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Abstract
Background Randomised trials show high long-term patency for no-touch saphenous vein grafts in coronary artery bypass
grafting. The patency rate in off-pump coronary bypass surgery for these grafts has not been investigated. Our centre
participated in the CORONARY randomized trial, NCT00463294. This is a sub-study aimed to assess the patency of no-touch
saphenous veins in on- versus off-pump coronary bypass surgery at five-year follow-up. Methods Fifty-six patients were included.
Forty of 49 patients, alive at five years, participated in this follow-up. There were 21 and 19 patients in the on- and off-pump
groups respectively. No-touch saphenous veins were used to bypass all targets and in some cases the left anterior descending
artery. Graft patency according to distal anastomosis was evaluated with computed tomography angiography. Results The
five-year patency rate was 123/139 (88.5%). The patency for the no-touch vein grafts was 57/64 (89.1%) in the on-pump vs
37/45 (82.2%) in the off-pump group. All left internal thoracic arteries except for one, 29/30 (96.6%), were patent. All vein
grafts used to bypass the left anterior descending and the diagonal arteries were patent 32/32. The lowest patency rate for the
saphenous veins was to the right coronary territory, particularly in off-pump surgery (80.0% vs 62.5% for the on- respective
off-pump groups). Conclusions Comparable five-year patency for the no-touch saphenous veins and the left internal thoracic
arteries to the left anterior descending territory in both on- and off-pump coronary artery bypass grafting. Graft patency in
off-pump CABG is lower to the right coronary artery.
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Abstract
Background
Randomised trials show high long-term patency for no-touch saphenous vein grafts in coronary artery bypass
grafting. The patency rate in off-pump coronary bypass surgery for these grafts has not been investigated.
Our centre participated in the CORONARY randomized trial, NCT00463294. This is a study aimed to
assess the patency of no-touch saphenous veins in on- versus off-pump coronary bypass surgery at five-year
follow-up.
Methods
Fifty-six patients were included. Forty of 49 patients, alive at five years, participated in this follow-up. There
were 21 and 19 patients in the on- and off-pump groups respectively. No-touch saphenous veins were used
to bypass all targets and in some cases the left anterior descending artery. Graft patency according to distal
anastomosis was evaluated with computed tomography angiography.
Results
The five-year patency rate was 123/139 (88.5%). The patency for the no-touch vein grafts was 57/64 (89.1%)
in the on-pump vs 37/45 (82.2%) in the off-pump group. All left internal thoracic arteries except for one,
29/30 (96.6%), were patent. All vein grafts used to bypass the left anterior descending and the diagonal
arteries were patent 32/32. The lowest patency rate for the saphenous veins was to the right coronary
territory, particularly in off-pump surgery (80.0% vs 62.5% for the on- respective off-pump groups).
Conclusions
Comparable five-year patency for the no-touch saphenous veins and the left internal thoracic arteries to the
left anterior descending territory in both on- and off-pump coronary artery bypass grafting. Graft patency
in off-pump CABG is lower to the right coronary artery.
Keywords : Coronary artery bypass grafting, no-touch, off-pump, patency, saphenous veins.
Abbreviations
CABG coronary artery bypass grafting
CI confidence interval
CPB cardiopulmonary bypass
Cx circumflex
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D diagonal
LAD left anterior descending
LITA left internal thoracic artery
NT no-touch
NT SVG no-touch saphenous vein graft
NYHA New York Heart Association
PCI percutaneous coronary intervention
PDA posterior descending artery
RCA right coronary artery
SV saphenous vein
SVG saphenous vein graft
Introduction
The saphenous vein (SV)continues to be a very important conduit in coronary artery bypass grafting (CABG)
1
. Therefore, every effort should be made to improve the short and long-term patency of SV grafts (SVGs).
The no-touch (NT) SVG harvesting technique was introduced in the 1990s. The NT SVG is harvested
together with its fat pedicle preventing spasm and the need for manual dilatation2 . A randomized study
comparing the NT to the conventional vein harvesting technique, showed significantly higher patency for NT
SVGs comparable to that of the left internal thoracic artery (LITA) 16 years postoperatively 3-5 . Coronary
artery bypass grafting is commonly performed with the support of cardiopulmonary bypass (CPB), so called
on-pump procedure. Perioperative mortality is about 2% and the rate of myocardial infarction, stroke or
renal failure requiring dialysis is 5-7% 6 . The technique of performing CABG without CPB, off-pump surgery,
was developed to reduce these perioperative complications7 .
The CABG Off or On-pump Revascularization study (CORONARY trial, NCT00463294) is a large international multicenter randomized controlled trial. It was designed to overcome some of the limitations of prior
trials 8 . Our department was one of the including centers. The 30-days, one year and five-year results have
been published6, 9 . Graft patency was not evaluated in this study despite being a major determinant of clinical prognosis, measured by reoperation rates and long-term survival 10 .Therefore, the aim of this sub-study
is to assess graft patency in on- vs off-pump CABG in the cohort of patients operated at our department,
especially considering that all vein grafts were harvested with the NT technique. Graft patency according to
the different target coronary arteries was also studied.
Material and Methods
At our center, 56 patients were included in the CORONARY trial according to the inclusion criteria of
the original protocol 8 . Forty-nine patients were alive at the five-year follow-up, see figure 1. In on-pump
CABG, CPB was instituted without active cooling and cold (4°C) anterograde blood cardioplegia solution,
containing 20 mmol/l potassium, was used for myocardial protection. In the off-pump group, an Octopus
Evolution Stabilizer (Medtronic, Minneapolis, USA) and the Heartstring III (Maquet, Karlsruhe, Germany)
4.3 mm device for proximal anastomosis were used. In this group, the proximal anastomoses were performed
before grafting of the distal targets. No conversion between the techniques was needed. Two surgeons who
fulfilled the expertise criteria performed the procedures 8 . The SV was always harvested according to the
NT technique 2 . All patients scheduled to undergo the five-year clinical follow-up were asked to undergo
a computed tomography angiography (CTA) to evaluate graft patency. The study was approved by the
Regional Ethical Review Board. All the patients were included at follow-up after informed consent. Baseline
data was retrieved from our local registry.
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Statistical methods
Statistical analysis was performed with a multi-level logistic regression model for patency when data for
patency was given in 2-by-2 tables stratified by type of technique (on-pump or off-pump) and harvesting
technique. The main predictor variable for patency was the two different techniques, on- or off-pump. Most
patients had more than one graft, with a maximum number of three grafts per patient. Multiple grafts per
patient might introduce dependencies between the observations. We corrected for clustered observations in
the calculation of confidence intervals (CIs), with each patient forming a separate cluster.
With the aim of investigating a possible equivalence between on- and off-pump, the graphical approach recommended by Fleming11 and by Blackwelder 12 was used. An essential point in this approach is to define,
based on experience, limits of what can be regarded as equivalent outcomes with respect to patency. Therefore, no formal statistical hypothesis testing was conducted, and instead results are shown in graphics with
CIs for the differences in patency rates between the two techniques. Through these CIs, possible equivalences
between on- and off-pump can be visualised. When the CI does not cover the point of no difference in patency
between the methods (the ‘0-point’), equivalence between the techniques is rejected. If, on the other hand,
the CI covers the ‘0-point’ and in addition the CI does not stretch outside the equivalence limits there is an
evidence for equivalence. Finally, if the ‘0-point’ is covered by the CI but at least one of the two limits of CI
stretches outside the equivalence limits the result is inclusive, possibly due to lack of power. Computations
were performed with STATA version 15 (www.stata.com).
Radiological methods
This was performed using a Somatom Flash dual-source CT scanner (Siemens, Erlangen, Germany). All
subjects received 0.25 mg of Nitroglycerin sublingually. Those with a heart frequency >70 beats/minute
and no contraindications were also given up to 10 mg of Metoprolol intravenously before the examination.
Contrast media (60-70 ml Iomeron 400 mg/ml, Bracco, Milan, Italy) was administered with a pressure
injector at a flow rate of 6 ml/second, followed by a bolus of 60 ml saline. Scanning started at the left
subclavian artery and ended at the base of the heart. The images were reviewed at a Siemens SyngoVia
workstation. All images were independently reviewed by two thoracic radiologists who were blinded to group
assignment. Disagreements were resolved by consensus. A graft was judged as occluded when the graft was
not opacified by contrast media. A graft stenosis was judged as significant when the narrowing of the lumen
diameter was > 50% relative to the adjacent parts of the vessel.
Results
Fifty-six patients were included in the original study at our center. Thirty vs 26 patients for the on- respective
off-pump groups. All patients were alive 30 days postoperatively. One patient in each group needed early
reoperation for bleeding. Two patients developed sternal wound infections, 2/56 (3.6%) and three patients
had leg wound infections, 3/56 (5.3%). One patient in the on-pump group needed repeat revascularization
with percutaneous coronary intervention (PCI) and one patient in the off-pump group underwent redo surgery
due to new coronary lesions and mitral regurgitation. Five patients in the on-pump group and two patients
in the off-pump group had died, 7/56 (12.5%). Five out of seven patients died from non-cardiac causes.
The five-year follow-up included 49 patients with 25 vs 24 patients in the on- and off-pump groups respectively. All patients underwent a clinical evaluation according to protocol. Five patients were excluded from CTA
due to renal failure and two patients in each group refused to participate in this sub-study. Forty patients
underwent CTA with 139 distal anastomoses analyzed, see figure 1. Patient characteristics at five years are
reported, see table 1. Similar mean age, gender distribution and most risk factors between the groups. All
patients were on anti-platelet therapy. Some numerical differences between the two groups, for example more
patients in NYHA class I in the on-pump group. No patient reported pain from the SV harvesting site and
only one patient reported numbness. Small coronary targets, [?] 1mm in diameter, were more frequent in the
right coronary territory, 10/41 (24.7%). Six patients received a NT SVG to left anterior descending (LAD)
artery due to either borderline stenosis or surgical injury to the LITA. In four patients the NT SVG was
used to substitute the LITA in patients with multiple co-morbidities. The mean grafting rate per patient
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was 3.8 and 3.1 distal anastomoses in the on- and off-pump groups respectively.
The overall five-year patency rate according to the number of distal anastomoses was 123/139, (88.5%) of
which 73/80 (91.3%) were in the on-pump group and 50/59 (84.7%) in the off-pump group. The patency
rate was higher for the grafts used to the LAD territory than for those grafts used to both the circumflex
(Cx) and the right coronary territories, independent of the surgical method used, see figure 2. The total
patency rate for LITA was 29/30 (96.7%) and for the NT SVGs 94/109 (86.2%). The patency rate of LITA
was similar between the groups, on-pump 16/16 (100%) and off-pump 13/14 (92.8%). The patency rate for
NT SVGs was also similar between both surgical procedures, 57/64 (89.1%) in the on-pump group and 37/45
(82.2%) in the off-pump group. However, all NT SVGs that were used to bypass the LAD and the diagonal
(D) branches were patent, 20/20 grafts in the on-pump group and12/12 grafts in the off-pump group. The
lowest patency for the NT SVG was to the right coronary territory, particularly in off-pump surgery, 16/20
(80.0%) and 10/16 (62.5%) for the on- and off-pump groups respectively, see table 2.
Analyses of a possible superiority in patency for the two surgical procedures stratified to the different target
coronary arteries was performed, see table 3. The difference in patency between on- and off-pump was 6.5%
(95% CI -7.1 - 20.1; p=0.35), i.e. superiority was not found. For the target coronary arteries, statistically
significant differences were found for LAD/D vs Cx (difference 10.6, 95% CI 2.0 – 19.2; p=0.02), LAD/D
vs posterior descending artery (PDA) (difference 26.2, 95% CI 10.4 – 41.9; p<0.001) and LAD/D vs Cx or
PDA (difference 17.9, 95% CI 9.2 – 26.6; p<0.001). The difference in patency between Cx and PDA was not
significant, 15.6 (95% CI -2.2 – 33.4; p=0.09).
As superiority for either of the two surgical procedures was not found, we analyzed a possible equivalence
between graft patency in the on- and off-pump groups, see figure 3. We tested an equivalence with a span
of at most +- 10 percentage units. As indicated in the figure, the upper 95% CI limit exceeds the limit of
10 % units (15.79) and the lower 95% CI limit is below zero, reaching the value of -2.78. In accordance with
Fleming 11 and Blackwelder 12 this indicates an inconclusive result, thus neither superiority nor equivalence
can be statistically verified, and this is most likely due to a lack of power.
Discussion
Exceptional results of the NT SVGs have been demonstrated when used in on-pump CABG 3-5 . To our
knowledge, no randomized study on patency rates of NT SVGs in off-pump CABG has been reported. This
is a sub-study of a large international randomized multicenter trial 9 that was designed to compare the
clinical outcomes in high risk patients operated with either on- or off-pump CABG. Graft patency of the
conduits was not investigated in this study. As we routinely use NT SVGs at our department, all of our
patients included in this trial received one or two NT SVGs in addition to the LITA graft. Thus, the aim of
this study was to evaluate the patency of the NT SVGs in both on- and off-pump CABG.
There was no superiority of on-pump CABG in terms of graft patency, 91.3% vs 84.7% for on- and off-pump
respectively, p=0.35. The patency was excellent at five years for both the LITA and NT SV grafts when used
to bypass the LAD territory, 29/30 (96.7%) for the LITA vs 32/32 (100%) for NT SVGs independent of the
surgical technique used. This is in agreement with our previous results 13 . On the other hand, the patency
rates of NT SVGs to the right coronary targets were clearly less favorable, 80% in on-pump vs 62.5% in offpump surgery. Further analysis showed that 24.7% of the PDAs in this study had a diameter around 1 mm,
potentially jeopardizing the patency of SVGs attached to these vessels. These results differed from earlier
results of a randomized trial with on-pump CABG in which the patency rate of NT SVGs anastomosed to
the PDA at 1.5, 8.5 and 16 years were 100%, 95% and 94% respectively 3-5 .
The ROOBY and DOORS trials 14, 15 reported similar results with lower patency of grafts used to bypass
the right coronary region in off-pump CABG. ROOBY showed 75.6% patency at one year while DOORS
reported 72% patency at six months postoperatively. This was also true for both SV and arterial grafts
used in a composite formation to bypass the right coronary artery (RCA). Hwang et al. reported lower
patency of SV and arterial grafts to the RCA at one year postoperatively, although the patency was similar
between the different conduits, 84.9% vs 82.9 for SV and arterial grafts respectively16 . There are several

5

Posted on Authorea 3 Jun 2021 — The copyright holder is the author/funder. All rights reserved. No reuse without permission. — https://doi.org/10.22541/au.162272260.07903649/v1 — This a preprint and has not been peer reviewed. Data may be preliminary.

possible explanations for this discrepancy in the patency rates of grafts anastomosed to different coronary
territories between on- and off-pump CABG. Difficulties in surgical access, a demanding technique requiring
more surgical experience and smaller target vessels could be the most acceptable justifications.
Kim et al. reported improved NT SVG patency in off-pump CABG in the context of composite grafts
one year postoperatively17 . The patency rate in the NT group was significantly higher than the minimal
manipulation SVG group before and after propensity score matching, before, 97.4% vs 92.4%, p = 0.024;
after, 97.3% vs 92.6%, p = 0.051. Hence, the NT SVG may improve the results and simplify a complex
off-pump procedure especially when it comes to sequential grafts where the surrounding tissue in NT SVGs
remains intact and acts as a biological, external stent protecting the long sequential grafts from kinking and
reducing the potential for technical error. The number of grafts and distal anastomoses was higher in onpump than in the off-pump group (3.8 vs 3.1). This corresponds with several previous studies 18 19 . Although
previous studies have shown no differences in graft patency between hand-sewn proximal anastomoses with
the clamp-less Heartstring device vs partial clamp 20 , we chose to use the clamp-less technique avoiding
excessive manipulation of the aorta.
The NT SVG was used to substitute the LITA in low-grade stenosis, in cases where the LITA was surgically
damaged, and in patients with multiple co-morbidities. This is in accordance with a previous study on a
similar group of patients. Hence, the patency rate of NT SVGs to the LAD was 98% at a meantime of six
years 13 . The patients who received a planned SVG to the LAD were older, hade a lower left ventricular
ejection fraction, higher risk scores, a low grade stenosis in the LAD and underwent concomitant procedures.
The obvious limitation of our study is the small number of patients. Being a sub-study, the power estimation
was not calculated to investigate the current issue.
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Conclusion
Comparable five-year patency rate for the NT SVG and the LITA to the LAD territory in both on- and
off-pump CABG. Saphenous vein graft patency is lower to the right coronary artery with both surgical
techniques but especially with off-pump CABG.
Table 1. Patient characteristics at five-year follow-up (baseline data reported at the end of
the table).
ACE=angiotensin converting enzyme; ASA=acetyl salicylic acid; CABG=coronary artery bypass grafting;
CA= calcium; CCS=Canadian Cardiovascular Society; IHD=ischemic heart disease; NYHA=New York
Heart Association; PCI= percutaneous coronary intervention; SD=standard deviation.
Table 2. Distribution of conduit patency by number of distal anastomoses and target coronary
arteries.
LITA=left internal thoracic artery; SVG=saphenous vein graft.
Table 3. Difference in graft patency according to distal anastomoses between on- and off-pump
coronary artery bypass grafting stratified to the different coronary territories.
CI=confidence interval; Cx=circumflex; D=diagonal; PDA=posterior descending artery.
Figure 1. Flow chart of the baseline randomization and inclusion at five-year follow-up.
CTA=computed tomography angiography; distal=distal anastomoses; LITA=left internal thoracic artery;
n=number; SVG=saphenous vein graft.
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Figure 2. Total patency (left internal thoracic artery and no-touch saphenous vein grafts)
according to the coronary artery targets.
DA=diagonal artery; LAD=left anterior descending artery; MA=marginal artery; RCA=right coronary
artery.
Figure 3. Total graft patency in the on- and off-pump groups tested with respect to potential
equivalence and superiority between the groups, see text.
CI=confidence interval.
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