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Background: This study aimed to evaluate the early and mid-term outcomes of a novel strategy of using
the in-situ left internal mammary artery (LIMA) with the great saphenous vein graft (SVG) to bypass the left
anterior descending artery (LAD) in coronary artery bypass grafting (CABG).

Methods: A total of 979 patients took part in this retrospective observational study; 83 patients were
propensity-score matched to the LIMA + SVG group and 83 to the LIMA — LAD group. Early mortality,
postoperative complications, mid-term major adverse cardiovascular and cerebrovascular events (MACCE)
were compared among the two matched groups after the procedure.

Results: No significant differences in early mortality and postoperative complications rates were detected
between the two matched groups. For mid-term outcomes, the incidence of MACCE was slightly higher
in the LIMA + SVG group, but there was no significant statistical difference (14.9% vs. 12.8%, hazard
ratio =1.20, 95% CI, 0.24 to 7.95; P=0.70) between the matched groups. Computed tomography coronary
artery angiography (CTCA) images showed a LIMA + SVG composite graft patency rate of 94% (32/34) 25
months after the procedure.

Conclusions: Using the iz situ LIMA with SVG to revascularize LAD was associated with comparable
early and mid-term outcomes. These findings may provide an alternative emergency strategy when in situ
LIMA cannot bypass LAD. Further study needs to be conducted to test longer-term outcomes.
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Introduction the in situ LIMA is occasionally unavailable or unsuitable

. . as a bypass conduit to LAD, when, for instance, there is
The choice of conduits to bypass target vessels has been yP ’ ’ ’

a perennial topic of debate since left internal mammary a relatively shorter LIMA due to the enlargement of left

artery (LIMA) anastomosed to the left anterior descending ventricular, difficulty in harvesting the proximal LIMA,
artery (LAD) became the gold standard by virtue of its accidental injury of the LIMA pedicle during harvesting (5),
superior long-term outcomes and patency (1-4). However, calcification of the middle or distal LIMA, or mismatching
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between the LAD and slight distal LIMA.

As a solution to this, Vistarini er 4/. (5) have proposed
using free internal mammary artery (IMA) grafts to bypass
the LAD for a substitution of the iz situ LIMA. However,
considering that there is a higher risk of developing deep
sternal infection when bilateral internal mammary arteries
(BIMAs) are harvested with pedicle grafts, especially for
older patients with diabetes (6-9), surgeons usually use the
in situ LIMA procedure as often as possible to avoid the risk
of the sternal infection in diabetic patients using the BIMAs.
A superior patency rate can also be achieved from using the
great saphenous vein graft (SVG) to bypass the LAD when
compared with other regions (2). Thus, at our center, we
performed an end-to-end anastomosis with the distal iz situ
LIMA and a length of SVG (LIMA + SVG) to establish a
composite graft to bypass the LAD.

In two retrospective studies of Tremblay et a/. (10)
and Kim er al. (11), the researchers established similar
composite grafts for bypassing the LAD segment, which
also included our method of using LIMA + SVG. However,
both strategies were sequential or Y-grafts, the venous
conduit was used to revascularize the lateral and inferior
wall, and there was not enough data reported concerning
the outcomes of using LIMA + SVG to bypass the LAD.

This study thus aimed to test the effectiveness of our
method of using LIMA + SVG for bypassing the LAD. We
evaluated the early and midterm clinical outcomes of this
surgical strategy and compared them to those of standard
LIMA to LAD anastomosing. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/jtd-20-2358).

Methods
Study population

This was a single-center, retrospective cohort study
conducted at Beijing Chaoyang Hospital, Capital Medical
University. Between January 2014 and January 2018, 1016
consecutive patients underwent isolated coronary artery
bypass grafting (CABG) at Chaoyang Hospital. The study
was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
local research ethics board of Chaoyang Hospital (No.:
2018308) and individual consent for this retrospective
analysis was waived. Any individual undergoing
emergency operations, SVG-LAD anastomosis, free IMA to
LAD anastomosis, preoperative dialysis, and hemodynamic
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instability were excluded. Finally, 979 patients took part
in this study; among these patients, 83 underwent a LIMA
+ SVG graft to LAD anastomosis, and 896 underwent a
conventional LIMA to LAD anastomosis. Preoperative,
intraoperative, and postoperative data were retrospectively
extracted from the electronic medical record of Chaoyang
Hospital. The study was approved by local research ethics
board of Chaoyang Hospital and individual consent for
this retrospective analysis was waived. Variables available
in the registry, including demographics, patient history,
preoperative risk factors, and intraoperative data, along with
in-hospital, 30-day, and mid-term outcomes were defined
according to the Society of Thoracic Surgeons database and
the 2013 “ACCF/AHA Key Data Elements and Definitions
for Measuring the Clinical Management and Outcomes of
Patients with Acute Coronary Syndromes and Coronary
Artery Disease” (12). According to Sianos’s description (13),
SYNTAX score was completed by three interventional
physicians who were not involved in the project design and
data analysis. Preoperative data of patients were collected to
calculate the EuroSCORE II. After the 1:1 propensity score
matching of the patients, 83 patients were enrolled in the
LIMA + SVG group and 83 patients were enrolled in the
LIMA - LAD group.

Surgical technique

The same experienced surgeon performed all surgical
procedures (PXSu); the LIMA to LAD anastomosis procedures
have been described previously (14). Standard procedures
were followed according to established protocols (15).
The LIMA is harvested as a pedicle. According to the
operative record, the specific reasons for the unavailability
of the in situ LIMA were the following: a relatively shorter
LIMA due to left ventricular enlargement (n=21), difficulty
harvesting the LIMA (n=12), accidental injury to the LIMA
pedicle during its harvesting (n=23), significant calcification
of the middle or distal LIMA causing restriction to blood
flow (n=18), or mismatching between the LAD and slight
distal LIMA (n=9). According to surgical experience, a
decision would be made to cut off the unavailable part of
the in situ LIMA, and a length of SVG (mean length of
3.9+1.8 cm) would be end-to-end anastomosed at the distal
end of the LIMA to form a composite graft to bypass the
LAD (Figure 1). All the SVGs were harvested via endoscope
and skeletonized. Next, we chose the SVG of the distal
end of the lower leg and reduced distension to guarantee

diameter matching with the LIMA and LAD. Transit-time
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Figure 1 Surgical procedure. LIMA + SVG was end-to-end

anastomosed to build a composite graft to bypass the LAD. LIMA,
left internal mammary artery; SVG, great saphenous vein graft;

LAD, left anterior descending artery.

flow measurement (TTFM) was used to examine the flow of
grafts after all the anastomoses were completed.

Follow-up

The standardized postoperative management and follow-
up procedures we used have been described previously (14).
After surgery, all patients in both groups were treated
with the secondary prophylactic medication if there were
no contraindications. Aspirin was administered within
6 hours after CABG in doses of 100 mg daily for a life
time. Dual antiplatelet was administered for 1 year with
combined aspirin 100 mg daily and clopidogrel 75 mg daily.
Warfarin was not routinely prescribed after CABG for graft
patency unless patients had other indications for long-term
antithrombotic therapy. Following institutional standard
procedures, all patients were required to return to the
clinic for a postoperative follow-up at 1 and 6 months after
surgery, and then once a year after that. The outpatient
clinic records of patients who reported having any adverse
events were evaluated further for confirmation. If other
hospitals encountered any major clinical events, patients
were requested to provide a copy of all related medical
information to the researcher for further assessment.
Otherwise, patients who did not return for follow-up visits
were contacted by telephone during the data review period
using standard procedures and follow-up visit forms. For
further diagnosis, routine computed tomography coronary
artery angiography (CTCA) was also offered to patients
in the LIMA + SVG group 2 years after the procedure,
and a standard coronary angiogram was carried out when
necessary for both groups. Two radiologists evaluated grafts,
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and the graft was defined as a patent if the stenosis was less
than 50% on their follow-up angiography. The primary
outcome was mid-term major adverse cardiovascular and
cerebrovascular events (MACCE) after the procedure,
including death, myocardial infarction (MI), cerebrovascular
accidents (CVA) or stroke, and repeat revascularization.
The secondary outcome was mid-term all-cause mortality.

Statistical analysis

A 1:1 propensity score matching was performed using
a logistic regression model to reduce the impact of
selection bias and potential confounding variables for
this observational study. The variables of all patients’
demographic and clinical risk factors included in the logistic
regression analysis were age, female, hypertension, diabetes
mellitus, chronic obstructive pulmonary disease, body
mass index, left ventricular ejection fraction (LVEF), left
ventricular end-diastolic dimensions, peripheral vascular
disease, acute coronary syndrome, creatinine level, left main
stenosis, previous MI, previous percutaneous coronary
intervention (PCI), and previous stroke (1able 1).

Matching was performed using greedy, nearest neighbor
matching with calipers of width 0.1 standard deviations of the
logit of the propensity score. The standardized differences
were used to assess the balance for all the baseline covariates
before and after matching. Standardized differences of
less than 10% indicated intergroup equilibrium (16). The
standardized differences were calculated via R version 2.15.3.

The measurement data are expressed as mean
and standard deviation, and the counting data are expressed
as a proportion. Comparisons of the characteristics between
the LIMA - LAD group and LIMA + SVG group were
assessed by #-test or Mann-Whitney U test for continuous
variables and the chi-square test or Fisher exact test for
categorical variables before and after matching. The
follow-up time was determined from the date of operation
to when all patient information was censored at the last
observed follow-up date. The incidence of all-cause death
and MACCE between the two groups during follow-up
is expressed as Kaplan-Meier survival curves. Mid-term
outcomes are presented as hazard ratios associated with
95% confidence intervals (Cls) from the Cox regression
model. The statistical data analysis was performed by
SPSS (IBM Corp. Released 2013. IBM SPSS Statistics
for Windows, Version 22.0. Armonk, NY, USA). All the
matching procedures were performed via R version 2.15.3.
A P value <0.05 was considered statistically significant.
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Table 1 Preoperative characteristics of unmatched and matched patients

Before propensity matching After propensity matching

Variables*
LIMA + SVG, n=83 LIMA-LAD,n=896 P LIMA + SVG, n=83 LIMA - LAD,n=83 SD P

Demographics
Age (years) 66.1+8.4 63.6+8.8 0.01 66.1+8.4 66.3+7.8 0.023 0.88
Female 29 (34.9%) 217 (24.2%) 0.03 29 (34.9%) 27 (32.5%) 0.051 0.87

Risk factors

Hypertension 58 (69.9%) 621 (69.3%) 0.91 58 (69.9%) 58 (69.9%) 0.000 1.00
Hyperlipidemia 51 (61.4%) 525 (58.6%) 0.61 51 (61.4%) 51 (61.4%) 0.000 1.00
Diabetes mellitus 37 (44.6%) 389 (43.4%) 0.84 37 (44.6%) 36 (43.4%) 0.024 1.00
Insulin-dependent diabetes 12 (14.5%) 167 (18.6%) 0.35 12 (14.5%) 16 (19.3%) 0.129 0.53
Previous or present smoking 41 (49.4%) 468 (52.2%) 0.62 41 (49.4%) 36 (43.4%) 0.142 0.44
COPD 1(1.2%) 19 (2.1%) 1.00 1(1.2%) 2 (2.4%) 0.091 1.00
BMI (kg/m?) 24.6+3.1 25.6+3.2 0.005 24.6+3.1 24.6+3.3 0.016 0.92
Preoperative creatinine (umol/L) 80.3+29.8 80.0+43.8 0.95 80.3+29.8 80.0+21.3 0.013 0.93
Creatinine clearance 83.5+24.7 93.0+48.1 0.08 83.5+24.7 82.8+23.9 0.032 0.84

Cardiovascular conditions

Peripheral vascular disease 6 (7.2%) 41 (4.6%) 0.28 6 (7.2%) 7 (8.4%) 0.045 1.00
Previous stroke 8 (9.6%) 131 (14.6%) 0.21 8 (9.6%) 6 (7.2%) 0.087 0.78
Preoperative arrhythmia 6 (7.2%) 69 (7.7%) 0.88 6 (7.2%) 5 (6.0%) 0.049 1.00
Previous Ml 35 (42.2%) 283 (31.6%)  0.049 35 (42.2%) 34 (41.0%) 0.024 1.00
Previous PCI 17 (20.5%) 159 (17.7%) 0.54 17 (20.5%) 18 (21.7%) 0.030 1.00
Acute coronary syndrome 76 (91.6%) 863 (96.3%) 0.07 76 (91.6%) 75 (90.4%) 0.042 1.00
Left main disease 38 (45.8%) 358 (40.0%) 0.30 38 (45.8%) 35 (42.2%) 0.073 0.75
LVEF (%) 59.2+11.8 61.7+11.0 0.04 59.2+11.8 59.3+10.9 0.013 0.94
LVEF <40 6 (7.2%) 52 (5.8%) 0.62 6 (7.2%) 6 (7.2%) 0.000 1.00
LVDD (mm) 50.1+6.4 48.8+5.6 0.048 50.1+6.4 49.7+5.3 0.077 0.62
EuroSCORE I 3.7+5.6 3.3+3.5 0.42 3.7+5.6 3.6x4.4 0.096 0.59
SYNTAX Score 34.3+7.9 30.5+9.1 <0.001 34.3+7.9 33.116.8 0.147 0.42
Preoperative IABP 8(9.6%) 74 (8.3%) 0.66 8(9.6%) 5 (6.0%) 0.135 0.56

*, continuous variables with normal distribution are presented as mean + SD unless otherwise noted. LIMA + SVG, left internal mammary
artery + great saphenous vein; LIMA — LAD, left internal mammary artery-left anterior descending artery; SD, standardized difference;
COPD, chronic obstructive pulmonary disease; BMI, body mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention;
LVEF, left ventricular ejection fraction; LVDD, left ventricular end-diastolic dimension; IABP, intra-aortic balloon pump.

Results anastomosis, and 893 (91.5%) underwent LIMA to LAD
. .. anastomosis. There were significant differences in the
Baseline characteristics and early outcomes . T .

demographics and comorbidities of the patients before

We selected 979 patients who met our inclusion criteria, propensity-score matching. For the unmatched population,

of whom 83 (8.5%) underwent LIMA + SVG to LAD patients in the LIMA + SVG group had older ages
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Table 2 Intraoperative characteristics and 30-day outcomes of matched patients

Variable* LIMA + SVG (n=83) LIMA - LAD (n=83) P

CPB 4 (4.8%) 3 (3.6%) 1.00
Intraoperative IABP 9 (10.8%) 7 (8.4%) 0.60
Grafts per patient 3.0+0.8 2.9+0.6 0.32
Graft flow of LIMA 28.3x12.4 30.6+14.2 0.26
Pulsatility index 2.8+1.7 2.7+1.4 0.41
Time in operating room (min) 245142 239+37 0.12
30-day mortality 2 (2.4%) 1(1.2%) 1.00
Postoperative atrial fibrillation 14 (16.9%) 11 (13.3%) 0.52
Postoperative myocardial infarction 1(1.2%) 0 (0%) 1.00
Postoperative stroke 1(1.2%) 1(1.2%) 1.00
Renal failure requiring dialysis 1(1.2%) 0 (0%) 1.00
Reoperation for bleeding 0 (0%) 1(1.2%) 1.00
Deep sternal wound infection 1(1.2%) 0 (0%) 1.00
Mechanical ventilation duration (h) 29.3+38.6 27.1+30.1 0.67
Prolonged mechanical ventilation (=48 h) 6 (7.2%) 5 (6.0%) 0.76
Repeat airway intubation 3 (3.6%) 2 (2.4%) 1.00
Transfusions 57 (68.7%) 52 (62.7%) 0.41
ICU stay (h) 107.4+99.2 102.5+73.8 0.73

*, continuous variables with normal distribution are presented as mean + SD unless otherwise noted. LIMA + SVG, left internal mammary
artery + great saphenous vein; LIMA — LAD, left internal mammary artery-left anterior descending artery; CPB, cardiopulmonary bypass;
IABP, intra-aortic balloon pump; LIMA, left internal mammary artery; ICU, intensive care unit.

statistically, a higher proportion of female patients, previous
MI, and lower BMI. Also, there were significantly lower left
ventricular ejection fraction (LVEF), more left ventricular
impairment, and more severe coronary lesions in the LIMA
+ SVG group (Table I).

After a 1:1 matching, 83 patients in the LIMA + SVG
group were matched with 83 patients in the LIMA - LAD
group. No differences in preoperative variables were found
between the two groups. The standardized differences of
all the matched covariates were lower than 0.1, showing an
excellent match between the two groups (Table 1).

Intraoperative characteristics and 30-day outcomes of
the matched patients are detailed in 7able 2. There were
four patients in the LIMA + SVG group, and three in the
LIMA - LAD group who underwent on-pump beating-heart
CABG. There were no statistically significant differences in
the number of distal anastomoses, use of intraoperative intra-

aortic balloon pump (IABP), LIMA graft flow, pulsatility

© Journal of Thoracic Disease. All rights reserved.

index (PI) and time spent in the operating room between the
two matched groups. The LIMA + SVG group (2, 2.4%) had
a slightly higher 30-day mortality than the LIMA - LAD
group (1, 1.2%), although this was not statistically significant
(P=1.00). The causes of early mortality were perioperative
MI associated with right coronary and stroke in the LIMA +
SVG group and ventricular fibrillation in the LIMA - LAD
group. It is difficult to determine whether the ventricular
fibrillation was related to LIMA. Postoperative renal failure
requiring dialysis, atrial fibrillation, MI, stroke, reoperation
for bleeding, deep sternal wound infection, mechanical
ventilation duration, prolonged mechanical ventilation,
repeat airway intubation, transfusions, and ICU stay were
comparable between the two groups.

Mid-term outcomes

Both groups completed follow-up, and the mean follow-up

7 Thorac Dis 2020;12(11):6629-6639 | http://dx.doi.org/10.21037/jtd-20-2358
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Figure 2 Kaplan-Meier cumulative mid-term outcomes after surgery. Kaplan-Meier survival curves show freedom from MACCE (A) and

mid-term survival probability (B) in the LIMA + SVG group (red line) and LIMA - LAD group (blue line) after propensity-score matching.

MACCE, major adverse cardiovascular and cerebrovascular events; LIMA, left internal mammary artery; SVG, great saphenous vein graft;

LAD, left anterior descending artery.

Table 3 Mid-term outcomes between matched LIMA + SVG and LIMA - LAD

Outcomes* LIMA + SVG, (n=83) LIMA — LAD, (n=83) HR (95% Cl) P

Follow-up time, months 38.5+14.3 40.5+20.4 - 0.46
All cause death 4 (4.9%) 3 (4.1%) 1.27 (0.29 to 5.58) 0.75
Myocardial infarction 3 (4.4%) 2 (4.0%) 1.52 (0.26 to 8.76) 0.64
Stroke 2 (2.9%) 3 (4.8%) 0.64 (0.11 to 3.70) 0.62
Repeat revascularization 3 (6.6%) 2 (3.1%) 1.38 (0.20 to 7.67) 0.73
MACCE 10 (14.9%) 8 (12.8%) 1.20 (0.24 to 7.95) 0.70

*, continuous variables with normal distribution are presented as mean + SD unless otherwise noted. LIMA + SVG, left internal mammary
artery + great saphenous vein; LIMA — LAD, left internal mammary artery-left anterior descending artery; HR, hazard ratio; Cl, confidence
intervals; MACCE, major adverse cardiovascular and cerebrovascular events.

time was 38.5x14.3 and 40.5+£20.4 months in the LIMA +
SVG and LIMA - LAD groups respectively, which was not
a statistically significant difference (P=0.46).

There were four patients in the LIMA + SVG group and
three patients in the LIMA - LAD group who died during
the entire span of the study period. All deaths were caused
by cardiovascular events, except for one patient in the
LIMA + SVG group and one patient in the LIMA - LAD
group who died of cerebral infarction and renal failure,
respectively. For the five cardiac deaths, two were Mls and
one was heart failure in the LIMA + SVG group, while one
was ventricular fibrillation and one was MI in the LIMA
- LAD group. After propensity matching, Kaplan-Meier

survival curves showed the estimated mid-term survival

© Journal of Thoracic Disease. All rights reserved.

rates were 95.1% in the LIMA + SVG group and 95.9% in
the LIMA - LAD group. According to a univariate Cox-
regression model, there were no statistically significant
differences in mid-term survival between the matched
patients during the follow-up period (hazard ratio =1.27,
95% ClI, 0.29 to 5.58; P=0.75) (Figure 2). Neither mid-term
M]I, stroke, nor repeat revascularization between the two
groups reached statistical significance (7azble 3). Finally, the
estimated 5-year risk of freedom from MACCEs was lower
in the LIMA + SVG group (85.1%) than in the LIMA -
LAD group (87.2%) (Figure 2). However, there were no
significant differences between the two matched groups
(hazard ratio =1.20, 95% CI, 0.24 to 7.95; P=0.70) (Table 3).

According to doctor advice and patient desires, 34
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Figure 3 CTCA images of LIMA + SVG-LAD graft. CTCA images show a patent LIMA + SVG-LAD graft 27 months after surgery, with
the two sides of the SVG being well matched with in situ LIMA and LAD, respectively. CTCA, computed tomography coronary artery

angiography; LIMA, the left internal mammary artery; SVG, great saphenous vein graft; LAD, left anterior descending artery.

(41%) patients underwent routine CTCA with a mean
observational time of 25 months (23-27 months) after the
procedure in the LIMA + SVG group. All (100%) of the
96 grafts were assessed; of the 34 LIMA + SVG segments,
32/34 (94%) were patent, 1 graft had 70% stenosis at
the anastomosis of LIMA and SVG, and 1 LIMA + SVG
graft was occluded on follow-up CTCA images. Of the
62 aortocoronary SVG grafts, 52/62 (84%) were patent
(Figure 3).

In addition, three patients in the LIMA + SVG
group and two patients in the LIMA - LAD group had
symptom-driven cardiac catheterization at our center for
repeat revascularization with either SVG graft failure
or nontarget vessel disease. Among these five cases, a
79-year male patient was readmitted with acute myocardial
infarction (AMI) 31 months after surgery; the venous
grafts anastomosed to the obtuse marginal branch (OM)
and posterior descending artery (PDA) had been occluded,
while the LIMA + SVG to LAD segments were patent from
the coronary angiography images (Figure 4).

Discussion

This single-center retrospective study of propensity-
matched patients showed that early and mid-term outcomes
of using LIMA + SVG composite graft to bypass the LAD
when the 7 situ LIMA was unavailable were comparable to

those of LIMA - LAD. These results demonstrate that this

© Journal of Thoracic Disease. All rights reserved.

novel operation strategy is safe and feasible.

LIMA to LAD anastomosing has been the golden
standard of CABG, and three major guidelines have
recommended using LIMA to bypass the LAD (1,4,17-19).
In some large randomized clinical trials, the rate of
occurrence of unavailable LIMA from all causes was
4-9% (20-22), which is similar to the 8.5% in our study.
For the choice of alternative conduits, free IMA may be a
suitable strategy. For outcomes of this strategy, Vistarini
et al. (5) reported that in 94.1% of patients who used free
LIMA conduits versus i situ LIMA - LAD, free IMA to
bypass LAD did not increase operative mortality or major
postoperative adverse events in long-term follow-up.
However, free LIMA was not suitable for most of the cases
in our center, and extra free right internal mammary artery
(RIMA) harvesting may increase the risk of deep sternal
wound infection, especially for patients with diabetes for
whom this risk can reach upwards of 11% (23). Our strategy
did not increase the incidence rate of deep sternal wound
infection (1.2%), despite the population having a mean age
of 66.1 years and a 44.6% rate of diabetes. Analogically,
radial arteries (RA) have been shown to have better long-
term outcomes and patency than SVG when anastomosed
to the non-LAD territories (24). However, they are sensitive
to competitive flow, and using the RA is recommended only
for target vessels with a high-degree of stenosis (18,25,26),
or if the availability to the LAD is unknown.

Using an arterial-venous composite is the standard

7 Thorac Dis 2020;12(11):6629-6639 | http://dx.doi.org/10.21037/jtd-20-2358


javascript:;

6636

LIMA + SVG

Li et al. LIMA+SVG versus LIMA-LAD

Figure 4 CAG images of the LIMA + SVG segment and SVG-LAD segment. CAG images show that the LIMA + SVG to bypass the LAD
segments were patent 31 months after surgery. CAG, coronary angiography; LIMA, left internal mammary artery; SVG, great saphenous

vein graft; LAD, left anterior descending artery.

CABG procedure proposed by Kim ez /. (27) In this
approach, the arterio-venous (LIMA + SVG) anastomosis
is constructed as a Y or T graft, and the venous segment is
used to revascularize the lateral and inferior walls. Their
results showed that the saphenous vein composite grafts
were noninferior to RIMA composite grafts in terms of
S-year graft occlusion rates and midterm clinical outcomes.
In our study, LIMA + SVG was anastomosed end-to-end and
was used to revascularize the LAD as a bail-out. Otherwise,
the superior patency rate of SVG to bypass LAD compared
with other territories has been proven by Goldman (2), and
thus was the rational theoretical basis for our strategy.

In our practice, two factors determine the length of the
SVG: one, the length of the distal LIMA to be cut off to
obtain satisfactory blood flow; two, the sufficient length of
the LIMA + SVG graft to bypass the LAD lesion. In the
present study, the mean length of the SVG segment was
3.9+1.8 cm (range, 3-6 cm). If the SVG was too long or
too short, other strategies were considered. A critical point
is the diameter matching between the arterial and venous
conduits, we chose the SVG of the distal end of the lower
leg and reduced distension to guarantee diameter matching
with the LIMA. In most cases in this study, the LIMA and
SVG were well matched. However, in rare cases, the size of
SVG was not the same as that of the LIMA graft, therefore,
we had performed aorta (AO)-SVG-LAD anastomosis in
these cases, which were excluded from this study.

For CABG strategy choice, most of the patients received
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off-pump CABG to reduce aorta manipulation and lower
the complications related to cardiopulmonary bypass (CPB).
We chose the on-pump CABG in the following high-
risk situations: LVEF less than 35%, left ventricular end-
diastolic diameter (LVDD) greater than 65 mm, expected
hemodynamic instability, complex anatomy of the target
vessel unsuitable for off-pump CABG. These off-pump
procedures used the iz situ LIMA as much as possible to
reduce the manipulation of a diseased aorta, which could
decrease the incidence rate of postoperative stroke (28). In
this study, the rate of postoperative stroke was 1.2%, which
was comparable with a previously reported 1-3% rate (29).
Kaplan-Meier survival analysis indicated that the estimated
S-year postoperative mid-term mortality and incidence of
MACCE in the LIMA + SVG group was 4.9% and 14.9%,
respectively. These results are comparable to those yielded
in the 5-year follow-ups of large, contemporary CABG
trials with rates ranging from 5% to 15%, and 13% to 27%,
respectively (30-32). Additionally, we obtained an outstanding
patency rate (94%) 25 months after the procedure, which was
equivalent to that achieved by LIMA - LAD (95% at 1 year)
in large, contemporary CABG trials (25).

These satisfactory outcomes may be due to the following
advantages of our surgical strategy. (I) Our surgical
procedures use in situ LIMA to connect with the SVG
instead of an aortocoronary bypass graft with free IMA or
SVG. This measure can reduce the mismatching between
the thickness of the vascular wall of the aorta and the IMA.
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(II) Biologically speaking, nitric oxide (NO) is a well-known
vasodilator and antiatherosclerotic substance of endothelial
origin. The LIMA graft provides beneficial metabolic
effects not only in the graft itself but also for the recipient
downstream artery via its superior NO secretion. Our
LIMA + SVG strategy preserves the iz situ LIMA as much
as possible, which may help the downstream SVG and target
vessels. Physical damage to the endothelial layer also occurs
while preparing a graft by high-pressure dilation of the SVG;
we reduce distension when harvesting the SVG, which may
decrease the degenerative and atherosclerotic processes
of SVG (33). (III) Anastomoses can be performed more
easily, quickly, and effectively compared with a direct LIMA
anastomosis. (IV) We use the SVG from a lower leg segment
to reduce the potential possibility of vascular diameter
mismatching with the LIMA or LAD. (V) Our positive
education on long-term secondary prophylactic medication
compliance might also contribute to the comparable results.

There have been many exciting developments in
surgical technology that have reduced the invasiveness of
CABG, including minimally invasive direct coronary artery
bypass (MIDCAB), robotic CABG, and hybrid coronary
revascularization (HCR), the latter of which has received
particular attention in recent years (29). All these alternative
procedural approaches to a sternotomy for CABG may be
performed via a small left anterior thoracotomy. When
facing an unavailable LIMA in these procedures, surgeons
might choose conversion to sternotomy. However, our
strategy of using the LIMA + SVG to bypass the LAD
might be a better, even faultless way to avoid conversion to
sternotomy, and may have other valuable applications.

However, several limitations should be noted regarding
this retrospective single-center study. (I) Despite the
benefits of propensity score matching, the non-randomized
design might have affected our results. (II) Although our
study is the most extensive research of LIMA + SVG to
bypass LAD to be conducted thus far, the sample size was
still small due to the low incidence of unavailable in situ
LIMA and the preference of surgeons. Further verification
of the clinical effect of this strategy requires a greater
accumulation of cases. (III) Finally, there was a lack of
complete imaging follow-up data to compare the mid- and
long-term graft patency between the two groups.

Conclusions

Our single-center propensity score-matching analysis study
is the most thorough examination of LIMA + SVG to
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bypass LAD to have thus far been conducted. Our findings
indicate that this approach achieved comparable early and
mid-term outcomes to those of LIMA - LAD. Therefore,
using the in situ LIMA with SVG to revascularize the LAD
may supply an alternative emergency strategy when in situ
LIMA is unable to bypass the LAD. Further study needs to
be conducted to evaluate longer-term outcomes.
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