sclerosis, and the long-term patency rate was low with a 10-year patency rate of merely 50%[4]. As far as conduit materials are concerned, artery graft showed superior long term potency to SVG. In the literature, studies have confirmed that use of more than two artery conduits is associated with decreased mortality or improved long-term survival[5]. Benefits due to the use of conduit was not only limited to its excellent long-term patency but was also involved its protection of coronary circulation[6]. It is the development tendency of CABG to preferably use arterial conduits to take the place of SVG and gradually achieve multi-arterial and even total arterial revascularization.
LIMA, the gold standard choice as an arterial conduit for CABG, has a sound long-term patency rate. As space is limited, the detailed advantages of LIMA will not be elaborated upon here. However, it is impossible to achieve revascularization for all target vessels due to the limited length. The clinical application of other arterial conduits is a good supplement to LIMA such as RIMA, RA, right gastroepiploic artery, inferior epigastric artery, and descending branch of lateral circumflex femoral artery. In view of the fact that the use of bilateral LIMA grafts may aggravate postoperative pain, reduce sternum perfusion, as well as increase the probability of non-healing sternum and incision and the probability of sternal wound infection and deep infection[7], the authors’ department has not adopted it extensively. Regarding inferior epigastric artery and descending branch of lateral circumflex femoral artery, they have been rarely used in clinical practice because of issues such as subsidiary injury and poor long-term patency.
Attention is raised to RA because of the advantages such as easy access to easy to anatomy harvest, suitable caliber, all-round use, manageability, less complications, and less influence on forearm blood flow. A total of 46 RA grafts were used in 35 patients in the authors’ department and 3 of them were occluded in short-term period with an occlusion rate of 6.5%. There was no significant difference when compared with the occlusion rate of 6.7% reported by Cao et al[8]. Nevertheless, it was slightly lower when compared with the 1-year occlusion rate of 8.2% for coronary angiography reported in a study by Desai et al[9]. The author believes that two of the occlusions were associated with the use of right RA which underwent coronary angiography before operation. Besides, time interval between the operation and angiography was only 1 or 2 d. Although preoperative vascular ultrasound confirmed that the blood flow was unobstructed and occlusion 2 cm from the puncture was removed during the operation, the occlusion rate was still high. Zacharias et al[10] believe that preoperative angiography of right RA may cause damages to the integrity and function of the endothelium of RA. Moreover, the damages cannot be completely recovered even at 15 d after the operation. Gaudino et al[11] even believe that the damages may extend to 30 d. In addition, of the three occluded radial arteries, two were anastomosed with the diagonal branch, which is thought to be associated with the competitive flow after recanalization of LIMA and anterior descending artery. It is worth mentioning that the existence of competitive flow may lead to the decrease of blood flow and accelerate its occlusion. Therefore, in the CABG guidelines jointly formulated by the American College of Cardiology Foundation and the American Heart Association in 2011, RA grafting was recommended (class IIb) in left coronary artery (coronary artery stenosis > 70%) or right coronary artery (coronary artery stenosis ≥ 90%) bypass grafting surgeries[12]. In this study, the graft occlusion rate was 6.2% in diabetic patients and no graft occlusion was observed in patients over 70-years-old, which was not significantly different from the reports made by Habib et al[13] and Hoffman et al[14]. It showed that diabetes and age over 70-years-old were not contraindications to RA harvesting. By contrast, the use of RA graft can be beneficial to their survival. The long-term patency rate of RA grafting is better than that of SVG grafting or even close to LIMA grafting, which will definitely play a key role in total arterial CABG. Although the utilization rate of RA grafting in CABG is not as high as expected, it still has bright prospects in the future.
RGEA grafting will not cause artery ischemia injury when it is used for grafting due to its ideal length and appropriate caliber, the same histological structure as LIMA and being independent of external nutrient vessels for nutrition. Moreover, atherosclerosis rarely occurs in RGEA grafting. Its anatomical position is close to diaphragm surface of the heart, which makes it particularly suitable for the revascularization of right coronary artery and multiple coronary arteries on the diaphragmatic surface of heart[15]. In this study, nine right gastroepiploic arteries were anastomosed with the right coronary artery (posterior descending branch and left ventricular posterior branch). The short-term follow-up CTA examination showed that one vessel was occluded, with an occlusion rate of 11.1%. Its patency rate was slightly lower than the recent patency rate of 92.4% reported by Ali et al[16] after an analysis and summary of the literature concerning RGEA grafting vessels published from 2000 to 2007, which may be associated with vasospasm caused during the early stage of operation. Kamohara et al[17] thought that RGEA graft could be safely used for CABG if its average diameter was more than 2 mm. Lee et al[18] believed that RGEA might not be suitable for CABG if its average diameter was less than 1.4 mm. Considering its characteristics of small diameter tube and being prone to spasm, the operation has been further improved, calcium antagonists have been used, and alpha receptor agonists have been less used in the later stage. To date, no graft occlusion has occurred. In addition, competitive flow is still a factor that shall not be ignored. In the occlusion cases in this study, investigators used RGEA to anastomose with the posterior descending branch with 70% to 90% stenosis. However, Ryu et al[19] thought that when a vessel is used as a target vessel for right gastroepiploic artery, its stenosis rate should be over 90% to obtain a better effect. Therefore, the selection of target vessel is very vital in RGEA surgery. No abdominal complications such as gastrointestinal complications occurred during the study period. Therefore, for young patients without gastric diseases who prepared to undergo upper abdominal surgery, especially for patients whose ascending aortas are unsuitable for anastomosis because of calcification, it is a good choice to have their right gastroepiploic arteries anastomosed with severely stenosed right coronary artery.

CONCLUSION
This study demonstrated that the individualized total arterial CABG does not increase surgical trauma, perioperative complications, and mortality. By contrast, it has sound surgical safety and short-term clinical efficacy. Although artery graft has a tendency to develop spasm, it has high patency rate, which can significantly reduce the adverse cardiovascular events to avoid reoperation and improve quality of life of patients. Therefore, for coronary heart disease patients who have reasonable life expectancy, individualized total arterial CABG is recommended to enhance the potential benefits of patients and society. In this study, the sample size of RA and RGEA grafting is small and the duration of follow-up is not long, which will have a certain impact on the statistical results. It is necessary to further expand the sample size and make a long-term follow-up of the total arterial grafts to observe its long-term clinical effect.

ARTICLE HIGHLIGHTS
Research background
Total arterial revascularization is characterized by better long-term patency results and outcomes such as fewer incidence of myocardial infarctions and angina, lower incidence of reintervention, lower associated mortality rates and longer late survival and better quality of life than the traditional coronary artery bypass grafting (CABG). 

Research motivation
Considering the participants were young at enrollment, and most of them were in a good physical state without severe history of diseases, total arterial revascularization was performed to maximize the efficacy of CABG procedures and reduce the adverse effects caused by using one or more great saphenous veins grafts.

Research objectives
The study reported here the efficacy and outcomes of total arterial coronary artery bypass grafting in 35 patients with non-single-vessel coronary artery diseases. 

Research methods
There are a variety of grafting techniques for arterial revascularization. The study selected three major strategies: left internal mammary artery (LIMA), radial artery (RA) and right gastroepiploic artery (RGEA) grafting. Thirty-five patients with non-single-vessel coronary artery diseases underwent CABG operation receiving the three kinds of grafts based on their physical conditions. Specifically, a total 90 vessels were grafted with an average of 2.6 vessels per person. Thirty-five patients received LIMA grafts, 35 patients received RA grafts and 9 patients received RGEA grafts. Perioperative complications and patency were observed, and quality of life was followed-up. 

Research results
Patients undergoing total arterial revascularization resulted in improved clinical outcomes. All the patients were discharged from hospitals without occurrence of deaths. Over the follow-up, no occlusion was discovered for LIMA graft and occlusion of RA and RGEA grafts was low without severe postoperative complications. 

Research conclusions
In spite of technical difficulty associated with the harvest of LIMA, RA and RGEA, total arterial revascularization provided favorable results especially in the aspect of anastomoses and patency compared with commonly used veins as grafts, which are more likely than artery grafts to develop plaque and become blocked over time.

Research perspectives
The usage of total arterial revascularization is restricted by several factors such patient age and general health, history of other diseases and conditions. For instance, it should be avoided in patients with insulin-dependent diabetics, or in patients with severe chronic obstructive pulmonary disease because they are at a high risk of developing sternal wound infections and the availability of conduits was constrained. More real-world studies should be conducted to determine the individuated revascularization strategies in this population. 
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Figure 1 Procedures. A: Location and harvest of left internal mammary artery; B: Location and harvest of radial artery; C: Location and harvest of right gastroepiploic artery.
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Figure 2 Postoperative reexamination.

Table 1 Patient information in this study (n = 35)
	Clinical data
	n (%)

	Age (yr)
	56.5 ± 6.5

	Gender
	

	Male
	26 (74.3)

	Female
	9 (25.7)

	Hypertension
	22 (62.9)

	Hyperlipemia
	7 (20.0)

	Diabetes
	11 (31.4)

	Myocardial infarction
	6 (17.1)

	History of PCI
	0 (0)

	Cerebrovascular accident
	4 (11.4)

	Renal insufficiency
	2 (5.7)

	Family history of coronary heart disease
	2 (5.7)

	Smoking history
	15 (42.9)

	Drinking history
	6 (17.1)

	Cardiac functional grading
	

	Class II
	5 (20.0)

	Class III
	30 (80.0)

	History of atrial fibrillation
	1 (2.9)

	Ejection fraction
	61.1 ± 5.5


PCI: Percutaneous coronary intervention.
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