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Introduction

Coronary artery bypass grafting is the most common 
cardiac surgical procedure performed worldwide and 
is the definitive treatment for ischaemic heart disease. 
Where medical management and percutaneous coronary 
interventions can alleviate symptoms of stable angina, 
bypass grafting is unique in that it also confers a prognostic 
advantage in most patients. This benefit is thought to be 
related to the anastomosis of the left internal mammary 

artery to the left anterior descending coronary artery 
(LIMA-LAD) (1). The use of the long saphenous vein 
predominates worldwide for the remainder of non-
LIMA-LAD bypasses, despite the fact that arterial 
conduit demonstrates three- to four-fold improvements 
in long term patency compared to venous conduit (2). A 
multitude of factors related to patient, surgeon and hospital 
environments dictate the long-standing popularity of the 
long saphenous vein. The right internal mammary artery, 
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which may be the second most reliable conduit after the left 
internal mammary, has seen poor adoption because of the 
increased risk of sternal dehiscence and deep sternal wound 
infection with use of bilateral internal mammary arteries. 
The additional surgical time by not having two concurrent 
conduits being harvested is also thought to limit greater 
use of two mammary arteries. The radial artery has been 
demonstrated to approach the patency of the right internal 
mammary artery without sacrificing sternal stability, but is 
prone to spasm, especially where competitive flow exists. 
Moreover, it might not be suitable when the coronary 
artery is not severely stenosed (90%) and may be more 
prone to late graft failure in such circumstances (3).  Its use 
is therefore limited to vessels with tight proximal stenoses, 
and, due to its limited length, may not be suitable for all 
target vessels. A trend towards radial artery catheterisation 
for coronary angiography, percutaneous intervention and 
arteriovenous fistula formation for haemodialysis may also 
limit the use of the radial as conduit (4). The right gastro-
epiploic artery (GEA) is an effective conduit with excellent 
patency rates, and is popular in Asia where surgeons tend 
to be more familiar with the harvesting and management of 
this conduit, but it has never been widely used in Europe or 
the Americas.

Consequently, the long saphenous vein, which is 
abundant and technically undemanding to harvest, is 
the preferred second conduit for the majority (86%) of 
surgeons (5). Harvesting can be performed without the 
use of specialist equipment and is the conduit of choice 
in emergencies where revascularisation is required 
expeditiously. 

Early history of endoscopic vein harvest

The full saphenectomy wound is the longest used in any 
surgery, with harvest lengths up to 85cm (6). This can 
confer significant morbidity to patients, affecting a quarter 
to a third of patients who have an open surgical harvest 
and adding substantially to the cost of wound care in the 
post-operative period (7,8). In the mid-nineties, Lumsden 
et al. described the first steps towards reducing the impact 
of the saphenectomy wound with endoscopic vein harvest  
(EVH) (9). Although the procedure took longer than 
conventional harvest, results were promising with low 
complication rates (especially considering the learning curve 
associated with the new technique) and excellent patient 
feedback. Within 2 years, the procedure was three times 
as fast (10) and reduced leg wound infections by 80% (11).  

Patients with minimally invasive vein harvest also went 
home four days sooner than patients with open harvest (12).  
Attempts to perform less-invasive saphenectomy without 
the use of specialised technology were less effective: 
the “bridging” technique took longer to open, harvest 
and close than EVH (13) and time to ambulation and 
length of hospital stay were still superior with endoscopic 
techniques (14). Even in patients at high risk of leg wound 
complications, the EVH procedure was seen to produce 
excellent results, negating some of the risk factors (15,16) 
and one study even determined that the only risk factor for 
leg wound complications was the open vein harvest (OVH) 
technique (17). Five-year event-free survival was found in 
a small randomised controlled trial to be no different with 
EVH compared with open vein harvest (18). 

By 2005, it was the consensus of the International Society 
of Minimally Invasive Cardio-Thoracic Surgery (ISMICS) 
that EVH should be the standard of care for saphenous vein 
harvest, citing it as a Class I, Level B recommendation (19).  
The first systematic review and comprehensive meta-
analysis on EVH demonstrated that it significantly 
improved wound infections, wound complications, surgical 
reintervention rates, hospital length of stay and readmission 
rates (20). This was at the cost of an additional 15 minutes 
in theatre. Uptake was prompt, especially in North America 
where 70% of vein harvest was performed by EVH by 2008, 
with an apparent strong patient and physician preference 
for “keyhole” techniques.

EVH graft patency and clinical outcomes

In 2009, a subgroup analysis of the PREVENT IV trial 
implied an increased rate of vein graft failure, defined 
as stenosis of ≥75%, when conduit was harvested 
endoscopically (21). At 12 to 18 months following bypass 
grafting, 46.7% of EVH compared to 38.0% of open vein 
harvest had failed. At three years, this translated to an 
adjusted hazard ratio of 1.22 (95% CI: 1.01–1.47) for death, 
myocardial infarction or repeat revascularisation. The 
hazard ratio for death alone was 1.52 (95% CI: 1.13–2.04).  
In the United Kingdom, this led to the National Institute 
for Clinical Excellence (NICE) making immediate 
recommendations that patients should only be offered EVH 
in units already offering the service, and only then provided 
specific consent was sought from patients, informing 
them of the increased risks of graft failure and death. Two 
cohort studies from established EVH centres were quick 
to demonstrate that there was no evidence of increased 
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mortality, repeat revascularisation or return of symptoms in 
their populations (22,23).

A second subgroup analysis, of the Randomized On/Off 
Bypass (ROOBY) Trial, also suggested a higher vein graft 
occlusion rate with EVH at 1 year [25.5% vs. 14.8%, relative 
risk 1.14 (95% CI: 1.09–1.20)], associated with a higher 
repeat revascularisation rate (6.7% vs. 3.4%) (24). Critics 
noted that the trials, both sub studies of RCTs designed 
to answer different clinical questions, were never intended 
to examine the effects of EVH on graft patency and major 
clinical outcomes, and had been conducted at a time early in 
the national uptake of endoscopic techniques (25). 

Real world studies refuting the findings of the both the 
PREVENT IV and ROOBY subgroup analyses continued 
to accumulate. A retrospective, non-randomised study 
of 8,542 patients from New England demonstrated a 
mortality benefit to patients undergoing EVH (26). A large 
population study of EVH examining nearly a quarter of 
a million patients also showed no difference in long-term 
survival (27). The size of this study would go on to weight 
the results of a number of subsequent systematic reviews in 
support of its findings.

One such study, a 2013 meta-analysis, was relied upon by 
NICE to confirm the long-term safety of EVH (28). The 
median follow-up in the trials included in this review was 
22.5 months and demonstrated no increased risk of death 
in the EVH group to that time point. There was a trend 
towards increased revascularisation in the EVH in that 
period (standardised risk ratio 1.16, 95% CI: 0.99–1.36, 
P=0.06), but did not reach statistical significance.

Two small trials randomising patients to either endoscopic 
or open vein harvest (rather than subgroup analyses of trials 
randomising to other treatments) have been performed 
in which graft patency was later assessed. Yun et al.  
randomised 200 patients and undertook angiography at  
6 months. Occlusion rates were 21.7% in the EVH group 
and 17.6% in OVH group. Logistic regression did not 
identify endoscopic vein harvest to be a risk factor for vein 
failure (29). A Danish group since published long-term 
results of their randomised controlled trial, with a median 
follow-up of 6.3 years, but had only 66 patients in the 
endoscopic vein harvest arm of the study. They found, in a 
sample of the study group, that EVH was associated with 
a reduced graft patency (42% vs. 6%) although this was 
not related to an increase in angina, myocardial infarction 
or mortality (30). A recent patient-level data meta-analysis 
using only EVH from experienced centres identified that 
endoscopic harvest might even reduce the risk of graft 

failure (31). 
In response to the overwhelming evidence that EVH 

was not associated with increased mid-term mortality or 
revascularisation, the National Institute for Health and 
Care Excellence (NICE) published guidance in 2014 
supporting the use of endoscopic vein harvest (32). Despite 
this change in the guidance, uptake of EVH in the UK has 
remained low with less than 20–30% of patients undergoing 
EVH. This is because of persistent concerns about vein 
graft patency. 

Several attempts have been made to synthesise the 
existing studies on endoscopic vein harvest mid-term 
outcomes. The quality of the source data is invariably 
heterogenous and authors of different meta-analyses have 
differed in which material to aggregate (28,33,34). More 
contemporaneous studies where operators have accumulated 
experience and are using later generation devices seem to 
indicate superior patency and mid-term outcomes (35). 
The learning curve effect is therefore important to consider 
when comparing EVH with the open technique (36).

The REGROUP randomised controlled trial (37) was 
the only large, multi-centre study adequately powered to 
confidently address concerns about the mid-term clinical 
outcomes with endoscopic vein harvest. A total of 1,150 
patients were followed up for 2.78 years and the primary 
composite endpoint (major adverse cardiac events, nonfatal 
myocardial infarction and repeat revascularisation) occurred 
in 15.5% in the open harvest group and 13.9% in the 
endoscopic vein harvest group (hazard ratio 1.12, 95% CI: 
0.83–1.51). This study pre-specified a minimum level of 
expertise from the endoscopic vein harvesters defined as 
>100 harvests performed in an EVH program of at least  
2 years, with <5% conversion to open. The patients 
were well matched for baseline characteristics, including 
coronary disease burden with equivalent SYNTAX scores, 
addressing many of the concerns raised by previous studies. 
It was felt that graft patency was an imperfect surrogate for 
clinical events and that the essential safety concerns about 
EVH had been answered. 

Nonetheless, the authors emphasise that the exclusion of 
off-pump coronary artery bypass grafting (by design) and 
non-touch open saphenous vein harvest (by coincidence) 
may limit the application of these findings. 

Benefits and risks

The in-hospital advantages on pain, wound infection and 
hospital length of stay of EVH have been well established 
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through multiple randomised and observational studies. 
Meta-analysis shows a nearly five times reduction in the 
incidence of infections (38). Long term follow-up has 
indicated a reduced vein graft patency but apparently 
with no resulting effects on angina recurrence, repeat 
revascularisation, major adverse cardiac events or  
mortality (39). These findings have been aggregated in a 
number of systematic reviews, summarised in Table 1.

Following discharge, return to normal activities of 
daily living is much quicker with EVH (median 6, range:  
2–30 weeks) compared to OVH (median 9, range:  
2–50 weeks) and even at two years follow-up, quality of life 
scores for physical health are higher with endoscopic vein 
harvest (45.3±10.2 vs. 40.7±11.0) (36).

Surgical technique

Vein mapping

The use of vascular ultrasound to delineate subcutaneous 
anatomy prior to skin incision has been described since the 
early period of EVH (40). Pre-operative conduit planning 
has been shown to reduce unnecessary incisions even for 
open vein harvest and thus expedites surgical conduit 
harvest times (41). Prior to endoscopic vein harvest, 

therefore, ultrasound assessment of the long saphenous 
vein to assess for calibre, varicosities, side-branches and 
surface anatomy is normally undertaken (Figure 1). This 
is increasingly utilised for both endoscopic and open vein 
harvest. Having identified the vessel along its course, the leg 
is prepared and draped as for open harvest, which remains 
the bailout. 

Endoscopic vein harvest

A 2–3 cm transverse incision is made over the vessel at the 
knee and blunt dissection employed to identify the vein. 
Prior to introduction of the instrument port, 5,000 U 
unfractionated heparin is given via the central line to reduce 
the risk of thrombosis during harvest. Several manufacturers 
offer equipment for EVH (Figure 2), with small differences 
in the methodology for harvest, but most follow the same 
principles. The dissection tunnel is insufflated with CO2, 
infused via the instrument port at a rate of 3 L/min (Figure 3).  
This creates a potential space in which the working 
instruments can be manipulated around the vein, and can 
be either a closed or open tunnel depending on the device 
used and whether the inflatable cuff on the working port 
is engaged. A 10mm 0° camera is mounted with a blunt 

Table 1 Benefits and risks of endoscopic vein harvest from four meta-analyses (28,33-35)

Complication Risk of EVH Favours

Pain (a) WMD −1.26 (95% CI: −2.07 to −0.44); (b) SMD −1.48 (95% CI: −2.38 to −0.59) EVH

Wound Infection (a) OR 0.27 (95% CI: 0.22–0.32); (b) RR 0.31 (95% CI: 0.23–0.42) EVH

All cause wound complications (d) OR 0.19 (95% CI: 0.12–0.30) EVH

Length of hospital stay (a) WMD −0.6 days, 95% CI: −1.08 to −0.12 EVH

30-day mortality (b) RR 0.71 (95% CI: 0.56−0.90); (d) OR 0.98 (95% CI: 0.48–1.99) EVH or no difference

Conduit injury (d) OR 0.73 (95% CI: 0.18–1.28) No difference

Vein graft stenosis (a) OR 1.38 (95% CI: 1.01−1.88); (b) RR 1.19 (95% CI: 1.05–1.34);  
(d) OR 1.25 (95% CI: 1.09–1.43)

OVH

Vein graft occlusion (b) RR 1.39 (95% CI: 1.11–1.75) OVH

Long term graft patency (d) OR 0.15, 95% CI: 0.04–0.61 OVH

Angina recurrence (b) OR 1.06 (95% CI: 0.49–2.25); (c) OR 0.91 (95% CI: 0.37–2.26) No difference

Repeat revascularisation (b) OR 1.16 (95% CI: 0.99–1.36) No difference

Mid-term mortality (b) OR 0.90 (95% CI: 0.79–1.03); (c) OR 0.80 (95% CI: 0.50–1.27) No difference

Major adverse events (d) OR 1.01 (95% CI: 0.54–1.90) No difference

EVH, endoscopic vein harvest; OVH, open vein harvest; WMD, weighted mean difference; CI, confidence interval; OR, odds ratio; RR,  
relative risk; NA, not assessed. (a) Deppe 2013 (34), (b) Sastry 2013 (28), (c) Kodia 2018 (33), (d) Li 2019 (35).
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conical tip through which the operating field is visualised 
and which also serves as a dissecting tool with which to push 
tissues off the vein with low risk of perforating the vessel 
or avulsing side branches. The position of the dissecting 
tool in relation to the surface anatomy is noted by palpation 

of the conical tip and transillumination through the skin. 
Once the vein has been systematically dissected anteriorally, 
posteriorally, laterally and medially, the dissecting tip is 
exchanged for a clamp with a cautery energy source. The 
vessel is retracted and side branches cauterised and divided 
as far from the saphenous vein as possible (Figure 4). Once 
these are all been divided, a stab incision at the groin or 
medial malleolus allows a vascular forceps to clamp and 
divide the far-end (either proximal or distal to the knee) of 
the vein prior to withdrawing the conduit by gentle traction 
at the knee. The free ends of the vessel can be ligated prior 
to wound closure and application of a compression bandage.

During this procedure, there are several potential 
sources of trauma to the long saphenous vein. If the blunt 
conical dissecting tool is not in the correct tissue plane, 

Figure 1 Images from pre-operative ultrasound scanning of long saphenous vein. (A) The vein in short axis; (B) a side branch appearing in 
long axis; (C) a vein in short axis measuring 0.96 cm with calipers—this could be a varicosity, a patulous vein or a confluence of vessels.

Figure 2 Endoscopic vein harvesting equipment from various 
manufacturers. (A) VasoView Hemopro 2 (Getinge AB, Sweden) 
(Image© Getinge, used with permission); (B) Vascuclear (LivaNova, 
London, UK) (Image© LivaNova, used with permission); (C) 
VirtuoSaph® Plus (Terumo, Tokyo, Japan) (Image© Terumo 
Cardiovascular, used with permission).

Short axis
saphenous vein

Short axis
saphenous vein

Long axis
side branch

Wide-looking
saphenous vein

with calipers

A B C
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C

Figure 3 A view through an endoscope at the CO2-insufflated 
dissection tunnel for the long saphenous vein (white arrow). A side 
branch can be seen extending superficially (black arrow). (Image© 

Getinge).



1904 Akowuah et al. Endoscopic vein harvesting

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(3):1899-1908 | http://dx.doi.org/10.21037/jtd-20-1819

Figure 4 The long saphenous vein is retracted using the device 
C-arm distally in the tunnel (white arrow), while a side branch is 
cauterised and transected (black arrow). (Image© Getinge).

the adventitia of the vein can be stripped, or the vein 
partially or completely perforated. Small side branches may 
be avulsed instead of pushed aside. The ligating energy 
source may generate thermal damage to the vessel, or 
the side branches may be divided too close to the vessel. 
Additionally, the retracting loop or arm of the device may 
over-tension the vein, affecting the endothelial integrity. 
Some of these injuries may be apparent as macroscopic tears 
or haematomas in the vessel which can be excluded, but 
occult injury affecting the vasoactive properties of the vein 
may present at a later stage with patency issues.

Economic impact of endoscopic vein harvest

In lower-extremity bypass, EVH leads to a significant cost-
benefit, derived from reduction in wound complications, 
improvements in ambulation and earlier discharge (42).

If including the costs of training and the effects of the 
learning curve, endoscopic vein harvest for coronary artery 
bypass does not initially look economically viable (43). 
Excluding the capital costs of the learning curve, however, 
the first randomised controlled trial to look at the economic 
impact of endoscopic versus open vein harvest found no 
statistically significant difference in the costs (44)—but the 
technique at the time was in its infancy and contributed an 
additional 72 minutes to the operating time. With skilled 
operators now harvesting as fast as (or faster than) the open 

technique, this may now favour endoscopic vein harvesting.
The only systematic review of economic viability 

demonstrated a benefit to performing EVH not only in 
hospital costs, but also in quality-adjusted life years for the 
patient (45). As expected, the benefit of EVH diminishes 
as the length of the incision spared is reduced (43), so 
saphenous vein harvest for single lengths would not 
contribute to savings made elsewhere. The only British 
cost-benefit analysis of EVH demonstrated substantial 
savings in high risk patients made from avoidance of 
outpatient wound care (8). In a cohort of 100 patients, the 
overall cost saving by performing EVH was £42,778. 

Sequalae of endoscopic vein harvesting

Macroscopic injury

During the learning curve, macroscopic traction, 
perforation and thermal injuries can be increased during 
endoscopic vein harvest. With increasing experience, these 
should reduce. Meta-analysis has shown that there is no 
difference in gross conduit injury (35).

Microscopic injury

Some early studies found no statistically significant 
difference in the histological appearances of vein harvested 
endoscopically versus that taken from a longitudinal open 
incision (46-48). One even suggested that the endoscopic 
technique had benefits on the intimal integrity (49). The 
single centre, randomised, controlled Vein Integrity and 
Clinical Outcomes (VICO) trial (50) looked at endothelial 
integrity, muscular morphology and major adverse clinical 
outcomes at 48 months following closed- and open-
tunnel EVH and OVH. Open vein harvest, utilising a no-
touch method and preserving adventitia and perivascular 
fat, demonstrated superior endothelial integrity and 
less muscular stretching and hypertrophy in the open 
vein harvest. This did not, however, translate to clinical 
differences in outcome at 4 years follow up.

Rousou et al. also suggested that even in the absence 
of histological changes, there was an increased rate of 
functional endothelial changes with EVH (51). The 
authors hypothesised that there might be further long-term 
issues with patency. Caveats to this research were that the 
endoscopic vein harvest experience in this institution was 
not described, raising the possibility of an effect of the early 
part of the learning curve. The results were not replicated 
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by another group (52). Subsequent work confirmed that 
early harvests are subject to more surgical trauma than 
those taken by experienced operators (53). Although 
endoscopic vein harvest is associated with more endothelial 
stretch, open vein harvest has more endothelial detachment 
and EVH has overall better histologically preserved 
endothelium (54).

Discussion

A number of interrelated factors determine the short- and 
long- term patency of coronary artery bypass grafts. Patient 
factors such as coronary anatomy, extent of disease, distal 
runoff and co-morbid conditions such as renal impairment 
tend to be relatively fixed. Other comorbidities can be 
optimised by lifestyle or medication changes (e.g., diabetes, 
dyslipidaemia, smoking status). Surgical factors including 
use (or not) of the cardiopulmonary bypass machine, choice 
of conduit and surgeon experience may also be modifiable. 

Some methods have been shown to significantly improve 
long term patency rates of the long saphenous vein, 
approaching those of arterial conduit (55). A no-touch 
technique, harvesting the saphenous vein with a fatty pedicle, 
respects the saphenous vein as more than just an inert 
tube and preserves its endocrine and vasoactive properties. 
This has been shown to substantially improve patency 
(56-58). Allied with transit-time flow measurements (55)  
to reduce early technical anastomotic failures and secondary 
prevention medications, saphenous vein graft patency can 
be excellent. 

In practice, however, most open saphenous vein grafts 
harvests are still performed skeletonised without a no-touch 
technique (37) and intra-operative graft assessments are 
uncommon. This may impair the long-term patency—which 
is seldom assessed outside of clinical trials. Whereas the 
LIMA-LAD graft is thought to be singularly responsible for 
improved life expectancy following coronary artery bypass 
grafting, the effects of occluded grafts elsewhere on the 
heart is less clear. Few studies have examined the long-term 
clinical outcomes such as mortality, repeat revascularisation 
or symptom recurrence associated with graft occlusion, and 
systematic review indicates that the data is heterogenous 
and difficult to aggregate (59). The clinical effects of failing 
saphenous vein grafts in the context of patent LIMA-LAD, 
therefore, are difficult to know: studies may have been 
underpowered to detect small differences and many did 
not include angina recurrence as a late outcome. This is an 
outcome that is extremely important to patients.

T h e  E S C / E A C T S  G u i d e l i n e s  o n  c o r o n a r y 
revascularisation from 2018 recommend EVH (Class IIa 
recommendation, Level of Evidence A) as a means to reduce 
the incidence of wound complications (60). The same 
guidelines recommend that, where the open harvest method 
is employed, the no-touch technique should be considered 
(Class IIa, Level B). These recommendations, virtually the 
antithesis of each other in terms of their clinical priorities, 
typify the difficulty in balancing short- and long-term risks 
and benefits for patients.

Conclusions

Endoscopic vein harvest came under a pall nearly a decade 
ago, with concerns about mid-term patency and survival. 
There were no doubts about the short-term benefits of 
improved wound healing, faster return to activities of 
daily living and improved quality of life, and the technique 
appeared to be economically viable. It has now also been 
convincingly demonstrated that, in experienced hands, there 
is no increase in major adverse cardiac events or mortality 
and that the procedure is as safe in the mid- to long-term. 
Its impact on vein graft patency is yet to be accurately 
determined.
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