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Objective: This study aimed to examine the short-term effect of the no-touch technique on 
the patency rate of a great saphenous vein (GSV) bridge used during off-pump coronary 
artery bypass grafting (OPCABG).
Methods: Between June 2018 and September 2020, 140 patients undergoing OPCABG, 
with grafts obtained from the GSV using the “no-touch” technique or the left internal 
mammary artery (LIMA), were enrolled in this study. The early clinical results and short- 
term patency rate of the OPCABG were evaluated at a three-month follow-up by comparing 
the patency rate of the LIMA bridge and the GSV bridge obtained by the no-touch technique. 
This study also analyzed the impacts of the postoperative complications of the lower limbs 
and the distribution area of diseased vessels on the patency rate of a GSV bridge obtained by 
the no-touch technique at an early stage.
Results: No perioperative death or adverse cardiovascular or cerebrovascular events 
occurred in the 140 patients undergoing OPCABG. The difference in the early patency 
rate between the GSV bridge obtained by the no-touch technique and the LIMA bridge 
was not statistically significant (95.9% vs 97.1%, p = 0.501). There was no significant 
difference in the patency rate between an end-to-side anastomosed venous bridge and 
a LIMA bridge (95.0% [248/261] vs 97.1% [136/140], p = 0.314). The overall patency 
rate of a no-touch vein bridge in the right coronary artery region was lower than it was in the 
left coronary artery region (93.8% [165/176] vs 97.9% [183/187], p = 0.049).
Conclusion: The no-touch technique may improve the early patency rate of a GSV bridge, 
and its effect is similar to that of a LIMA bridge.
Keywords: off-pump coronary artery bypass grafting, no-touch technique, great saphenous 
vein, left internal mammary artery

Introduction
Coronary artery bypass grafting (CABG) is one of the most common operations in cardiac 
surgery, with the success of the operation depending on the long-term patency of the 
arterial or venous grafts. The current guidelines suggest that the left internal mammary 
artery (LIMA) should be the first choice for bridge vessels, while the great saphenous vein 
(GSV) is another option for CABG due to its superficial anatomical position, easy access, 
and low risk. As the most commonly used vascular material, grafts from the GSV account 
for more than 70% of all grafts. However, stenosis or occlusion often occurs in a GSV 
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bridge obtained using the conventional technique. Fitzgibbon 
et al1 reported that the patency rate was 81% after one year, 
75% after five years, and less than 50% after 15 years. 
Goldman et al2 reported that the 10-year patency rate of 
LIMA bridge was 85%, while that of the venous bridge was 
only 61%. Therefore, the patency rate of GSV bridges is 
a focus of study in the field of coronary surgery. At present, it 
is thought that using an inappropriate method of venous 
acquirement may be one of the important factors affecting 
the long-term patency rate of venous bridges. In 1996, 
Souza3 first proposed that using the no-touch technique could 
improve the patency rate of GSV bridges, and Samano et al4 

reported that the 16-year patency rate of a GSV bridge obtained 
by the no-touch technique after CABG was almost equal to the 
patency rate of LIMA bridges. This technique has been 
reported in Europe and America, but it is rarely used in Asia, 
especially in off-pump CABG. Between June 2018 and 
October 2019, we obtained GSV grafts for 140 patients with 
coronary heart disease using the no-touch technique, and off- 
pump coronary artery bypass grafting (OPCABG) alone was 
performed. Grafts from the LIMA artery were used as a control 
to evaluate the short-term patency of the no-touch technique in 
OPCABG.

Materials and Methods
This single-center randomized trial was conducted in con-
secutive patients undergoing elective first-time OPCABG 
and no other procedure in the Department of 
Cardiovascular Surgery at the Second Hospital of Hebei 
Medical University. The study was conducted in accor-
dance with the Declaration of Helsinki (as was revised in 
2013). The study was approved by the Ethics Committee 
of the Second Hospital of Hebei Medical University. All 
patients were informed about the purpose of the study and 
written consent was obtained from each patient.

Study Design
Exclusion criteria included patients with the following: 
a left ventricular ejection fraction <50%, chronic renal 
failure, emergency surgery, a preoperative intra-aortic bal-
loon counterpulsation implantation, an expected survival 
time due to malignant tumor <1 year, a slender GSV 
(diameter <1.2 mm indicated by vascular ultrasound), 
bilateral varicose GSVs or a previous history of venous 
exfoliation, and an allergy to contrast media. Bypass graft-
ing of the anterior descending branch was performed using 
the LIMA in each patient, and the GSV obtained using the 

no-touch technique was used as a graft for the other dis-
eased vessels. The patency rate of the LIMA bridge was 
then compared with that of the GSV bridge in these sub-
jects. Power analysis showed that the sample size was 
adequate.

Patient Characteristics
Between June 2018 and September 2020, 140 consecutive 
patients underwent OPCABG with the use of the no-touch 
GSV harvesting technique. Aspirin and clopidogrel were 
administered at doses of 100 mg/day and 75 mg/day from 
the second day after the operation. If the patient’s blood level 
of low-density lipoprotein cholesterol was high (more than 
100 mg/dl), drug treatment was started. Preoperative data 
were obtained from each patient’s medical history and preo-
perative examination, including age, gender, body mass index 
(BMI), smoking history, hypertension history, stroke history, 
diabetes history, dyslipidemia, preoperative percutaneous cor-
onary intervention history, chronic obstructive pulmonary dis-
ease history, vascular type, and LIMA and GSV diameters 
(Table 1). The data collected included the anastomosis mode 
of the target vessels and the number of unobstructed bridge 
vessels (Table 2).

Table 1 Preoperative Characteristics and Risk Factors of Study 
Patients

Variables All Study Patients(n=140)

Age (years) 60.9±7.3

Female (cases) 29(20.4%)

Risk factors
Smoking (cases) 59(42.1%)

Body mass index (Kg/m2) 26.1±2.8

Hypertension (cases) 93(66.4%)
Diabetes mellitus (cases) 41(29.3%)

Dyslipidemia (cases) 55(39.3%)

History of stroke (cases) 20(14.3%)
Previous PCI (cases) 8(5.7%)

Left main disease (cases) 82(58.6%)

Three-vessel disease (cases) 51(36.4%)
COPD (cases) 11(7.9%)

Diameter of LIMA (n.) 2.6±0.6 P>0.05

Diameter of SVG (n.) 2.5±0.5

Abbreviation: COPD, chronic obstructive pulmonary disease.
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Operative Strategies
The No-Touch GSV Acquisition Technique
The course and branches of the GSV were marked by 
Doppler ultrasound before the operation. After anesthesia, 
tissue scissors were used to cut the skin sharply upward 
from the ankle along the marked line, retaining the venous 
adventitia and surrounding adipose tissue. The electrocoa-
gulation index was adjusted to 20–30 J, and the subcuta-
neous tissue was fully dissociated along both sides of the 
vein with the help of the scissors. The width between the 
cutting paths of both sides of the vein was about 
0.5–0.8 cm, and the small nutrient vessels around the 
vein were reserved as far as possible. To reduce the time 
of the GSV in vitro, the branches of the GSV were ligated 
and cut off until the planned length of the vein was freed. 
The distal end of the GSV graft obtained by the no-touch 
technique was connected with an independent perfusion 
tube (FLY, China; Stockert S3, Germany) through 
a flushing needle for injection without external resistance, 
and then autologous blood containing papaverine + 
heparin (30 mg of papaverine + 2500 U of heparin 
sodium) was injected into the blood vessel to make the 
blood flow out. In this way, the graft blood vessel was 
checked for patency and thrombosis. The measured pres-
sure was about 25–35 mmHg.

In order to reduce the possibility of a mismatch with 
the primary coronary artery or LIMA and lower extremity 
vascular complications, bilateral GSVs of the lower leg 
were selected instead of those from the whole leg. In order 
to reduce the side injury and to avoid nerve and muscle 
injury, it was necessary to avoid any rough sudden move-
ment in the process of vascular material acquisition. The 

branches of the GSV were carefully examined before use 
to prevent postoperative bleeding due to untreated saphe-
nous branches. The proximal end of the GSV was anasto-
mosed to the distal end of the target vessel, while the other 
end was clamped with a noninvasive bulldog clamp. After 
the proximal anastomosis was completed, the distal end of 
the venous bridge was anastomosed with the aorta. After 
hemostasis, a two-layer continuous suture was performed; 
continuous subcutaneous tissue was sutured with VICRYL 
(polyglactin 910) Suture 2–0, and the intradermal tissues 
were sutured with 3–0 thread. A compression bandage was 
applied using an elastic bandage for 48–72 hours.5

The OPCABG Procedure
The chest was opened through a standard median incision 
of the sternum, and the LIMA was harvested. The patient 
was injected intravenously with 1mg/kg of heparin. The 
target vessels of the coronary artery were fully exposed 
with pericardial traction and a coronary artery stabilizer. 
Meanwhile, an intracoronary shunt thrombus and carbon 
dioxide aerosol tube were used to clear the local visual 
field of the coronary artery anastomosis. During the opera-
tion, normal body temperature and stable circulation were 
maintained. The anastomotic stoma was cut in the bridge 
vessel and target vessel with the same size, and the target 
vessel and bridge vessel were opened after continuous 
suture with 7–0 or 8–0 polypropylene suture. First, the 
LIMA was used to reconstruct the left anterior descending 
coronary artery, and the GSV graft obtained by no-touch 
technique was then used to reconstruct the left circumflex 
coronary artery. Next, the right coronary artery area was 
reconstructed, and finally the distal end of the GSV was 

Table 2 Number of Distal Anastomoses Between SVG and LIMA and Conduit Patency of Target Coronary Arteries

Target 
Coronary 
Arteries

Total Total Patency 
Rate

End-to-Side 
Anastomosis

End-to-Side 
Anastomosis Patency 
Rate

Side-to-Side 
Anastomosis

Side-to-Side 
Anastomosis Patency 
Rate

LAD 140 136/140(97.1%) 140 136/140(97.1%) 0 0

DIG 93 92/93(98.9%) 15 100% 78 77/78(98.7%)
RM 2 100% 2 100% 0 0

LCX 4 100% 4 100% 0 0

OBM 88 85/88(97.0%) 81 78/81(96.3%) 7 0
RCA 3 100% 3 100% 0 0

PLV 66 61/66(92.4%) 60 55/60(91.7%) 6 0
PDA 107 101/107(94.4%) 96 91/96(94.8%) 11 10/11(90.9%)

Total 503 484/503(96.2%) 401 384/401(95.8%) 102 100/102(98.0%)

Vein graft 363 348/363(95.9%) 261 248/261(95.0%) 102 100/102(98.0%)
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anastomosed with the aortic wall. The blood flow of the 
bridge was measured with a flow meter, and the vessel 
bridges with unsatisfactory blood flow were anastomosed 
again. After proximal and distal anastomosis, protamine 
was used to neutralize the heparin. The same group of 
doctors conducted the operation and acquired the vascular 
materials using the fixed method. Here, OPCABG was 
used to take out the GSV using the no-touch technique, 
so the proximal end of the GSV was anastomosed to the 
distal end of the target vessel, while the other end was 
clamped with a noninvasive bulldog clamp. After the 
proximal anastomosis was fully completed, the distal end 
of the venous bridge was anastomosed with the aorta step 
by step. Once the GSV was removed, the distal end of the 
vein was connected to an independent perfusion tube 
attached to the cardiopulmonary bypass machine. 
Autologous blood, containing papaverine and heparin 
(30 mg + 2500 U of heparin sodium), was smoothly 
injected into the vein, without resistance, to allow the 
liquid solution to just flow out and to check whether 
there was any branch bleeding. The required pressure 
was 25–35 mmHg, the value being related to the length 
and diameter of the graft. Whether the modified OPCABG 
can improve the medium- and long-term patency rate of 
venous bridges still needs research with larger sample 
sizes and longer-term follow-ups. The method of coronary 
artery transplantation, assisted by cardiopulmonary 
bypass, used by Professor Souza’s team, in which the 
distal end of the vein graft was anastomosed to the aorta 
and the proximal end was temporarily connected to the 
arterial intubation,6 differs from the method used in our 
center. However, in the regions where OPCABG is widely 
used, it can provide experience and reference for the wider 
application of the no-touch technique in OPCABG. For 
now, although it is an extremely important step to use an 
independent cardiopulmonary bypass machine to provide 
appropriate and stable pressure, the operation is compli-
cated. Thus, it is worth looking at simpler devices or 
operations that could replace it.

Angiographic Evaluation of the Graft 
Patency
Coronary angiography was performed three months after 
the operation with the patient’s consent, regardless of any 
symptoms of angina pectoris. Coronary computed tomo-
graphy angiography (CTA) was chosen because of its 
minimally invasive nature and reliability in identifying 

graft occlusion.7 Patients who had died, who refused 
angiographic evaluation, who were unable to complete 
coronary CTA, or who had impaired renal function were 
excluded from the angiographic follow-up. Coronary CTA 
was performed with a 128-slice spiral CT machine (Philips 
Brilliance ICT, Cleveland, USA). The heart rate of all 
subjects was controlled at 75 beats/min. Breath hold train-
ing and heart rate measurement were carried out one hour 
before the examination. If the heart rate was >75 beats/min 
and the patient had no contraindications, the patient had to 
take 10 mg of metoprolol orally. The whole heart was 
scanned, the data were processed for surface reconstruc-
tion and spherical display, and the results were recorded 
and analyzed. In all subjects, coronary CTA was performed 
by manual injection of 1 mg/kg iodixanol. All the images 
were assessed through visual evaluation by two imaging 
experts from our center. No stenosis indicated fully unob-
structed, stenosis <50% was mild stenosis, stenosis of 
50–75% was moderate stenosis, and stenosis >75% was 
considered to be severe.

The Evaluation of Clinical Outcomes
Surgical all-cause mortality was defined as death from any 
cause within 30 days, including death after discharge, and 
any death that occurred during the hospitalization when 
the surgery was performed. When the value of creatinine 
kinase myocardial band isoenzyme (CK-MB) within 24 
hours of the operation was more than five times the normal 
upper limit, with or without chest pain, chest tightness or 
other symptoms, it was regarded as myocardial infarction 
within 24 hours of an operation. The diagnostic criteria of 
myocardial infarction >24 hours after operation were as 
follows: ST segment elevation in electrocardiography 
(ECG) monitoring or ECG evolution progress, or new 
pathological Q wave with evolution in two or more con-
tinuous leads, new left bundle branch block, or a CK-MB 
value more than three times the normal upper limit. During 
the period of hospitalization in an intensive care unit and 
general ward, the patients were continuously monitored by 
postoperative ECG until the thoracic drainage tube was 
removed. Any short atrial fibrillation attack lasting more 
than 30 seconds during the operation was considered as 
the occurrence of atrial fibrillation. Respiratory complica-
tions included postoperative pneumonia or the need for 
long-term ventilator support for more than 48 hours. 
Stroke was defined as a new onset of neurological deficit 
lasting more than 24 hours without significant nonvascular 
causes. Postoperative lower limb complications included 
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subcrustal healing and infection or wound dehiscence. 
Subcrustal healing occurs when, more than two weeks 
after an operation, the incision epidermis becomes necro-
tic, and there is a wide black brown hard callus. Infection 
or wound dehiscence means that the epidermis or subcu-
taneous tissue of the incision is not connected more than 
two weeks after the operation, thus needing additional 
repair or a secondary operation.

Three months after the operation, the patient was reex-
amined and underwent a coronary CTA. If the examination 
was not performed at the scheduled time, the investigators 
contacted the patient by telephone to confirm their condi-
tion. Clinical and angiographic follow-up was ended on 
February 30, 2020. The major cardiovascular and cerebro-
vascular adverse events included cardiac death, nonfatal 
acute myocardial infarction, coronary re-intervention 
(including re-CABG), and cerebrovascular accident.

Statistical Analysis
Data were analyzed and processed using statistical soft-
ware SPSS 26.0. Normally distributed measurement data 
were expressed as mean ± standard deviation (x ± SD), 
and non-normally distributed measurement data were 
expressed as the median. Count data were expressed as 
frequencies and percentages and compared using a Chi- 
square test. A p < 0.05 was considered statistically 
significant.

Results
Clinical Outcomes
No perioperative death or adverse cardiovascular or cere-
brovascular events occurred. After operation, atrial fibril-
lation occurred in 15 patients (10.7%), and respiratory 
complications occurred in three patients. Subcrustal heal-
ing occurred in 12 patients, and wound infection or dehis-
cence occurred in three patients, two of whom were 
rehospitalized for debridement, while another was hospi-
talized for debridement due to poor sternal healing. The 
results of the present study revealed no perioperative 
deaths or adverse cardiovascular or cerebrovascular 
events. Of the 15 vein grafts with occlusion, the target 
vessel was a diagonal branch in one patient (1.1%), obtuse 
marginal branches in three patients (3.0%), posterior 
branches of the left ventricle in five patients (7.6%), and 
posterior descending arteries in six patients (5.6%) 
(Figure 1).

Three-Month Angiographic Results
The three-month angiographic results showed no signifi-
cant difference in patency rate between the GSV bridge 
obtained by no-touch technique and the LIMA bridge 
(95.9% [348/363] vs 97.1% [136/140], p = 0.501). In this 
study, the patency rates of the end-to-side anastomosis 
venous bridge and the LIMA bridge were compared to 
rule out the interference of anastomotic methods with the 
patency rate. It was found that there was no difference 
between the two groups (95.0% [248/261] vs 97.1% [136/ 
140], p = 0.314). The target vessel anastomosis and 
patency rate of each bridge are presented in Table 2.

The coronary CTAs showed that the vein grafts were 
either completely occluded or completely open, and there 
was neither local nor diffuse significant stenosis.

The total patency rate of a venous graft was 95.9% 
(348/363), and the patency rate of a LIMA graft was 
97.1% (136/140), indicating that there was no significant 
difference in the patency rate between the two (p = 0.501). 
Therefore, it can be considered that there is no difference 
in the patency rate between venous bridges and arterial 
bridges.

According to our observations, the short-term occlu-
sion rate of no-touch venous bridges is not related to age, 
gender, BMI, smoking, hypertension, diabetes mellitus, 
stroke history, or postoperative atrial fibrillation (Table 3).

Discussion
GSV is the most commonly used graft in CABG. 
However, research over a lengthy period of time demon-
strated that the occlusion rate of a venous bridge after 
traditional GSV was higher than that of a LIMA bridge.2 

The long-term patency rate of bridging vessels has always 
been the focus of clinical research, coronary surgeons 
having made many positive and rigorous attempts at find-
ing suitable graft materials. The first was the exploration 
of the total artery bridge, including the bilateral internal 
mammary artery, right gastroepiploic artery, and radial 
artery, but due to various problems, such as the easy 
spasm of the artery bridge, the difficulty of obtaining it, 
the long learning curve, and the mindset of the surgeon, it 
has been difficult to achieve promotion of this method 
worldwide.8 Other directions have been the exploration 
of the venous bridge, the no-touch technique, the endo-
scopic technique, and the extra-bridge stent technique,9–11 

which have all achieved positive short-term results.
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The quality of the GSV bridging vessel is the decisive 
factor in ensuring high patency. Usually, the mechanism of 
venous bridge restenosis and occlusion is mainly early 
acute thrombosis, mid-term intimal hyperplasia, and late 
atherosclerotic plaque formation. In the traditional method 
of obtaining GSV, mechanical injury and manual expan-
sion in the process of vascular acquisition can damage the 
endothelium, and injury to the endothelium is one of the 
main reasons for platelet aggregation and thrombosis. The 
damage to the endothelium and the peeling of adventitia 
can reduce the level of nitric oxide (NO), resulting in vein 
spas.12 However, manual pressurized expansion to control 
the spasm can further damage the intima and media.13,14 

Transient mechanical damage in the process of vascular 
acquisition and continuous damage in the arterial blood 
flow environment, after losing the protection of adventitia 
and perivascular tissue, can both lead to the activation, 

migration, and proliferation of vascular smooth muscle 
cells, resulting in neointimal hyperplasia of the vein.15,16 

After stripping the adventitia, the vein loses its nutrient 
vascular network in the adventitia, resulting in ischemia in 
the veins. It is also one of the causes of intimal 
hyperplasia.17 In other words, the traditional way of har-
vesting the vein can cause damage to every layer of the 
vein structure.

Samano et al18 considered that the success of the no- 
touch technique involved many factors. When a GSV graft 
is obtained using the no-touch technique, the vascular wall 
is not touched directly by any instrument, and the adven-
titia and surrounding tissues are preserved, preventing the 
occurrence of venous spasm, avoiding pressurized expan-
sion against venous spasm, and protecting the integrity of 
the vein endothelium and middle smooth muscle layer to 
the maximum extent. This has been confirmed by electron 

Figure 1 (A) The No-touch great saphenous vein obtained from patients. (B) One week after the great saphenous vein was obtained during surgery.

Table 3 Effect of Age and Other Factors on the Recent Occlusion Rate of Venous Bridges

Occlusion Group (n=17) Patency Group (n=123) Statistical Values p-value

Age (years) 59.8±6.7 61.0±7.4 −0.728 0.466

Female (cases) 3(17.6%) 26(21.1%) 0.000 0.989

Body mass index (Kg/m2) 26.7±2.6 26.1±2.8 0.863 0.390
Smoking (cases) 6(35.3%) 53(43.1%) 0.372 0.542

Hypertension (cases) 9(52.9%) 84(68.3%) 1.578 0.209

Diabetes mellitus (cases) 2(11.8%) 39(31.7%) 1.986 0.159
History of stroke (cases) 3(17.6%) 17(13.8%) 0.003 0.958

Postoperative atrial fibrillation(cases) 2(11.8%) 13(10.6%) 0.000 1.000
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microscopic observation.19 In addition, when a GSV graft 
with perivascular tissue is transplanted, paracrine signaling 
may affect a variety of cytokines, such as the adipose 
derived relaxing factor, NO, leptin, adiponectin, prosta-
glandin, hydrogen sulfide, and other vasodilators.19 

A previous study revealed that the paracrine factors 
released by perivascular tissue can not only relax and 
contract blood vessels, but they also alter the structure of 
the blood vessel wall by changing cell migration, prolif-
eration, and apoptosis.20 In addition, the intact perivascu-
lar vein tissue can be used as a natural external scaffold, 
which can reduce the risk of vascular angulation and 
distortion.21

The results of the present study revealed no perioperative 
deaths or adverse cardiovascular or cerebrovascular events. 
This suggests that the shape of the distributions of the 
bridging vessels during the operation could be adjusted, 
and, if necessary, the perivascular tissue of the bridging 
vessels could be sutured and fixed with epicardium to pre-
vent a change in the position of the bridge vessels after the 
operation, which may affect the prognosis.

One study found that minimally invasive arteriovenous 
composite grafts, anastomosed with the right coronary artery 
region with moderate stenosis (<80%), often show compe-
titive blood flow patterns in early postoperative 
angiography.22 In 1986, Watts et al23 found that the turbu-
lence of blood flow in side-to-side anastomosis was less than 
that in end-to-side anastomosis. They believed that the dif-
ference in blood flow composition was the reason for the 
difference in the patency rate between side-to-side anasto-
mosis and end-to-side anastomosis. These studies suggest 
that the factors in the traditional method of obtaining GSV 
that influence the patency rate of the venous bridge, such as 
the distribution of the target vessels and the type of anasto-
mosis, may also exist in the no-touch technique.

However, the incidence of lower extremity incision 
complications is significantly higher than that of the 
traditional long incision method.5 The main manifesta-
tions are lower limb pain or numbness, edema or exuda-
tion, and an increased incidence of subcrustal healing 
under the scar. Major complications included subscab 
healing, while minor complications included lower limb 
pain or numbness, edema or exudation, and infection. 
The complications of lower limb incision can be les-
sened by reducing the use of an electrotome, avoiding 
excessive free perivascular tissue, obtaining the GSV of 
the bilateral lower leg instead of that of the thigh, repla-
cing a compression bandage with an elastic bandage 

after the operation, and raising the affected limb.7 It is 
important to note that if there is no infection in the 
incision, no special treatment is needed, since the vast 
majority of the patients will heal spontaneously. 
However, when the incision is infected and necrotic, 
debridement and suture have to be performed promptly.

There are some limitations to the current research. First, 
this study was a single-center study, and although all con-
secutive patients meeting the inclusion criteria were 
included, too many exclusion criteria could still have exag-
gerated the observation effect, and there was also no control 
group. Second, the same patient population was used as the 
study cohort to compare the patency rates of an internal 
mammary artery bridge and a GSV bridge, and although 
the external factors of the coronary artery and bridging 
vessels were the same, it was difficult to avoid the impacts 
of the target vessel and bridge vessel themselves, and the 
number of bridging vessels was not considered. Finally, this 
study only analyzed the early clinical results and the 3-month 
patency rates of the bridging vessels, so long-term follow-up 
is needed to obtain long-term patency rates.
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