1' frontiers ‘ Frontiers in Cardiovascular Medicine

'.) Check for updates

OPEN ACCESS

EDITED BY
Leonard Y. Lee,

The State University of New Jersey,
United States

REVIEWED BY

Daniel P. Fudulu,

University of Bristol, United Kingdom
Praveen Varma,

Amrita Vishwa Vidyapeetham University, India

*CORRESPONDENCE
Aina Hirofuji
neolenore78@gmail.com

RECEIVED 07 March 2024
ACCEPTED 05 August 2024
PUBLISHED 21 August 2024

CITATION

Ushioda R, Hirofuji A, Yoongtong D, Sakboon B,
Cheewinmethasiri J, Lokeskrawee T,
Patumanond J, Lawanaskol S, Kamiya H and
Arayawudhikul N (2024) The left axillary artery is
a reasonable option as the inflow site for
saphenous vein graft in minimally invasive
coronary artery bypass grafting.

Front. Cardiovasc. Med. 11:1397396.

doi: 10.3389/fcvm.2024.1397396

COPYRIGHT

© 2024 Ushioda, Hirofuji, Yoongtong,
Sakboon, Cheewinmethasiri, Lokeskrawee,
Patumanond, Lawanaskol, Kamiya and
Arayawudhikul. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Cardiovascular Medicine

Original Research
21 August 2024
10.3389/fcvm.2024.1397396

The left axillary artery is a
reasonable option as the inflow
site for saphenous vein graft in
minimally invasive coronary
artery bypass grafting

Ryohei Ushioda®, Aina Hirofuji**, Dit Yoongtong®,
Boonsap Sakboon', Jaroen Cheewinmethasiri’,
Thanin Lokeskrawee®, Jayanton Patumanond®,
Suppachai Lawanaskol’, Hiroyuki Kamiya® and
Nuttapon Arayawudhikul'

*Cardiovascular and Thoracic Surgery Unit, Department of Surgery, Lampang Hospital, Lampang,
Thailand, ?Department of Cardiac Surgery, Asahikawa Medical University, Asahikawa, Japan,
SDepartment of Emergency Medicine, Lampang Hospital, Lampang, Thailand, “Center for Clinical
Epidemiology and Clinical Statistics, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand,
*Analysis Department, Chaiprakarn Hospital, Chiang Mai, Thailand

Introduction: This study aims to clarify the good inflow site for saphenous vein
grafts (SVG) in minimally invasive off-pump coronary artery bypass grafting
(mini-CABG), between the ascending aorta, the internal thoracic arteries (ITAs)
and the left axillary artery (LAA).

Methods: This retrospective study included 126 patients who underwent Mini-
CABG at our center between January 2014 and July 2023. Patients were
divided into three groups according to the SVG inflow site for patency
comparison: Aorta group (n = 56), LAA group (n =23), and ITA group (n =47).
Results: There were 84 males, with mean age of 65.9 + 7.0 years. There were no
significant differences in preoperative characteristics between groups. Mean
operation times were 254.6 + 72.2, 213.7 4+ 57.6, and 253.0 + 81.2 min, and the
average numbers of distal anastomoses were 294+0.9, 244+ 0.7 and 29+11
in the Aorta, ITA and LAA groups respectively. Days in intensive care, hospital
stay, and major complications did not differ between the groups. Early patency
of SVG did not significantly differ among groups: 93.0% in the Aorta group,
98.0% in the ITA group, and 100% in the LAA group. Mean follow-up period
was 136.7+295.7 days, and follow-up coronary CTA revealed 18 SVG
occlusions (Aorta group n =8, ITA group n =5, LAA group n=5). The Kaplan-
Meier curve for SVG patency rates did not show any significant differences
among the three groups.

Conclusion: The ascending aorta, the ITAs, and the LAA serve as reliable inflow
sites with similar results in mini-CABG.

KEYWORDS

off-pump coronary artery bypass grafting, left axillary artery, saphenous vein graft,
minimally invasive off-pump coronary artery bypass grafting, subclavian/axillary
artery to coronary artery bypass

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2024.1397396&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fcvm.2024.1397396
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1397396/full
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1397396/full
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1397396/full
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1397396/full
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1397396/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://doi.org/10.3389/fcvm.2024.1397396
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Ushioda et al.

1 Introduction

The saphenous vein graft (SVG) has been longstanding as a
very popular graft material for coronary artery bypass grafting
(CABG). Although the ascending aorta has been traditionally
recommended as the first choice for inflow in cases without
severe aortic calcification (1), this notion should be reevaluated
for CABG through the left mini-thoracotomy (mini-CABG:
minimally invasive off-pump coronary artery bypass grafting). In
mini-CABG, the ascending aorta was the previously preferred
inflow site at our institute. However, our current strategy for
SVGs has shifted to utilizing the internal thoracic arteries (ITAs)
as our primary choice for inflow, to implement our aorta no-
touch technique, and if the stenosis is more than 90% in the
target coronary vessels. In cases where the ITA is too thin, or
stenosis of the coronary target is less critical, the left axillary
artery (LAA) is our second choice. Although the ascending aorta
was originally our primary choice, it is now considered a last
resort in our center. Especially with our shift in inflow site
preference, we set out to clarify which inflow site is best for
mini-CABG, especially regarding the LAA where previous studies
are still limited. A study on the use of the axillary artery as an
inflow source for revascularization of the coronary artery was
reported by Coulson and Bakhshay in 1997 (2). Here, the
minimally (or less) invasive coronary revascularization procedure
is dubbed the subclavian/axillary artery to coronary artery bypass
(SAXCAB) (3). Case reports and reviews of SAXCAB have since
been reported, but the short-term patency compared to other
inflows in mini-CABG remains unclear. Previous studies of
SAXCAB reported 1-2-year patency rates of 70%-100%, with
most of these reported cases being a single bypass to the left
anterior descending artery (LAD) (3, 4), while SAXCAB is used
for other various coronary arteries as a second conduit in our
institute. We performed this retrospective study to investigate
which is the good inflow site for SVG in mini-CABG, between
the ascending aorta, the ITAs, and the LAA.

2 Patients and methods

From January 2014 to July 2023, 292 patients underwent mini-
CABG in our center, out of which SVG was used in 148 patients,
and a postoperative coronary computed tomography angiography
(CTA) was done on 131 (88.5%) patients. Two cases of median
sternotomy conversion and three cases with differing SVG inflow
sites were excluded. Ultimately, 126 patients were included in
this retrospective study. The patients were divided into three
groups according to the inflow site of SVGs: the Aorta group
(n=56), the LAA group (n=23), and the ITA group (n=47).
Before discharge, 136 SVG segments were evaluated, and early-
term primary graft patency rates were compared between the
three groups. Finally, during the follow-up period, 143 SVG
segments were assessed, and these findings were utilized to
obtain the mid-term patency rates of SVG through Kaplan-Meier
curve analysis, and the risk factors for mid-term occlusion of
SVGs were identified. A graft was defined as patent if not
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occluded on follow-up angiography. The institutional review
board of Lampang Hospital approved this retrospective study
and waived the need for written patient consent.

2.1 Surgical technique

2.1.1 Surgical approach

The procedure was performed through a small 8-10 cm left
mini-thoracotomy. This incision usually provided sufficient
access to the ITAs and the heart using specialized instruments.
Distal anastomosis was made using 8-0 polypropylene for arterial
grafts, and 7-0 polypropylene for vein grafts.

2.1.2 Access to the axillary artery

A 6 cm longitudinal incision 2 cm below and parallel to the left
clavicle was made to expose the axillary artery. For all SAXCAB,
the LAA was selected for inflow. The graft was anastomosed to
the LAA using 6-0 polypropylene sutures. Then, the SVG was
tunneled through the second intercostal space into the thoracic
cavity. Special care was taken to avoid twisting and kinking of
the graft during this process.

2.1.3 ITA composite anastomosis

For graft anastomosis between the SVG and the ITA, the
Y-composite technique was utilized in 47 cases (88.6%), and the
I-composite technique in 6 cases (11.4%). Continuous 8-0
polypropylene sutures were made for these anastomoses. To
maintain field stability for anastomosis, we had used a tissue
stabilizer (Octopus® tissue stabilizer, Medtronic, Minneapolis,
MN, USA) placed within the chest.

2.1.4 Proximal anastomosis to the ascending aorta

In all cases, preoperative CT scans were done to evaluate
aneurysm and calcification in the ascending aorta. Systolic blood
pressure was controlled and maintained below 90 mmHg. To
bring the ascending aorta closer to the surgeon, the pericardium at
the left-hand side of the aorta was strung up with a heavy silk
suture outside the chest onto the skin, and 3-4 moistened 4 x
4 cm2 gauzes were placed between the superior vena cava and the
aorta. A Lambert-Kay Aortic Clamp was applied through the
main thoracotomy incision, and a conventional aortic punch was
used to punch out the anastomotic site. The proximal anastomosis
was done with a continuous 6-0 polypropylene suture. In cases
where the main pulmonary artery was so prominent that it
obscured exposure of the ascending aorta, we utilized the
Octopus® tissue stabilizer (Medtronic) to improve the surgical field.

2.2 Graft inflow strategy

The ascending aorta was the previously preferred inflow site at
our institution. However, our current strategy for SVGs has shifted
towards using ITAs as our primary choice, because we have come
to prioritize the aorta no-touch technique to decrease the risk of
perioperative cerebrovascular events (5). Within this study, the

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1397396
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Ushioda et al.

right ITA was selected in 3 cases (6.8%) and the left ITA in 41 cases
(93.2%) as the SVG inflow site. In cases where the ITA is too
narrow (diameter <1.5mm), or the degree of stenosis of the
coronary target is less critical (70%), we turned to LAA as our
next option for inflow site. Although the ascending aorta was
originally our primary choice, it is now considered a last resort
in our center. In cases of left ITA injury, if the proximal
remainder of the left ITA is still in good condition, an
I-composite with SVG extension was constructed; if not, we
converted to median sternotomy to utilize the right ITA.

2.3 Follow-up

Information on all causes of death and cardiac complications
during the follow-up period was researched from the Lampang
Hospital data bank. All patients in this study were followed up 2
weeks, 1 month, and 6 months post operation at our outpatient
clinic. If the follow-up was lost, we called the family or the patients
to verify their current status, and were able to achieve a 100%
follow-up rate. The mean of clinical follow-up term was 659.8 +
54.2 days. All patients were administered aspirin or clopidogrel post
operation. Coronary CTA was performed in almost every patient
with creatinine levels below 1.5 ng/dl before discharge. Further
follow-up CTA was only considered for complex bypass cases, or
discharged patients who developed clinical symptoms indicative of
postoperative cardiac ischemia. The median [mini-max] of coronary
follow-up days was 5 [2-2,465] days.

2.4 Statistical analysis

In continuous variables, the difference among groups was
evaluated using the one-way ANOVA test or Kruskal-Wallis test.
For categorical variables, chi-squared or Fisher’s test were used.
Statistical significance was set at p <0.05. The Bonferroni correction
was employed for multiple comparisons. A univariable or
multivariable Cox regression analysis was used to identify
independent risk factors of SVG occlusion, which was presented as
the hazard ratio (HR) with 95% Confidence interval (CI). Any risk
factors or prognostic factors with a P value <0.1 in the univariable
analysis and other potential clinical confounders associated with it
were included in the multivariable analysis. We tested for
multicollinearity of independent factors before performing
multivariable analysis. Primary graft patency rates were estimated
using the Kaplan-Meier method, and compared using the log-rank
test. The STATA Software/MP, Version 17.0 (Stata Corporation,

College Station, Texas, USA), was used for the statistical analyses.

3 Results
3.1 Overall surgical results

Preoperative patient characteristics are listed on Table 1. In 126
patients, the mean age was 65.9 £ 7.0 years, with 84 males (66.7%).
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Percentages of patients with chronic renal disease (Aorta group
3.6%, ITA group 19.1%, LAA group 4.3%; p=0.014) and
peripheral arterial disease (PAD) (Aorta group 5.4%, ITA group
19.1%, LAA group 4.3%; p=0.042) were significantly different
between the three groups. Intraoperative results and short-term
outcomes are on Table 2. There were significant differences in
operating time (Aorta group 254.6+72.2min, ITA group
213.7 +57.6 min, LAA group 253.0+81.2 min; p=0.008), total
number of grafts (Aorta group 2.5+0.6, ITA group 2.2+04,
LAA group 2.2+0.6; p=0.015), and average number of distal
anastomoses (Aorta group 2.9+0.9, ITA group 2.4+0.7, LAA
group 2.9+ 1.1; p=0.014) between the three groups. The aorta
no touch technique was implemented in all cases in the ITA
group, most cases in the LAA group (Aorta group 0%, ITA
group 100%, LAA group 91.3%; p <0.001). There were no cases
that required intraoperative IABP nor on-pump conversion.
There were no significant differences in hospital stay, intensive
care unit (ICU) stay, nor postoperative major complications.
There were no surgical sight infection cases. One patient in the
ITA group died within 30 days (0.8%). MACCE (major adverse
cardiac or cerebrovascular event) occurred in 8 cases total (Aorta
group 1.8%, ITA group 10.6%, LAA group 8.7%; p=0.163)
during postoperative follow-up. Cardiac death was observed in
three cases, all in the ITA group. Postoperative myocardial
infarction was reported in a total of three cases, one in each
group; Out of these three cases, revascularization procedure was
provided for one case in the Aorta group. Postoperative new
stroke during follow-up was found in a total of two patients, one
from the ITA group and one from the LAA group.

3.2 Details of used SVGs

The SVG details according to inflow sites are organized on
Table 3 (n=136). There was a significant difference in the
number of sequential technique (Aorta group 25.4%, ITA group
38.6%, LAA group 61.9%; p=0.007). Significant differences
between the three groups were seen in distal anastomosis in the
left circumflex artery/branches (Aorta group 52.1%, ITA group
77.3%, LAA group 76.2%; p=0.011) and the right coronary
artery/branches (Aorta group 53.5%, ITA group 29.5%, LAA
group 61.9%; p=0.015). Early patency of SVG did not differ
significantly among groups: 93.0% in the Aorta, 98.0% in the
ITA, and 100% in the LAA groups (p =0.271) (Figure 1).

3.3 Mid-term patency

Postoperative follow-up coronary CTA revealed a total of 18
SVG occlusions (12.6%). The univariable analysis indicated that
risk factors for mid-term occlusion of SVGs included the female
gender, New York Heart Association class >3, PAD, and recent
myocardial infarction (Table 4). However, utilization of the
sequential technique, distal anastomoses sites, nor proximal
anastomoses sites were not associated as SVG occlusion risk
factors. Only the female gender was a risk factor for mid-term
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TABLE 1 Patient characteristics and preoperative data (n = 126).

10.3389/fcvm.2024.1397396

Variables Aorta group (n = 56) ITA group (n = 47) LAA group (n = 23)

Age, mean * SD years 65.0£8.1 65.5+8.0 68.9£8.1 0.140
Male gender, n (%) 34 (60.7) 32 (68.1) 18 (78.3) 0.312
BMI, mean + SD kg/m2 222+33 22.6+39 22.7+4.1 0.807
NYHA class (2III), n (%) 10 (17.9) 12 (25.5) 1(4.3) 0.098
Euro SCORE, median [IQR] 1.3 [1.0-2.6] 1.8 [1.1-3.4] 1.7 [1.0-2.7] 0.287
STS SCORE, median [IQR] 1.6 [0.8-2.5] 1.6 [0.9-3.3] 1.7 [1.1-3.4] 0.697
LVEF, mean + SD % 57.8+12.3 53.5+13.9 56.7 £ 14.6 0.259
Comorbidity, n (%)

Hyperlipidemia 52 (92.9) 47 (100) 23 (100) 0.076
Hypertension 54 (96.4) 47 (100) 23 (100) 0.281
Diabetes mellitus 25 (44.6) 28 (59.6) 8 (34.8) 0.112
Chronic renal disease (Cr 21.5 ng/dl) 2 (3.6) 9 (19.1) 1(4.3) 0.014
Dialysis 1(1.8) 6 (12.8) 1 (4.3) 0.068
COPD 3 (5.4) 5 (10.6) 3 (13.0) 0.460
Cerebral vascular accident 5(8.9) 4 (8.5) 1(4.3) 0.778
Peripheral arterial disease 3 (54) 9 (19.1) 1(4.3) 0.042
STEMI 7 (12.5) 9 (19.1) 6 (26.1) 0.327
Recent myocardial infarction 29 (51.8) 27 (57.4) 14 (60.9) 0.721
Left main trunk lesions 29 (51.8) 19 (40.4) 7 (30.4) 0.188
Single vessel disease 2 (3.6) 2 (4.3) 0 (0) 0.618
Double vessel disease 14 (25.0) 21 (44.7) 7 (30.4) 0.102
Triple vessel disease 40 (71.4) 24 (51.1) 16 (69.6) 0.081
Preoperative PCI 4(7.1) 7 (14.9) 5(21.7) 0.177
Preoperative IABP 2 (3.6) 2 (4.3) 1(4.3) 0.979
Urgency, n (%)

Elective 50 (89.3) 36 (76.6) 17 (73.9) 0.141
Urgent 7 (12.5) 10 (21.3) 6 (26.1) 0.290
Emergent 0 (0) 0 (0) 0 (0)

Salvage 0 (0) 1(2.1) 0 (0) 0.429

BMI, body mass index; NYHA, New York Heart Association; STS, Society of Thoracic Surgeons; Euro SCORE, European System for Cardiac Operative Risk Evaluation; LVEF, left ventricular
ejection fraction; COPD, chronic obstructive pulmonary disease; STEMI, ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; IABP, intra-aortic balloon pumping.

SVG occlusion in the multivariable analysis (HR=3.59, 95%
CI=1.27-10.14, p=0.016). The Kaplan-Meier curve for SVG
patency rates showed no significant differences among the three
groups (p=0.457) (Figure 2). The one-year patency rates were
82.2% (n=9) in the Aorta, 69.2% (n=4) in the ITA, and 100%
(n=13) in the LAA (p=0.138) groups.

4 Discussion

4.1 SVG inflow from the ascending aorta
and ITA

Since Favaloro et al. reported the first planned use of the SVG as
an aortocoronary bypass graft in 1967 (6), the ascending aorta has
steadfastly remained the preferred choice for SVG inflow.
Meanwhile, the use of ITA as inflow for a composite SVG
remains controversial. Recent studies show similar results between
SVG and arterial composite grafts in terms of early and mid-term
graft patency rates and clinical outcomes (7-9). A randomized
trial comparing the SVG (SVG group, n=112) and right ITA
(right ITA group, n=112) as Y-composite grafts anastomosed
onto the in situ left ITA (9) concluded that the SVG composite
grafts were equivalent to arterial composite grafts in terms of 5-
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year graft occlusion rate (3.5% in the SVG group vs. 3.7% in the
right ITA group; p=0.910). However, some previous reports
demonstrated that SVG composite grafts anastomosed to in situ
ITAs as a T- or Y- graft was suboptimal in terms of short-term
patency when compared to arterial grafts, because SVG may
cause more flow diversion than arterial grafts, resulting in
reduced flow capacity on the ITA downstream of the composite
site (10-12). In our institution, the ITA has been the preferred
inflow choice for mini-CABG. Our retrospective analysis did not
reveal significant differences in the Kaplan-Meier curve of mid-
term SVG patency rates among the three inflow sites (ascending
aorta, ITAs, and LAA). Long-term patency rates still remain
unclear, and we will continue to follow up on this study.

4.2 Indication and exclusion criteria for
SAXCAB

Some indications for SAXCAB include: ITA complications
during minimally invasive CABG, untouchable ascending aorta,
high risk reoperations, and severe chronic obstructive pulmonary
disease. Most SAXCAB procedures reported in previous studies
are reoperations (11, 12). Although our study didn’t include
reoperation cases, Minakawa et al. concluded that SAXCAB can
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TABLE 2 Operative data and postoperative short-term outcomes (n = 126).

10.3389/fcvm.2024.1397396

Variables Aorta group (n=56) | ITA group (n=47) @ LAA group (n=23) p-value
Operative data

Operating time, mean + SD min 254.6 +72.2 213.7 +57.6 253 +81.2 0.008
Total grafts average, mean + SD 25+0.6 22+04 22+0.6 0.015
The average number of distal anastomoses, mean + SD 29+09 24107 29+1.1 0.014
None touch aorta, n (%) 0 (0) 47 (100) 21 (91.3) <0.001
Complete revascularization, n (%) 54 (96.4) 42 (89.4) 21 (91.3) 0.363
Over two atrial graft, n (%) 8 (14.3) 7 (14.9) 3 (13.0) 0.979
Graft, n (%)

LITA 53 (94.6) 47 (100) 22 (95.7) 0.285
RITA 3 (5.4) 6 (12.8) 2(87) 0415
Radial artery 6 (10.7) 0 (0) 2(87) 0.075
Postoperative outcome

ICU stay, median [IQR] days 2 [1-2] 1[1-2] 2 [1-2] 0.350
Hospital stay, median [IQR] days 6 [5-7] 6 [5-7] 5 [5-6] 0.727
Extubation within 24 h, n (%) 52 (92.9) 44 (93.6) 22 (95.7) 0.898
Perioperative transfusion, n (%) 36 (64.3) 24 (51.1) 13 (56.5) 0.395
Drain contents, median [IQR] ml 350 [300-550] 340 [240-500] 460 [280-600] 0.240
30-day mortality, n (%) 0 (0) 1(2.1) 0 (0) 0.429
Postoperative complications, n (%)

New stroke 0 (0) 1(2.1) 0 (0) 0.429
New dialysis 0 (0) 0 (0) 0 (0)

New onset atrial fibrillation 14 (25.0) 7 (14.9) 9 (39.1) 0.079
Wound infection 0 (0) 0 (0) 0 (0)

Reoperation of bleeding 2 (3.6) 1(2.1) 1(4.3) 0.861
MACCE long-term, n (%) 1(1.8) 5 (10.6) 2(8.7) 0.163
Cardiac death 0 (0) 3 (4.3) 0 (0) 0.076
Stroke 0 (0) 1(2.1) 1(4.3) 0.348
Hear failure requiring hospitalization 0 (0) 0 (0) 0 (0)

Postoperative myocardial infarction 1(1.8) 1(2.1) 1(4.3) 0.786
Repeat revascularization 1(1.8) 0 (0) 0 (0) 0.533

LITA, left internal thoracic artery; RITA, right internal thoracic artery; ICU, intensive care unit; MACCE, major adverse cardiac or cerebrovascular events.

TABLE 3 Details of saphenous vein graft evaluated in early-term CTA (n = 136).

Internal thoracic
artery (n = 44)

Ascending

Left axillary p-value

aorta (n=71) artery (n =21)

Number of distal anastomoses with vein graft, mean + SD 1.31 £0.60 1.41 £0.54 1.62 +0.59 0.101
Sequential technique, n (%) 18 (25.4) 17 (38.6) 13 (61.9) 0.007
Early-term saphenous vein graft patency rate, n (%) 66 (93) 43 (98) 21 (100) 0.271
Distal anastomoses area, n (%)

Left anterior descending artery 3(4.2) 2 (4.5) 1(4.8) 0.993
Diagonal branch 9 (12.7) 8 (18.2) 3 (14.3) 0.719
Circumflex territory 37 (52.1) 87 (77.3) 16 (76.2) 0.011
Right coronary system 38 (53.5) 13 (29.5) 13 (61.9) 0.015

be helpful in preventing injury to patent grafts caused by median
sternotomy, and is also a useful strategy for reoperative off-pump
CABG (12). Recently, several reports have described SAXCAB as
a method to achieve complete revascularization in CABG with
left mini-thoracotomy (13, 14). Lear et al. and Bonatti et al.
reported using axilla-coronary bypass to provide totally
endoscopic multivessel CABG (15, 16). We performed SAXCAB
in cases where the ITA was too narrow (diameter of <1.5 mm),
or the degree of stenosis of the coronary target was less critical
(70%); in such cases, the LAA is our runner-up choice as the

Frontiers in Cardiovascular Medicine

inflow site, not the ascending aorta, as there is no need for
intraoperative evaluation of the aorta and its condition.
Athanasiou et al. presented SAXCAB as a bailout procedure for a
proximal left ITA injury using minimal access (17). In our study,
two patients required SAXCAB for this very situation. The only
exclusion criteria for SAXCAB are axillary artery disease
(stenosis, aneurysm, infection, etc.), and dialysis shunt in the
ipsilateral upper limb. Because the exclusion criteria is limited,
SAXCAB is inclusive of most patients. Therefore, we did not
routinely perform preoperative CTA to rule out these diseases.
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Patient number of used SVG (n=126)

The inflow of

The inflow of internal
thoracic artery (n=47)

FIGURE 1

ascending aorta (n=56) — ;a:)y(;’a(t;n_cg6j:tle)
- o R
The inflow of left
axillary artery (n=23) | LAA group Ealy patency rate
N=21 100 % (N=21/21)

Y-Composite N=39
LITA N=41 EEp [ 7.4 %% (N=38/39)

RITAN=3 Hp

Early-term coronary computed tomography angiography result of saphenous vein graft patency (p = 0.271).

Early-term CTA result of SVG number
(N=136)

» ITA group

I-Composite N=2 N=44
100% (N=2/2)

I-Composite N=3 ’

100 % (N=3/3)

Ealy patency rate
98.0 % (N=43/44)

TABLE 4 Univariable and multivariable analyses for factors associated
with saphenous vein graft mid-term patency.

Variable Univariable analysis Multivariable analysis

HR = 95% ClI P HR
value

95% Cl P
value

Preoperative factor

Age 1.03 | 0.97-1.10 | 0319

Female gender 320 | 1.18-8.69 | 0.022 | 3.59 | 1.27-10.14 | 0.016
BMI 0.99 | 0.86-1.14 | 0.905

NYHA class (21II) 3.07 | 0.81-11.63 | 0.099 | 0.92 | 0.17-5.03 | 0.921
Diabetes mellitus 1.02 | 0.39-2.65 | 0.975

COPDA 1.14 | 0.26-5.08 | 0.855

Cerebral vascular accident | 1.26 | 2.78-5.70 | 0.766

Peripheral arterial disease | 3.52 | 0.94-13.20 | 0.061 | 1.95 | 0.37-10.34 | 0.434
ST-elevation myocardial 0.43 | 0.06-3.32 | 0.420

infarction

Recent myocardial 2.83 | 091-8.81 | 0.072 | 329 | 0.99-10.95 | 0.052
infarction

Left main trunk lesions 1.09 | 0.41-2.86 | 0.863

Double vessel disease 1.82 | 0.70-4.73 | 0.222

Triple vessel disease 0.83 | 0.32-2.17 | 0.699

Preoperative PCI 0.58 | 0.08-4.50 | 0.604

LVEF 0.97 | 0.21-44.88 | 0.986

Elective 1.02 | 0.23-4.56 | 0.973

Urgent 1.60 | 0.45-5.69 | 0.468

Operative factor

Number of distal 0.76 | 0.31-1.89 | 0.560

anastomoses with vein graft

Sequential technique 0.63 | 0.22-1.80 | 0.390

Proximal anastomoses site

Ascending aorta 1.15 | 043-3.11 | 0.776

Internal thoracic artery 1.69 | 0.58-4.90 | 0.338

Left axillary artery 229 | 0.73-7.19 | 0.157

Distal anastomoses area

Left anterior descending 0.76 | 0.09-6.04 | 0.791

artery

Circumflex territory 1.50 | 0.42-5.29 | 0.530

Right coronary system 0.93 | 0.34-2.58 | 0.891

BMIL: body mass index; NYHA, New York Heart Association; COPD, chronic obstructive
pulmonary disease; STEMI, ST-elevation myocardial infarction; PCI, percutaneous coronary
intervention; IABP, intra-aortic balloon pumping; LVEF, left ventricular ejection fraction.
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Another advantage is, because the LAA anastomoses field is easily
accessible, the proximal anastomosis can be easily done.

4.3 SAXCAB grafts and its best routes

Various methods for tunneling SAXCAB grafts into the chest
cavity have been reported; These include a subcutaneous route, a
subfascial plane route, a tunnel through the second costal cartilage
bed, and a tunnel through the intercostal muscles (3). Although the
best route for SVGs is still debatable, recent reports showed that the
graft inside the chest often travels through an incision at the first or
second intercostal space. In similar fashion, we also made an
incision in the first intercostal space to place the SVG into the
thoracic cavity in our SAXCAB procedures. Some techniques to
avoid mechanical trauma of the SVG, and strangulation of the graft
route due to neointimal proliferation have been reported. Kawata
et al. recommend partial resection of the first or second rib (18).
Athanasiou et al. used a Dacron conduit as an external stent in the
SVG entrance to the chest cavity through the intercostal space (3).
In our institution, we made a large point of entry for the SVG in
the first intercostal space, making sure the entry was wide enough
for one index finger to fit through. Ohtsuka et al. suggest utilizing
endoscopy to check the intrapleural course of the graft for kinking
or distortion (19). To summarize, some key points for optimal SVG
routing are: After sufficient tunneling in the infraclavicular region,
prepare a wide intercostal opening for the graft to travel through,
and strategically place the graft in the pleural space that avoids
entrapment or compression by the lung.

4.4 Graft choice and inflow side for SAXCAB

Selection of axillary artery inflow is possible on both sides. Anil
et al. reported five reoperation cases of the right axillary artery to
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FIGURE 2
The Kaplan-Meier curve for saphenous vein graft patency rates showed no significant differences among the three groups (p = 0.457)

right coronary artery (RCA) bypass through a small anterior
thoracotomy and partial sternotomy (20). However, this bypass
technique from the right axillary artery is limited to the RCA. In
our study, the left axillary artery (LAA) was selected in all cases.
The graft material mostly commonly chosen for SAXCAB is the
SVG. The main reason being, the graft needs to be as long as
possible; Bonatti et al. concluded that the mean length of SVG
required for the LAA to LAD bypass is 18.9+2.8 cm, and the
right axillary artery to RCA bypass is 26.0 £2.6 cm (21). The
radial artery is sometimes selected as a bypass conduit in
SAXCAB, but its short length makes it only viable for LAD or
diagonal branch (22, 23) bypasses. In our study, SVG was used
in all SAXCAB cases. In cases where the target was LAD or left
circumflex artery/branch, SVG was harvested from above the
knee. For cases targeting RCA and or its branches, SVG was
harvested in its entire length.

4.5 Long-term patency of SAXCAB

The long-term patency rate of SAXCAB has been thought to
be inferior to that of conventional aorta-coronary SVG because,
the length of vein graft required for SAXCAB is significantly
longer than that of the conventional aorta-coronary bypass,
and the graft crosses several anatomical structures such as the
intercostal space, the pleural cavity, and the pericardium.
Coulson et al. reported a review of axially to coronary bypass,
with an estimated total international experience of about 100
cases until the year 2000, and the patency was between 70 and
100 percent, 1-2 years post operation (3). More than 20 years
after this report, approximately 100 additional cases have been
reported. The outcome of SAXCAB regarding patency rate in
the last two decades seems to be similar to that before year
2000 reported by Coulson et al. However, there has been no
large studies focused on long-term patency of SAXCAB.
Bonatti et al. reported that 13 of their axillary-coronary grafts
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(93%) were patent at a mean follow-up of seven months (20).
Comparing the present study to these previous results, when
the LAA was used as the inflow site, the 1-year patency rate
was similar, with a maximum patency day of 1,012 days and
counting.

4.6 Is the left axillary artery beneficial as an
inflow for CABG with left mini
thoracotomy?

Surgical revascularization through left thoracic minimal
incision has stepped up from a single bypass of left ITA-LAD to
multiple bypasses (24). At our institute, we have strived for
complete revascularization in patients with multi-vessel disease,
by utilizing SVGs. The mean number of grafts in the entire group
was 2.3 + 0.6, with a mean number of distal anastomoses totaling
2.7+0.9. Complete revascularization was successfully achieved in
117 cases (92.9%). Some articles report that the sequential
technique and multiple grafts from a common inflow are
associated with higher graft occlusion risk (25, 26). Mehta et al.
investigated the use of multiple SVGs vs. single SVG in CABG
surgery in 3,014 patients. The results showed that multiple SVGs
were associated with a higher 1-year vein graft failure rate
(adjusted odds ratio 1.24, 95% confidence interval 1.03 to 1.48)
(26). In our study, the mean number of distal anastomoses (Aorta
group 1.3+0.6, ITA group 1.4+0.5, LAA group 1.6+0.6; p=
0.101) and number of sequential technique (Aorta group 25.4%,
ITA group 38.6%, LAA group 61.9%; p =0.007) were highest in
the LAA group. Nevertheless, these factors did not affect
significant mid-term occlusion rates of SVGs in the univariable
analysis. In addition, the one-year patency rates were 82.2% (n =
9) in the Aorta group, 69.2% (n =4) in the ITA group, and 100%
(n=13) in the LAA group (p =0.138). Considering our results,
the LAA may be a good reliable option in multi-bypass CABG
with a left mini-thoracotomy.

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1397396
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Ushioda et al.

4.7 Study limitations

This study was a retrospective, nonrandomized analysis from a
single center. In addition, evaluating the graft patency rate remains
underpowered because the sample size and follow-up duration were
insufficient. Previous randomized data have reported that the
patency rate of no touch SVG is significantly better than that of the
traditionally harvested SVG (27, 28); although no touch SVG was
used in some cases in this study, there were no records to reveal the
accurate number of these cases. The Kaplan-Meier method may not
be appropriate for describing graft patency rate; graft failure was
recorded to have occurred at the time of angiography, but this does
not reflect the precise time of postoperative occlusion. The Kaplan-
Meier method may also overestimate graft failure. In addition, the
total number of LAA inflow cases was smaller than desired for this
analysis. Further studies with more angiographic follow-up cases
are required to determine long-term patency of LAA inflow SVGs.

5 Conclusion

Our SVG inflow strategy for mini-CABG demonstrated
acceptable short-time results in carefully selected patients. SVG
early patency and one-year patency rates showed similar results
between inflows from the ascending aorta, ITAs, and LAA. The
ascending aorta, the ITAs, and the LAA serve as reliable inflow
sites with similar results in Mini-CABG.

The ascending aorta, the internal thoracic arteries, and the left
axillary artery serve as reliable inflow sites in minimally invasive
off-pump coronary artery bypass grafting.
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