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ABSTRACT

  The saphenous vein is the most used conduit for coronary artery 
bypass surgery. However, the patency rate of this graft is inferior to 
the internal thoracic artery patency rate, which is the gold standard. 
Using the conventional technique, the saphenous vein is harvested 
via a large open incision and excised in such a way that causes both 
vascular damage and wound healing complications. Consequently, 
vein graft patency and surgical site infection may be compromised. 
Graft patency is markedly improved when the saphenous vein is 
harvested atraumatically with minimal damage and with surrounding 
cushion of perivascular fat intact. However, despite the improved graft 
performance, wound healing complications and infection remain a 
problem. Although wound healing complication is reduced when 
using endoscopic vein harvesting, there may be a negative impact 
on graft performance. This is due to vascular damage associated 

with application of forces to the vein that are usually avoided in open 
vein harvesting, including traction, adventitial stripping, and venous 
compression. There is evidence to suggest that improved patency 
of endoscopically harvested saphenous veins is associated with the 
surgeon’s experience of the technique. Recently, endoscopic methods 
of harvesting have been described where the saphenous vein is 
removed intact and with minimal vascular damage caused. In addition, 
wound healing complications, infection, and scarring are reduced. 
While the effect of these techniques on vein graft patency have yet to 
be reported, the ability to obtain a superior graft with reduced wound 
complications will be of great benefit to patients undergoing coronary 
revascularization procedures.
  Keywords: Coronary Artery Bypass. Mamary Arteries. Saphenous 
Vein. Surgical Wound Infection. Infections.

Abbreviations, Acronyms & Symbols

BK = Bradykinin NOS = Nitric oxide synthetase

CABG = Coronary artery bypass grafting NT = No-touch

CT = Closed tunnel OT = Open tunnel

EDR = Endothelial-dependent relaxation OVH = Open harvesting

ESC/EACTS = European Society of Cardiology/European Association 
for Cardio-Thoracic Surgery

PVAT 
REGROUP

= Perivascular adipose tissue 
= Randomized Endovein Graft Prospective

EVH = Endoscopic vein harvesting SNP = Sodium nitroprusside

ITA = Internal thoracic artery SV = Saphenous vein

L = Lumen SVG = Saphenous vein graft

NICE = National Institute for Health and Care Excellence VEGF = Vascular endothelial growth factor

NO = Nitric oxide VICO = Vein Integrity and Clinical Outcomes
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INTRODUCTION

  Although the saphenous vein (SV) is the most used conduit 
for cardiac revascularization in patients undergoing coronary 
artery bypass grafting (CABG), its performance is inferior to 
the performance of the internal thoracic artery (ITA)[1–4] and, 
according to some, of the radial artery[5–7]. The SV was introduced 
as a graft over 50 years ago by Favaloro (1968), and, according 
to the methods, “Care must be taken to dissect only the vein, 
avoiding as much as possible the adventitia that surrounds 
it”. When preparing the SV in this manner, the cushion of 
surrounding fat is removed, and the adventitia is damaged[8]. 
In addition, the media, intima, and endothelium are damaged 
during vein harvesting due to a combination of vascular trauma 
and high-pressure intraluminal distention[8,9]. Favaloro’s method 
has been adopted as the favored, “conventional” technique 
where the SV is prepared by open harvesting (OVH) via a large 
incision made in the thigh or calf, a procedure causing scarring as 
well as wound complications in some patients[10,11]. Over 20 years 
ago, in an attempt to reduce these complications, the technique 
of endoscopic vein harvesting (EVH) was introduced[12] where the 
SV is removed, generally via two small incisions of approximately 
5 mm above the knee and a small space created for introduction 
of the endoscope. Carbon dioxide insufflation is often used to 
create a subcutaneous tunnel allowing for an easier separation 
from surrounding tissue, reducing bleeding and facilitating 
visualization. Once removed, the vein is flushed and distended, 
again at high pressure, to visualize side branches and leakage.  
Clearly, EVH requires forces to be applied to the vein that are 
usually avoided in OVH or no-touch (NT) vein harvesting, 
including traction, adventitial stripping, and venous compression, 
conditions that may cause considerable vessel damage[11]. EVH 
has been adopted by cardiac surgeons worldwide, particularly in 
the United States of America, where it was used in approximately 
80% of all CABG procedures in 2005[13]. A number of studies/
trials have been performed comparing the effect of EVH versus 
OVH with conflicting reports regarding the effect of EVH on 
graft patency. To date, only a few short- and mid-term follow-up 
trials comparing EVH and OVH patency have been performed 
with the general consensus being that patency of EVH grafts is, 
at best, comparable to OVH grafts[11]. Indeed, in the most recent 
Randomized Endovein Graft Prospective (REGROUP) trial, clinical 
outcomes of open or endoscopic vein-graft harvesting in CABG 
were assessed[14]. The REGROUP trial, a multicenter, randomized 
trial on a total of 1,150 patients, concludes “…we did not find 
a significant difference between open vein-graft harvesting and 
endoscopic vein-graft harvesting in the risk of major adverse 
cardiac events”[14]. As mentioned previously, vascular damage 
may be caused to EVH SVs used in CABG, a damage that may 
impact on graft performance.

DISCUSSION

Vascular Damage

    While SVs removed by both EVH and OVH have the outer 
pedicle removed and are subjected to varying degrees of 

damage, an atraumatic NT technique has been described (Figure 
1), where the vein is removed completely with its cushion of 
surrounding fat intact[15], and that provides an SV graft (SVG) 
with a patency superior to OVH SVs[16] and comparable to the 
ITA[17,18]. Based on the excellent (> 80% after 16 years) long-term 
patency rates of the NT SVG shown in multiple randomized 
trials, the 2018 European Society of Cardiology/European 
Association for Cardio-Thoracic Surgery (ESC/EACTS) Guidelines 
on myocardial revascularization suggest its use whenever the 
OVH technique is used for SV harvesting in CABG. This was set 
as a Class IIa recommendation with the Level of evidence B[19].

Fig. 1 - Comparison of saphenous veins harvested for coronary 
artery bypass grafting. Examples of saphenous vein explants at 
harvesting: A) No-touch, B) conventional, C) endoscopic, and D) 
no-touch endoscopic. (From Yoshino et al.[61], 2020).

  Since using NT harvesting, the SV is not handled directly by 
surgical instruments but via its cushion of fat, the vein does not 
go into spasm, high pressure distension is not required, and the 
luminal endothelium is mainly preserved[20,21]. The damage to NT 
SV is minimal when compared to that caused to OVH SVs, and 
the few studies reported on EVH SVs with NT SVs essentially 
maintaining a normal architecture[8,9]. These observations are 
suggested to explain the superior performance of NT SVG, since 
damage to various structures and the effect on various tissue- and 
cell-derived factors that are caused when using OVH do not occur 
or are minimized using NT harvesting. Such structures include the 
vasa vasorum[22,23], the endothelium[9,21,24], and vascular smooth 
muscle cells[24,25]. More recently, the role of perivascular adipose 
tissue (PVAT) on graft performance has attracted considerable 
attention, particularly via the so-called adipocyte-derived relaxing 
factor(s)[26,27]. While quite dramatic relaxant or anti-contractile 
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effects of PVAT have been demonstrated in SVs harvested by NT 
vs. OVH SVs[28], we believe that the recent study by Yamada et al. [29] 

is the first to describe a comparison between OVH and EVH SVs.
   Since the introduction of EVH, this technique of preparing the SV 
for CABG has become widespread with over 80% of patients in the 
United States of America undergoing this form of harvesting[13]. 
While there is no doubt of the benefits of EVH regarding improved 
wound healing and reduced wound infection, there is some 
concern over the effect this procedure has on SV structure and the 
potential effect on graft patency. In fact, previous guidance in the 
United Kingdom advised that EVH should only be used with special 
arrangements[30]. However, a more recent National Institute for 
Health and Care Excellence (NICE) advice is that “Current evidence 
on the efficacy and safety of endoscopic saphenous vein harvest 
for coronary artery bypass grafting (CABG) is adequate to support 
the use of this procedure provided that normal arrangements are 
in place for clinical governance, consent and audit” (NICE 2014).
  A greater degree of damage to SVs harvested by EVH would 
be expected since this technique requires forces to be 
applied to the vein that are usually avoided in OVH or NT vein 
harvesting, including traction, adventitial stripping, and venous 
compression[11]. In the past, very few examples of damage to 
EVH SVs were available in the literature but more have appeared 
more recently. Clearly, like SVs harvested by OVH, the perivascular 
cushion of fat is removed (Figure 2) when using EVH. In general, 
most studies that have examined structural changes in SVs 
removed in this fashion have identified considerable damage to 
various regions (Figure 3), including the adventitia, intima, and 
endothelium[31–33], although data from the Vein Integrity and 
Clinical Outcomes (VICO) Randomized Clinical Trial suggests that 
damage is minimal[34]. The VICO trial is the first study to directly 
evaluate the impact of minimally invasive and OVH techniques 
on the collective outcomes of endothelial integrity of the 
graft, clinical outcomes, health-related quality of life, and cost-
effectiveness. This study compared OVH (e.g., conventional) SVs 
with those harvested by closed tunnel (CT) and open tunnel (OT) 
EVH obtained from 300 CABG patients at 100 patients per group. 
Here, the OVH group demonstrated better endothelial integrity 
in random samples (85% vs. 88% vs. 93% for CT EVH, OT EVH, and 
OVH, respectively; P<0.001). However, there were no differences in 
endothelial stretching between groups. In total 2,700 SV samples 
were used and coded to ensure assessor blinding. Different groups 
(n=900) were studied comparing proximal SVs that were non 
distended, distal SVs flushed with 10 mmHg heparinized saline, 
and “random samples” from the remaining excised conduit. Thus, 
the three groups were suggested to represent “the entire vein at 
different stages after harvesting that could be achieved given 
the logistics of the operation”. While assessment was performed 
on a large number of SV sections, only four representative 
examples are illustrated showing varying degrees of endothelial 
disruption that was graded on a scale of 0 to 3 (normal vs. mild, 
moderate, or severe). While these results are presented in a rather 
confusing fashion, the SV sections shown appear to indicate that 
the degree of endothelial damage may be associated with a 
more generalized vascular damage. For example, the SV lumen 
of the section with an intact endothelium exhibits folds similar 
to those harvested by the NT technique (Figure 3) where no 

distension is used. The lumen of those sections with varying 
degrees of endothelial disruption is distended, indicating the use 
of pressure, either at harvesting or during histological processing 
(i.e., similar to conventional SV where high pressure distension is 

Fig. 2 - Conventional endoscopic saphenous vein (SV) graft 
harvesting for coronary artery bypass grafting. Screen shot from 
video footage taken during endoscopic SV harvesting showing 
exposure of the SV, separation of perivascular adipose tissue (PVAT), 
and vasa vasorum (arrows). (From Dashwood et al.[62], 2020).

used). In addition, pronounced patches of CD34 immunostaining 
are present at the adventitial/medial border, presumably of the 
vasa vasorum. The examples shown also indicate that most, if 
not all, of the perivascular fat has been removed. This study was 
an extension/follow-up from the same group published two 
years previously comparing EVH and OVH SV harvesting where 
endothelial detachment was significantly greater in the OVH than 
either the CT or OT endoscopic groups[33]. However, this study was 
performed on a small number of patients, and the histological 
findings should be interpreted with caution. The authors did not 
examine the vasomotor function of the SVG.
 Apart from the histological data, as previously mentioned, the 
study of Krishnamoorthy et al. provides an interesting cost-
effective analysis[34]. The costs of both the endoscopic approaches 
were higher than for traditional OVH, with CT EVH increasing costs 
by £1180 and OT EVH increasing costs by £981 per patient over 
OVH. However, there was a reduction in postoperative costs for 
EVH, CT EVH led to a mean reduction in costs of £814 per patient 
vs. OVH, whereas OT EVH led to a mean reduction of £598. Overall, 
when harvesting cost and downstream costs were combined, 
both EVH methods led to net cost increases over OVH, although 
neither was statistically significant. In conclusion, the authors 
state that harvesting techniques affect the integrity of different 
vein layers, albeit only slightly, and those histological findings 
do not directly contribute to major adverse cardiac event. 
Furthermore, high-level experience with endoscopic harvesting 
performed by a dedicated specialist practitioner gives optimal 
results comparable to those of OVH.
  Any vascular damage will affect a variety of tissue- and cell-
derived factors, impacting on various aspects of SVG performance 
including platelet aggregation, vascular smooth muscle cell 
proliferation, neointimal hyperplasia, and vasoreactivity[8,35].

Kopjar T & Dashwood MR  - Towards Endoscopic No-Touch Saphenous 
Vein Graft Harvesting in Coronary Bypass Surgery

Braz J Cardiovasc Surg 2022; 37 (Special 1): 57-65



60
Brazilian Journal of Cardiovascular Surgery 

Vascular Function

  In the last 30 years, a number of in vitro studies examining 
the vasoreactivity of conduits used in CABG have been 
published[36–38] with many recently focusing on the potential 
role of perivascular fat[28,29,39]. While these studies have shown 
varied effects of perivascular fat on OVH vs. NT SV segments 
in vitro, as far as we are aware, only one recent study has 
used segments of SVs removed by EVH[40]. Here, nitric oxide 
(NO)-mediated endothelial-dependent relaxation (EDR) in 
vein segments harvested for lower extremity bypass using 
open surgical techniques was compared with that with EVH 
techniques. Endothelial dependent relaxation was determined 
using bradykinin (BK), and endothelial-independent relaxation 
was confirmed using sodium nitroprusside (SNP). Mean percent 
relaxation for BK concentration showed a statistically significant 
improved EDR in EVH samples compared with OVH SVs and mean 

nitrite/nitrate tissue bath concentration measurements post-BK 
were significantly higher in EVH vs. OVH SVs. In addition, Factor 
VIII immunohistochemistry staining showed that endothelial 
integrity was preserved and was similar in both the EVH and 
OVH groups. Taken together it was concluded that endothelial 
function is preserved when using EVH, and that the advantages 
of minimally invasive vein procurement for lower extremity 
bypass can be obtained without concern for damaging venous 
endothelium. While SVs in this study were used as lower 
extremity grafts, the histological data is in general agreement 
with similar studies where SVs were used in CABG, suggesting 
that endothelial integrity is similar whether SVs are harvested by 
OVH or EVH[40].
  Conflicting data from PVAT/SV organ bath studies have been 
reported with some suggesting PVAT to possess anti-contractile 
actions and with others suggesting that PVAT-derived factor(s) 
are contractile[29]. This study was on small patient numbers, 
using myography, showing that contractions to phenylephrine 
were greater in NT SVs than in OVH SVs, and that this effect was 
“eliminated” when SVs were harvested using electrocautery.  
Here, NT SVs were used in organ bath studies where percent EDR 
to BK was “similar” between NT and OVH SV. When using the NO 
synthetase (NOS) inhibitor L-NAME, endothelium/NO-dependent 
relaxation in NT vs. OVH was said to be “equivalent”. Furthermore, 
there was more contraction at lower concentrations of SNP in 
the NT group, and relaxation at higher concentrations of SNP, 
when compared to OVH SV. This group also used endothelial 
NOS immunohistochemistry to assess SV stimulation by vascular 
endothelial growth factor (VEGF) at different time periods after 
harvesting. Densitometric analysis was used to determine the 
response to VEGF where the NT group was significantly better than 
the conventional OVH group at five and 60 minutes. Interestingly, 
as reported by others, by exchanging organ bath medium, the 
authors provide evidence for a transferable anti-contractile 
effect of PVAT[29]. Based on their data, this group concluded 
that “the NT technique is suggested to be advantageous for 
preserving the functions of vasoconstriction and relaxation”. 
Also, it was suspected that PVAT maintains vascular tone by 
releasing vasoconstrictive factors. However, in both studies 
by Wheeler et al.[40] and Yamada et al.[29], patient/SV segment 
numbers are low, and illustrations of SV histology indicate 
vascular damage to veins has occurred and are of poor quality.
  There is a consensus that PVAT releases anti-contractile 
factors, based on early studies performed 30 years ago[41] 
and discussed in a number of review articles[26,27,42–44]. While 
many studies into the effects of PVAT have been performed in 
rats or other experimental species[41,45,46], there are those that 
have been performed specifically on vessels used as bypass 
conduits in CABG. In general, these studies focus on the two 
main vessels used for myocardial revascularization, ITA[39,47] and 
SV[26–28,48]. Apart from their anti-contractile properties, certain 
PVAT-derived factors may possess additional actions beneficial 
for graft performance. For example, NOS has been identified 
in PVAT of NT SVG sections with tissue extracts exhibiting the 
ability to generate NO[9]. Preserving PVAT was predominantly 
involved in the superior nitrogen oxides production in NT 
when compared to conventional SVG[49]. The preservation of 

Fig. 3 - Histological appearance of saphenous vein grafts prepared 
using different techniques of harvesting. Top sections stained for 
muscle layers. A) Transverse section of a no-touch saphenous vein 
graft with perivascular adipose tissue. (From Dashwood et al.[9], 
2009). B) Transverse section of endoscopic no-touch saphenous 
vein graft with perivascular adipose tissue intact. (From Yoshino 
et al.[61], 2020). C) No-touch saphenous vein with intact luminal 
endothelium, adventitia, and perivascular fat. (From Dashwood 
et al.[8], 2013). D) Conventional saphenous vein with endothelium 
and adventitia damaged and perivascular adipose tissue removed. 
(From Dashwood et al.[8], 2013). *=perivascular adipose tissue; 
arrowhead=adventitia; arrow=luminal endothelium.
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this source of NO potentially contributes to reducing spasm 
at harvesting and vasoconstriction post implantation as well 
as preventing platelet aggregation, thrombus formation, and 
neointimal hyperplasia, processes underlying both early- and 
late-stages of graft occlusion[9,26,27]. Since NO plays crucial roles 
in suppressing atherosclerosis, this mechanism may greatly 
contribute to the excellent patency in NT SVG. In addition to 
its vasoactive properties, PVAT also has a mechanical role in 
improving SVG performance where this external cushion not 
only protects the graft against the effects of increased coronary 
artery hemodynamics, but also provides support and prevents 
kinking in grafts of excessive length[26,27,50,51]. This natural property 
of PVAT appears not to have been considered, or has been 
overlooked, since there have been various strategies aimed 
at replacing the cushion of surrounding fat that is removed 
when using conventional OVH. For example, this prominent 
outermost vessel layer not only prevents the SV from going 
into spasm at harvesting but also protects the endothelium 
against intraluminal pressures of 300 mmHg[8,9]. Various artificial 
methods of providing artificial support to conventional SVs 
have been studied, ranging from the use of a monofilament 
knitted tube[52] and fibrin glue[53]  to “extents” made of Dacron[54] 

and of braided cobalt-chromium-nickel-molybdenum-iron alloy 
fibers[51,55]. The rationale for using external stents on damaged 
conventional SVG ranges from providing mechanical support 
to protection against the effect of arterial hemodynamics and 
the stimulation of angiogenesis[51]. One might question the 
reason for introducing such strategies that may be technically 
challenging, costly, and potentially harmful to patients 
undergoing CABG. For example, the external stent that showed 
such promise in an experimental pig model proved disastrous 
in the Extent trial where all extent SVG were thrombosed, but 
non-stented SV and internal mammary artery grafts remained 
patent[56].

Leg Wound Healing

  The three most used techniques for harvesting the SV today 
are completely open, bridged, and endoscopic techniques. In 
OVH, the SV is exposed using extensive skin incisions thereby 
providing superior access and visualization of the SV. However, 
with OVH, there is an increased risk of wound complications 
and postoperative pain. The bridged technique involves 
performing two or three step incisions over the course of the 
vein, dissecting as in OVH but with branches divided in situ and 
ligated once the SV is explanted. Endoscopic vein harvesting is a 
minimally invasive technique where the SV is explanted through 
a small incision on the skin resulting in reduced postoperative 
morbidity and improved patient satisfaction.
   Mainly, there are two commercially available systems for EVH. 
A CT system, also known as a sealed system, occludes the access 
site with a balloon and insufflates the dissection tunnel with CO2 
at up to 12-mmHg pressure. The OT system, also known as a non-
sealed system, does not occlude the access site or pressurize the 
dissection tunnel. Both systems allow for a clear vein visualization, 
mobilization, and branch ligation. The vein branches can be either 
clipped or cauterized. For either system, in EVH, a small incision 

is made just above or below the knee depending on the length 
of vein required for surgery. The endoscope is usually equipped 
with a sharp, clear dissecting cone on the tip, or a blunt spoon-
like retractor. It is inserted through the skin incision. After a few 
centimeters of anterior dissection, the balloon is inflated to seal 
the incision port in the CT system. The vein is dissected from the 
surrounding tissues anteriorly and posteriorly until reaching the 
femoral junction in the groin. The vein side branches are usually 
ligated or clipped once removed from the leg. Endoscopic vein 
harvesting is associated with reduced scarring and postoperative 
pain, reduced inflammation and infection, and greater patient 
mobility[34]. If performed by experienced surgeons, it should be 
considered to reduce the incidence of wound complications. This 
is a Class IIa, Level A recommendation from the 2018 ESC/EACTS 
Guidelines on myocardial revascularization[19].
   The excision of surrounding tissues and the creation of skin flaps 
by the NT technique of SV harvesting are commonly debated to 
lead to more extensive tissue damage. Studies have reported a 
higher rate of SV harvesting site infection in patients receiving 
the NT technique[16,57,58]. These rates vary between studies from 
about 10 to 25%. The NT technique requires more meticulous 
intraoperative incision closure and postoperative wound 
management. However, these wound complications are mostly 
mild and less likely to affect long-term life function or quality[16,25].
 A recent study by Hayashi, Kashima, and Yoshikawa (2020) 
describes a technique, similar to NT SVG harvesting, employing 
an electrothermal bipolar vessel sealing device via small 
incisions[59]. The SVG was harvested with a pedicle of surrounding 
tissue approximately 5 mm in size intact and preserving a normal 
intima, media, adventitia, and vasa vasorum as confirmed by 
histological analysis. This technique is suggested to combine 
the potential advantages of minimally invasive endoscopic 
harvesting using bipolar electrothermy and the improved 
patency of NT SVG[59]. A more recent study by this group provides 
video footage demonstrating an endoscopic NT SVG technique 
(Figure 4) employing a reusable SV retractor system without CO2 
insufflation and an electrothermal bipolar vessel sealing device. 
An initial ultrasonographic course mapping was used to evaluate 
unusable varicose or very small veins. A 3-cm incision was made 
in the upper knee, parallel to the vein, and a subcutaneous 
tunnel was created under videoendoscopic control. Endoscopic 
dissection of the NT SV and side branches was then performed 
using an electrothermal bipolar vessel sealing device[60]. Another 
study from a Japanese group also describes a form of endoscopic 
NT SV harvesting, where the SV is harvested complete with 
perivascular tissue intact. It is performed via a 3-cm skin incision 
made at the medial side of the thigh, just above the knee, using 
Vasoview Hemopro 2 Endoscopic Vessel Harvesting System 
(Getinge AB, Göteborg, Sweden)[61]. An important aspect of this 
study is that histological examinations of the unused portion 
of the SVG confirmed the preservation of perivascular tissue. 
Here, the histology revealed the appearance of intimal folding, 
the presence of perivascular connective tissue, and PVAT with 
electron microscopic examination (Figure 5) showing a patent 
vasa vasorum[61]. In the small number of patients in this study, 
none experienced surgical site infection and antibiotic treatment 
was not required, and any minor complications were short-lived. 
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Fig. 5 - Histology findings of no-touch and endoscopic saphenous 
vein grafts for coronary artery bypass grafting. Left panels show 
representative transverse sections of no-touch (A) and endoscopic 
no-touch (C) saphenous vein grafts with preserved perivascular 
adipose tissue (*), a folded intima (small arrow), a thick intima 
(continuous line), and an intact/undamaged adventitia (broken line). 
Right panels show transmission electron microscopy images of open 
adventitial vasa vasorum lumen (L) containing erythrocytes (small 
arrow) in no-touch (B) and endoscopic no-touch (D) saphenous vein 
grafts. (A from Dashwood et al.[9], 2009; B from Ahmed et al.[24], 2004; 
C and D from Yoshino et al.[61], 2020).

Authors’ Roles & Responsibilities

TK Substantial contributions to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data 
for the work; drafting the work or revising it critically for 
important intellectual content; agreement to be accountable 
for all aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved; final approval of 
the version to be published

MRD Substantial contributions to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data 
for the work; drafting the work or revising it critically for 
important intellectual content; agreement to be accountable 
for all aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved; final approval of 
the version to be published

No financial support.  
No conflict of interest.

Given the marked improvement in NT SVG patency and the 
reduced leg wound complications when using EVH, these recent 
studies may pave the way towards a greater use of NT SVG, 
securing its position as the second conduit of choice for CABG[62].

CONCLUSION

  The SV is the most used conduit for revascularization in patients 
undergoing CABG. The patency of conventional SVG is affected 
by vascular damage caused at harvesting but is improved 
dramatically when the vein is prepared with minimal trauma 
using the NT SV harvesting technique. However, in both cases 
the SV is removed via large open incision, a situation leading to 
wound infection, wound healing problems, and scarring. These 
surgical site problems are overcome using EVH, where the SV is 
harvested through small incisions using specialized instruments 
under video control. The limited visual field and other conditions, 
such as traction and handling by instruments associated with 
EVH, may cause damage to the SV, a damage that affects graft 
performance. There is an overall shortage of properly designed 
prospective randomized studies comparing long-term graft 
performance of EVH vein grafts. Recently, a number of modified 
EVH procedures have been introduced that protect SV structure 
and reduce wound healing complications, infection, and scarring.  
To date, no follow-up patient studies have been reported using 
these EVH NT SVG techniques. It is important for such trials to be 
conducted to determine their effectiveness in producing superior 
SVG for CABG with minimal surgical site problems.

Fig. 4 - No-touch endoscopic saphenous vein (SV) graft harvesting. 
Screen shot from a video footage taken at harvesting where 
perivascular adipose tissue (*) remains intact surrounding the SV. 
(From Hayashi et al.[60], 2020).
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