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Background: This study sought to compare and evaluate the clinical efficacy and safety of Y-type coronary 
artery bypass grafting (CABG) and sequential CABG. However, the prognosis and complication rate of the 
two treatments are different. Therefore, we need to systematically compare the efficacy and safety of the two 
surgical schemes.
Methods: A total of 112 patients who underwent Y-type CABG and 113 patients who underwent sequential 
CABG were selected from January 2020 to December 2020. The patients undergoing Y-type CABG of 
the great saphenous vein (SV) were classified as the experimental group, and those undergoing sequential 
anastomosis were classified as the control group. The intraoperative blood flow at each anastomotic site of 
the venous sequential CABG, left ventricular ejection fraction (LVEF), and left ventricular diastolic diameter 
(LVEDD) at the end of 3 months, 6 months, and 1 year after surgery, the incidence rate of major adverse 
cardiovascular events, and coronary angiography (CAG) after readmissions due to similar symptoms were 
compared between the 2 groups. The bridging vascular blockage rate was also determined. 
Results: There was no significant difference in cardiac function between the 2 groups in the short term, 
and the incidence of major adverse cardiovascular events in the 2 groups mainly occurred in the middle-
postoperative period (1 year after surgery) or later. There was no statistical difference in the intraoperative 
real-time blood flow measurements at each anastomosis of the venous bridge between the 2 groups. 
Compared to the control group, the LVEF of the experimental group was significantly increased at the 1-year 
follow-up point (51.6±5.1 vs. 67.6±5.6, P=0.001). During the operation of Y-type coronary artery bypass 
grafting, the incidence of major adverse cardiovascular events, vascular bridge, and anastomotic blockage 
were significantly decreased (16 vs. 39, P=0.023). 
Conclusions: Large SV Y-type CABG can improve postoperative left heart function and reduce the 
incidence of postoperative adverse events, which may be of great significance for improving the postoperative 
mid-term survival rate of patients.
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Introduction

Coronary artery bypass grafting (CABG), is internationally 
recognized as the most effective treatment for coronary 
heart disease (CHD) (1). In the operation, blocked coronary 
arteries are replaced to improve myocardial blood supply, 
relieve angina pectoris, improve quality of life, and reduce 
the risk of death from CHD (2). Under the approach, 
grafts or bridged blood vessels are used to create a pathway 
between the ascending aortic root and the blocked diseased 
coronary artery to allow the heart to pump blood through 
the bridge in the aorta (3-5). Unlike great saphenous veins 
(SVs), arterial bridges provide long-term patency, but 
questions remain as to the short-term effects of arterial 
bridges, which may result in complications, such as radial 
spasm (6). The traditional large SV has attracted attention 
because it has a high short-term patency and is easier 
to access than the arterial bridge. However, a relevant 
postoperative study has shown that the 10- and 15-year 
postoperative patency rates of large SVs are only 50% and 
25%, respectively, and the long-term effect of large SVs 
is not as good as that of arterial bridge vessels (7). The 
10-year patency rate of arterial bridge vessels has been 
reported to be as high as 85%, and the long-term benefit 
is higher than that of large SV. Thus, it is recommended 
that different approaches be adopted depending on the age 
of the patients. Generally, a total arterial coronary artery 
bypass transplantation is recommended for patients aged 
<50 years (8).

CHD refers to heart disease caused by myocardial 
ischemia and hypoxia caused by coronary atherosclerosis (9).  
CABG is internationally recognized as one of the most 
effective methods for treating CHD, especially for patients 
in whom multiple branches and multiple lesions are the 
main indications. The large SV is generally sufficient in 
terms of its large diameter and length, and it has a high 
patency rate in the short term, and little effect on lower 
limb activities after removal (10). It has been used as a 
standard bypass material, and other than the anterior 
descending branch, it is the most commonly used bridge 
vessel in coronary arteries (11). At present, the large SV 
bypass method is mainly orderly, point-to-point. However, 
there have been no reports on the application of Y-type 
compound bridge anastomosis of the great SV in CABG. 
The establishment of a Y-shaped bridge avoids the aortic 
manipulation of proximal aorto-coronary anastomosis, 
thereby preventing intra-aortic atherosclerotic plaque 
displacement and embolization, reducing microemboli 

formation and reducing the risk of stroke. The main 
difference between the Y bridge and the conventional one 
is that the Y bridge diverts some blood flow, but LIMA 
has a strong blood flow reserve, so whether there is a 
difference in blood flow from the aorta and the LIMA 
branch, and whether the Y bridge reduces LAD perfusion 
because it diverts the flow from the distal part of the LIMA 
anastomosis. Indications: (I) patients with angina pectoris 
that cannot be relieved by drug treatment or frequent 
occurrence; (II) patients with left main artery disease 
or severe three-vessel disease confirmed by coronary 
angiography; (III) patients who failed interventional therapy 
(PTCA and stents) or had restenosis after CABG; (IV) 
patients with severe mitral valve insufficiency caused by 
myocardial rupture, cardiac tamponage, ventricular septal 
perforation, and papillary muscle rupture after myocardial 
infarction should be operated on emergency or after 
systemic stabilization.

In this study, 225 patients with CHD with multiple 
branches and lesions were treated with either sequential 
anastomosis or Y-type anastomosis of the great SV for 
CABG, and the difference of the intermediate patency 
rate of the postoperative venous bridge was observed and 
compared according to the postoperative follow-up results 
of the patients to determine the curative effect (12-14). 
Our findings will further improve the intermediate patency 
rate of postoperative venous bridges in patients with CHD. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-497/rc).

Methods

Study subjects and subgroups

A total of 225 CHD patients with multiple branches and 
lesions were selected from our Hospital from January 
2020 to December 2020, including 151 males and  
74 females. The patients’ ages ranged from 55 to 75 
(64.8±7.8) years. All 225 patients were treated with off-
pump CABG (OPCABG), and the internal mammary 
artery or the great SV were used as the bridging vessels. All 
the patients had a history of hypertension. Before surgery, 
they were diagnosed clearly by thoracic echocardiography 
and THORACIC and abdominal aortic CTA, and the 
location of the rupture was located, and the range of the 
dissection tear and the functional status of the aortic valve 
were evaluated. The follow-up time was 1 year. A total of 
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113 patients, comprising the control group, underwent 
sequential anastomosis of the great SV with CABG. 
Another 112 patients, comprising the experimental group, 
underwent Y-bridge CABG of the great SV. This study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013), and was approved by the Hospital’s Ethics 
Committee (No. AZ202203210401), and all patients signed 
the relevant informed consent form.

Inclusion criteria

Patients were included in the study if they met the 
following inclusion criteria: (I) had been diagnosed with 
CHD as per the criteria of the World Health Organization; 
(II) had coronary artery triple vessel disease; (III) had 
no prohibitions against surgery; (IV) had no serious 
cerebrovascular disease, liver, or kidney dysfunction; 
(V) had no calcification in the ascending aorta; and (VI) 
according to the preoperative coronary angiography 
(CAG), the patients requiring bypass surgery had target 
vessels that were distributed in the left anterior descending 
(LAD) branch system (middle or diagonal branch), 
circumflex branch system (blunt margin branch), and right 
coronary artery system (posterior descending branch or left 
ventricular posterior branch).

Exclusion criteria

Patients were excluded from the study if they met any of 
the following exclusion criteria: (I) required emergency 
surgery; (II) had infectious diseases or immune diseases; (III) 
had cardiac function I–II; (VI) had a history of malignant 
tumors; and/or (V) had cognitive or mental disorders.

Bridge vascular graft method

The objective of the operation was to revascularize the 
narrowed or occluded coronary arteries. The left internal 
mammary artery (LIMA) was anterior to the LAD branch 
in both groups. For the other vascular lesions, SV Y-type 
CABG or sequential anastomosis was used, which is also the 
standard in CABG. The number of SV anastomoses in both 
groups was 3. In the experimental group, 2 segments of 
the great SV (i.e., SV1 and SV2) were taken, and SV1 was 
anastomosed with the ascending aorta (AO). The distal end 
of the SV1 was anastomosed with the 1st target blood tube 
(middle or diagonal branch), and the proximal blood tube 
of the SV2 was then anastomosed with the distal end of 

SV1. The inverted “Y” shape was formed, and the SV2 was 
sutured with 7-0 Prolene line. The SV2 was anastomosed 
with the cyclotron system and the right coronary artery 
system, respectively, using a cardiac surface vascular fixator. 
The entire “Y” bridge snaked along the left side of the 
heart. Sequential anastomosis was used in the control 
group. The 2 groups were anastomosed from the proximal 
to distal in the order of the LAD system (middle or diagonal 
branch), circumflex system (blunt margin branch), and right 
coronary artery system (the posterior descending branch 
or the posterior branch of the left ventricle). The furthest 
anastomosis was far as possible on the target vessels with 
good conditions and large blood flow, and the target vessels 
with poor conditions were as far as possible in the middle of 
the sequential bridge.

Surgical method

The patients in both groups were successfully operated 
on using OPCABG. The anesthesia method was tracheal 
intubation and general anesthesia. The methods of target 
vessel exposure in the OPCABG were as follows: all distal 
anastomoses were performed using the 7-0 pro-LENE single 
suture technique with local carbon dioxide exposure during 
anastomosis. A rhomboid anastomosis (in which the long 
axis of the grafted vessels was perpendicular to the coronary 
incision) was used for the side-to-side anastomosis. End-to-
end anastomosis was parallel to the long axis (Figure 1).

Bridge vascular flow measurement

After the arterial blood pressure was stabilized, the blood 
flow and waveform of the transplanted vessels were recorded 
by a blood flow meter, and the measurement position was 
the venous bridge blood flow before each anastomosis.

Postoperative follow-up

To compare the 2 methods more clearly, we measured 
the real-time blood flow at each anastomosis of the 
intraoperative vein bridge. The left ventricular ejection 
fraction (LVEF) of the control group and the experimental 
group was reviewed 3 months, 6 months, and 1 year after 
surgery. The left ventricular diastolic diameter (LVEDD), 
incidence of major adverse cardiovascular events, and 
CAG re-examination after re-admission due to similar 
symptoms showed the rate of bridging vessel blockage. 
If a patient recovered well after surgery and did not have 
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recurrence, CAG was recommended for >1 year after 
surgery to determine the patency rate of the bridge vessels. 
The evaluation indexes of the transplanted vessels were 
divided into the following 3 levels: (I) patency, without 
stenosis <50%; (II) stenosis (partial patency) from 50% to 
99%; and (III) complete occlusion. The patency rates of 
the vascular bridges were calculated using the following 
formula: patency rate = (the total number of bridge vessels 
− the number of bridge vessel occlusions)/100% of the total 
bridge vessels.

Statistical analysis

SPSS 23.0 statistical software was used for the data analysis. 
The count data are described as the example and percentage 
(%). The statistical inference differences between the 
groups were compared using t-test or Fisher’s exact test. 
Counting data were represented by “n (%)”, and the t-test 
was performed. Measurement data were represented by 
“mean ± SD”, and the t-test was performed. P<0.05 was 

considered statistically significant.

Results

General clinical features of perioperative patients

A total of 450 bridged vessels were transplanted (250 in the 
experimental group and 200 in the control group), with 
an average of 2 bridged vessels per patient, and a total of  
400 anastomoses. LIMA anastomosis was found in all 
patients. There was no death in the perioperative period, and 
there were 18 postoperative complications, including 3 cases 
of recurrent angina pectoris, 5 cases of myocardial infarction,  
3 cases requiring vascular intervention, 2 cases of cardiogenic 
death, 1 case of thoracotomy for hemostasis, 2 cases of poor 
wound healing, and 2 cases of cerebral infarction. A total of  
6 patients were treated with intra-aortic balloon pump 
counter pulsation after surgery, including 2 in the 
experimental group, and 4 in the control group. All the 
patients with the above complications were cured and 
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Figure 1 Heart bypass surgery procedure. (A) Traditional thoracotomy approach; (B) thoracoscopic surgical approach; (C) femoral 
arteriovenous intubation; (D) jugular vein intubation.
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discharged after receiving the appropriate treatment.

General situation comparison

There were no statistically significant differences among 
the patients in terms of gender, age, body mass index (BMI), 
preoperative LVEF value, underlying diseases, smoking rate, 
and the other general data between the 2 groups (P>0.05); 
that is, the baseline data of the 2 groups were consistent and 
comparable (Table 1). There patients comprised 151 males 
and 74 females, and were aged from 55 to 75 (64.8±7.8) years.

Instant blood flow measurement of intraoperative venous 
bridge anastomosis

We selected the LAD system (middle or diagonal branch) as 
the 1st target vessel for anastomosis, the circumflex system 
(blunt margin branch) as the 2nd target vessel, and the right 
coronary artery system (posterior descending branch or 
posterior left ventricular branch) as the 3rd target vessel. 
The blood flow of the main vein bridge of the 2 groups 
was denoted as A1, and the blood flow before the 2nd 
anastomosis was denoted as A2 when measuring the blood 
flow of the sequential anastomosis, and so on. A coronary 
artery flow meter was used to measure the blood flow in the 

main trunk of the sequential bridge and the anterior bridge 
of each anastomosis, and A1–A2 was used to measure the 
blood flow of the 1st anastomosis (i.e., the flow into the 
anastomosis was calculated rather than the flow through). 
The blood flow of the main vein bridge of the two groups 
was denoted as A1, and the blood flow before the second 
anastomosis was denoted as A2 when measuring the blood 
flow of the sequential anastomosis, and so on. Coronary 
artery flow meter was used to measure the blood flow of 
the main trunk of the sequential bridge and the anterior 
bridge of each anastomosis. In addition, A1–A2 was used 
to measure the blood flow of the first anastomosis, and the 
flow of Y-type composite bridge into each anastomosis was 
calculated in the same way.

In the same way, the flow of the Y-shaped composite 
bridge into each anastomosis was calculated. According 
to the statistics, there was no significant difference in 
intraoperative immediate blood flow into each anastomosis 
between the 2 groups (P>0.05; Table 2).

Postoperative study, LVEF and LVDD

The LVEF and LVEDD of the patients in the 2 groups were 
followed-up 3 months, 6 months, and 1 year after surgery. 
The results showed that there was no significant difference 

Table 1 Comparison of the general data between the 2 groups 

General information Experimental group (n=112) Control group (n=113) P

Male/female, n 68/44 83/30 0.318

Age (year), mean ± SD 64.5±8.6 62.2±7.1 0.108

BMI (kg/m
2
), mean ± SD 25.4±4.7 26.6±4.2 0.223

LVEF (%), mean ± SD 54.4±5.4 54.6±4.9 0.552

Hypertension, n (%) 66 (58.93) 62 (54.87) 0.551

Diabetes mellitus, n (%) 42 (37.50) 38 (33.63) 0.625

Smoke, n (%) 45 (40.18) 52 (46.02) 0.624

BMI, body mass index; LVEF, left ventricular ejection fraction.

Table 2 Intraoperative blood flow for both groups (mean ± SD)

Groups Cases (N) A1 A2 A3 A4

Experimental group 112 37.2±5.1 17.5±4.4 11.3±3.2 9.6±2.2

Control group 113 38.5±4.5 17.7±4.5 11.4±3.4 10.4±2.9

P – 0.235 0.725 0.535 0.167

A1, artery 1; A2, artery 2; A3, artery 3; A4, artery 4. 
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Table 3 Comparison of LVEF and LVEDD during the postoperative follow-up period (mean ± SD)

Observational index Time Experimental group (n=112) Control group (n=113) P

LVEF (%) 3 months after the surgery 54.2±4.8 53.4±5.2 0.556

6 months after the surgery 53.4±4.5 54.2±4.6 0.522

1 year after the surgery 51.6±5.1 67.6±5.6 0.001

LVEDD (mm) 3 months after the surgery 48.5±5.5 48.5±5.5 0.935

6 months after the surgery 45.4±5.6 46.7±4.8 0.115

1 year after the surgery 46.5±2.2 46.5±1.8 0.845

LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic dimension.

Table 4 Comparison of the incidence of major adverse cardiovascular events

Cardiovascular events Experimental group (n=112) Control group (n=113) P

Recurrence of angina 4 3 0.328

Another myocardial infarction 8 4 0.625

Re-vascular intervention therapy 6 0 0.425

Cardiac death 2 2 0.125

Total major adverse cardiovascular events 20 9 0.035

Table 5 Comparison of vascular patency after transplantation

Groups Cases (N) Part of the smooth, n (%) Vascular occlusion, n (%) Patency rate, n (%)

Experimental group 112 21 (18.75) 16 (14.29) 96 (85.71)

Control group 113 18 (15.93) 39 (34.51) 74 (65.49)

P 0.023

in LVEF and LVEDD between the 2 groups at 3 months 
and 6 months after surgery (P>0.05). The LVEF of the 
experimental group was significantly higher than that of the 
control group 1 year after surgery, and the difference was 
statistically significant (P<0.05). There was no statistically 
significant difference in the LVEDD between the 2 groups 
1 year after surgery (P>0.05; Table 3).

The incidence of major adverse cardiovascular events

Major adverse cardiovascular events were defined as 
the recurrence of angina pectoris, recurrent myocardial 
infarction, revascularization, including intervention and 
CABG, and cardiogenic death. According to the statistics, 

the occurrence of major adverse cardiovascular events 
in the 2 groups mainly occurred in the 1st year or later 
after surgery, and the total incidence of the major adverse 
cardiovascular events in the experimental group was 
significantly lower than that in the control group, and the 
difference was statistically significant (P<0.05; Table 4).

Difference in graft patency rates

A comparison of the total patency rates of the postoperative 
venous bridge between the 2 groups revealed that the rate 
of the experimental group was significantly higher than 
that of the control group (P<0.05), and the difference was 
statistically significant (Table 5).
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Discussion

The use of the great SV [in the internal breast artery (ITA)] 
in CABG is prone to progressive intimal hyperplasia, 
resulting in mid-term sclerosis and obstruction, and has a 
patency rate of only 30–35% 10 years after surgery (15). As 
a bypass vessel, the ITA has a constant anatomical position, 
shows no progressive intimal hyperplasia, sclerosis, or 
obstruction after surgery, has a 10-year patency rate of up 
to 9.0%~5%, and has a similar blood supply to the great 
SV, which promotes the clinical use of ITA as a heart bypass 
vessel (16-19).

The safety and efficacy of the total artery vascular Y-type 
composite bridge vessel (the bilateral internal mammary 
artery or the LIMA-radial artery) have been widely 
confirmed, and it is considered the most ideal choice of 
bridge vessel (20). However, the use of the bilateral internal 
mammary artery may cause poor sternal union after surgery, 
especially in elderly patients with diabetes (21-23). The great 
SV has long been used as the standard bypass material and 
is still used in 80% of CABG worldwide (24). The clinical 
application of the great SV bridge mainly includes single 
anastomosis, sequential anastomosis. However, the mid-
term clinical curative effect has rarely been reported (24).  
Additionally, the vascular lesion of the bridge is the main 
cause of myocardial ischemia after CABG, which is of great 
significance in studying the mid-term clinical efficacy of the 
specific bypass operation of the great SV bridge (25). 

Different conclusions have been reached about the 
degree of risk of sequential bridge occlusion (26). Pavei 
et al. (27) followed-up with 428 patients for 15 years and 
found that while sequential bridges were more completely 
vascularized than single-vessel bridges, patients with 
sequential bridges also had a higher incidence of myocardial 
infarction and other cardiac events (28,29). We believe 
that sequential great SV bridges and Y-type bridges share 
the following common characteristics: (I) compared to 
single-branch bridges (point-to-point bypass bridges), SV 
bridges sand Y-type bridges have a larger mean blood flow, 
and a lower mean pulsatile index; (II) SV bridges sand 
Y-type bridges reduce the length of bridge vessels, reduce 
the operation time of anastomotic shortening, reduce the 
number of aortic anastomoses, which in turn can reduce the 
perforation and the number and time of aortic clamping, 
which is more meaningful for patients with more calcified 
plaques in the ascending aorta, and reduce postoperative 
arrhythmia low cardiac output and other complications. 
These advantages and characteristics have been widely 

reported and confirmed (30).
This study mainly analyzed the advantages and 

disadvantages of using the great SV as a sequential 
bridge or Y-type bridge, and focused on comparing the 
differences in clinical efficacy of the 2 great SV bypass 
bridges for postoperative patients. We found that there was 
no significant difference in cardiac function between the  
2 groups in the short term (i.e., 3 and 6 months after 
surgery), and the incidence of major adverse cardiovascular 
events mainly occurred in the middle-postoperative period 
(i.e., 1 year after surgery) or later. Additionally, we found no 
statistical differences in body weight, age, heart function, 
and other general conditions, or in the results of the real-
time blood flow measurements for each anastomosis of the 
intraoperative vein bridge. Compared to the control group, 
the LVEF, vascular bridge and anastomotic patency rate in 
the experimental group were also significantly higher at 1, 2, 
and 3 years after operation (P<0.05). Finally, the incidence 
of major adverse cardiovascular events was significantly 
decreased (P<0.05) (31-33).

We are of the view that the Y-type composite bridge 
improves the clinical effect experienced by patients in the 
middle-postoperative period for a number of reasons. First, 
the Y-type bridge prevents anastomosis and the possibility 
of massive myocardial ischemia, and the relationship is not 
easy to prevent the next anastomosis and the bridge (34). 
Second, in the Y-type bridge, the shape of the vessels is 
smoother, which prevents the possibility of blockages in the 
bridge vessel (35). Third, in the Y-type anastomosis, the 
distance between the 2nd and 3rd anastomoses and the AO 
is shorter than that of a sequential bridge (36).

Y-type bridge surgery followed by a sequential bypass 
was found to reduce the postoperative rate of major adverse 
cardiac events, delay the time in which bridge vascular 
blockages occurs, improve the bridge vascular patency rate 
of postoperative patients, prolong patient survival time, and 
improve patient quality of life (37). We intend to conduct 
long-term follow-up studies on sequential and Y-type 
composite bridges to develop a more reasonable surgical 
approach.
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