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The No-touch Saphenous Vein Graft in Coronary Artery Bypass Surgery. Towards a New Standard?
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3Department of Cardiovascular Surgery, Hospital Israelita Albert Einstein, Goiânia, Goiás, Brazil.

4Department of Cardiothoracic and Vascular Surgery, Faculty of Medicine and Health, Örebro University, Sweden.

 

Saphenous vein grafts, along with the left internal thoracic artery graft, are the hallmark of coronary artery bypass grafting (CABG). Grounded on vast and landmark evidence, this technique remains a successful strategy for decades, with a significant advantage over medical or percutaneous intervention in treating advanced coronary artery disease (CAD), affording patients improved survival, reduction of myocardial infarction rates, and relief on angina symptoms.

However, the superior outcomes seen in coronary surgery are directly related to the graft’s ability to remain patent over the long term, averting spontaneous myocardium infarction, the main cause of death in CAD patients, besides relieving angina.

Offering the possibility of enhanced graft patency is consequently crucial for extending benefits and prolonging survival. Recently, tremendous efforts have been made in such a direction, pushing for wider utilization of arterial grafts. But the multiple arterial grafts (MAG) strategy has been met by coronary surgeons with skepticism and reluctance due to higher complications rate and resulting in low adherence practice[1].

The introduction of the no-touch saphenous vein (NT-SV) graft, at first  met with discredit and hesitancy, has been demonstrated by solid evidence (randomized controlled trials and meta-analyses) to ofer superior patency than conventionally harvested vein graft over the long term, and comparable or even superior to MAGs[2,3]. The NT-SV technique is attractive because of the possibility of using a time-honored graft, familiar to all coronary surgeons, seemingly with a little change in harvesting technique. However, intrinsic and related complications with the NT-SV harvesting procedure have hindered broader acceptance, which must be acknowledged and adequately dealt with proper training. Thus, deviation from NT-SV basic concepts at harvesting and utilization may adversely affect long-term results, reinforcing the mandatory adherence to some core principles.

Bolstered by a new seminal study, CABG has sustained its ascent. The FAME-3 trial one-year results randomized threevessel disease (3VD) patients to either CABG or fractional flow reserve-guided percutaneous coronary intervention (PCI) with current-generation zotarolimus-eluting stents. The most cutting-edge PCI technology was not effective in reducing major adverse cardiovascular and cerebrovascular events compared with CABG, reinforcing the advantages of CABG in 3VD patients. The findings are notable as the benefit of CABG was evident at the very early stage of the study, with just one-year follow-up, in contrast to previous studies where favorable results for CABG were only observed after longer-term follow-up[4].

This Special Edition of the Brazilian Journal of Cardiovascular Surgery compiles the reports from the most experienced coronary surgeons worldwide working with this technique. While reinforcing the outstanding outcomes with the NT-SV grafts, it points to new strategies for dealing with complications of leg wound healing with innovative solutions, such as the minimally invasive or endoscopic harvesting techniques. Newly and delayed adopters will find instructive lessons for a soft start.

Finally, this Special Edition should serve as a call for collaborative work, strengthening the recent experience and further supporting this promising and effective technique.
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No-Touch Saphenous Vein — Vascular Damage and the London Connection
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ABSTRACT

In this review, I summarise the circumstances leading to the collaboration between London and Örebro on the basic research performed to study potential mechanisms underlying the improved patency of saphenous veins harvested by the no-touch technique. Histological studies reveal various forms of vascular damage to saphenous vein grafts harvested in conventional coronary artery bypass grafting (CABG) whereas no-touch grafts retain a normal architecture. The perivascular fat that remains intact on no-touch saphenous vein grafts seems to play a particularly important role as the “protector” of all layers of the graft. In addition, the perivascular fat is a source of adipose cell-derived factors that may contribute to the success of the no-touch technique. While a number of trials have compared no-touch with conventional grafts following CABG, these have generally been limited to short follow-up periods, low patient numbers, and inadequate histological data. When handling no-touch saphenous vein at harvesting, there is no direct contact of the vein by surgical instruments, spasm does not occur, and high-pressure intraluminal distension is not required. While damage to both endothelial and vascular smooth muscle cells are evident at the microscopic and ultrastructural level in conventional saphenous vein grafts, their structure in no-touch grafts is preserved. Also, in no-touch veins, the vasa vasorum remains intact and transmural blood supply is maintained. This microvascular network is disrupted during conventional harvesting, a situation likely to stimulate processes involved in graft occlusion. The use of excess graft material for histology is to be encouraged for the assessment of vascular damage and even surgeon competence. If you don’t look, you don’t find.

Keywords: Saphenous Vein. Vascular Damage. Coronary Artery Bypass. Microvessels. Muscle, Smooth, Vascular. Surgical Instruments. Review.
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INTRODUCTION

A Meeting in Los Angeles: Keeping in Touch

Two years after the first publication describing the no-touch technique of saphenous vein harvesting[1], I met Domingos Souza in Los Angeles, where we both presented posters at “The International Symposium on Vascular Protection: From Basic Science to the Clinic”. We exchanged e-mail addresses and kept in contact, and a year later, in October 1999, Domingos travelled from Orebro to London with his colleague, Derek Filbey, bringing with them a set of frozen saphenous vein samples from coronary artery bypass grafting (CABG) operations performed by their group. These samples were stored at -70°C over the weekend while I introduced Domingos and Derek to Hampstead, a popular part of north London where the Royal Free Hospital is situated. On the following Monday, while Domingos and Derek were on their fight back to Sweden, frozen sections of no-touch and conventional saphenous vein samples were being cut in the Dashwood lab and used for the identification of nitric oxide synthase employing the simple nicotinamide adenine dinucleotide phosphate-diaphorase histochemical technique.

Early studies focused on the potential role of nitric oxide in the improved performance of no-touch saphenous vein grafts[2,3]. Here, apart from using histology, samples “imported” from Örebro were subjected to a variety of other techniques including immunohistochemistry, western blot analysis, reverse transcription-polymerase chain reaction, and the biochemical assessment of nitric oxide synthase activity. Excellent, parallel, histochemical studies at this stage were also performed at the Pathology Department in Örebro University Hospital. These studies led to a number of publications in peer reviewed journals[2-6] as well as presentations at many international scientific meetings. Our early publications and the increasing interest in the no-touch technique played an important part in obtaining a British Heart Foundation Project Grant to Janice Tsui and myself. This funding provided equipment and consumables and the ability to visit Örebro frequently (Figure 1). Furthermore, data generated from these studies contributed to the basic research sections in the PhD theses of Domingos Souza and Mats Dreifaldt, who both spent time in my laboratory in London.
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DISCUSSION

Vascular Damage

After processing vessel sections, there were obvious differences between the no-touch vs. conventional saphenous veins. The most striking was the uninterrupted pattern of endothelial staining that lined the lumen of no-touch veins, but that was fragmented in the conventional vein samples. Traditional histology methods were used that revealed dramatic differences between no-touch and conventional veins: in no-touch saphenous veins, the surrounding cushion of perivascular fat remained intact, the lumen exhibited folding, and the endothelial lining was intact (Figure 2). By comparison, conventional samples exhibited signs of damage with the perivascular fat removed, a dilated lumen showing regions of endothelial denudation, and a thin media when compared with no-touch veins (Figure 2). Thus began the Anglo/Swedish collaboration between colleagues at the Royal Free Hospital/University College London and our friends at Örebro University Hospital, a collaboration lasting over 20 years. While preliminary studies provided evidence for a role of nitric oxide in the improved patency of no-touch saphenous vein grafts, an additional observation was the striking difference in morphology when comparing no-touch saphenous veins with those prepared by the conventional method (Figures 2 and 3)[4,5,7]. Essentially, no-touch-harvested saphenous veins retain a normal architecture where the perivascular cushion of fat is preserved and, since no spasm occurs, high-pressure intraluminal distension is not required, and the endothelium remains intact. By comparison, conventional grafts exhibit various aspects of vascular damage due to a combination of surgical trauma and high-pressure intraluminal distension (Figure 3). While these differences are obvious, both on visual examination and at the microscopic level, the variations are dramatic when observed at the ultrastructural level. Here, employing both scanning and transmission electron microscopy, Andrzej Loesch et al. described striking changes to endothelial and vascular smooth muscle cells of conventional compared with no-touch saphenous veins (Figure 3)[6,8,9]. Of particular interest, and of potential importance regarding vein graft performance, were novel findings concerning the vasa vasorum. At the light microscope level, many sections of no-touch saphenous veins exhibit elongated folds of the lumen taken to represent potential “channels” that may signify termination of the vasa vasorum. Using scanning electron microscopy, small apertures were observed within regions of the luminal endothelium, adding further support to this suggestion (Figure 4)[9,10]. These observations raise the possibility of a novel microvascular network that extends throughout the vein wall and that connects the innermost with the outermost vessel layers. Such a system would explain the retrograde filling of blood in the adventitial vasa vasorum observed when removing vascular clamps at completion of no-touch saphenous vein graft implantation, as described by Domingos Souza[11]. Interestingly, using transmission electron microscopy, collapse of vasa vasorum in the media and occlusion by clumps of erythrocytes were observed in conventionally prepared saphenous veins, effects presumably due to a combination of surgical trauma and high-pressure distension. By comparison, the vasa vasorum in no-touch saphenous veins appeared patent and contained individual erythrocytes of normal appearance[8]. Taken together these observations suggest that in no-touch saphenous vein grafts medial blood flow is preserved and that, at least during early stages after graft insertion, the oxygen and nutrient requirements of the graft wall are maintained. This is in contrast to conventional grafts where damage to the vasa vasorum reduces or prevents transmural blood flow causing medial ischaemia, a condition leading to neointimal hyperplasia, atheroma formation, and eventual graft failure[10].
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Perivascular Fat: FETTVEN

Another impor tant factor contributing to the success of no-touch saphenous vein grafts is the preservation of perivascular fat that remains intact at harvesting but is removed when using the conventional method. Initially, Souza realised that by handling the saphenous vein by this cushion of fat, direct contact with the vein by surgical instruments was avoided, spasm prevented, and high-pressure manual distension was not necessary. As a result, damage to all vein layers was reduced, thus the vein retained its normal architecture. Also, this cushion of perivascular fat provides mechanical support for the graft, a situation of particular importance in preventing kinking in grafts of excessive length[11]. For over two decades, there has been increased interest in the protective action of perivascular fat-derived factors, in particular those possessing vasodilator properties (via adipocyte-derived relaxing factors [ADRFs]). Using a combination of histological and biochemical techniques, it was shown that the perivascular fat surrounding no-touch saphenous veins exhibits nitric oxide synthase immunostaining, nitric oxide synthase protein, and the ability to generate nitric oxide. Accordingly, in addition to the presence of adiponectin and leptin (both ADRFs), it is proposed that by preserving the perivascular fat of the saphenous vein, “beneficial” perivascular fat-derived factors may play an additional role in the improved performance of no-touch grafts, either by a direct action on the adjacent adventitia or via the vasa vasorum[12] (Figure 4). Much of the work relating to the role of perivascular fat has been performed either in collaboration or with expert advice from Professor Marisol Fernandez-Alfonso, in Madrid[13]. Looking back and relating to the “nomenclature” of the no-touch saphenous vein, it is noteworthy that early samples provided by colleagues in Örebro were aptly labelled ‘FETTVEN’, Swedish for fat vein (Figure 5).
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Other No-Touch Trials and Studies

To date, this Anglo/Swedish collaboration has generated most of the published information comparing the morphology of no-touch and conventional saphenous vein preparations used for CABG and the effects of surgical trauma. The vascular damage inficted to the vein is readily revealed by routine histology methods. Various strategies aimed at improving the patency of the saphenous vein as a bypass conduit have been previously documented, although these have been mainly performed using animal models[14-16]. The few published trials evaluating no-touch vs. conventional saphenous vein grafts have been of limited value and lack the necessary histological examples of harvested material[16,17]. As a result, one is unable to reliably judge any differences between preparations or whether veins have indeed been harvested using Souza’s no-touch technique correctly[1,12]. When performing CABG, it may be advisable for samples of surplus graft to be routinely sent to the local pathology laboratory in order to assess vessel morphology, evidence of vascular damage, and even surgeon competence.

When comparing conventional with no-touch vein grafts in CABG patients, there are striking differences, particularly regarding removal of the perivascular fat, damage to the endothelium, disruption of the vasa vasorum, and ultrastructural shape changes of both endothelial and vascular smooth muscle cells. Clearly, many surgeons appear oblivious to this damage and, as a result, “a damaged vein is being used to repair a damaged heart”. Since its introduction, an increasing number of cardiac centres worldwide have adopted the no-touch method of saphenous vein harvesting. Only few trials have directly compared no-touch and conventional saphenous vein patency, although these have been on low patient numbers and of poor design[17,18]. However, a recent multi-centre study in China provides strong support for the no-touch technique. Here, 1,337 patients receiving no-touch saphenous vein grafts were compared with 1,318 patients receiving conventional grafts, where occlusion rate was significantly lower in no-touch vs. conventional grafts. Furthermore, recurrence of angina was significantly lower in the no-touch than in the conventional group[19]. Apart from data published by the Örebro group, trials have been limited to short follow-up times.

 

The Brazilian Link

Fortunately, the popularity of the no-touch technique in Brazil gave me the opportunity of attending and presenting updates of our studies at the Annual Scientific Forum of the International Congress of Cardiovascular Sciences held at various states in Brazil organized by Professor Otoni Gomes and, more recently, by Professor Melchior Lima. In return, and with the help of Professor David Abraham, three very memorable Anglo/Brazilian meetings were held at the Royal Free Hospital (Figure 6). This provided the opportunity, not only to exchange ideas, but also to introduce our Brazilian friends to an important part of English culture — enjoying beer at The Magdala Tavern, a popular local Pub. So, in addition to the Anglo/Swedish London connection, an Anglo/Swedish/ Brazilian London connection has also developed over the years.




[image: Figure 6]



Research throughout the world has been seriously affected in the last two years by the coronavirus disease 2019 (or COVID-19) situation, particularly that involving patients undergoing many different forms of surgery, including CABG. Travel restrictions imposed due to the virus have also had an impact on scientific meetings that have been mainly restricted to online conferences and webinars. We all look forward to eventually returning to normal, reuniting with old friends and colleagues and making new acquaintances. My own experience is that chance encounters can lead to long-term friendship and productive collaboration such as that I have enjoyed since my involvement with Domingos and fellow “no-touchers”. Also, in this era of multi-authored publications, I remember a maxim of my old boss, Professor Wilhelm Feldberg, who believed that “you should be able to recognise your fellow co-authors when passing them in the corridor”. While that was mainly true in the 1970s, I doubt it is today.

 

CONCLUSION

For the no-touch technique and for the benefit of patients undergoing CABG, it is important that follow-up of ongoing and future studies is extended over longer periods. I would also encourage those participating in such trials to take advantage of access to surplus saphenous vein segments and to use these samples for further basic research. There is much to be gained using this otherwise wasted material. There is a danger that in an era when advances in bypass surgery, ranging from robotics to the use of synthetic materials and gene targeting, the art of observation is lost. Despite the various contemporary efforts into improving myocardial revascularization procedures, it is important to consider the quotation of Albert Einstein, “imagination is more important than knowledge” — a line that appears at the beginning of Domingos Souza’s PhD thesis[20].
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ABSTRACT

Introduction: The second best conduit for coronary artery bypass grafting is uncertain. The objective of this study is to determine the second best conduit according to graft patency results from randomized controlled trials using a network meta-analysis.

Methods: A systematic literature search was conducted for randomized controlled trials comparing the angiographic patency rate of the no-touch saphenous vein (NT-SV), the radial artery (RA), the right internal thoracic artery (RITA), and the gastroepiploic artery (GEA) in reference to the conventionally harvested saphenous vein (CON-SV). The primary outcome was graft occlusion, and the secondary outcome was all-cause mortality.

Results: A total of 859 studies were retrieved, of which 18 were included. A total of 6,543 patients and 8,272 grafts were analyzed. The weighted mean angiographic follow-up time was 3.5 years. Compared with CON-SV, RA (incidence rate ratio [IRR] 0.56; 95% confidence interval [CI], 0.43–0.74) and NT-SV (IRR 0.56; 95% CI, 0.44–0.70) demonstrated lower graft occlusion. NT-SV and RA were ranked as the best conduits (rank score for NT-SV 0.88 vs. 0.87 for RA, 0.29 for GEA, 0.27 for CON-SV, and 0.20 for RITA). There was no significant difference in late mortality between different conduit types.

Conclusion: RA and NT-SV are associated with significantly lower graft occlusion rates and are comparably ranked as the best conduit for patency.

Keywords: Coronary Artery Bypass. Coronary Artery Bypass Grafting. Angiography. Graft Patency. Coronary Artery Disease.
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INTRODUCTION

The long-term benefit of coronary artery bypass grafting (CABG) is dependent on durable patency of the conduits used. The left internal thoracic artery (LITA) to left anterior descending (LAD) bypass is universally accepted as the gold-standard that confers the greatest survival benefit. Between a selection of arterial grafts and the saphenous vein, the second conduit of choice remains controversial[1].

Compared to the saphenous vein grafts, arterial grafts are advocated for long-term patency and resistance to progressive graft atherosclerosis[2]. However, minimal handling of the saphenous vein during harvesting has provided vein graft patency rates that are on par with their arterial counterparts[3]. A comprehensive network meta-analysis (NMA) of graft patency in randomized controlled trials (RCTs) was previously completed by our group[4]. The key findings were that the radial artery (RA) and no-touch saphenous vein (NT-SV) grafts were associated with significantly lower graft occlusion rates compared with the conventionally harvested saphenous vein (CON-SV), with RA demonstrating the best patency[4]. The systematic review of this study was completed in 2019. Since then, additional RCTs with pairwise comparisons of two or more conduit types have been published (including one very large study comparing CON-SV and NT-SV)[3], and previous studies have been updated with long-term results[2,5,6]. We have therefore updated the previously published NMA of the RCTs comparing graft patency of all conduit options in CABG, in an efort to provide high-level evidence to guide graft selection.

 

METHODS

No human subjects were involved; therefore, ethical approval of this analysis was not required. The data that support the findings of this study are available from the corresponding author upon request.

 

Search Strategy

For the previous NMA[4], a medical librarian (M.D.) had performed a comprehensive literature search, on November 11, 2019, of RCTs that compared CON-SV, NT-SV, RA, the right internal thoracic artery (RITA), or the gastroepiploic artery (GEA). For this NMA, the same librarian performed an updated search on December 22, 2021 in the following databases: Ovid® MEDLINE®, Ovid® EMBASE®, and the Cochrane Library. The search strategy included the terms “radial artery”, “internal mammary artery”, “internal thoracic artery”, “gastroepiploic artery”, and “saphenous vein”. The full search strategy is available in Table S1. This review was registered with the PROSPERO register of systematic reviews (CRD42022303553).
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Study Selection and Quality Assessment

Searches across the aforementioned databases retrieved 859 studies. After citations were de-duplicated, two independent reviewers (M.X.D and H.L.) screened a total of 577 references. Discrepancies were resolved by consensus and opinion of a third author (S.E.F.). Titles and abstracts were reviewed against predefined inclusion and exclusion criteria. Articles were appraised for eligibility if they were written in English and were RCTs randomized by conduit type, comparing angiographic patency for at least two of the five conduits (RA, RITA, CON-SV, NT-SV, and GEA) in patients undergoing CABG. Animal studies, case reports, conference presentations, editorials, expert opinions, observational studies, literature review, abstract only publications, and studies not defning or reporting the outcomes of interest were excluded. Two references that were previously acknowledged in the original NMA were removed to avoid duplication.

Eligible abstracts proceeded to full-text review. The full flow diagram outlining the study selection process is shown in Figure S1. For overlapping studies involving the same study cohort with serial assessments over time, the study with the longest angiographic follow-up was included. The 13 studies reported in the original NMA were included in this updated review. The following variables were collected: study demographics (sample size, publication year, institution, country, and inclusion and exclusion criteria), patient demographics (age, sex, and comorbidities), procedure-related variables (number of grafts, distal anastomosis to the left circumflex artery, proximal anastomosis to the ascending aorta, and use of of-pump CABG), and angiographic-related variables (defnition of graft occlusion, imaging modality, completeness of angiographic follow-up, and severity of the target vessel stenosis). The quality of the included trials was examined by the Cochrane Collaboration’s tool for assessing risk of bias[7].
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The primary outcome was graft occlusion at the protocol-defined angiographic follow-up. The secondary outcome was all-cause mortality.

 

Statistical Analysis

The incidence rate with underlying Poisson process was used to account for different follow-up times among the studies, with the total number of events observed within a treatment group calculated out of the total person-time follow-up for that treatment group. Pooled crude graft patency results of the different graft types were performed using a random effects model and the generic inverse variance method. Random effects NMA using a frequentist approach was performed using the generic inverse variance method with CON-SV as reference. Pooled graft patency and late mortality were summarized as forest plots and league tables. Rank scores with probability ranks of different treatment groups were calculated for the primary outcome. Ranks closer to 1 indicate the probability that the treatment group leads to the greatest reduction in graft occlusion. Net graphs were constructed summarizing the numbers of direct comparisons of the included trials. Leave-one-out analysis for graft occlusion was done to assess for validity of the main analysis.

Subgroup analyses were performed for studies with target vessel stenosis ≥ 70% and studies that exclusively used computed tomography angiography (CTA) for postoperative graft assessment during follow-up.

The Cochran’s Q statistic was used to assess inconsistency using the decomposition approach. Inconsistencies were assessed based on separate indirect from direct evidence (or SIDE) using back-calculation method and decomposition of within-designs Q statistic. Net heat plot was used to evaluate for inconsistency in the network model. Heterogeneity was reported as low (I2 = 0–25%), moderate (I2 = 26–50%), or high (I2 > 50%).

Pairwise comparisons were also performed to assess the consistency of the network findings. Meta-regression was performed on the pairwise comparisons to explore the effect on the primary outcome of age, sex, hypertension, diabetes mellitus, dyslipidemia, target vessel stenosis, duration of follow-up, completeness of angiographic follow-up, percentage of proximal anastomoses on the ascending aorta, percentage of grafts to the circumflex coronary system, and use of of-pump CABG.

For hypothesis testing purposes, we built 95% confidence intervals (CI) without multiplicity adjustment. All statistical analyses were performed using the “meta” and “netmeta” packages of R (version 4.1.2, R Project for Statistical Computing using R Studio 2021.09.2).

 

RESULTS

After removal of duplicates, a total of 577 studies were retrieved from the literature search. Two additional studies not identified in the initial search were included after professional consultation (S.E.F.)[3,6]. Of the 579 studies, 13 abstracts proceeded to full-text screen. Ultimately, five additional RCTs were included in the final analysis[3,6,8–10]. Together with the 13 RCTs from the original meta-analysis[2,5,11-21], a total of 18 studies were included in this review (Table 1). The detailed inclusion and exclusion criteria of the individual trials are summarized in Table S2. Three trials were multicenter (two in Canada, one in the United States of America), two originated from Italy, two from Sweden, two from Korea, two from China, two from the United Kingdom, and one each from Belgium, Australia, Norway, Egypt, and Brazil. Two trials used within-patient randomization[12,14]. Both the RITA vs. RA (RAPCO-RITA) and the CON-SV vs. RA (RAPCO-SV) arms of the Radial Artery Patency and Clinical Outcomes (RAPCO) study were included[2]. In the 2005 trial by Gaudino et al.[15], results of graft randomization in the study cohort of patients with coronary in-stent restenosis and the control cohort of patent stents were included. In the 2021 parallel group by Angelini et al.[8], a factorial trial involving four treatment groups, only two of the groups were included — conventional harvest/high-pressure test and pedicled harvest/low-pressure test, representing CON-SV and NT-SV, respectively.
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A total of 6,543 randomized patients were included in the final analysis. Demographics of the included patients are presented in Table S3. The number of patients in the trials ranged from 50 to 2,655. The mean age range was 58.0 to 76.9 years in the CON-SV group, 61.0 to 77.6 years in the NT-SV group, 55.7 to 77.3 years in the RA group, 59.5 to 63.5 years in the RITA group, and 56.1 to 61.9 years in the GEA group. Female patients ranged from 1% to 46% in the CON-SV group, 7% to 44% in the NT-SV group, 0% to 51% in the RA group, 5% to 19% in the RITA group, and 12% to 13% in the GEA group. The prevalence of diabetes mellitus ranged from 4% to 84% in the CON-SV group, 2% to 76% in the NT-SV group, 11% to 49% in the RA group, were 11% in the RITA group, and ranged from 20% to 27% in the GEA group. The details of procedure- and angiography-related variables are shown in Tables S4 and S5, respectively.
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A total of 8,272 grafts were analyzed across the 18 included trials: 3,732 CON-SV grafts, 2,647 NT-SV grafts, 1,223 RA grafts, 549 RITA grafts, and 121 GEA grafts. The weighted mean angiographic follow-up time was 3.5 years (95% CI 1.5–5.4). The crude patency rates of the analyzed conduits were as follows: RA 94.1% (95% CI 90.0–97.6); NT-SV 91.4% (95% CI 87.3–94.3); RITA 89.2% (95% CI 71.2–96.5); CON-SV 86.3% (95% CI 81.2–90.2); and GEA 61.2% (95% CI 52.2–69.4). Details of patency rates are given in Table 2.
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With CON-SV as reference, only RA (incidence rate ratio [IRR] 0.56; 95% CI 0.43–0.74) and NT-SV (IRR 0.56; 95% CI 0.44–0.70) were associated with significantly lower rate of graft occlusion, whereas RITA (IRR 1.06; 95% CI 0.73–1.54) and GEA (IRR 0.98; 95% CI 0.64–1.52) were not (Table 3, Figure 1, Figure 2A). The width of the CI supports a clinically meaningful benefit of RA and NT-SV in comparison to CON-SV. NT-SV was ranked as the best conduit with a rank score of 0.88 vs. 0.87 for RA, 0.29 for GEA, 0.27 for CON-SV, and 0.20 for RITA. These results were confirmed in the individual pairwise meta-analyses (Figure S2 and Table S6A).
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The results of the sensitivity analysis for target vessel stenosis ≥ 70% showed superiority of RA (IRR, 0.49; 95% CI, 0.30–0.82) to CON-SV, but no significant difference between NT-SV (IRR, 0.58; 95% CI, 0.25–1.31) and CON-SV (Figure S3). Studies using CTA for graft assessment were consistent with the primary analysis (Figure S4).
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Late mortality was comparable between conduits at a weighted mean follow-up time of 3.5 years (Figures 2B and 3, Tables 4 and S6B). The network RA vs. GEA comparison appeared to favor RA, with limited data — although only one study directly compared the two conduits[20].
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Heterogeneity/inconsistency estimates and net split are shown in Tables S7 and S8, and in the net heat plot shown in Figure S5. Overall heterogeneity was low (I2 < 5%) for graft patency and late mortality (Table S8). Risk of bias was low for most of the trials (Table 5).




[image: Tab. S7]






[image: Tab. S8]






[image: Fig. S5]






[image: Table 5]



Leave-one-out analysis and funnel plot did not identify strong evidence of invalidity of the main analysis (Figures S6 and S7).
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Meta-regression

Comparing RA and CON-SV, the percentage of of-pump technique use was directly associated, and the percentage of female patients was inversely associated with the IRR for the primary outcome of graft occlusion. There was no significant association between the variables and other graft comparisons in the meta-regression (Table S9).
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DISCUSSION

In this NMA of 18 RCTs (8,272 grafts), we found that compared with CON-SV, RA and NT-SV have significantly lower occlusion rate at a mean weighted follow-up time of 3.5 years. NT-SV and RA ranked as the best conduits, whereas there was no strong evidence for greater patency in RITA and right GEA when compared to CON-SV.

Currently, there is still a lack of consensus on the second best conduit after the LITA to LAD bypass for non-LAD targets. Meta-analysis of angiographic RCTs allows a robust understanding of patency rates of various conduits while minimizing confounding and risk of bias. By amalgamating the randomized trials, a meta-analysis is the highest level of evidence available. Additionally, NMA provides the advantage of facilitating indirect comparisons of multiple interventions, thereby increasing the power of the analysis.

The comparison between NT-SV and CON-SV was assessed by the largest RCT included in our NMA, with 2,655 randomized patients[3]. Tian et al.[3] reported a lower rate of graft occlusion at 12 months compared to CON-SV, with an odds ratio (OR) of 0.56 (95% CI, 0.41–0.76; P<0.001); however, there was no difference in major adverse cardiac and cerebrovascular events. The caveat of NT-SV is a higher rate of leg wound surgical intervention at three months of follow-up (OR 2.55; 95% CI, 1.85–3.52; P<0.001)[3]. Deb et al.[13] also showed an over two fold increase in the rate of leg infections (P<0.01) and more severe infection with NT-SV (P=0.004) at 30 days, compared to CON-SV. Due to an increased risk of harvest-site complications, guidelines recommend NT-SV harvest technique only in patients with low risk of wound complications[22]. The NT-SV received a Class IIa recommendation in the 2018 European Revascularization guidelines[23] and was a Best Practice in the 2021 American College of Cardiology/American Heart Association revascularization guidelines[22].

Several large RCTs support the long-term patency of RA over CON-SV[2,11,12]. The Radial Artery Database International Alliance (RADIAL) database also reported lower 10-year composite outcome of death, myocardial infarction, or repeat revascularization for patients who received RA relative to CON-SV[24]. Conversely, the Arterial Revascularization Trial (ART) did not find a difference in survival and event-free survival at 10 years among patients randomized to receive RITA[25]. However, the ART trial is criticized for its high crossover between single and bilateral internal thoracic artery (BITA) groups and confounding from RA use, which may have diminished the clinical benefit of RITA. In an as-treated analysis of the ART trial, non-randomized data showed a meaningful difference in mortality in favor of multiple arterial grafts. The merit of multiple vs. single arterial grafting in improving cardiovascular events and death in patients after CABG is currently being investigated in the ROMA trial (Randomized Comparison of the Outcome of Single versus Multiple Arterial Grafts. ClinicalTrials.gov registration number: 1703018094)[26].

The use of RA received a Class I indication and is preferred to saphenous vein as the second most important conduit for a significantly stenosed, non-LAD vessel in the 2021 American revascularization guidelines[22]. Although RA is a versatile graft, calcium channel blockers are routine adjuncts to prevent vasospasm. RA should only be used to bypass severely stenotic target vessels due to the risk of string sign in the setting of competitive flow.

These findings challenge the previously accepted belief that RITA is the natural second conduit of choice due to its biophysiological similarity with LITA. The explanation is multifactorial. Firstly, there are less randomized evidence regarding RITA and CON-SV when compared to RA and CON-SV (three trials including a total of 353 patients for RITA, seven trials including a total of 841 patients for RA). Secondly, the RAPCO trial used RITA as a free graft, which may afect graft patency. Thirdly, BITA surgery is more technically challenging than using RA and LITA, with successful application of RITA reliant on surgeon experience. This may partly explain the 14% crossover from BITA to the single internal thoracic artery in the ART trial[25]. Even though the ART trial recruited surgeons with over 50 BITA cases of experience, there was still a wide variation of intraoperative BITA conversion rates across surgeons, which highlights the technical demand of successful BITA grafting[27].

There were no differences in late mortality for any of the second conduits, including RA, compared to the control saphenous vein graft. The association between graft patency and survival is biologically sound and demonstrated by the five-year results of the RADIAL database, where there is a concordant association between improved patency of RA compared to the control saphenous vein and reduction of myocardial infarction and repeat revascularization[28]. These results are further substantiated in the RADIAL 10-year extension study’s post-hoc analysis for survival[24]. In the NMA and pairwise comparisons, survival in RA patients was greater than in RITA patients, but it did not cross the threshold for statistical significance (95% CI of 1.00). The data for RA vs. GEA comparison was limited.

In the previous NMA, RA was ranked as the best conduit[4]. In this updated NMA, the introduction of five additional trials has led NT-SV to achieve a higher patency ranking than RA, albeit by a very small margin. Of the five RCTs, three investigated NT-SV and CON-SV (n=2,805)[3,8,9], one compared RA and CON-SV (n=50)[10], and one assessed RITA and RA (n=224)[6]. The increased sample size in NT-SV and CON-SV enhanced the power of analysis in favor of NT-SV. Many of the newly added trials reported early-term results, which likely infated pooled saphenous vein patency and decreased the weighted mean follow-up time of the NMA from 5.1 to 3.5 years. In keeping with the 2021 NMA findings[4], no conduit provided a statistically significant mortality benefit over CON-SV. Meta-regression for IRR of graft occlusion continued to suggest a positive association with of-pump CABG use (i.e., increased graft occlusion) and inverse association with increased proportion of female patients (i.e., decreased graft occlusion)[4].

 

Limitations

Limitations of this meta-analysis included a small sample size causing certain pairwise analyses to be underpowered, varying quality of the RCTs included, and no data collected on renal disease, secondary prevention, and antispasmodic therapy, which are additional factors that influence graft patency. It is worthwhile to note that the included studies involving NT-SV grafts used pedicle harvest technique with[8,19,21] or without manual dilatation with a syringe[3,5,9,13,14]. The factorial trial by Angelini et al. involving CON-SV vs. NT-SV and low- vs. high-pressure graft dilation reported that low-pressure distention of CON-SV can achieve wall thickening comparable to NT-SV[8].

 

CONCLUSION

In this NMA of 18 angiographic RCTs, the current randomized evidence shows significantly better patency rates for RA and NT-SV compared with CON-SV, while all conduits were associated with similar rates of late mortality compared with CON-SV. NT-SV and RA were identified as the second best conduits using data from this NMA of angiographic trials.
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ABSTRACT

Introduction: Coronary artery bypass grafting remains one of the best therapies for advanced coronary artery disease. The most used conduit remains the great saphenous vein, which is susceptible to short-term and long-term failure, the result of acute thrombosis, intimal hyperplasia, and late superimposed atheroma. In this review, we present the current findings related to the pathophysiology of vein graft failure.

Methods: A search of three databases — MEDLINE®, Web of Science™, and Cochrane Library — was undertaken for the terms “pathophysiology”, “prevention”, and “treatment” plus the term “vein graft failure”.

Results: The pathophysiology of saphenous graft failure can be classified in three distinct phases — acute thrombosis, intimal hyperplasia, and accelerated atherosclerosis. All these processes start with an underlying histological predisposition of the vein and at the time of harvesting and preparation for grafting. These mechanisms are a result of localized inflammatory and prothrombotic cascades that obey different causes, but ultimately result in the stenosis or occlusion of the vein graft.

Conclusion: The interaction between the different parts of the pathophysiology of vein graft failure is extremely complex and variable. Recent improvements in surgical techniques and secondary pharmaceutical prevention like early aspirin administration and long-term statin treatment have significantly reduced early and late saphenous vein graft failure. However, this continues to be a fascinating area of research with the potential for further improvement for patients and health service provision.
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INTRODUCTION

Coronary artery bypass grafting (CABG) is one of the procedures available to treat coronary artery disease[1]. One of the most readily available conduits is the great saphenous vein (GSV). However, it sufers from a higher failure rate when compared to arterial grafts[2,3]. This is in part due to the requirement for the vein to adapt to the arterial blood pressure; it has been described that endothelial cells (EC) are sensitive to changes in shear stress, and vascular smooth muscle cells (VSMC) are able to detect changes is pressure[4,5]. The adaptation of the vein to being implanted to the arterial tree is necessary to secure the graft’s longevity, and it does so by developing a degree of wall thickening, also known as arterialization. In some veins, however, the process does not stop, and excessive intimal hyperplasia (IH) will either cause graft failure directly, by obliterating or severely constricting the lumen of the vessel, or indirectly by precipitating accelerated atherosclerosis[6].

Research over the last four decades has focused on understanding the pathophysiology of saphenous vein (SV) graft failure to improve treatments capable to increase the longevity of this conduit. The present study presents a current literature review on this topic.

 

METHODS

Original research articles and reviews were selected as they related to the pathophysiology, prevention, and treatment of SV graft failure. A literature search was performed using MEDLINE®, Web of Science™, and Cochrane Library. The search was focused on human, translational, in vitro, and animal studies.

 

RESULTS AND DISCUSSION

Pathophysiology of SV Graft Failure

This is a complex interaction of several mechanisms and signalling pathways that are activated both locally at the level of the vein’s cells and systemically[4,7,8].

Recent studies have shown that some veins display a degree of IH even before harvesting, while other veins sufer from dilated walls and varicosities, rendering them more susceptible to failure than healthy veins[9].

 

Acute Thrombosis

The earliest form of SV graft failure is acute thrombosis[10-12]. This phenomenon starts when the vein is harvested, and several factors including ischaemia, mechanical forces, alterations in the pH, and exposure to free oxidizing radicals cause direct damage to both EC and VSMC, sometimes exposing the extracellular matrix (ECM) to the lumen of the vessel[6-8,13]. This damaged ECs activate a pro-thrombotic cascade of factors, such as intercellular adhesion molecule 1, vascular cell adhesion protein, selectin, thrombomodulin, and insulin-like growth factor. Simultaneously, there is a reduction of local anti-thrombotic and vasodilatory molecules, like nitric oxide (NO) and prostacyclin[6,8,14]. The expression of such factors by the ECs and the exposure of the ECM to the circulation cause activation of platelets and leukocytes[8,11,15]. The platelets will mediate thrombus formation by adhering to the ECM or active ECs and generating thrombogenic factors, such as platelet-derived growth factor (PDGF), transforming growth factor-β, fibrinogen, fibronectin, and von Willebrand factor[7,12,14,16-18]. Activated platelets also express adhesion molecules, like P-selectin and E-selectin. Circulating leukocytes, predominantly macrophages, will adhere to the platelets and infltrate the wall of the vein, secreting proinflammatory interleukins both locally and into the circulation[8].

The abovementioned mechanism results in an imbalance between vasoconstrictors/pro-thrombotic factors and vasodilator/anti-thrombotic factors in favour of the former. This is particularly more prominent where the flow through the vessel is impaired, either because of a technical failure in constructing the anastomosis, or because of a poor run-of in the target coronary[12,16]. In five to 10% of cases, this will generate a local thrombus that will cause early failure of the vein graft[12,16].

Several studies have identified the use of aspirin as an important therapy to reduce the incidence of early graft failure[19-21]. More recent studies suggest that early and late graft failure rates can be improved by harvesting the vein with minimal manipulation and without distention (preventing mechanical destruction of the endothelium), preserving the pedicle (to reduce the vascular ischemia and increase the availability of NO and prostacyclin), and preserving the vein in a buffered solution before the grafts are constructed (to reduce the damage of the endothelium caused by acidosis)[22-26].

After this initial phase of endothelial damage and endothelial dysfunction, there is a phase of re-endothelization of the vessel, and ex-vivo experimental models proved that new ECs can be seen as early as 36 hours after the vein was harvested, although is likely that in-vivo this will take longer[6]. In some cases, this neoendothelium is dysfunctional and more propense at expressing pro-inflammatory substances[18,27]. The origin of these new ECs is not yet known.

 

Intimal Hyperplasia

The next step in the adaptation of the vein to its new environment consists in activation, phenotypic switching, and migration of the VSMC from the medial to the intimal layer of the vein[10,11,13,28]. This is the process known as IH, and in its physiological state it provides the vein with a more stable intimal layer that will withstand the arterial pressure and shear stress, which is called arterialization of the SV[6]. This process, however, can instead follow a pathophysiological pathway and being responsible ultimately for the failure of the graft[6].

The IH process starts with paracrine interactions between the ECs and the VSMCs; in a healthy state, the interaction between ECs and VSMCs keeps the VSMCs in a quiescent state, via EC-derived homeostatic molecules like NO, which help to regulate the tone of the medial layer and suppress VSMC phenotypic switching to synthetic cells[29-32]. However, similarly as to the mechanism of thrombosis, the dysfunction and destruction of the ECs cause alterations in the interactions between these and the VSMCs. Furthermore, a state of localized infammation can develop by the creation of positive feedback loops, which induce more infammation, and, therefore, more endothelial dysfunction[4,8,15,33].

In this pro-inflammatory state, ECs activate platelets which secrete cytokines, like interleukin-6 (IL-6), IL-8, thromboxane A2, and tumoral necrosis factor alpha, and growth factors, like PDGF and fibroblast growth factor[18,33]. Activated ECs also produce a particular set of ECM proteins that when detected by the VSMC causes these cells to switch from the quiescent and contractile state to the active and proliferative one[29]. Another proposed way of communication between ECs and VSMCs is through micro ribonucleic acids (microRNAs), and studies have identified that microRNA-126 resulted in VSMCs increased apoptosis and mitosis[30,34,35].

Internal transcription factors, like Kruppel-like factor 4 (KLF4) and KLF5, and signalling pathways, like p38 mitogen-activated protein kinase (or p38) and nuclear factor kappa-light-chain-enhancer of activated B cells (or NF-κB), within the VSMCs have been identified as responsible for the phenotypic switching of these VSMCs from their quiescent and contractile state to the active and proliferative one[4,10,36-41]. The up regulation of these transcription factors seems to be linked to reduced expression of VSMCs contractile proteins. These transcription factors and signalling pathways could potentially provide targets for treatment to prevent SV graft failure.

 

Accelerated Atherosclerosis

The neointima layer in veins that had been implanted into the arterial circulation is more susceptible to the formation of an atheroma plaque[42]. This, as with normal atherosclerosis, is a process mediated by local infammation, infiltration of foam cells, and accelerated lipid uptake within the wall of the vessel[6,42]. In the particular case of the vein, it has been identified that some of the foam cells in the atheroma plaque come from undifferentiated VSMCs rather than macrophages, like the case of arterial atheroma[6]. The capsule of the atheroma plaque in veins is also softer than that of arteries, therefore, more susceptible to plaque rupture and thrombosis[43].

It is thought that like in the case of arterial atherosclerotic risk factor control, lipid lowering agents and anti-platelets agents, such as aspirin, lower the risk of plaque formation and rupture, although further studies looking specifically to veins atherosclerosis are needed to defnitively confirm this hypothesis[19-21,44,45].

 

Prevention of Vein Graft Failure

In order to better understand what we can do to prevent GSV graft failure, we can classify the strategies or interventions in pre-surgery, surgical, and post-surgery.

 

Pre-Surgery

Most interventions to prevent GSV graft failure are done during or after surgery, nonetheless, the disease that afects these patients is a form of atherosclerosis and, therefore, the modification of risks factors pre or postoperatively will have an impact on the rate of failure of the grafts[9]. Furthermore, there is some evidence that poor vein quality correlates with worse long-term outcomes[9,46,47]. Some authors even suggest preoperative vein mapping to select the best conduit[47]. There is clearly a need for larger trials and series investigating the effectiveness of preoperative vein mapping, whilst it is certainly useful for minimising leg wound infections[48], it still needs to prove its effectiveness for predicting graft failure.

 

Surgical

Several surgical techniques or interventions have been proposed to attempt to reduce GSV graft failure. One of such interventions that has demonstrated to improve the rates of success has been harvesting the vein with its pedicle and with minimal manipulation[24-26,49,50]. Proponents of the technique have shown that the perivascular tissue has an important role in interrupting the pathophysiology described above by increasing the local concentration of NO[25]. This “no-touch” technique also proposes avoiding distention of the vein, thus preventing some degree of endothelial damage, and this was also described separately by previous authors[26,51].

After the harvesting of the vein and before the vein is implanted, the conduit is often stored in a solution to prevent desiccation, and the solution used varies between surgeons and centres[52]. Despite the variation, it has been demonstrated that the most important factor is preventing acidosis in the solution by using a buffered solution, either saline or blood[52,53].

The anastomotic technique and the use of graft quality checks like transit-time flow measurement are useful for preventing the technical failure of the graft, poor anastomotic technique, and poor distal run-of, increasing the turbulence of the flow in the graft, which in turn increases the shear stress on the endothelium, increasing the likelihood of acute thrombosis and, subsequently, graft failure[54-57].

Another proposed intervention at the time of surgery is to use an external support for the vein graft. The intention is to impose graft symmetry, more laminar flow, and the subsequent reduction of shear stress, and also providing a protective environment for the formation of new adventitia[58]. Despite some promising initial results, subsequent studies did not manage to replicate them, and further research will be needed if this is to become a regular technique[58-62].

 

Post-Surgery

Apart from modification of atherosclerotic risk factors as mentioned above, the main focus of the post-surgical prevention is the use of pharmacological agents.

For many years, the main drug used to prevent graft failure was aspirin alone[20,56]. However, recently there has been more evidence supporting the use of dual antiplatelets agents and the addition of lipid-lowering drugs, such as statins, for the prevention of GSV graft failure[9,21,45,63]. Currently, the American Heart Association recommends the use of dual antiplatelets and statins combined in every patient that does not have a contraindication to such treatment[44,45]. The long-term results in population studies of the efficacy of using this medical therapy will be seen in the next five to 10 years, but the initial findings are encouraging.

 

CONCLUSION

The pathophysiology of vein graft failure is a complex interaction of several mechanisms, and this manifests in patients who are already sufering from atherosclerosis, making the interaction between these processes even more complex. Nonetheless, continuous research in this area over the last decades has provided us with a more in-depth understanding of the pathophysiology and paved the way to better techniques and treatments that decrease the incidence of SV graft failure.

Despite all we have learned on the process of this condition, much still remains to be learned, and potential therapeutic targets already discovered are still in need of experimental testing. Continuing this line of research may further improve the quality of treatment provided when performing CABG and, therefore, afect morbidity and mortality in the population.
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ABSTRACT

Although the saphenous vein is a widely used conduit for coronary artery bypass grafting, revascularization using the saphenous vein as an aortocoronary bypass graft has shown disadvantages of lower long-term graft patency rates and subsequently worse clinical outcomes, compared with revascularization using the internal thoracic artery. Of the various efforts to overcome the limitations of vein conduit that are resulting from structural and functional differences from arterial conduit, recent technical improvement in no-touch vein composite graft construction and outcomes of revascularization using no-touch vein composite grafts based on the left internal thoracic artery will be discussed in this topic.

Keywords: Coronary Artery Bypass. Venous Grafts. Saphenous Vein. Transplants. Mammary Arteries.



 


[image: Abbreviation]



 

INTRODUCTION

Revascularization using an in situ left internal thoracic artery (ITA)-based composite graft has advantages of avoiding aortic manipulation and allowing efficient conduit utilization. Complete revascularization using a composite graft constructed with arterial conduits, including right ITA (RITA), radial artery, and right gastroepiploic artery, has been demonstrated to be a safe and efficient method[1-4]; however, previous studies describing the use of the saphenous vein (SV) as a composite graft have produced conflicting results[5-8]. Herein, techniques and outcomes of the no-touch SV conduit as a Y-composite graft based on the in situ left ITA will be discussed.

 

Techniques of No-Touch Vein Composite Graft Construction and Strategies of Revascularization

The harvesting technique of the no-touch SV and strategies of coronary artery bypass grafting (CABG) have been previously described[9,10]. SV harvest was initiated after systemic heparinization therapy during harvesting of the left ITA and was performed using an open technique. Patients were given an initial dose of heparin (1.5 mg/kg) and periodic supplemental doses to maintain an activated clotting time of ≥ 300 seconds. The SV harvest was performed using the no-touch technique without or with surrounding pedicle tissue, in which the manipulation and tension of the SV were minimized during harvesting, and manual intraluminal dilatation was avoided. In the no-touch SV harvest without pedicle tissue, the vein was gently separated from the bed using scissors, leaving perivascular scanty adipose tissue in place. In the no-touch SV harvest with pedicle tissue, the SV pedicle was harvested along with an approximately 3- to 5-mm wide margin of adjacent adipose tissues on both sides of the SV and thin layers of adherent connective tissues posteriorly. Immediately after the harvest and with no pharmacologic treatment, the reversed SV was anastomosed in a parallel fashion to the posterior aspect of the left ITA to construct a Y-composite graft. We always performed the Y anastomosis first, before constructing distal anastomoses, because it was possible to perfuse ischemic myocardium after each distal anastomosis during of-pump CABG. After construction of the Y-composite graft, the left coronary artery territory commonly was revascularized first by using the left ITA while the distal end of the SV conduit was clamped with an atraumatic bulldog clamp and left to be dilated spontaneously by the native flow and pressure of the left ITA.

The valves of the spontaneously dilated SV were then destroyed by inserting a 2-mm round-edge vessel dilator, which was much smaller than the diameter of the dilated SV and might minimize endothelial damage of the SV trunk into the reversed SV lumen. We assumed that leaving the SV valve intact might cause blood stagnation between the sequential distal anastomoses in the event of flow competition and result in early graft failure. Destruction of the valve may cause endothelial injury in the SV graft; however, we believe a gain with valve destruction is greater than losses without valve destruction[11]. The left circumflex coronary artery territory was then revascularized using the SV as a composite conduit, followed by the right coronary artery territory. A sequential anastomotic technique used each side arm of the Y-composite graft for complete revascularization when more than two coronary arterial anastomoses were needed. Longitudinal, perpendicular, or oblique sequential side-to-side anastomoses were performed for construction of sequential anastomoses to permit efficient use of the conduit. All the anastomoses were performed with an 8-0 polypropylene continuous suture, using a high-power magnification loupe (× 4.5 magnification). Transit-time flow measurement (Medi-Stim AS, Oslo, Norway) was used to verify the anastomosis status after each anastomosis was performed and just before pericardial closure. All patients received preoperative aspirin therapy (100 mg daily) until the day of surgery and resumed it postoperatively as soon as possible (usually 1 day). Clopidogrel (75 mg daily) was added simultaneously to the aspirin therapy for one year postoperatively. If the patient had a high blood level of low-density lipoprotein cholesterol (> 70 mg/dL), statin therapy was initiated and maintained postoperatively.

 

Outcomes of Revascularization Using the No-Touch Vein Composite Grafts

Recent studies demonstrated that long-term clinical outcomes of bilateral ITA composite grafting were comparable to those of bilateral ITA in situ grafting and also demonstrated that long-term clinical outcomes of other arterial composite grafting using radial or right gastroepiploic artery were comparable to those of bilateral ITA composite grafting[1-4]. In contrast, the use of the SV as a composite graft has produced conflicting clinical results. One study recommended against the use of an SV composite graft because it could steal flow from the left ITA conduit and lead to suboptimal short-term ITA patency results (perfect patency of ITA grafts, 76% at a mean 2.5 years)[5]. In contrast, other studies demonstrated comparable hemodynamic characteristics and patency results between the SV and arterial composite grafts. One hemodynamic study measured the pressure gradient and fractional flow reserve of composite grafts made with RITA or SV based on the in situ left ITA and showed that hemodynamics of RITA and SV composite grafts were similar in terms of pressure gradients at baseline and hyperemia, and fractional flow reserve[6]. Other studies, in which the no-touch SV was harvested without surrounding pedicle tissue, demonstrated comparable long-term clinical and patency results between the SV and arterial composite grafts[7,8]. A retrospective study comparing results of CABG using no-touch SV composite grafts and arterial composite grafts demonstrated that the patency rates of the SV and arterial composite grafts were similar in propensity score-matched groups (SV vs. RITA; 95.9% [71 of 74 distal anastomoses] vs. 87.3% [96 of 110], P=0.702) 10 years after surgery[7]. Another recent extended study of the SAVE RITA (SAphenous VEin versus Right Internal Thoracic Artery as a Y-Composite Graft) trial demonstrated that the no-touch SV composite grafts were comparable to the RITA composite grafts in terms of 10-year conduit occlusion rates and long-term clinical outcomes[8]. The 10-year occlusion rate of SV second limb conduits in the SV group was comparable with RITA second limb conduits of the RITA group (6.9% vs. 3.4%; P=0.213). There were no significant intergroup differences in the overall survival rates, freedom from cardiac death rates, and cumulative incidence of reintervention and major adverse cardiac and cerebrovascular events (Figures 1 and 2).




[image: Figure 1]






[image: Figure 2]



Theoretical advantages of SV composite grafts based on the in situ ITA over an aortocoronary bypass graft include: (1) the SV conduit anastomosed to the ITA is exposed to less circulatory stress than a conduit anastomosed to the ascending aorta; (2) the SV composite graft is continuously exposed to endothelium-protective substances such as nitric oxide released from the ITA. Complete revascularization using an SV composite graft based on the in situ ITA also has advantages such as avoiding aortic manipulation and allowing efficient use of bypass conduits. The length of SV needed to reach the target vessel is shorter than that of an aortocoronary bypass graft when using an SV composite graft with a sequential anastomosis technique. The SV from a lower or upper leg is sufficient for complete revascularization in most patients with multivessel coronary artery disease[12]. An additional observational study demonstrated that the no-touch SV conduits with surrounding pedicle tissue further improved the early and one-year patency of SV composite grafts compared with those of no-touch SV composite grafts without surrounding pedicle tissue, which might result from improving patency of the no-touch SV conduits by maintaining pulsatility of the cushioned graft[10].

 

CONCLUSION

Recent advances in no-touch SV harvesting techniques and grafting strategy of SV as a composite graft based on the in situ ITA may improve long-term patency of the SV conduits in CABG. Preserved SV endothelial wall structures and exposure to substances of the in situ ITA may lead to favorable negative remodeling of the SV. With pre-existing advantages of the SV conduit, such as ease of access, enough length, and short-operation time by simultaneous harvesting with the ITA, the improved patency of the no-touch SV composite grafts will make this conduit more valuable for CABG.
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ABSTRACT

Introduction: There have been several attempts to overcome the poor graft patency of saphenous vein grafts. “No-touch” saphenous vein graft (NT-SVG) could be a solution to improve graft patency. We aimed to investigate the early and midterm outcomes of coronary artery bypass grafting (CABG) using NT-SVGs in our hospitals.

Methods: This is a retrospective study of 105 patients who underwent CABG using 130 NT-SVGs between August 2013 and December 2021. NT-SVGs were harvested with about a 5-mm margin of surrounding tissue on both sides of the vein with minimal manipulation. Then, the NT-SVG was dilated by natural arterial pressure without manual distension. After surgery, most of NT-SVGs were assessed by cardiac catheterization or multidetector computed tomography (MDCT) to determine early graft patency. Late graft assessments by MDCT were performed about every five years after surgery.

Results: The early graft patency of NT-SVGs was 100% (125/125); however, two cases of graft twisting were found. Both cases spontaneously resolved. Leg wound infections of NT-SVG harvesting site were seen in 6.2% of patients. Peripheral neuropathy of the legs such as skin numbness and tingling were frequently observed, which lasted up to one year, but no more than two years after surgery. The midterm graft patency of NT-SVGs was excellent (five-year patency of NT-SVGs was 95.8%).

Conclusion: The early and midterm graft patency of NT-SVGs was satisfactory. Although leg wound complications can be seen on the harvesting NT-SVG site, the “no-touch” harvesting technique of SVG could improve graft patency and clinical outcomes of CABG.

Keywords: Coronary Artery Bypass. Saphenous Vein. Arterial Pressure. Cardiac Catheterization. General Surgery. Peripheral Nervous System Diseases.
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INTRODUCTION

Although saphenous vein grafts (SVGs) are the most frequently used bypass conduits in coronary artery bypass grafting (CABG), the downside of the vein grafts is poor graft patency in both the early and late phases. Past clinical trials[1,2] revealed that the patency of vein grafts is inferior to that of arterial grafts. Even within one year after surgery, postoperative graft assessments showed vein graft occlusion of about 10% to 20%[3,4]. Conversely, no-touch SVGs (NT-SVGs) that were harvested with pedicle tissue and without high-pressure saline distension provided promising graft patency. Samano et al.[5] presented that NT-SVGs achieved 83% of graft patency at a mean time of 16 years after surgery. Recently, a large randomized multicenter trial in China[6] was conducted to evaluate the outcomes of NT-SVGs. This trial included 2,655 patients to be randomized 1:1 between NT-SVGs and conventional harvested saphenous grafts and showed a significantly lower graft occlusion rate of NT-SVGs at 12 months after surgery (3.7% vs. 6.5%, NT-SVGs vs. conventional SVGs, respectively). Today, NT-SVG is recognized worldwide as an improved method for graft patency of SVGs. This harvesting technique is a IIb recommendation in the European guidelines[7] and is becoming increasingly popular in Japan[8]. We have been using NT-SVGs in CABGs since 2013. In this article, we present our early and midterm clinical outcomes of CABGs using NT-SVGs.

 

METHODS

We started using NT-SVGs in Kurashiki Central Hospital in August 2013 and then in Shizuoka General Hospital in April 2017. This study included isolated and concomitant CABG cases using NT-SVGs performed by a single surgeon (H.T.) who learned the NT-SVG harvesting technique as a clinical fellow at Sunnybrook Health Sciences Center in Toronto, Canada. The isolated CABG was performed mostly of-pump at both institutions. Concomitant procedures included the aortic valve, mitral valve, maze, and aortic surgeries.

NT-SVGs were harvested in an open manner either by a senior fellow or a resident supervised by an attending surgeon. In the operating room, the patient’s legs were scanned by ultrasound so the surgeon could place markings along the saphenous veins. NT-SVGs were harvested mainly from the lower legs; however, if the diameter of a saphenous vein was < 2 mm in the lower legs, we harvested the NT-SVG from the thigh. Multiple skip incisions were made along the vein markings. Then the saphenous vein was harvested using electrocautery with about a 5-mm margin of surrounding tissue on both sides of the vein. All major side branches were ligated with 4-0 silk or by metal clip. The vein was pulled from its basal bed using scissors. Before removal of the vein, the vein’s surface was marked with a pen to prevent its twisting. Then a small adaptor was inserted into the distal end of the vein and secured with a ligature. After general heparinization, the NT-SVG was connected to the 4F sheath inserted into the femoral artery to let it dilate by natural arterial pressure in of-pump CABG. In case of on-pump CABG or concomitant CABG using cardiopulmonary machine, the NT-SVG was connected to the side branch of the arterial cannula inserted into the ascending aorta. Manual distension of the vein using a saline syringe was strictly prohibited in NT-SVGs. Before closing the skin, a 10F Blake drain was inserted into the vein-harvesting site. The leg wounds were closed in two layers: interrupted 3-0 sutures to the subcutaneous tissue and a continuous 4-0 subcuticular suture. An elasticated bandage was applied to the leg wound during the surgery and kept in place for one week. A 10F Blake drain was removed when total drainage per day was < 10 mL.

In of-pump CABG, the left anterior descending coronary artery was first revascularized by using an in-situ internal thoracic artery graft while leaving the NT-SVG to be dilated spontaneously by the natural arterial pressure from the femoral sheath. The NT-SVG was anastomosed to either the left circumflex coronary artery territory or the right coronary artery territory, or both. A sequential anastomotic technique for NT-SVG was used in some cases. Then, the proximal side of the NT-SVG was anastomosed to the ascending aorta. In all cases, an intraoperative assessment of the ascending aorta was performed using epiaortic echography. If patients did not have an atherosclerotic change on the ascending aorta, a partial clamp was performed, and the proximal part of the NT-SVG was anastomosed after creating a 4.0-mm circular punch deffect. In case of on-pump CABG or concomitant CABG using cardiopulmonary machine, the distal anastomosis of the NT-SVG was performed under cardiopulmonary machine. After the valve or aortic surgery was fnished, the proximal side of the NT-SVG was anastomosed to the ascending aorta. During the operation, all NT-SVGs were examined using transit-time flow measurement (TTFM). As postoperative management, intravenous nitroglycerin was administered for about 24 hours. All the patients undergoing isolated CABG received 100 mg of aspirin and 75 mg of clopidogrel postoperatively. If patients needed blood-thinning agent in case of concomitant surgery, warfarin was used instead of clopidogrel.

After surgery, most patients underwent graft assessments by cardiac catheterization or multidetector computed tomography (MDCT) coronary angiograms within the same hospitalization as part of a routine postoperative study. The NT-SVGs were categorized as either patent or occlusions. The NT-SVGs not visualized during angiographic assessment were defined as occlusions. For sequential anastomosis of NT-SVGs, one occlusion of any of the distal anastomoses was judged as an occlusion of the whole graft. Interventional cardiologists at both institutions independently reviewed the results of cardiac catheterization or MDCT coronary angiograms. Perioperative complications were assessed, which included hospital death, stroke, myocardial infarction, reoperation for bleeding, and mediastinitis. Stroke was defined as a central neurologic deficit persisting for more than 24 hours or new infarcted lesion detected by head computed tomography scan. Myocardial infarction was diagnosed when the electrocardiogram showed new Q-wave or loss of R-wave progression or when a creatine kinase myocardial band enzyme of > 10% was found.

Patients were followed up in the outpatient clinic at postoperative three and 12 months, and then every year. The follow-up rate was 96%. If patients experienced a recurrence of angina or other abnormal results of exercise electrocardiographic testing, late graft assessments were performed using cardiac catheterization or MDCT coronary angiograms. Regardless of whether patients had any symptoms, late graft assessments by MDCT were performed about every five years after the surgery as part of a routine checkup. Of the patients in this study, 50% underwent late graft assessments (> 6 months after surgery).

Leg wound healing and symptoms of the NT-SVG harvesting site were assessed during hospitalization and in the outpatient clinic after discharge. Patients were queried for leg discomfort such as tingling pain or skin numbness at the SVG harvesting site. Leg wound infections included delayed wound healing and the situation when patients needed wound debridement, re-suturing, or negative pressure wound therapy.

 

Statistical Analysis

Estimated survival rates and late graft patency of NT-SVGs were calculated using the Kaplan–Meier method with EZR[9] (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). More precisely, it is a modified version of R commander designed to add statistical functions frequently used in biostatistics.

 

RESULTS

We used 130 NT-SVGs in 105 isolated and concomitant CABG cases between August 2013 and December 2021. Table 1 shows the patients’ profles in this study. Table 2 shows the operative characteristics. Eighty-six percent of cases were isolated CABGs. The number of bypass grafts per patient was 3.4±0.8, including 1.6±0.4 of arterial grafts. Among 130 NT-SVG cases, 33% of NT-SVGs were used as a sequential graft. Percentages of target coronary artery for NT-SVGs was 69% in the right coronary artery, 21% in the left circumflex, and 10% in diagonal branch. We did not use NT-SVGs for left descending artery bypass. The early outcomes of CAGB using NT-SVGs are shown in Table 3. Early graft patency of NT-SVGs was assessed in 125 grafts (96%), which revealed that the patency rate was 100% (125/125); however, two cases (1.6%:2/125) presented graft twisting of NT-SVG (Figure 1). Both patients did not present any chest symptoms or ischemia; therefore, we elected not to perform any catheter intervention on the twisted NT-SVGs, and we gave them warfarin (International Normalized Ratio was controlled about 1.5-2.0) in addition to aspirin to prevent vein graft occlusion. At six months after surgery, both patients underwent reassessments of the grafts, which revealed no evidence of any graft twisting in the NT-SVG. Spontaneous resolution of graft twisting in both NT-SVGs was observed (Figure 1). There were no hospital deaths; two patients had perioperative strokes, one patient had a myocardial infarction, no patient required reoperation for bleeding, and two patients had mediastinitis. Leg wound infections were seen in eight patients (6.2%). Follow-up of leg discomforts in the harvesting site are shown in Table 4.
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The mean follow-up duration of the present study was 43 months. The Kaplan–Meier cumulative survival of CABG using NT-SVGs is shown in Figure 2. The midterm graft patency of NT-SVGs is shown in Figure 3 (the five-year patency of NT-SVGs was 95.8%).
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DISCUSSION

In historical studies[1,2], an arterial graft has been documented to improve long-term graft patency in CABGs. However, SVG is still an important and useful bypass conduit for coronary revascularization because of its easy handling, quick availability, and customizable length. In fact, SVGs are used worldwide in > 80% of CABG cases[10] in Japan too. We cannot deny the use of SVGs even in the present era when arterial grafts are recommended to be used for CABG. Of course, disadvantages of the vein graft include lower graft patency as compared with arterial grafts. Several attempts have been introduced to overcome the poor graft patency of SVGs — pharmacotherapy[11], buffered storage solutions[12], gene therapy[13], external stenting[14], and harvesting technique[8]. NT-SVG is one of the solutions to improve graft patency. In this study, we have also shown good early and midterm clinical outcomes of NT-SVGs. The early graft patency was 100% (125/125) and midterm graft patency was 96%.

There are several possible explanations for the protective effect of NT-SVGs against graft occlusion. NT-SVGs could be associated with better endothelial function than conventionally harvested SVGs[15]. The vasodilatation and vasoconstriction responses are better preserved in NT-SVGs[16], which could be beneficial in preventing graft occlusion. NT-SVGs could keep more vasa vasorum[17], which supply nutrients and oxygen to the vein wall, rather than conventionally harvested SVGs. Intact vasa vasorum of the surrounding tissue can keep the vein alive and prevent graft failure.

A major drawback of the NT-SVG technique is a higher rate of wound infections in legs[18] because the tissue deffect under the leg skin at the harvest site is large. Skin faps could delay wound healing. Moreover, peripheral neuropathies, such as skin numbness and tingling, were observed in the legs, which may result from nerve injury near the SVG. Small neuron fibers close to the SVG could be harvested with surrounding tissue of NT-SVGs; however, in the present study, these peripheral symptoms were observed up to one year, but no more than two years after surgery, which may not impair a patient’s quality of life. If a major saphenous nerve near the SVG can be preserved during NT-SVG harvesting, peripheral neuropathy could be reduced. In contrast, leg wound infection can impair a patient’s quality of life and prolong their hospital stay. In this study, after harvesting NT-SVGs, 6.2% of patients had leg wound infections that needed surgical intervention. This occurrence was lower than that of previous report of NT-SVGs in the SUPERIOR SVG study[18], which presented that 23% of patients sufered from harvesting site infections. At our institutions, leg wounds were carefully closed with interrupted subcutaneous sutures and continuous subcuticular sutures. An interrupted subcutaneous suture can prevent fat necrosis under the skin unlike a continuous suture. Moreover, a leg wound drain tube was usually placed for few days until the amount of drainage significantly decreased. This meticulous wound management could reduce leg wound complications after harvesting NT-SVGs.

One pitfall of NT-SVGs is vein twisting. Surround tissue of NT-SVGs may disturb us to find the graft twisting during surgery; therefore, vein marking on the top of the NT-SVG immediately after harvesting is important to prevent twisting. However, we experienced NT-SVG twisting in two cases, even though twisted NT-SVGs were marked properly and checked by the graft flow using a T TFM. The graft flow of NT-SVGs did not show any problem after the completion of graft anastomosis. In both cases, the twisted site of NT-SVGs in postoperative imaging was close to the distal anastomoses. The slight torsion of NT-SVGs may gradually advance toward the distal part of the vein after surgery and could cause severe stenosis at the distal anastomosis site. After we experienced two twisted NT-SVGs, all NT-SVGs were routinely attached on the epicardium using fibrin glue (Figure 4). At our institutions, this surgical maneuver has prevented any further experiences of NT-SVG twisting. In general, SVGs are vulnerable to graft twisting, which attenuates graft flow and commonly results in graft occlusion. Although severe tortuosity occurred in NT-SVGs, two twisted NT-SVGs remained open, which could show the superiority of NT-SVGs over conventionally harvested SVGs.




[image: Figure 4]



 

Limitations

This study had several limitations. First, this was a retrospective study with a small number of patients in limited institutions. Second, this study did not compare the results of conventionally harvested SVGs. Third, the follow-up of this study was only up to the midterm period. Long-term results are necessary to determine the benefits of NT-SVGs. Further studies of long-term outcomes in larger numbers of patients using NT-SVGs are warranted.

 

CONCLUSION

In our institutions, early and midterm graft patency of NT-SVGs was satisfactory. Moreover, because of our meticulous wound management, the occurrence of leg wound infections after harvesting NT-SVGs was not high. However, peripheral neuropathies, such as skin numbness and tingling, were frequently observed in the harvested side legs, which occurred up to one year. NT-SVGs could provide promising graft patency and improve clinical outcomes of CABG surgery.
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ABSTRACT

Introduction: Improved long-term patency of the no-touch (NT) saphenous vein graft has been reported to result from the preservation of a healthy vascular microstructure, especially endothelial cells. However, the precise morphology of endothelial cells and their organelles in NT saphenous vein graft has not been fully investigated. In this study, we assessed the ultrastructure of preserved endothelial cells in saphenous vein graft using transmission electron microscopy.

Methods: Intact control (IC) vein, NT saphenous vein graft, and conventional (CT) saphenous vein graft were harvested from a patient. After observation by light microscopy, the nuclei and mitochondria in the preserved endothelial cells were compared among IC, NT, and CT using transmission electron microscopy, and the endothelial organelles were assessed quantitatively.

Results: Light microscopy showed that the preservation of endothelial cells was comparable in IC, NT, and C T. Subsequent transmission electron microscopy observation showed that the nuclei in preserved endothelial cells appeared more swollen in CT than that in NT. Quantitative analysis revealed that nuclear size and circularity of preserved endothelial cells in NT and IC were similar, but those in CT were larger and higher, respectively, than those in IC and NT. In addition, the mitochondrial size in preserved endothelial cells in CT was larger than that in IC and NT.

Conclusion: Necrotic changes in endothelial organelles characterized by swelling of nuclei and mitochondria were prominent in CT saphenous vein graft. The normally maintained ultrastructure of preserved endothelial cells in NT saphenous vein graft could contribute to long-term patency.

Keywords: Coronary Artery Bypass. Saphenous Vein. No-Touch Saphenous Vein Graft. Transmission Electron Microscopy. Organelle.
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INTRODUCTION

Although the saphenous vein graft (SVG) remains an important conduit for patients undergoing coronary artery bypass grafting (CABG), inferior patency of the SVG remains an unresolved problem. In 1996, Souza proposed the no-touch (NT) vein harvesting technique, which involves harvesting a pedicled SVG with the perivascular tissue intact without direct contact with the vein or high-pressure distension[1] and reported improved long-term patency[2-6]. Concerning the improved long-term patency, previous studies suggested that the NT SVG harvesting technique preserved the morphological architecture of the luminal endothelium[7-10]. For example, Souza et al.[7] reported that NT veins maintain an intact endothelium by quantifying endothelial integrity using scanning electron microscopy (SEM) and qualitatively describing the endothelial morphology using SEM and transmission electron microscopy (TEM). In that study, they suggested that mechanical distention of the saphenous vein with high-pressure saline causes endothelial cell damage. However, morphological changes in endothelial cell organelles in NT and conventional (CT) SVGs have not been fully investigated. The CT technique certainly damages endothelial cells; however, a wide variety of endothelial damage depends on surgical technique and patient factors. Even when light microscopy showed that CT SVG endothelial cells appeared to be preserved, the observed endothelial cells could be potentially damaged during conventional preparation. Therefore, to address the potential damage at the ultrastructural level, a detailed assessment of cell organelles is essential. In this study, we assessed the morphological architecture, including cell organelles in NT and CT SVGs, compared with an intact control (IC) using TEM.

 

METHODS

Materials

This observational study was approved by the institutional review board (study approval A18-137). An SVG of the lower leg from a 71-year-old woman undergoing routine CABG was harvested with its surrounding tissue using the NT SVG harvesting technique and used for the following evaluation.

 

No-Touch Saphenous Vein Graft Harvesting Technique

A NT SVG was harvested according to the technique described by Souza[1]. Briefy, preoperative ultrasonographic mapping of the saphenous vein was performed to reduce the size of dissection without unnecessary incision. Next, the SVG was dissected with its surrounding perivascular tissue intact, avoiding directly grasping the saphenous vein. High-pressure manual dilatation was avoided, and the saphenous vein was dilated gently using the patient’s arterial pressure line.

 

Samples

The proximal segment (1 cm) of the harvested saphenous vein with its surrounding tissue was immediately fixed before dilatation and used as the IC. The remaining saphenous vein was connected to the patient’s arterial pressure line and dilated gently using the patient’s blood pressure as described previously[11]. The proximal segment (1 cm) of the dilated saphenous vein was fixed just before CABG and used as the NT saphenous vein. The remaining part of the saphenous vein was used for grafting. The excess distal part of the saphenous vein was obtained upon completion of proximal anastomosis, stripped of its surrounding tissue, distended with saline using a syringe according to CT SVG preparation techniques, and 1 cm of this part was used as the CT following fixation (Figure 1).
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Upon fixation, tissues were cut into small pieces using razor blades, and most pieces were fixed with 2.5% glutaraldehyde in a 0.1-M phosphate bufer (pH 7.4) with 4% sucrose for 2 hours at 4°C. Next, the glutaraldehyde-fixed tissues were washed using a 0.1-M phosphate bufer (pH 7.2) with 4% sucrose, fixed in 1% OsO4 in the same bufer (pH 7.4) for 90 minutes at 4°C, dehydrated in an ethanol series, and embedded in Quetol 812 epoxy resin (Nissin EM, Tokyo, Japan). Thereafter, ultrathin sections were prepared, stained using 2% uranyl acetate and Reynolds’ solution for five minutes each, and then examined using an H-7600 electron microscope (Hitachi, Tokyo, Japan). Other pieces of tissues were fixed with formalin, embedded in paraffin wax, and observed using light microscopy after sectioning and staining with conventional hematoxylin and eosin.

 

Quantitative Evaluation of Organelles in Endothelial Cells

For the quantitative evaluation of organelles in endothelial cells, the size and circularity of nuclear profles in each TEM image were measured following manual segmentation using Fiji — an open-source platform for biological-image analysis[12]. Furthermore, mitochondrial profle size in each specimen was similarly measured from the images at × 8,000~10,000 magnification.

 

Statistical Analysis

Continuous variables are presented as median (first quartile; third quartile). One-way analysis of variance was used to confirm the difference between the groups and Steel-Dwass test was performed as a post-hoc analysis. All statistical analyses were performed using JMP (SAS Institute Inc., Cary, North Carolina, United States of America). P-values < 0.05 were considered statistically significant.

 

RESULTS

Light Microscopy Findings

We first compared the gross morphological differences caused by the different harvesting techniques using light microscopy with hematoxylin and eosin staining on sections of paraffin-embedded samples. The IC showed normal saphenous vein morphology with preserved endothelial nuclei, thick vascular smooth muscle, and preserved adventitia (Figures 2A and B). A large number of the endothelial nuclei on the luminal surface of NT were preserved, and slight edematous changes were observed in the subendothelial matrix compared with IC (Figures 2C and D). In CT, the loss of endothelial nuclei was not obvious, and we observed substantial numbers of nuclei on the luminal surface of the SVG (Figures 2E and F). However, the intima and subendothelial structures showed edematous changes (Figures 2E and F). In addition, the tunica media and smooth muscle were stretched, and the adventitia was detached. These observations suggest that, while subendothelial structures were variable among different harvesting techniques, endothelial cells were comparably maintained on the luminal surface of CT as well as in NT and IC at the light microscopy level.
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Transmission Electron Microscopy Findings

Although endothelial cells appeared to be preserved on the luminal vein surface in CT, the observed endothelial cells could be potentially damaged during CT preparation. Therefore, to address the potential damage at the ultrastructural level, the following evaluation by TEM was performed.

 

Intact Control (Figures 3A and B)
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In the IC, endothelial cells showed normal smooth and thin shapes and covered the whole luminal surface of the saphenous vein. The collagen fibers kept an orderly arrangement in the subendothelial matrix. Several mitochondria were observed in the endothelial cells, and their shapes were small and thin. Furthermore, a few microvilli and small vesicles were observed near the surface of the endothelial cells.

 

No-Touch (Figures 3C and D)

The morphology of the endothelial cells in NT was well preserved and similar to that in IC. However, some endothelial cells showed subtle changes from those in IC, characterized by their surfaces and microvilli formation. Moreover, a slight edematous change was observed in the subendothelial matrix, and the collagen fiber arrangement was slightly irregular compared with that of IC. On the other hand, almost normal saphenous vein morphology was preserved in NT.

 

Conventional (Figures 3E and F)

Although endothelial cells appeared to be maintained in substantial areas of the luminal surface in light microscopy observations, the nuclei of preserved endothelial cells were swollen, and the electron density appeared to be low. Furthermore, mitochondria in the preserved endothelial cells were enlarged and swollen. Prominent microvilli formation was observed on the surface of endothelial cells, and vesicles were not frequent in their cytoplasm. Severe edematous changes were observed in some areas of subendothelial tissue.

 

Quantitative Evaluation of Organelles in Endothelial Cells by Transmission Electron Microscopy

To confirm the changes in nuclei and mitochondria in a larger number of cells, quantitative measurements and comparisons of the TEM images were performed by manual segmentation of the organelles (Figure 4A). The nuclear size was measured in 26 cells per 12 slides in IC, 31 cells per 11 slides in NT, and 51 cells per 20 slides in CT. The nuclear sizes were 7.21 (4.59, 10.59), 7.52 (4.88, 11.76), and 10.54 (6.68, 19.69) µm2 in IC, NT, and CT, respectively, and the mean nuclear size of CT was larger than those of IC and NT (CT vs. IC, P<0.0001; CT vs. NT, P=0.0002; and NT vs. IC, P=0.808) (Figure 4B). In addition, endothelial nuclei circularity was 0.34 (0.27, 0.46), 0.32 (0.25, 0.45), and 0.46 (0.31, 0.64) µm2 in IC, NT, and CT, respectively, and endothelial nuclei circularity in CT was higher than that in IC and NT (CT vs. IC, P<0.0001; CT vs. NT, P=0.0002; and NT vs. IC, P=0.275) (Figure 4C). Nuclei size and circularity were not significantly different between NT and IC (Figures 4B and C).




[image: Figure 4]



Mitochondrial size assessment was also performed in 112 mitochondria per 18 slides in IC, 105 mitochondria per 17 slides in NT, and 51 mitochondria per 16 slides in CT. Mitochondrial profle sizes were 0.023 (0.014, 0.035), 0.0075 (0.0040, 0.029), and 0.083 (0.059, 0.12) µm2 in IC, NT, and CT, respectively, and the size in CT was larger than that in the IC and NT groups (CT vs. IC, P<0.0001; CT vs. NT, P<0.0001; and NT vs. IC, P<0.0001) (Figure 4D). These results suggest that nuclear and mitochondrial morphology in CT was disorganized even in the preserved endothelial cells, while that in NT was comparable with that in IC.

 

DISCUSSION

The main findings of the present study are as follows: 1) the endothelial cells in CT SVG appeared to be preserved at the light microscopy level but are damaged at the cell organelle level, 2) the normal morphology of cell organelles was largely preserved in NT SVG.

Regarding the improved long-term patency of NT SVG, previous studies have suggested that the preserved morphological architecture of the saphenous vein contributes to long-term patency[7-10]. In particular, the morphological preservation of the luminal endothelium reportedly contributes to long-term patency[7-10]. However, there was considerable endothelial damage in the SVG harvested by the CT technique that was dependent on patient background and preparation techniques. Some CT SVGs showed severe endothelial damage (endothelial cells were almost detached; Supplement 1), while others showed preserved endothelial coverage, as shown in Figure 2.
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According to the CD31 immunostaining study by Tsui et al.[8] (2001), 30–90% of endothelial cells were preserved even if har vesting was by the C T technique. Saito et al.[13] (2020) reported that the hyperfne structures in SEM, including microvilli and the von Willebrand factor immunostaining of the endothelial cells, were indistinguishable between CT and NT SVG. Although the endothelial cells are not often preserved in CT SVG, individual differences were observed for each graft[7,8]. The preservation of endothelial cells at the light microscopy level in CT SVG may be attributable to a good saphenous vein, less external damage to the saphenous vein, short pressure during dilation, etc. However, even if endothelial cell appearance in conventional TEM is comparable between different harvesting methods, organellar damage in endothelial cells is possibly triggered by conventional distension.

The current study demonstrated that nuclear size, circularity, or mitochondrial size did not significantly difer between the NT SVG and IC; however, CT SVG showed larger and more spherical nuclei and larger mitochondria than those of NT SVG and the IC. Vacuolation, such as enlarged nuclei and mitochondria, indicates cellular damage, which might lead to necrosis[14-17]. Therefore, the preserved endothelial cells in CT SVG may sufer substantial damage, which may compromise SVG patency. In contrast, these factors did not difer significantly between NT SVG and the IC, suggesting that endothelial cell integrity was preserved at the organelle level in NT SVG. Endothelial cell integrity is assessed by CD31 immunostaining[8,10], but this technique may not represent all aspects of endothelial cell quality (e.g., whether endothelial cells are alive or not, whether they maintain normal cell function, etc.). In the present study, the status of endothelial cells could be accurately evaluated by TEM at the organelle level. Nevertheless, to further assess whether cytotoxicity leads to necrosis or recovery, activation of the cascade via the tumor necrosis factor and receptor-interacting proteins 1 and 3 needs to be examined. Several researchers have investigated gene/stem cell therapy to prevent vein graft diseases, targeting repairing/replacing damaged cells experimentally[10]. However, the NT SVG harvesting technique is more practical than gene/stem cell therapy if it preserves the normal morphological architecture of the saphenous vein without mechanical injury. Although randomized clinical trials for long-term patency are anticipated, the NT SVG harvesting technique might result in a paradigm shift in CABG strategies.

 

Limitations

This study has several limitations. 1) It was based on the microscopic analysis of the IC and NT and CT SVGs from a single patient; therefore, variability attributable to individual differences should be considered. 2) The samples were obtained from different parts of the SVG (two proximal and one distal), and it might afect the histological difference between the samples. 3) The current study evaluated the ultrastructural changes in endothelial cell organelles and did not include an evaluation of other factors such as inflammatory response, random deoxyribonucleic acid degradation, and lysosomal leakage. Future studies need to evaluate these factors to clarify the relationship between morphological changes and endothelial injury culminating in necrosis or apoptosis. 4) It has been reported that the normal morphology of medial vascular smooth muscle[9,10,18] and tunica adventitia/surrounding adipose tissue[8,10,13,19] were preserved in NT SVG. Therefore, in addition to endothelial cell organelles, similar changes in medial vascular smooth muscle and adventitial and adipose tissue cells should be investigated.

 

CONCLUSION

Although the endothelial cells in CT SVG appeared to be preserved under light microscopy, damage was present, and cell necrosis progressed at the cell organelle level. In contrast, NT SVG maintained healthy cell organelle morphology. These results might contribute to the improved long-term patency of NT SVG.
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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.
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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 insufation 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 fushed 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 I TA [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].
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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 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. Diferent groups (n=900) were studied comparing proximal SVs that were non distended, distal SVs fushed 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 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.
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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 afect 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 afect 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].

 

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].

Conficting 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 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 insufates 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 spoonlike retractor. It is inserted through the skin incision. After a few centimeters of anterior dissection, the balloon is infated 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 infammation 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 faps 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 afect 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 insufation 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. 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].




[image: Figure 4]






[image: Figure 5]



 

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 afects 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.
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ABSTRACT

The no-touch saphenous vein with surrounding pedicle tissue harvesting technique preserved endothelium and vessel wall integrity and demonstrated improved long-term saphenous vein conduit patency that was comparable to internal thoracic artery conduit patency. Despite improved saphenous vein conduit patency rates, there is a possibility that no-touch saphenous vein harvest may increase wound complication rates by increased tissue disruption, including venous and lymphatic channels. Comprehensive strategies to minimize leg wound complications after no-touch saphenous vein harvest are discussed.
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INTRODUCTION

The saphenous vein (SV) conduit has been and still is widely used for coronary artery bypass grafting (CABG); however, its use as an aortocoronary bypass graft has shown declining patency with time, resulting in poorer clinical outcomes[1]. The no-touch SV harvesting technique, in which manipulation of the SV was minimized during harvesting and endothelium and vessel wall integrity were preserved, improved long-term SV conduit patency demonstrated to be comparable to internal thoracic artery conduit patency[2,3]. Despite improved SV conduit patency rates, it is possible that no-touch SV harvest may cause greater leg swelling and increased wound complications by disruption of more tissues, including venous and lymphatic channels[4]. Leg wound complication rates have been reported to be 6% to 23% in the no-touch SV groups, which were higher than in the conventionally harvested SV groups[4-6]. Strategies to minimize leg wound complications after no-touch SV harvest based on our experience are discussed below.

 

DISCUSSION

Preoperative and Intraoperative Evaluation Before Skin Incision

Preoperative thoracoabdominal multidetector computed tomography (CT) angiography was performed in patients undergoing CABG to assess their vascular status from the neck to femoral vessels due to their high atherosclerotic steno-occlusive risk[7]. If the patient had any exertional leg symptoms or had significant steno-occlusive disease of a lower extremity, an ankle brachial index (ABI) test was performed[8]. An ABI ratio of ≤ 0.7 in any lower limb suggested moderate to severe peripheral arterial disease and harvesting the ipsilateral SV was avoided to prevent skin wound complications. Lower extremity vein CT angiography was performed at the same time as thoracoabdominal CT without additional contrast material. Lower extremity vein CT angiography allowed thorough evaluation of lower extremity veins, such as of their course, size, and quality.

After anesthetic induction, Doppler ultrasonography mapping was performed to reassess the course, size, quality (such as ectatic change, sclerosis, or thrombosis), and tributaries of the SV[9]. The SV from a lower leg was commonly chosen as opposed to the upper leg SV to decrease the possibility of size mismatch with native coronary arteries or internal thoracic arteries. SV with diameters between 2.5 mm and 4.5 mm and fewer tributaries were preferred for use.

 

Skin Incision and No-Touch SV Harvest

The no-touch SV harvesting technique has been previously described[10,11]. Two or three interrupted open skin incisions were made along the SV course marked by surgical pens to avoid unnecessary and large dissections of the leg. One- to 2-cm intervening bridges of skin were left intact to allow better closure of the wound and to minimize ischemic changes along the skin edges. The no-touch SV harvest included surrounding pedicle tissue, whereby the SV pedicle was harvested along with an approximately 3- to 5-mm wide margin of adjacent adipose tissues on both sides of the SV and thin layers of adherent connective tissues posteriorly, in addition to minimized manipulation of the SV and avoidance of manual intraluminal dilatation. Side branches were divided after clipping. Titanium clips were applied at least 1 mm from branch origins to prevent inadvertent endothelial injury.

The no-touch SV harvest was performed using either an electrocautery, Harmonic Scalpel™ (Ethicon Endo-Surgery, Inc., Cincinnati, Ohio, United States of America), or LigaSure™ (Medtronic, Inc., Minneapolis, Minnesota, United States of America) device. During the no-touch SV harvesting using an electrocautery, the cautery setting was kept on low throughout the dissection to avoid thermal injury to the SV pedicle. No-touch SV harvest using either the Harmonic Scalpel™ or the LigaSure™ devices had advantages of better hemostasis and minimal thermal injury over the no-touch SV harvest using an electrocautery. The Harmonic Scalpel™ device uses ultrasonic vibration technology, and the LigaSure™ device is an electrothermal bipolar-activated device. Both devices provide effective hemostasis and minimal lateral thermal spread[12].

 

Wound Closure

After protamine administration to normalize the prolonged activated clotting time at the end of CABG, a Jackson-Pratt drain was inserted into the SV harvesting site and the leg wounds were closed in layers: interrupted 3-0 absorbable sutures to the subcutaneous tissue, interrupted 4-0 subcuticular absorbable sutures, and additional staples or zip surgical closure method for the skin. Zip skin closure (ZipLine Medical, Inc., Campbell, California, United States of America) is a noninvasive skin closure system, and it has several advantages for wound healing such as providing better cosmetic results, facilitating wound healing, and reducing infection risk[13,14]. An elasticated bandage was applied to the leg wound after surgery and was replaced by a compression stocking from the 2nd postoperative day. The compression stocking was kept in place for 1 to 2 months postoperatively for prevention of leg swelling. The Jackson-Pratt drain was removed when the amount of drained fluid decreased to < 10 mL daily. Leg wound complications in the SV harvesting site were defined as infection or wound disruption that needed additional repair or secondary intention healing. Leg wound complications developed in eight of 518 patients (1.5%) who received no-touch SV graft and underwent wound closure using the aforementioned strategies from 2017 to 2021 (unpublished data). All eight patients recovered after secondary intention healing.

 

CONCLUSION

The rate of wound complication after not-touch SV harvest may be minimized by preoperative evaluation of lower limb vascular status, selection of an adequate vein, creation of a precise skin incision, careful harvesting of the vein, placement of a drain in the vein harvest site, and meticulous closure of the skin wound.
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ABSTRACT

Introduction: This single-center study of propensity-matched data was performed to assess the effect of the no-touch saphenous vein (NTSV) harvesting technique on early- and long-term outcomes of patients after of-pump coronary artery bypass grafting (OPCABG) in China.

Methods: A retrospective analysis of 767 patients who underwent OPCABG in the Beijing Anzhen Hospital (June 2017 to October 2021) was performed, and their data entered the conventional saphenous vein (CSV) harvesting technique group or the NTSV group. In-hospital and follow-up outcomes were evaluated by adjusting baseline characteristics using propensity score matching (1:1). Clinical outcomes and postoperative angiographic results were compared.

Results: The saphenous vein graft patency rates at postoperative three months and one year for the NTSV group vs. CSV group were 99.6% vs. 96.2% (P<0.001) and 97.3% vs. 93.1% (P<0.001), respectively. The two matched groups received a significantly different cumulative incidence function of saphenous vein graft occlusion for the longer follow-up period in Kaplan-Meier curves (χ2=4.330, log-rank P=0.037). No diference in early- and long-term mortality or major adverse cardiac and cerebrovascular events (MACCE) were observed between the groups. The rate of MACCE was not statistically significant different between the groups, but there was a tendency favoring the no-touch technique (9.8% CSV vs. 4.8% NTSV; P=0.067). More patients in the NTSV group developed postoperative leg wound exudation (5.4% vs. 1.2%; P=0.032) and skin numbness (22.2% vs. 8.9%; P=0.001) than in the CSV group.

Conclusion: The NTSV is an excellent conduit to be used in OPCABG. There remains a need to reduce leg wound complications.

Keywords: Saphenous Vein. Of-Pump, Coronary Artery Bypass. Propensity Score. Wound Injuries. Hypesthesia.
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INTRODUCTION

Ischemic heart disease, the leading cause of death worldwide, is expected to account for 14.2% of all deaths by 2030[1]. Coronary artery bypass grafting (CABG) is one of the most common interventions globally for complicated and advanced coronary heart disease[2]. Graft patency is an important determinant of long-term clinical success after CABG[3]. The most universal used conduit continues to be the saphenous vein graft (SVG). Nonetheless, vein grafts are subject to a relatively high occurrence rate of occlusion compared with arterial grafts. The current studies show that the occlusion of SVG reached up to 13% at one month and 30% within one year after CABG[4-7], which is associated with adverse cardiovascular events. Among numerous efforts to overcome the structural and functional limitations of SVG, it was introduced the no-touch saphenous vein (NTSV) harvesting technique, where the saphenous vein (SV) is harvested with a pedicle of surrounding tissue[5]. Previous remarkable studies reported significantly less occlusion using NTSV, which was 5.5% at 1.5 year[9] to 10% at 8.5 years[10]. These studies were primarily conducted in high-income countries, but it remains unknown whether this marked effectiveness could be generalized in China, where CABG volume is one of the highest in the world and where the vein graft is dominant in CABG. The present study was performed to assess the clinical and angiographic outcomes in patients who received NTSV grafts after of-pump coronary artery bypass grafting (OPCABG) in the Beijing Anzhen Hospital.

 

METHODS

Study Design

This study protocol was approved by the ethics committee of Beijing Anzhen Hospital and was consistent with the Declaration of Helsinki. From June 2017 to October 2021, 767 consecutive patients underwent isolated OPCABG in our center. Among those, 68 patients (8.8%) who underwent redo CABG, on-pump beating CABG, one vessel disease with single internal thoracic artery anastomosis, or received upper leg SV were excluded (Figure 1). Therefore, 699 patients were included in the present study with the SV harvested from the lower leg. All included patients were divided into the conventional saphenous vein (CSV ) harvesting technique group (n=526) or the NTSV group (n=173). Perioperative clinical and baseline data were collected from the institutional database system, and follow-up data were obtained using standardized forms during telephone or clinic visits. The propensity score (PS) matching model was performed to adjust baseline diferences in consideration of potential confounding factors and the effects of treatment selection bias. In-hospital outcomes included surgical mortality (death in 30 days or the same hospitalization after operation) and in-hospital morbidity (respiratory complications, infection, re-exploration for bleeding, stroke, renal dysfunction, myocardial infarction associated with CABG). Respiratory complications included prolonged ventilator support > 48 hours or pneumonia after surgery. Renal dysfunction was defined as the serum creatinine level increasing > 50% or the need of continuous renal replacement therapy. The occurrence of postoperative atrial fibrillation was defined as any short runs of atrial fibrillation > 30 seconds.
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Follow-up outcomes included graft patency, all-cause mortality, major adverse cardiac and cerebrovascular events (MACCE), and leg wound complication. Graft patency was evaluated by multislice computed tomography (CT) angiography or coronary angiography. Angiographic outcomes were reviewed by physician (coronary angiography), radiologist (multidetector CT angiography), and the author of this study (all of the angiographies) to reach consensus; all of the angiography reviewers were blinded to the SV harvesting techniques of patients. Graft occlusion was defined as the graft conduit not filled with contrast but with a string sign found in any segment and any occlusion of the distal anastomoses for sequential anastomosis depending on the FitzGibbon criteria[10]. For sequential anastomosis, one occlusion of any of the distal anastomoses was considered as occlusion of the whole graft vessel. MACCEs included cardiac-cause mortality, myocardial infarction, repeat revascularization, and cerebrovascular accident. Leg wound complications included wound infection, skin numbness, edema, persistent exudation, and any complication that needed re-suture. Skin numbness was measured by visual analogue scale (Supplement Figure 1), with scores ≥ 5 indicating skin numbness. Edema was defined as the tissues around leg incisions to swell after surgery, and persistent exudation was defined as continuous leak of blood components and interstitial fluid from lower limb incisions to prevent wound healing.
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Surgical Techniques and Postoperative Care

In our center, an SV harvesting was performed by a senior surgeon who had previously traveled to Sweden to learn operative details from Professor Souza’s team. Doppler ultrasonography mapping was performed to assess the vein branches and quality of the SV to reduce damage before surgery (Figure 2). After anesthetic induction, longitudinal incisions on lower legs were performed using an open technique. The SV’s pedicle was harvested, with systemic heparinization for activated clotting time > 300 seconds, along with an approximately 5-mm wide margin of adjacent adipose tissues on both sides of the SV and thin layers of adherent connective tissues by the electrocautery knife with lower energy (20-30 J). Forced manual distension of the SV’s pedicle was not permitted. For conventional technique, the vein was stripped of its adventitia by blunt dissection with scissors, and all visible side branches were ligated or clipped by using an open technique, then the vein was removed and gently distended by heparinized saline. Leg incisions were carefully sutured by two layers of continuous suture. OPCABG was performed through a median full sternotomy. The internal mammary artery, SV, and radial artery were sequentially or separately grafted in the target coronary arteries. The transit-time flow probe (Medistim Butterfly Flowmeter, Oslo, Norway) was used to assess the quality of anastomosis, and reanastomosis would be considered when measured pulsatility index stood < 5. Subcutaneous injection of low molecular weight heparin within six hours, statin, aspirin, nitrates, and clopidogrel were routinely given to all patients after surgery, and clopidogrel was discontinued after one year. The application of other concomitant medications was depended on the patient’s condition.
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Statistical Analysis

Baseline characteristics are represented as the means with standard deviations for continuous variables, and these variables were compared by using the Student’s t-test. The Chi-squared test or Fisher’s exact test was performed for categorical variables. The Mann-Whitney-U test was used to compare non-normally distributed continuous data, which were represented as medians with interquartile ranges, and the Wilcoxon rank-sum test was performed as appropriate. PS matching was performed, and the non-parsimonious logistic regression propensity model included the following 13 variables: age; sex; obesity (body mass index > 30 kg/m2); smoking history; New York Heart Association (or NYHA) class III–IV; chronic obstructive pulmonary disease; history of stroke; diabetes mellitus; renal dysfunction; hypertension; history of percutaneous coronary intervention; left main artery disease; and emergency operation. PSs were created to quantify the likelihood of a given patient receiving NTSV harvesting technique. Using a 1:1 ratio matched pair design, we matched the NTSV group and CSV group subjects on the logit of the PS using calipers of width equal to 0.2 of the standard deviation of the logit of the PS. A greedy (nearest-neighbor) matching algorithm was used to form the pairs. After PS matching, the covariate balance was assessed using standardized mean diferences, with values < 0.2 reffecting adequate balance. The McNemar and paired Student’s t-tests were used for comparisons with the matched groups. The generalized estimating equation for clustered binary outcome was used to analyze the graft patency rates. The Kaplan–Meier method and the log-rank test were used to compare the intervals to graft occlusion and MACCE, and we also performed the stratified log-rank test to reduce confounders. A value of two-sided P<0.05 was considered statistically significant, and data were analyzed using the IBM Corp. Released 2013, IBM SPSS Statistics for Windows, version 22.0, Armonk, NY: IBM Corp.

 

RESULTS

Patient Characteristics and Perioperative Clinical Data

The baseline demographic and clinical data of the patients are listed in Table 1. Patients in the study cohort who were grouped into the NTSV group (n=173) compared with those grouped in the CSV group (n=526) presented no diferences in characteristic and perioperative clinical data, except for a higher proportion of diabetics in CSV group than in NTSV group (P=0.011). PSs were then calculated, and the area under the receiver operating characteristic curve was 0.68 (95% confidence interval, 0.54–0.81; P=0.038); the Hosmer-Lemeshow goodness was 13.872 (P=0.673). There were 167 pairs of patients selected by PS matching (Table 1). Patients in the matched NTSV group compared with the matched CSV group were similar in characteristic and perioperative clinical data. After the PS matching, the diference in diabetics between the groups was no longer observed (18.3% [31 patients] NTSV vs. 20.1% [33 patients] CSV; P=0.781). The perioperative clinical data of the patients are listed in Table 2. Patients in the NTSV group compared with those in the CSV group had longer hospitalization time before surgery for the total cohort (9.3±4.6 days vs. 7.4±4.0 days; P=0.009) and for the propensity-matched cohort (8.1±4.2 days vs. 6.7±3.6 days; P=0.013), and longer duration of operation for the total cohort (4.4±0.6 hours vs. 3.2±0.8 hours; P=0.017) and for the propensity-matched cohort (4.2±0.3 hours vs. 3.1±0.5 hours; P<0.001). There were no statistically significant diferences in graft type and the number of grafts between the two groups before and after PS matching.
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In-Hospital Mortality and Complications in the Propensity-Matched Cohort

Surgical mortality and major postoperative morbidity are shown in Table 3. There was no significant diference in surgical mortality between the two groups (1.8% NTSV vs. 2.7% CSV; P=0.474). Infection, renal insufficiency, re-exploration for bleeding, perioperative myocardial infarction, perioperative stroke, and prolonged ventilation were similar between the two groups. For leg wound complication, patients in the NTSV group developed a higher proportion of persistent exudation postoperatively (5.4% vs. 1.2%; P=0.032) and skin numbness (22.2% vs. 8.9%; P=0.001) than those in the CSV group. But there was no significant diference in re-suture before discharge between the two groups (2.9% NTSV vs. 1.6% CSV; P=0.474). No patient had severe wound complications such as necrosis or compartment syndrome.
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Angiographic Outcomes in the Propensity-Matched Cohort

Patients who died or refused angiographic evaluation were excluded from follow-up; early postoperative (mean postoperative time 3.3±1.1 months) multidetector CT angiography (n=158) or coronary angiography (n=135) to evaluate the anastomotic sites and patency of the grafts were performed in 89.9% of study patients (293 of 326). At the first postoperative year (12.0±1.5 months), 100% of all patients (288 of 288) underwent graft evaluation using coronary angiography (n=155) or multidetector CT angiography (n=133) (Somatom Definition dual-source scanner; Siemens Medical Solutions, Forchheim, Germany). The three-month and one-year SVG patency rates were significantly higher in NTSV group than in CSV group (99.6% vs. 96.2%; P<0.001 and 97.3% vs. 93.1%; P<0.001), respectively. As shown in Figure 3, the two matched groups presented a significantly different cumulative survival freedom from SVG occlusion for the longer follow-up period in Kaplan-Meier curves (χ2=4.330, log-rank P=0.037). For stratified log-rank test, the two matched groups also developed a significantly different cumulative survival freedom from SVG occlusion (χ2=4.747, stratified log-rank P=0.029).
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Long-Term Outcomes

There were 162 patients in the CSV group and 164 patients in the NTSV group who underwent a successful follow-up, which reached 97.8% of the cohort. There were five deaths during follow-up, with the duration of 36 to 54 months and median of 43 months. No significant diference between the two matched groups was found for all-cause mortality (1.6% CSV vs. 1.1% NTSV; P=0.652). The rates of persistent leg wound pain and surgical intervention were not significantly different (7.4% CSV vs. 8.4% NTSV; P=0.683 and 4.2% CSV vs. 4.6% NTSV; P=0.792). The rate of MACCE was not statistically significantly different between the two groups, but there was a tendency favoring the no-touch technique (9.6% CSV vs. 4.8% NTSV; P=0.067). As shown in Figure 4, the two matched groups received a similar cumulative incidence function of MACCE in Kaplan-Meier curves (χ2=6.502, log-rank P=0.137).
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DISCUSSION

The key finding of this study was that the NTSV grafts had statistically significantly higher patency rates at both the 3-month and 1-year angiographic follow-ups as compared with the CSV grafts.

The two matched groups received a significantly different cumulative survival freedom from SVG occlusion for the longer follow-up period in Kaplan-Meier curves (χ2=4.330, log-rank P=0.037). A longitudinal, prospective, randomized clinical trial was performed to determine the effect of the NTSV and reported a significantly higher patency rate of NTSV at 1.5, 8.5, and 16 years postoperatively[9-11]. Deb et al.[12] performed a meta-analysis study that showed a marked reduction of vein graft occlusion. Also, a recent multicenter randomized clinical trial by Tian et al.[13] from China, including 2,655 patients, demonstrated that the NTSV group had significantly higher proportion of graft patency compared with the CSV group at both three and 12 months. Our findings reinforce the conclusions of these studies.

In the present study, the use of SVG conduits was 72.6% in 508 patients who underwent OPCABG. It was shown that nearly 80% of patients used the SVG, which was consistent with other centers[14-16]. In the total cohort, there was no diference in demographic data and preoperative risk factors between the two groups, except for a higher proportion of diabetics (P=0.026) in the CSV group than in the NTSV group. However, after the PS matching, the diference in diabetics between the groups was no longer observed (18.3% [31 patients] NTSV vs. 20.1% [33 patients] CSV; P=0.781). Patients in the matched NTSV group compared with the matched CSV group were similar in characteristic and perioperative clinical data. In the perioperative data of the two groups, we found that the NTSV group had longer hospitalization time before surgery for total cohort (P=0.009) and propensity-matched cohort (P=0.013), probably because the patients in the NTSV group needed to be carefully preoperatively reviewed and evaluated, especially the Doppler ultrasonography mapping took more time when this technique was initially started at our center. In addition, the NTSV group had a longer duration of operation for total cohort (P=0.017) and propensity-matched cohort (P<0.001), which was mainly due to the unskilled work for the early period that this technique was initially brought in, suggesting that a learning curve of the surgical practice and the hard training was very important. In our study, there was no significant diference in surgical mortality between the two groups. Infection, renal insufficiency, re-exploration for bleeding, myocardial infarction associated with CABG, perioperative stroke, and prolonged ventilation were similar between the two groups. No significant diference between the two matched groups was found for all-cause mortality. The rate of MACCE was not statistically significant between the two matched groups but there was a tendency favoring the no-touch technique (9.6% CSV vs. 4.8% NTSV; P=0.067). The two matched groups received a similar cumulative incidence function of MACCE in Kaplan-Meier curves (P=0.137), which revealed the similar in-hospital and follow-up outcomes between the two groups. Our results were consistent with previous studies[10-13,17,18].

Regarding leg wound complication, patients in the NTSV group developed a higher proportion of persistent exudation postoperatively (P=0.032) and skin numbness (P=0.001) than those in the CSV group. Our results were in agreement with the two important randomized trials mentioned before[12,13]. Nonetheless, the persistent pain or surgical intervention for the leg wound were similar between the two groups in the follow-up period, which indicated that the wound complications are mostly mild and less likely to affect long-term life quality. The use of skin bridges or drains as described by Kim et al.[18] may lead to a reduction in the incidence of leg wound infections. Thus, careful incision closure intraoperatively and wound management postoperatively were necessary to reduce leg wound complications.

 

Limitations

There are several limitations to our study. First, the study has the usual limitations of retrospective investigations, although all consecutive patients who met the inclusion criteria were enrolled and PS matching analysis was also performed to overcome these limitations. Furthermore, the follow-up period was relatively short. Besides, the competitive graft flow was not further analyzed in this study, which may affect the angiographic outcomes to some extent. Finally, our study focused on patients submitted to OPCABG, so whether different surgical techniques have the same impact on patency rates of NTSV grafts remains unknown.

 

CONCLUSION

The NTSV harvesting technique provided an improvement of the patency rate after OPCABG as compared with the conventional vein harvesting approach. To reduce the incidence of leg wound complications it was crucial a learning curve of the surgical practice and dedicated training.
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Flg. 2 - Vascular damage; no-touch (NT) versus conventio
sapherous vein (SV). Lt panel shows explants of AT and CT 5
used for coronary artery bypass grafting. The pervascular at (PVF)
surrounding the SV remains intact, and the superfiial adventiial
vasavasorum (VW) s vsile in the NT . The CT SV has PVF removed,
andadventiia(ADV) s strippedofforpartially damaged. Fightpanel
shows transversesections O (op) and CT lower) SV stainedwith
haematowlin and eosin and endothelialcel dentifed using CD31.
The PVF and ADV remain intact on NT SV, but PVF s removed
V. The vessels wall s thicker in NT than CT SV. A high proy
the ADV and associated W (dark punciate staining) s damaged/
removed in CT SV {arrows). TM=tunica medi.
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FIg. 4 - Potential transport Of pervascular fat-gerved factors in
no-touch (NT) saphenous ven (SV). Top left A length of NT S/
hanvested for coronary artery bypass grafting with perascular
adipose tissue (PUAT) intact. Top right: PUAT adlpocytes extibiting
positve immunostaining (red) for endotelial itric oxide synthase
Below s the capillary network within PYAT. Lower right. Longitudinal
scanning electron microscopic image of vasa vasorum (W)
terminating ciose to the vein lumen. Lower let: Scanning electron
microscope image of an aperture/fermination of W at the luminal
erdothelium. Atrows indicate possible tansport fom PYAT via
the media to the vessel lumen, which may be bi-grectional. (From
Fermandez-Altonso et ali™).
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Fig. 3 - No-touch (NT) versus conventional (CT) saphenous iein
5V); vascular smooth muscle and endothelal cells. Top let panet
Part of a transverse section of NT SV where the lumen (U s folded,
he agventiia (4DV) ard periascular fat (PVF) remain intact
and the vessel wall s thick. Top fight pane: I the CTSV, the PVF &
emaved andthe ADV'spartialyremoved and/or damagedt Middle
eft panel: A representative example of a tansmission electron
micrograph showing the ulrastructure of vascular smooth musdle
pess cels (VSIAC) within the media of NT SV thatare ofreguiar size
and niform shape. Miadle right panek: VSMC in the meda of CT
SV exfibit polymorphism and are 0void, elongated, or multshaped.
Both from Ahmed et al, 2004). Lower left panet: The luminal
endothelium (redstaining) OFNT SV is continuous. Lower right panet
The endothelum in CT SV/s damaged with only few cels remaining
ntact (arrow). N=nicleus; sm=smooth muscle.
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FIg. 52 Forest lot orthe pairwse comparison o graft ociusin fo A) adialartery (%) vs conventionaly havested saphenots vein (CON-
5V):) no-touch saphenous vein (NT-5) vs. CON-SV: G ight intemal thoraci artery (RT) vs. CON-SV D) RA vs. RITA; ) and NT-SV vs.RA.

Ci=confidence interval; IRR=incidence rate ratio; RAPCO=FRadial Artery Patency and Clinical Outcomes; RAPS=FRadial Artery Patency Study;
RSVP=Ralial Artery Versus Saphenous Vein Patency; SAVE-RITA=Saphenous Vein versus Right Internal Thoracic Artery; seTE=standard error of

10

treatment estimate; SV=saphenous vein; TE=estimate of treatment effect, e, log hazard ratio or risk difference.
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Flg. 2 - Net graph ofthe different comparisons or 4) the primary outcome o graft occlusion and B)the secondary outcome ofate mortality.
Width of the ines indicate the number o studies comparing each pair of treatment. n the network plots, colored polygons indicate the.
‘presence of muli-arm (3 or more) triaks, whereas line shading and thickness are inversely proportional to standard emors of the fed efct
estimate stemming flom direct between-arm comparsons. CON-SV=conventionally harvested saphenous vein; GEA=gastioepiploic rtery;
NT-SV=no-touch saphenous vein; RA=radial artery; ATA=right intemal thoracic artery.
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Graft Occlusion
Treatment Reference CON-SV IRR 95%-Cl

NT-SV - 0.54 [0.38; 0.77]
RA 0.49 [0.30; 0.79]
0.5 1 2
Fig. S4 - Sensitity analyses for studies using computed tomography anglography exclusively fo postoperative graft assessment. There

Were not enough studes reporting data for the right ntemal thoraci artery and the gastroeplploic artery. i~conficence nterval: CON-
SV=conventionaly harvested saphenous vein; IRR—Incidence ate atio; NT-SV=no-touich saphenous ven; RA=tadial rtery.
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Treatment Reference CON-SV IRR 95%-Cl
NT-SV 0.58 [0.25; 1.31]
RA .- 0423 537 087
RITA —— 0.89 [0.41; 1.97]

GEA '_4'_.—': 1.47 [0.30; 7.29]

02 05 1 2 5

FIg. 53 -Subgroup analyssortheprimary outcomeinstudies withtarget vesselstenosis = 70% Cl=conidenceintenval CON-SV=conventionally
nanvested saphenous vein; GEA=Jastioep ploic rtery; RR=incidence ate atio; NT-SV=no-touch saphenous vein; RA=radial artery; ATA=right
choracic artery
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Table 3. League tables summarizing the results of the network meta-analysis (expressed asincidence rate ratio with'
interval for graft occlusion using randorm effects model,

confidence

Graft occlusion

[
1.79(1.42-225) NTSV.
1.77(133-234) 093(071-139) RA
095 (065 1.38) 0.53(034-082) | 0.53(036-080) RITA
102(066- 157) 0.57(035-093) | 0.57(035-093) 107 086 1.73) GEA

‘CON-SV=conventionaly harvestad saphenous vein; GEA=gastioepiploic artery; NT-5V

RiTA=right internal thoracic artery

1o-TouEN saphenous veir RA=radial artery
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Table 2. Pooled patency of different grafts.
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onfidence interval; CON-SV=conventionslly harvestad s3phenous vein; GEA=gastroepiploic artery; NT-S\
vein; RA=raclal artery; RITA=right internal thoracic artery
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Graft Occlusion

Treatment Reference CON-SV IRR 95%-Cl
NT-SV —— 0.56 [0.44; 0.70]
RA —_— 0.56 [0.43; 0.74]
RITA 1.06 [0.72; 1.54]
GEA = 0.98 [0.64; 1.52]
1
05 1 2

Flg. 1 - Forestplotfor graftocclusion fo thediferent conditts, Cl=coniidence interva; CON-SV=conventionally harvested saphenous vein
GEA=gastroepiploic rtery; RA=incidence rate ratio; NF-SV: ich saphenous vein; RA=radialartery; AITA=right intemal thoracic artery.
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Table 53. Demographics of included patients.

N Sex(Female), | Hypertension, Diabetes, | Dyslipidemia,
Author,year | Age (Mean:+SD) Ny, Yoo ‘Mo "oy
. CONSV: 650286 CONSV:626 CONS:E7 | CONS¥:100
Angeli, 2021 NT-51: 676 273 W73 TS 192 NT-51:865
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Bucton, 2020 RAT26 RA 190 R 440 "
(RAPCO-5V) o5 731 CoNs: 190
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ESVPY CONS: 580280 CON5Y: 840
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®APSY 703
Deb, 2019 "
(SUPERIOR SVG) ™t NTS: 756
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Gaudino, 2005 oe iy iy
P Overal:620280 | Overal: 290 Overal: 210 Overalk220 | Overal: 3
‘Gaudino, 200 (study | Overalb 650290 | Overal: 25 Overal: 130 Overall 400 | Overall 380
CONSVE31277 | CONSVG: CONS%760 CONSV:240 | CONSV710
Glineur 201104 ATA:629 63 AITA:50 AITA: 280 AITA: 110 AITA: 270
GEA619283 GEA'120 GEA 820 GEA 270 GEA 820
- o #5610 80 700 7730
Goldman, 2011 CONSVE20:80 | CONSV:10 CoNS¢790 MR
Hou 2021 CONSVZ98278 | CONSVGO CONS: 600 CONSv:220
L NT-51:61.0:£87 NT-51:80 NT-S1:580 NT-5:240
oot Ay | CONSV 6 CoNSv 248
im, 2021 (SAVEATAY fribgi Pl R R R
oo R 773220 RAET R a7
Muneretto, 2004 CONSV769220 | CONSV:462 " CONS: 450 R
- CONSV650269 | CONSVE180 CONS:40
Pettersen 2017 NSV 62.4 7.1 N1 7.0 " NES:20 R
oo 20155 CoNsv714 CONSY: 148 CONS%:670 CONSV300 | CONSV:830
amano, 201 NTSV: 776 NT51: 74 NT-S1:560 N5 370° NT-5:260
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- CONSVE08 =80 | CONSV2IB CONSV616 CONSV: 692
fan, 202 NT-51:602 284 NTS:21.4 NT-S: 645 NT-51:660
Toure, 2021°7 R R R NR
‘CON-SV=conventionaly harvested s3phenous vein; GEA=Gastioeplplolc artery; NR=not eported; NT-S\=no-touch saphenous

vein; RA=radial artery; RAPCO=Radial Artery Patency and Clinical Outcomes; RAPS=Radal Artery Patency Study; RITA=right intermal
thoracic artery; RSVP=Racil Artery verss S3phenous Vein Patency; SAVE-RITA=Saphenous Vein versus Right ntenal Thoracic Artery;
SD=standard deviation; SV=saphenous vein
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fable 52. Inclusion and exclusion criteria of the Included trials.

Author, year Key Incluslon/excluslon criteria Cohort description

Inclusion: adults aged! 18 years and over Undergaing fist ime CABG
(sither on- or off pump) with at least one saphenous vein gt
Bxclusion: valve replacement/i2par or an aortc procedure, congestive
Angelin, 2021 heart ailure, ejection fraction < 30%, preoperative serum creatinine > CON-SVvs. TSV

104 pmol/L, peripheral vascular disease, allergy 1o odinated contrast
medlia, partidpating in another interventional study, or unwiling to
participate in follow-up.

Inclusion: elective isolated! CABG patients fequiing more than 1 bypass
condlit were elgible for the trial. An ejection fraction > 35% and at
lest 1 non-LAD vessel with 3 prosimal stenosis of at least 705 and
dlameter of at least 1.5 mm. The RITA group included patients aged <
70 years (of < 60 years and diabetic) with multivessel CAD requiring at
least two grafts, The SVG group Included patients aged > 70 (or > 60
years and dabetic) with multivessel CAD requining at least two grats, | Group 1: RA vs RITA
Bxcusion: at the surgeons discretion, f they had an unusable conduf, | Group 2 RAvS. CON-SV
‘xperienced an acute myocardialinfarction n < 7 days, were undergoing

offpump surgery, had an unsuitable coronary target, WVEF < 35%,
language barir,fesided overseas, body mass Index > 35 ka/m2, renal
Impaifment with serum crestinine level > 300 pmolL, lung disease with
3FEVI < 1 L,and majorlinesses (eg, malignancy) with expectsd survival
<10years

Buxton, 2020 (RAPCO)*

Inclusion: ages 4070 years, undergoing primary [solated CABG,
Exclusion: LVEF < 256, positive Allen's test, history of Raynauds syndrome
o vascuitis, bisteral varicose veins, or ny condition that may have
affected the safety of follow-up angiography.

Collins, 2008 (RSVP)" RAvs CON-5V.

Inclusion: patients with @ dominant clicumfiex coronary artery viere
elgible f they had sequential high-grade lesions in the circumfiex
and graftable obtuse marginal and posterior descending arteries
Bxcusion: patients with a history of vasculits, Raynaud's synome,
biateral varicase vein stripping, or Varicose veins were xcluded from
the study. (3) reral insufficiency (creatinine > 120 umol/L); (b) severe.
Deb, 2012 (RAP5)" peripheral vascular disease precluding femoral access; c) coagulopathy RA Y CONSV.

or abligatory uninterupted use of anticoaguiants; @) known allergy to
radiographic contrast media; (&) women of childbearing potential (f)
‘comorbid iness which precludes the use of follow-up angiography; and
(g) geographically inaccessible for ollow-up angiography. Patients who
developed any of the preoperative exclusion citeia following surgery
were excluded fiom late angiography.

Inclusion: > 18 years old, Undlergoing non-emergent ialated on- or off-
Pump CABG with an LVEF > 203, required at least one SV as part of the.
revascularization strategy, and had a creatinine clearance atleast 20 mL/

minor higher
Exclusion: patients were excluded ifthe SV was unusable dus to previous

Deb, 2019 vein stripping of poor qualty on preoperative cuplex or vein mapping | o (e

(SUPERIOR SVG™ ifthe patient hiad 3 contraindication to CTA, was pregniant or 3 female of Vs NSV

child-bearing age, allergy to fish oilfish production and nonmedicinal
ingredierts of the sturly product, already taking fish oil supplements
requiatly, had a congenital o acquired coagulation disorder, or
considersd excessiv risk of wound infection according to the clinical
judgementof the ste surgical investigators.

Inclusion: Patients with three-vessel CAD.

Exclusion age > 65 years, IVEF 120 pmoll, use of anticosguiants,

Dreifads, 20197 coaguiopathy, allergy to contrast medium, posiive Aleris test result or RA VS NSV
anabnormal resultof  Doppler study of thearms,ahistory of vasculitisor

Raynaud's syndrorne, bilateral varicose veins, of previous vein stipping.

Inclusion: patients undergoing primary elective CABG, had undergane
previous percutaneous coronary angioplasty with successful stent
implantationinary coronary vessel > 1 2mm in diameteratleast | month
before surgery with preoperative angiographic demanstration of failed
o patent intracoronary stent, and angiographic evidence of triple vessel
Gaudino, 20059 ‘coronary disease with a dseased (proxmalstenosis = 70%) oraftable (= 1 | RITA vs. RA V5. CONSV.

mminclameten) obtuse marginalatery, LVEF > 50%,andno preaperative
evidence or history of lateral or posterolateral myocardial infarction
Bxcusion: patients who undenwent stent implantation < | month before
Surgery were excluded, In the presumption that stent falure in such
fimited time frame could be technically elated.

Inclusion: patients_with Ife expectancy of > 5 years, Undergoing
elective isolated CABG with angiographic. evidence of severe (>
70% by visual estimate) coronary obstiuction on the RCA temitary
with & perioperative lumen ciameter of the right GEA > 1.5 mm.
Giineur, 201174 Bxclusion: a history of upper abdominal sugery, history of upper RAVS right GEA
gastiointestinal blesding of active gastii/duodenal ulcer, Bl > 35,

dabeteswithhemoglobin Al 7.3, FEV] < 60% predicted, fédo surgery,
cirthosis, or other configuration than grat o posterior descending atery
o posterior lateral aery.

Incusion:_patients undergoing elective fisttme CABG without
concomiant valve procede.

Exclusion: equirement for only a single vessel bypass where the left
internal marmmary artery would be used for that Qrat previous vein
stipping and igation of saphenous veins with no venous conduit
avallable for bypass; Reynauds symptoms; creatinine > 20 ma/al
or reqifing hemodiaysis; positve Alleris test; cardiogenic shock, or
Goldman, 20117 unable to give consent;alergic o contrast materia undergoing repeat RA ¥ CON:

(CABG; les than full use of both arms; curtently pregnant; newologic

or musculoskeletal dissase afecting the aim; refusal to paricipate
fecpitmEnt for 3ny concomitant ke operaton in the mital, aoric or
pulmonary positon; olated ricuspid annulopasty v aceeptable but
icuspid vale replacement excluded the patient fom consideration;
concomitant Dor or Maze procedure; n another resgarch study; of no
sultabe racl target there s no non-LAD vessel with 3 > 70% stenosis)

Inclusio: aged 1880 years, at least thiee-vessel CAD, and
volurtarly joined the study and signed the informed consent form.
Bxcusion: Simultaneous operations (such a heart valve of lung or
abdominal surgery), emergency surgery, ejection fraction < 35%,
complicated with interventricular septal perforation and ventricular
Hou, 20217 aneurysm, redo CABG, internal diameter of great saphencus vein < 020 CON-SV 5. NT-SV
am, varicase great saphenous veln, or venous tortuasity, complicated

‘with severe malignant tumor or other serious systemic diseases, severe
tenal insufficiency (creatining > 200 pmolrL), dual antiplatelt tabao,
Severe peripheral vascular disease, allergy to the radio-contrast agent,
partcipation in other cinica rals at the same time

nclusion: patients aged 40-70 years underdoing off-pump CABG for
multvessel CABG Using a Y-composte graft based on the in sits eft
internal thoracic atery

Exclusion: Inelighle Y-composte graf revascularization, an unavallale
FITA or 5 LVEF 5 5%, chvoric renal lur requiing renal replcement
therapy, previous cardiac surgery, emergency aperation, or a medical
Fistory Such 35 malignant cisesse that might it the possibiy of
micterm folove-up.

Kim, 2021 (SAVE RITA™ CON-5V 15, AITA

Inclusion: patients agad > 70years and scheduled for on-pump solated

myocardial revascularization.

Muneretto, 2004°® Bxclusion: age < 70 years, single-vessel disease, emergency operations, RA S CON-SV.
concomitant procedures other than coronary surgery, LVEF < 20%,

EWOSCORE > 10, and the presence of a positive Allrs test.

Inclusion: patients undergoing isolated first-time non-emergent CABG
equiring cardiopulmanary bypass ith an LVEF > 35% with at least ane
S3phenous vein graft requied as part of the revascularization strategy.
Bxclusion: any acute or chionic inflamimatory diseases, patient with 3
Pettersen, 201707 istory of malignancy, pregnancy, o previous cardiac surgery, serum CON-5V 15, NSV
areatinine > 120 MOl coagulopathy, insulin-dependent diabetes,

smoking during last 6 month, leg not suitable for no-touch vein
harvesting as]udged by the operator, need for nitrates on aperation ey,
and patients not on statin,

Bxclusion: Unstable angin, Insulin-dependent ciabetes melitus, serum
Samano, 20158 creatinine > 1 20 umol/L, preventive use of anticoagulants, coaquiopathy, CON-SVs. TSV
‘combined procedure, 2o CABG, and severe peripheralvascular disease.

Bxclusion: (@) age over 70 years, (b) severs obesity; (0 previous

abdominal operation; (@) positive Alles test (¢) redo operation; (1)

Santos, 20027 additional procedure; (g) severely depressed left ventricular functior; RAVS right GEA
(n) cortraindications for use of caicium-channel blockers; and ()

contraingication for pastoperative angiography.

Inclusion: age = 70 years and primary Isolted offpump CABG,
Song, 201250 Bxclusion: single-vessel cise3se, emergent surgery, a postive Alln's test, RA Vs NSV
o acute o chionic renal falue.

Inclusion: patients aged 18 years or older who was planned to
undergo primary isolated open-chest CABG with at least one araft
flom  saphenous veln, With or without Cardiopulmanary bypas.
Bxclusion: concomitant carciac or vascular surgeries (ie, valve repair
o replacement, Maze surgery), 1&do CABG, emergency CAB, use of
Tian, 2021 VaSCUr Stapler for anastomosis, planned endarterectomy of cornary CON-5V 15, NSV
artery during surgery left ventricular repir due to venticular aneurysm,

malignant tumor o other severe Systemic diseases, severe renal
insufficiency (ie, serum crestinine > 200 pmolL), contrainications for
sl antiplatelet therapy, such as active gastioduodenal e, participant
of other angoing clinical tias,

Inclusion: trget esion in oblique marginalis proximal and tght (> 8096),

Toure, 2021 Wer atae

RA S CON-SV.

BMI=body mass index; CABG=Coronary artery bypass grafting; CAD=coronary artery cisease; CON-SV=conventionally harvestect
saphenous vein; CTA=Computed! tormography angiogiaphy; EuroSCORE=Eurapean System for Cardiac Operative Fisk Evaluationy
FEVI=forced expiratory volume in | second; GEA=gastrospipioic artery; LAD=Ieft anterior descending; LVEF=left ventricular ejection
action; NT-5\=no-touich saphenous vein; RA=radial artery; RAPCO=Racil Artery Patency and Clinical Outcomes; RAPS=Radlial Artery
Patency Study; RCA=right coronary artery; RTA=right intermal thoracic artery; RSVP=Radial Artery versus Saphenous Vein Patency;
SAVE-RITA=Saphenous Vein versus Right Internal Thoracic Artery: SV=saphenous vein: 5VG=saphenaus vein qraft
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Kim, 2021 GAVE | O (anastomosis), which
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more of the grafted coronary
artery or a totally accluded
graft, was considered
occluded

“Catheter-based
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Muneretto, 20047 | (reduced graft calioer < 136 = > 60% for A
50% of the graftedt coronary s
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(occiuded graft)
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Petersen, 20177 W w“ angioaraphy
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occluded when the graft
was not opacified by
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Samano, 201551 54 = NR
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nartowed grat (sting sign)
o occluded without iling
of the target coranary artery

Santos, 200257

Song, 20120 R 190 [ R

Graft occlusion was
considered when a conduit
aid not il with contrast
atall orstring sign was
found in any segment For
sequental anastomoss, 1
acclusion of any of the distal
anastomoses was|udged as
acclusion af the whole graft
vessel

Tian, 2021 2434 = < 70%, 70-89%, 2 9056

Toure, 202177 N 50 o > 80%

CTa=computed tomography anglography; ISR=-tent restenosis; TA=intemal thoracic artery; MUS=intravascular ultrasound;
NR=not. reportect RA=radial artery; RAPCO=Radial Artery Patency and Clincal Outcomes; RAPS=Radial Attery Patency Study
RITA=rght Intenal thoracic artery; RSVP=Radial Artery versus Saphenous Veln Patency; SAVE-RITA=Saphenous Vein versus Right
Internal Thoracic Artery; SVG=saphenous vein qraft, TIMI=thrombolysis in myocardial infarction
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Table $9. Meta-regression for the primary outcome of graft occlusion.

RAvsCONSV | RITAvsCONSV |  RAvsRITA NTSVvs.CONSV_ | RAvs. NTSV.
n=7) (n=4) n=3) (n=6) n=2)

Age 005 2005,P=036 - - 001 2003, P87 ,

Female sex 0,05 20,02, P=0.01 - - 001 =002, =057 -

Hypertension

002:001,P=008

0005 £002,P077

Diabetes melius

o

003,710

0006 2002, P07
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Target vessel stencsis 172157,P=025 | 0472045 P=031 | 046 167,P=077 - ,
Durtion of folowup | 0022011,7=089_| 0072007,P=031 | 00520347083 | 001 002, P06 -
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00220022027
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000420009, =055

Praximal anastomasis on
theascending aorta

002:001,P=018

001 2001,P025
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‘Al values ae expressed as beta = standard deviaton, Pvalus. Pasitive beta refects higher Incdence rate ati of the outcome with
increased varable value, whil negative bets reflects lower incidence ate atio of the outcome vith hisher varizble vake.

CON-S¥=conventionally harvested saphenous vein;NT=!

o-touch saphenaus vein; RA=radial artry; RiTA=right internal thoracic artery
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‘Table 5. Assessment of risk of bias using the Cochrane Collaboratior's tool
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RAPCO=Radal Artery Patency and Clinical Outcomes; RAPS=Radial Artery Patency Study; RSVP=Radial Artery versus Saphenous Vein
Patency, SAVE-RITA=Saphenous Vein versus Right Intemal Thoracic Artery

“For Deb, 2012 and Drefaid, 2019, every patient received both study grafts. However, the endpoint assessors were biinded
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Fig. S5 -Net heat plot evaluating for inconsistency (ie, dsagreement betuveen directand indirect evidence) in the network modelfor ) graft
‘patency and B) late mortalty. The areas of gray squares represent the relative contributions of designslsted in the columns to the network.
estimate of gesigns lstetin th rows. The color are associated with changes in inconsstency betveen difect and indirectevidence n designs
listed i the rows after detaching the effect of designs lsted inthe columns Yellow colors Indicate a decrease (the stronger the intensity of e
color the stranger the changel. CON-SV/=conventionally harvested saphenus vein; GEA=gastrospiploic artery; NTSV=no-touch saphenous
vein; RA=radial artery; ATA=right Internal thoracic rtery.
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Table $8. Quantifying heterogenefty.

Quantifying Tests of haterogenalty (within designs) and

outcome | ,qterogeneltyinconsistency Inconsistency (between designs)

0 statistics to assess honageneity / consistency

patency

0 f p-value
Total 18.53 18 '0.4212
Within designs 13.70 12 03201
Betueen designs 4183 6 0.5660

Design-specific decosposition of within-designs Q statistic

Design 0 df p-value
CON-SVINT-SV 0.99 5 0.9630
CON-SV:RA 9.56 4 0.0485
NTSViRA 2,32 1 0.1280
CON-SVIRAIRITA 083 2 0.6612

Graftocclusion Tay

0052,

Betueen-designs 0 statistic after detaching of single designs

Detached design 9 df p-value
CON-SVINT-SV 4.52 5 0.4777
CON-SVERA 4.79 5 9.4418
CON-SVERITA 4140 5 0.4940
GEA:RA 4.05 5 @.5418
NT-SV:RA 4.52 5 0.4777

5 e

H

H

RARITA 4.82 14382
CON-SVIGEAIRITA 2,85 4 0.5815
Con-si 07714

AGRITA 1.81

0 statistic to assess consistency under the assusption of
a full des ign-by-treatnent interaction randon effects nodel

Q statistics to assess howogeneity / consistency

0 61 pvalue
Tatal 3.40 31 00803
Within designs 283 3 0944
Between designs 0.57 3 8.0034

Destgn-specific deconposition of within-designs 0 statistic

Design g af pvalve
CON-SVENT-8V 2.59 3 04585
COu-SviRA 0.2¢ 3 8.9710
CON-SURALRITA 008 2 1.0000
Late mortalty

Between-designs O statistic after detaching of single designs

Detached design 0 af p-value
Con-su:tn 0.20 2 '0.9052
CON-SVERITA 0.7 2 9.9138
RARITA 0,04 2 0,923
CON-SVERALRITA 046 1 9,491

0 statistic to assess consistency under the assumption of
a TuTl design-by-treatnent interaction randon effects model

Q61 p-value tau.uithin tauz.within
Between designs 0.57 3 8,903 ° °

Tests of heterogeneity (within designs) and inconsistency (between esigns) and design-specific decomposition of within-designs Q
statistic. CON-SV=conventionaly harvested saphenous vein; GEA=gastroepiploic atery; NT-S\=no-touch saphenous vein; RA=radial
artery; RITA=right intemal thoracic artery
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Table 4. League tables summarizing the results of the network meta-analysis (expressed as incidence rate ratio with 95% confidence

interva forate mortaty using random effects model
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CON-SV=conventionally harvested saphenous vein; GEA=gastroepiploic artery; NT-

and RITA=right internal thoracic artery

o-touch saphenous ven; RA=radial artery;
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Fig. 3 - Forest plot for late mortalty for the diferent condits, Ci=confidence interval: CON-SV=conventionally harvested saphenous vein;
(GEA=gastroepiplolc artery; R=incidence ate ati; o-touch sapherous vein; R4=radial rtery; iTA=right internal thoracic artery
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Table 57. Assessment of inconsistency based on separate indirect from direct evidence (or SIDE) using back-calculation method and
random effects model

conpar ison nea direct indir. Rz pvalue
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Al Pvalues were Insgnifcant reflecting no signiicant disagreement (o Inconsistency) between the drect and Indirect estimate In
ourincluded outcomes,

CON-SV=conventionally harvested saphenous vei; GEA=gastioepiplic artery; NT-SV=no-touch saphenous vein; RA=radia atery;
AITA=rgnt internal thoracic artery

In thistable: comparison=treatment comparison; k=number of tudlies providing clfect evidence; prop=dlfect evidence proportion;
nma=estimated eatment ffec incidence ateratio [RR) n network meta-analyss diect=estimated treatment efect (R dervec
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‘Table $6. Summary of different pairwise comparisons using random effects modeling for A) graft occlusion and B) late mortality.
For each pairwise comparison, the second group is the reference arm,
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Table 2. Operative data.

cABG
n=105
Isolated CABG, N (4] 26 82%)
Off-pump in Solted CABG, N (%) 1 049%)
On-pump in isolated CABG, n 56) 56%)
Concomitant CABG, n () 1908%)
Valve surgery,n 18
Antythiia surgery (maze, PVI, n 2
Aortic sugery, n T
Anastormoses per patient,n 34208
Arteral rafts per patient, n 16204
NTSVGs, 1 130
Sequential grats In NT-5vGs, n () 43G3%)
Target coronary artery of NT-SVG
Right coronary artery, () A
Left crcumfiex, (%) 2%
Diagonal, B 10%
Left descending artery, 66) %

CABG=Coronary artery bypass grafting; NT-SVG="no-touch”
<aphenous veln graf; PVi=pulmonary vein solation
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Table 1. Patients'profiles.

Age (years) 661204
Male 66 B
Disbetes melltus %
Hypertension ER
Fypetipidemia 7%
Cunent smoker 7%
Hemodialysis %
Previous myocardialinfarction 2%
Previous stioke 16%
Peripheralarteral disease. 2%
Low ejection fraction (< 40%) %
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Table 4. Follow-up of leg discomforts in the harvesting site.

Just after surgery | 3 months after surgery | 1 year after surgery | 2 years after surgery
Leg discomforts,n (56 %3/101 /50 052
Tingling or skin numbness, %) 2% % 0%
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Table 3. Early outcomes of CABG using NT-SVGs.

No. of NT-SVGs.
30
Early graft patency of NT-5VGs n (99 | 125/125 (100%)
Twisted grats of NT-5VGs, 1 06) 2125 16%)
Hospital death, n 46) 0
Stioke,n 46) 2019%)
Myocardialinfarction, n (%) 0%
Reoperation for bleeding,n (%) 0
Mediastinis,n () 2019%)
Leg vound infection, n (%) 8(62%)

otouch

CABG=Coronary artery bypass grafting NFSVC
saphenous vein graft
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Flg. 2 - Long-term angiographic and clinical rsults of the SAVE AITA til. () Summary flow diagram of patients. Comparison of (8)
cumulative incidence of the overall conatit and secong-imb conait oeclusion, (€) overall urvval and cardiac mortaliy-ree survival, (D)
cumulative incidence ofrintervention and major adverse cardiac and cersbrovascular evens (MACCE) betwieen the saphenous ven (V) andt
fight intemal thoracic artery (RITA) groups. ITa=intemal thoracic artery; SAVE AlTa=Séphenous Vein versus Right ntemal Thoracic Artery as

aY-Composite Graft
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Abbrevations, Acronyms & Symbols

casG = Coronary artery bypass grafting
& = Endothelial calls:

Em = Extracellular matrix

asv = Great saphenous vein

" = intimal hyperplasta

[ = interleukin

KL =Kruppekikefactor
miToRNAS = Microrbonucleic acids

No =Nitricode

PDGF =Platolt-derived growth factor
sv = Saphenous vein

vsMc =Vascular smooth musdie cells:
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Abbreviations, Acronyms & Symbols

csG = Coronary artery bypass grafting

m Intarnalthoracic artery

MACCE Majoradverse cardiac and cerebrovascular avents

RATA =Right internal thoracicartery.

SAVERTA = SAphenous VEIn versus Right Internal Thoracic
Artery s aY-Composite Grait

sv aphenous vein
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Flg. 3-Transmissionelecron microscopy images o thesaphenousveingraf( pared by diferent arvesting met
INT}and conventional [CT) and heintact control IC). Theimages show thelC vein (@, ), NTSVG ¢, ), and CTSVG e f) at low a,C @land igh
. ) magnification. I € (a), endothelal el nad smooth and thin shapes and covered the entire uminal surface fthe saphenous vein ,
artows). e misovili and sl vesicis were observed in the endothelialcls (, amows). The collagen fbers kept an ordéry arangermentin
the subendothelal matrx (a, white amownead). In the cytoplasm o endothel

andiong (6, arowneads a, the morphology of the s nostly preserved. Th shape of many endotelal ces w
similarto some endothelialcelsin NT showed aslight change in heir surtac cterzed by microvill formation (¢,
arrows). A sight edematous a ubendothelial matrcin NT and fhe, biious in
NT) antangement b ide compared with the C (c,white arowhead). I CT (e, mitochondria i the remaining endottelial
cels were eniarged and swollen (£ it Grtowhead). urthermore thelr nuciei appear arger e asters). Prominent microvil and a decreased
umberof vescles were observed o the surtace o endothelial ce (¢ amrows) cematous changes wer rvedin some areas
of ubendothelaltissue Scale bars: | um.
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Fig. 2 - Light microscopy images. Light microscopy diffeences of the saphenous vein graft (SVG) between the two harvesting methods
{no-touch INT] and conventonal CTJ) and intact control(C). Light microscopy images of parafin SVG sectionsprepared for the K (0 0, NT
SVG (), 0r TSV (.f) and stained with hematoxylin-<osin were acquied atow @, c, & and high b, 1) magnification Areas marked with
fectangles 5, c, e)are magnifed b, ,1.InC (a,b), endotnelalels &, amowhead) and acventiia (, rrow) were wellpreserved and vascular
smooth musce (a,asteik) was thik.In NT (¢, ), most endthelialcel 4, arrowhead) were preserved, and the intima and subendothelial
structures showed sightedematous changes (d arrow). I CT ) loss o endothelal nucei s not obvious £ arowhead), and theintimaand
Subendothelial structures showed edematous changes (¢ arow). The turica media and smooth muscle were stretched (¢, stersk), and e
adventitiawas detached (e, white armowhead). Scale bars: | mm. Pervascar fat issue ofNT was removed before fixation.
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Light microscopic images TEM images

Supplement 1. Light microscopic and ransmission electron microscopy (TEM) images of resi-embedded sampies prepared by the two.
arvesting methods (no-touch (NT] ard conventionl (CT) and intact contro {C). Light microscopic images obtained rom paraffinsectons.
ofthelCvein(a), T SVG 0}, and CTSVG (0 stained with oluidine-biue are shown. In C (0} adventita (a, amow) s wel preserved, andvascular
smooth muscle (. asters s thck.In T (), adventitia andvascular smooth musci show similar morphology toIC.in CT(c) thentima and
subsndothelia tructures showed edematols changes (¢ arrow). The tunica media and Smooth Muscl were Stetched (¢ asterskl, and the
aaventitiawos detached . white aowhead.Scale bars: | mm. TEM images fIC (@), NT(€), and CT (7.In K () endothelial clls had asmooth
andthinshape . arrow).In T () e normal morpholagy of the saphenousvein was mostl preseryec The shape of many endothelalcell
was similar totht i C. However, some endotheial els in NTshowed @ slight change n ther surtaces, characterized by microvil formation
e arow). I CT (1), endothelalcels were delaminated and stripped off(: arrow) Severe edematous change was o observed n some areds.
of subendothelal e ¢ white arownead) Secl bars: 2m.
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Flg. 4 - Quantiative measurements of nuclel and mitochondria in endothelalcel of the saphenous vein graf (SVG) prepared by the two
diferentharvesting methods (no-touch [NT) and conventional [CT)) andintact controlC).Inthe lectron microscopy images ofthe IC vein,NT
SV(G,and CT SVG, the nucteiandmitochondiia weremanuall segmented!(a),and the iz (o) andcirclarty () of the nuciel and mitochondrial
sizes (@) were measured. Scale bar. | m. *P < 005 in Stee-Dwass test. Medians with interquarte ranges and ranges of min. and max. values
are shown.
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Fig. 3 - Histological appearance of saphenous vein gafts prepared
using diffrent techniques of harvesting. Top sectons stained for
muscl layers.A) Transvers section of a no-touch saphenots vein
grart with pervascular adipose tissue. (From Dashwood et i,
2009). 8) Transverse section of endoscopic no-touch saphenous
vein gratt with pertvascular adpose tssue intact. (From Yoshino
et al®” 2020). C) No-touch saphenous vein with intact luminal
endothelium, adventita, and perbascuiar fa. (Fom Dastwood
et ais, 2013). ) Conventional saphenous vein with endothelium
and adventtia damaged and pervoscular adipose tissue removed
(Fom Dashwood et al®, 2013). *=periascuiar adpose tsue
arowhead=adventitia;arrow=tuminl endothelium.
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Fig. 2 - Conventional endoscopic saphenous vein (5¥) gra
harvesting for coronary artery bypass giaftng. Screen shot from
video_footage taken during endoscopic SV harvesting showing
exposureofthe S separatin of pervascular adipose tse (PAT)
and vasa vasorum (arrows). (From Dashwood et al3, 2020),
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Flg. 5 - Histology findings of no-touch and endoscopic saphenous
vein grafts for coronary artery bypass grafting. Left panets show.
representative transvers sections of no-touch (4) and endoscopic.
Do-touch (C) saphenous vein grafs with preserved perivascular
adipose tiste (%), a folded intima (small arrow), a thick intima.
(continuousiine), andan ntact/undamaged adventitia(brokeniine).
Right panelsshow transmission elecron mictoscopy images o open
adveniital vasa vasorum lumen () containing erythrocytes (small
arrow)in no-touch (8) and endoscopic no-touch (D) saphenous vein
giafts (A ffom Dastwoodetal™, 2009, 8 flom Abmedet al™, 2004;
Cand D from Yoshino et al*", 2020).
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Fig. 4 - No-touch endoscopic saphenous vein (5V) graft harvesting.
Streen shot from a video footage taken at harvesting where
perivascular adipose tissue (*) remains intact surounding the SV.
(From Hayashi et al™, 2020)





OPS/images/a08img01.png
Abbreviations, Acronyms & Symbols

B
caBG

o

E0R
ESCEACTS

W
m
L
NcE
No

Sracykinin
oronaryartey bypass gating
Josedtumel

Endothelak dependent relaxation

European Society of Cardllogy European Association
for Cardio-Thoracic Surgery

Endoscoplcvein harvsting
internalthoracicartery
~Lumen

~Nationsl Isttutefo Health and Care Excellence
Niticode

oS
Nt

or

o
puaT
REGROUP
s

v
sve

VeGE
vico

i oida synthetase
o-touch

pen tunnel

penharvesting

ervascular adipose tssue

andomized Endovein GaftProspective
odlum nitroprusside

aphenous vein

Saphenous vei graft

~Vascular endothelal growth factor

ein Integrty and Clinical Outcomes






OPS/images/a07img07.png
Authors'Roles & Responsibilities

s

No

Substantial contributions o the conception or dasign of
the work; or the acquiiton, analysis,or nterpretation of
data for thework;draftng the work o rvising I critclly
for Important Intellectal contant; agresment 1o be
accountable for al aspects of the work In ensuring that
Questions refated to the accuracy or ntagrty of any part
of the work are appropriately Investgated and resolvec;
fnal pproval of the version o ba published

Substantial contibutions to the conception or csign of
the work;or the acquiiton, analysis,or Interpretation of
data for thework;draftng the work o revising I criticlly
for Important Intallectual contant; agresment 1o be
accountable for al aspects of the work In ensuring that
Questions refated to the accuracy or ntagrty of any part
of the work are appropriatly Investgated and resolved;
fnal approval of the version o be published
‘Agreementto beaccountablefor il aspectsof the workIn
‘ensuringthatquestions related to the accuracy orlntagrity
of any partof the work are appropriately Investigated and
resolved; final approval of the version to be published

Substantial contributions to the concaption or design of
the work; r the acquistion, analyss, of Intarpretation of
data forthe work; drafting the work o revising i crtically
for Important intallectual content; agreement to be
accountable fo all aspects of the work In ensuring that
questions rlated to the accuracy or Intagrty of any part
of the work are appropriataly Investigated and resohved;
final approval of the varsion o be published






OPS/images/a08img02.png
Fig. 1 - Comparson of saphenous veins harvested for coronary
ey bypass quating. Examples of scpnenous ven expints at
hanesting: 4 No-touch, 8) conventinal, ) endoscopic and D)
no-touch endoscopic. (From Yoshino etal, 2020






