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Background: Hybrid coronary revascularization (HCR) has a similar clinical outcome to coronary artery
bypass grafting (CABG) in treating multivessel disease. However, the outcome of HCR in treating left main
coronary artery (LM) disease is unclear. This study sought to compare the clinical outcome of HCR with
total arterial revascularization (TAR) for treating LM disease.

Methods: Patients who underwent treatment for LM disease in our center between January 2009 and
December 2019 were selected. Of these, 33 patients underwent HCR, and 70 patients underwent TAR.
The primary efficacy outcome of this study was mid-term major adverse cardiac and cerebrovascular events
(MACCE). The primary safety outcome was perioperative MACCE.

Results: The incidence of postoperative outcomes was comparable between the two groups after
adjustment with inverse probability weighting IPW) (P>0.05). The median follow-up time was
47 (interquartile range, 20 to 85) months. There was no significant difference in the incidence of all mid-
term outcomes and the freedom of MACCE between the two groups after adjustment (P>0.05). The Cox
proportional hazard model demonstrated that HCR was not a significant determinant for MACCE [hazard
ratio (HR) =3.516, 95% confidence interval (CI): 0.835 to 14.813].

Conclusions: HCR may be safe and effective for the treatment of LM disease compared with TAR.
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Introduction Left Main Revascularization Study (NOBLE study) (4)

More than two-thirds of left ventricular perfusion is showed a higher incidence of major adverse cardiac and
cerebrovascular events (MACCE) in a PCI group than in
a CABG group at 5 years. In the Evaluation of XIENCE

Everolimus Eluting Stent Versus Coronary Artery Bypass

provided by the left main coronary artery (LM) (1), and
untreated LM disease often leads to poor prognosis (2,3).
Coronary artery bypass grafting (CABG) and percutaneous

coronary intervention (PCI) are the two main options for
treating LM disease. There have been several multicenter
randomized controlled trials (RCTS$) comparing CABG and
PCI for patients with LM disease. The Nordic-Baltic-British
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Surgery for Effectiveness of Left Main Revascularization
Study (EXCEL study) (5), CABG was superior to PCI for
all-cause mortality at 5 years. CABG remains the standard
treatment for LM disease.
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Recent studies support the benefits of total arterial or
multi-arterial revascularization (6,7). The application of
multiple arterial grafts (7) and the avoidance of saphenous
vein grafts (SVG) (8) led to a lower graft failure rate,
which potentially decreased the risk of long-term death,
myocardial infarction (MI), and repeat revascularization.
In the European guidelines, total arterial revascularization
(TAR) is now a Level ITA recommendation for patients with
a long life expectancy (9). However, TAR is used to treat a
minimal number of patients nowadays, for multifactorial
reasons (10). For patients at high risk for sternal
complications, TAR with the bilateral internal mammary
artery (BIMA) should not be performed (11). A low degree
of target stenosis and targets in RCA territory decrease
the patency of arterial grafts (12). Moreover, harvesting
multiple arterial grafts increases operation time.

Hybrid coronary revascularization (HCR) combines a
minimally invasive left internal mammary artery (LIMA)-
left anterior descending coronary artery (LAD) graft with
PCI to non-LAD lesions. Contemporary drug-eluting
stents (DES) were not inferior to SVG in restenosis and
thrombosis rate (13), leading to a similar long-term clinical
outcome of HCR to CABG in multivessel disease (14).
However, HCR is only a Level IIB recommendation
in specific patient subsets at experienced centers (15).
Performing HCR requires close cooperation between
cardiac surgeons and cardiologists and hardware, such
as hybrid operating rooms. Also, randomized controlled
studies and large sample clinical evidence on HCR are still
very limited.

The non-inferiority of HCR to TAR has not, however,
been verified, and the clinical results of HCR for the
treatment of LM disease is unclear. This study sought to
assess the safety and efficacy of HCR in comparison with
TAR for treating LM disease. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/atm-20-4224).

Methods
Study design

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by institutional ethics board of Ruijin Hospital
(No. 2020-21) and individual consent for this retrospective
analysis was waived. Data of patients attending the hospital
between January 2009 and December 2019 were used. The
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inclusion criteria were as follows: (I) the patient underwent
HCR or TAR; (II) the patient had LM disease; (III) the
surgeons performed LIMA-to-LAD anastomosis. The
exclusion criteria were as follows: (I) the operation was
emergent; (II) the operation was a redo surgery.

We divided patients into an HCR group and TAR group
according to the revascularization therapy used. HCR in
our unit was completed in two-stages, combining minimally
invasive direct coronary artery bypass (MIDCAB) and
PCI with DES. In the first year after surgery, all patients
received aspirin 100 mg and clopidogrel 75 mg per day.
Following this, patients continued to take aspirin 100 mg
daily.

Data collection

‘Two researchers independently collected the preoperative
characteristics according to a specific form. A supervisor
reviewed discrepancies. Preoperative characteristics
included gender, age, body mass index (BMI) (which was
calculated based on the height and weight at admission),
hypertension history, diabetes mellitus (DM) history,
hyperlipoidemia history, family history, smoking status,
MI history (which was previous clinical MI or documented
by electrocardiogram or echocardiogram), stroke history
(which was previous clinical stroke or documented by
computed tomography), chronic obstructive pulmonary
disease (COPD) history (which was documented by clinical
manifestation and pulmonary function test), chronic
kidney disease (CKD) history (which was diagnosed
previously or documented by serum creatinine level and
glomerular filtration rate), and ejection fraction (EF).
EuroSCORE 1II (16) was calculated based on the original

methodology and score algorithm.

Outcome measures

This study’s primary outcome was mid-term MACCE,
defined as the composite of death, MI, stroke, or target
vessel revascularization (T'VR). The primary safety outcome
was perioperative MACCE. We measured the clinical
outcomes, including perioperative and mid-term clinical
outcomes.

“Perioperative” was defined as within 30 days after
surgery. The perioperative clinical outcomes were
as follows: (I) death, defined as death from any cause
(cardiovascular and non-cardiovascular mortality); (II) MI,
defined as MI type 5 according to the Fourth Universal
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Figure 1 Flow diagram. HCR, hybrid coronary revascularization;
TAR, total arterial revascularization; LM, left main coronary
artery; LIMA, left internal mammary artery; LAD, left anterior

descending coronary artery.

Definition of Myocardial Infarction (17); (III) stroke; (IV)
TVR, defined as the target vessels needing PCI or redo
surgery; (V) MACCE; (VI) the length of stay (LOS) in
hospital.

The mid-term clinical outcomes were as follows: (I)
death; (IT) MI; (III) stroke; (IV) TVR; (V) MACCE.

The researchers reviewed adverse events during the study
and adjudicate them to ensure the events met the definitions
given. Two researchers independently adjudicated each
event. A third researcher was called to adjudicate an event
if the agreement was not reached. These assessments were
blind to the knowledge of which group the patients were
placed in.

Follow-up

Follow-up of patients within the unit is completed via an
annual telephone interview. For the patients in this study,
we performed an additional telephone interview. The
incidence of death, M1, stroke, and T'VR were recorded.

Inverse probability weighting (IPW)

A multivariate logistic regression model was employed
to calculate propensity scores (PS), which estimated the
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probability that the patients would be selected for HCR,
using all of the preoperative characteristics. We used IPW
based on PS to adjust for differences between the two
groups. This approach, which was implemented to create
balance, weighted each patient by a stabilized weight,
according to the study of Hernan (18).

Statistical analysis

Continuous variables were summarized as mean + standard
deviation (SD) or median (the 25th percentile, the 75th
percentile), and categorical variables were categorized
as percentages. Continuous variables were compared
using a two-tailed Student’s #-test. Categorical variables
were compared using the y* test or Fisher exact test. The
time to the first occurrence of MACCE was described
by the unadjusted Kaplan-Meier curve (K-M curve) and
the adjusted K-M curve with the use of IPW, and the
comparison of K-M curves was performed with the log-
rank analysis. The adjusted K-M curve was obtained using
R package IPW survival (F. Le Borgne and Y. Foucher,
2017). Using estimated freedom from MACCE among
patients undergoing HCR and those undergoing TAR,
we calculated risk ratios at specific time points and used
bootstrap methods to obtain 95% confidence intervals
(CIs). The hazard ratio (HR) was calculated by a Cox
proportional hazards model and adjusted via the PS. The
HR was estimated with the TAR group as the control
group. All analysis was performed with SPSS version 22.0
(Chicago, IL, USA) and R version 3.4.3. A P value of <0.05

was considered to be statistically significant.

Results
Patients characteristics

We identified 33 patients in the HCR group and 70 patients
in the TAR group fulfilling the inclusion and exclusion
criteria (Figure I1). Table 1 demonstrates the baseline
characteristics of patients before and after adjustment with
the use of IPW. Before adjustment, patients in the HCR
group were older (P<0.001) and had a higher risk of surgery
(P<0.001). The adjustment achieved an adequate balance
between the groups for all covariates (P>0.05).

Perioperative outcomes

Table 2 demonstrates the perioperative results of the two
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Table 1 Preoperative characteristics of patients undergoing HCR and TAR before and after adjustment with the use of IPW

Unadjusted data

Data adjusted with the use of IPW

Variables HCR group (n=33) TAR group (n=70) P value HCR group (n=34) TAR group (n=59) P value
Male (%) 75.8 90.0 0.107 90.9 89.5 0.886
Age (yrs) 71.2+9.9 53.8+9.9 <0.001* 61.8+9.4 57.6+10.4 0.055
BMI (kg/m?) 24.6+3.2 25.0+£2.6 0.501 25.0+3.4 25.0+£2.5 1.000
Hypertension (%) 81.8 60.0 0.028* 41.2 56.3 0.161
DM (%) 39.4 271 0.210 33.5 25.1 0.383
Hyperlipoidemia (%) 121 25.7 0.116 24.4 22.5 0.837
Family history (%) 0.0 4.3 0.563 0.0 3.4 0.732
Smoker (%) 30.3 67.1 <0.001* 50.6 60.7 0.344
Ml (%) 36.4 28.6 0.425 14.7 25.8 0.213
Stroke (%) 9.1 2.9 0.378 3.5 3.2 0.603
COPD (%) 3.0 4.3 0.811 1.5 4.1 0.941
CKD (%) 18.2 2.9 0.021* 5.9 24 0.768
EF (%) 61.9+10.0 63.6+7.2 0.328 66.1+6.9 63.4+6.8 0.069
Euroscore Il (%) 1.6 (1.1, 3.05) 0.7 (0.7, 0.9) <0.001* 0.7 (0.6, 1.2) 0.8 (0.7, 1.1) 0.281

*, means there was significant difference between two groups (P<0.05). HCR, hybrid coronary revascularization; TAR, total arterial
revascularization; IPW, inverse probability weighting; BMI, body mass index; DM, diabetes mellitus; MI, myocardial infarction; COPD,
chronic obstructive pulmonary disease; CKD, chronic kidney disease; EF, ejection fraction.

Table 2 Postoperative outcomes of patients undergoing HCR and TAR before and after adjustment with the use of IPW

Unadjusted data

Data adjusted with the use of IPW

Variables HCR group (n=33)  TAR group (n=70) P value HCR group (n=34)  TAR group (n=59) P value
Death (%) 0.0 1.4 0.699 0.0 2.7 0.888
MI (%) 9.1 0.0 0.041* 6.1 0.0 0.228
Stroke (%) 3.0 0.0 0.699 0.9 0.0 0.240
TVR (%) 0.0 0.0 - 0.0 0.0 -
MACCE (%) 121 1.4 0.045* 7.4 2.7 0.599
LOS in hospital (days) 19.1£11.6 17.3+7.6 0.349 15.8+7.0 17.4+£7.3 0.309

*, means there was significant difference between two groups (P<0.05). HCR, hybrid coronary revascularization; TAR, total arterial
revascularization; IPW, inverse probability weighting; MI, myocardial infarction; TVR, target vessel revascularization; MACCE, major

adverse cardiac and cerebrovascular events; LOS, length of stay.

groups. The perioperative MI rate (P=0.041) and MACCE
rate (P=0.045) were significantly higher in the HCR group
than in the TAR group before adjustment with the use of
IPW. After adjustment, all of the perioperative results were
comparable between the two groups (P>0.05).
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Mid-term outcomes

The median follow-up time was 47 (interquartile range,
20 to 85) months. The follow-up rates of the HCR and
TAR groups were 90.9% and 90.0%, respectively. Before
adjustment, the incidence of MI was significantly higher
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Table 3 Mid-term outcomes of patients undergoing HCR and TAR before and after adjustment with the use of IPW
Unadjusted data Data adjusted with the use of IPW
Variables
HCR group (n=33) TAR group (n=70) P value HCR group (n=34)  TAR group (n=59) P value

Death (%) 9.1 5.7 0.829 4.7 6.6 0.935

Ml (%) 121 0.0 0.015* 7.6 0.0 0.133
Stroke (%) 3.0 2.9 0.563 0.9 2.5 0.824

TVR (%) 3.0 7.1 0.703 1.5 5.8 0.647
MACCE (%) 24.2 15.7 0.298 13.5 15.1 0.920

*

, means there was significant difference between two groups (P<0.05). HCR, hybrid coronary revascularization; TAR, total arterial

revascularization; IPW, inverse probability weighting; MI, myocardial infarction; TVR, target vessel revascularization; MACCE, major

adverse cardiac and cerebrovascular events.

1.0 TAR
HCR
w 084
(6]
O
<<
= 0.6
€
<]
£ 0.4
o
Q
<
v 0o P=0.026"
0.04
T T T T T T
0 2 4 6 8 10
Time (years)
No. at risk
HCR 33 14 10 6 4 4
TAR 70 54

36 24 14 2

MACCE rate after HCR, % (95% Cl) 12.1 (0.9-23.3)  19.3 (5.4-33.2)  255(8.1-429) 421 (17.8-66.4) 51.7 (25.0-78.4)
MACCE rate after TAR, % (95% Cl) 1.4 (0.0-4.1) 4.4 (0.0-9.3) 14.6 (5.8-23.4) 19.2 (8.8-29.6)  27.9(14.8-41.0)
Relative risk with HCR, (95% Cl) 8.6 (0.2-17.9) 4.4 (0.6-66.4) 1.7 (0.3-7.4) 2.2 (0.6-7.5) 1.9 (0.6-5.3)

Figure 2 The K-M curves of freedom from MACCE before the adjustment with the use of IPW. K-M methods and the log-rank test
were used to calculate and compare the freedom from MACCE before the adjustment with the use of IPW. The cumulative freedom from

MACCE of the HCR group was significantly lower than that of the TAR group (P=0.026). *, means there was significant difference between

two groups (P<0.05). K-M, Kaplan-Meier; MACCE, main adverse cardiovascular and cerebrovascular events; IPW, inverse probability

weighting; HCR, hybrid coronary revascularization; TAR, total arterial revascularization; CI, confidence interval.

in the HCR group than in the TAR group (P=0.015).
The incidences of the other mid-term outcomes were
comparable between the two groups (P>0.05) (Table 3).
After adjustment, there was no difference in the incidences
of all mid-term outcomes between the two groups (P>0.05)
(Table 3).

The freedom from MACCE was estimated by K-M
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curves and adjusted by IPW. The unadjusted K-M curves
demonstrated significantly lower freedom from MACCE in
the HCR group than in the TAR group (P=0.026) (Figure 2).
However, there was no significant difference in the freedom
of MACCE between the two groups after adjustment
(P>0.05) (Figure 3).

The univariate Cox proportional hazard model

Ann Transl Med 2021;9(4):285 | http://dx.doi.org/10.21037/atm-20-4224



Page 6 of 9

Zhu et al. HCR versus TAR for treating LM disease

1.0 TAR

b, Hor

W 0.8 Hﬂ_"\—._‘_‘

(6]

Q

<

= 0.6

€

o

£ 04

i)

Q

o

L 9o P=0.381

0.0
T T T T T T
0 2 4 6 8 10
Time (years)
No. at risk
HCR 34 24 16 2 1 1

TAR 59 42

29 18 11 1
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Figure 3 The K-M curves of freedom from MACCE after the adjustment with the use of IPW. K-M methods and the log-rank test were
used to calculate and compare the freedom from MACCE after the adjustment with the use of IPW. There was no significant difference in
the cumulative freedom from MACCE between the two groups (P=0.381). K-M, Kaplan-Meier; MACCE, main adverse cardiovascular and

cerebrovascular events; IPW, inverse probability weighting; HCR, hybrid coronary revascularization; TAR, total arterial revascularization;

CI, confidence interval.

demonstrated that HCR was not significantly associated
with increased risks for MACCE (HR =2.391, 95% CI:
0.953 to 6.002). After being adjusted for PS, HCR was not a
significant determinant for MACCE (HR =3.516, 95% CI:
0.835 to 14.813).

Discussion

Patients with LM disease have a poor prognosis due to a
large amount of myocardium at risk (19). Revascularization
brings survival benefits to these patients in comparison
to medical therapy alone (20). In the RCTs involving
LM disease patients, CABG was associated with a lower
mortality and MACCE rate at 5 years than PCI, making
CABG a more reasonable option for LM disease (4,5).
Graft selection influences the outcomes following CABG.
Multiple studies demonstrate that a second arterial graft,
such as a right internal mammary artery (RIMA) (6) or
a radial artery (RA) (7), has incremental benefits, due to
the more durable patency of these grafts compared with
SVG (21,22). Performing CABG with TAR is a strategy to
eliminate the impact of inferior SVG patency rates. TAR

© Annals of Translational Medicine. All rights reserved.

induced lower rates of graft failure, potentially decreasing
the long-term incidence of death, M1, and TVR (23).

HCR combines the survival benefit of LIMA-LAD graft
and the minimal invasion of PCI to non-LAD lesions (24).
The greater freedom from atherosclerosis and long-term
patency of LIMA-LAD graft make it the standard of care.
An effectively revascularized LAD decreases the difficulty
and risk of LM PCI and simplifies complex stent procedures
to a single LM DES, reducing restenosis and TVR rates (25).
The stent extending from the LM to the left circumflex
coronary artery (LCX) does not block the flow to LAD due
to LIMA-LAD graft. In this study, HCR was completed in
two stages, and MIDCAB was performed first in most cases.
Performing MIDCAB first avoids conflict between excellent
surgical hemostasis and dual antiplatelet therapy for stent
implantation (26). Moreover, two-stage HCR obviates the
need for a hybrid operating room with specialized imaging
systems.

In this study, the safety and efficacy of HCR were
compared with that of TAR for treating LM disease. There
was a significant difference in preoperative characteristics
between the two groups. Surgeons rarely choose elderly
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patients for TAR because of the limited life expectancy,
which reduces the survival benefit of TAR. However, for
elderly patients with a high risk of traditional surgery, HCR,
a minimally invasive procedure, is a reasonable option and
often chosen by surgeons. In this study, IPW was used to
eliminate the difference in baseline data between the two
groups. After adjustment, the preoperative characteristics of
the two groups were comparable.

Most reports comparing HCR with CABG involved
patients with multivessel coronary artery disease and
demonstrated similar in-hospital and mid-term outcomes
(27-30). Halkos and colleagues reported favorable
perioperative outcomes and comparable mid-term MACCE
and TVR rates of HCR for treating LM disease compared
with CABG (31). In this study, the perioperative outcomes
of the two groups were comparable, which supports the
safety of HCR in the treatment of LM disease. A similar
LOS in hospital of the two groups showed that two-stage
HCR did not extend the LOS in hospital. We found no
differences between the two groups in mid-term outcomes,
which further demonstrated that HCR effectively treats
LM disease. The patients treated with HCR had higher
perioperative and mid-term MI rates than those treated
with TAR, but these were not statistically significant after
adjustment. Most perioperative MI events happened when
patients with high SYNTAX scores waited for PCI after
MIDCAB. Performing one-stage HCR in patients with
high SYNTAX scores may improve the clinical outcomes of
HCR in treating LM disease.

The small sample size and retrospective design of this
study are its main limitations. The results of this study
should be interpreted as hypothesis-generating and
used with caution. The patients undergoing HCR were
carefully selected, so generalizing these results to a broader
population of LM disease patients is limited by selection
bias. Moreover, survival data is limited by the relatively
small sample size and short follow-up.

Conclusions

In conclusion, the results of this study suggest that HCR
may be safe and effective for treating LM disease compared
with TAR.

Acknowledgments

We thank all the staff in the Department of Cardiac
Surgery, Ruijin Hospital for their support during the study.

© Annals of Translational Medicine. All rights reserved.

Page 7 of 9

Funding: None.

Footnote

Reporting Checklist: The authors have completed the
STROBE reporting checklist. Available at http://dx.doi.
org/10.21037/atm-20-4224

Data Sharing Statement: Available at http://dx.doi.
org/10.21037/atm-20-4224

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/atm-20-4224). The authors have no conflicts
of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). The study was approved by institutional
ethics board of Ruijin Hospital (No. 2020-21) and
individual consent for this retrospective analysis was waived.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Kassimis G, de Maria GL, Patel N, et al. Assessing the left
main stem in the cardiac catheterization laboratory. What
is "significant"? Function, imaging or both? Cardiovasc
Revasc Med 2018;19:51-6.

2. Burgos JD, Munoz OC, Mukherjee D. Emergency
intervention for unprotected left main coronary artery
stenosis: case report and review of the literature. Hellenic J
Cardiol 2011;52:545-8.

3. Patel N, De Maria GL, Kassimis G, et al. Outcomes
after emergency percutaneous coronary intervention in

patients with unprotected left main stem occlusion: the

Ann Transl Med 2021;9(4):285 | http://dx.doi.org/10.21037/atm-20-4224


http://dx.doi.org/10.21037/atm-20-4224
http://dx.doi.org/10.21037/atm-20-4224
http://dx.doi.org/10.21037/atm-20-4224
http://dx.doi.org/10.21037/atm-20-4224
http://dx.doi.org/10.21037/atm-20-4224
http://dx.doi.org/10.21037/atm-20-4224
https://creativecommons.org/licenses/by-nc-nd/4.0/

Page 8 of 9

10.

11.

12.

13.

14.

15.

BCIS national audit of percutaneous coronary intervention
6-year experience. JACC Cardiovasc Interv 2014;7:969-80.
Holm NR, Mikikallio T, Lindsay MM, et al. Percutaneous
coronary angioplasty versus coronary artery bypass
grafting in the treatment of unprotected left main stenosis:
updated 5-year outcomes from the randomised, non-
inferiority NOBLE trial. Lancet 2020;395:191-9.

Stone GW, Kappetein AP, Sabik JF et al. Five-year
outcomes after PCI or CABG for left main coronary
disease. N Engl ] Med 2019;381:1820-30.

Yi G, Shine B, Rehman SM, et al. Effect of bilateral
internal mammary artery grafts on long-term survival: a
meta-analysis approach. Circulation 2014;130:539-45.
Gaudino M, Benedetto U, Fremes S, et al. Radial-artery or
saphenous-vein grafts in coronary-artery bypass surgery. N
Engl J Med 2018;378:2069-77.

Rocha RV, Tam DY, Karkhanis R, et al. Long-term
outcomes associated with total arterial revascularization

vs non-total arterial revascularization. JAMA Cardiol
2020;5:507-14.

Kolh P, Kurlansky P, Cremer J, et al. Transatlantic
editorial: a comparison between European and North
American guidelines on myocardial revascularization. ]
Thorac Cardiovasc Surg 2016;152:304-16.

Schwann TA, Habib RH, Wallace A, et al. Operative
outcomes of multiple-arterial versus single-

arterial coronary bypass grafting. Ann Thorac Surg
2018;105:1109-19.

Taggart DP, Altman DG, Gray AM, et al. Randomized
trial of bilateral versus single internal-thoracic-artery
grafts. N Engl ] Med 2016;375:2540-9.

Mukherjee D, Cheriyan J, Kourliouros A, et al. Does the
right internal thoracic artery or saphenous vein graft offer
superior revascularization of the right coronary artery?
Interact Cardiovasc Thorac Surg 2012;15:244-7.
D’Ascenzo F Iannaccone M, Saint-Hilary G, et al. Impact
of design of coronary stents and length of dual antiplatelet
therapies on ischaemic and bleeding events: a network
meta-analysis of 64 randomized controlled trials and 102
735 patients. Eur Heart ] 2017;38:3160-72.

QiuJ, Zhu P, Liu Z, et al. Hybrid coronary
revascularization versus off-pump coronary artery bypass
grafting and percutaneous coronary intervention for

the treatment of two-vessel coronary artery disease with
proximal left anterior descending artery stenosis. ] Thorac
Dis 2019;11:2402-9.

Neumann FJ, Sousa-Uva M, Ahlsson A, et al. 2018 ESC/
EACTS Guidelines on myocardial revascularization. Eur

© Annals of Translational Medicine. All rights reserved.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Zhu et al. HCR versus TAR for treating LM disease

Heart ] 2019;40:87-165.

Nashef SA, Roques F, Sharples LD, et al. EuroSCORE
II. Eur J Cardiothorac Surg 2012;41:734-44; discussion
744-5.

Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal
definition of myocardial infarction (2018). Eur Heart J
2019;40:237-69.

Herndn MA, Brumback B, Robins JM. Marginal
structural models to estimate the causal effect of
zidovudine on the survival of HIV-positive men.
Epidemiology 2000;11:561-70.

Collet C, Capodanno D, Onuma Y, et al. Left main
coronary artery disease: pathophysiology, diagnosis, and
treatment. Nat Rev Cardiol 2018;15:321-31.

Bittl JA, He Y, Jacobs AK| et al. Bayesian methods affirm
the use of percutaneous coronary intervention to improve
survival in patients with unprotected left main coronary
artery disease. Circulation 2013;127:2177-85.

Tatoulis J, Buxton BE, Fuller JA, et al. Total arterial
coronary revascularization: techniques and results in 3,220
patients. Ann Thorac Surg 1999;68:2093-9.

Possati G, Gaudino M, Prati F, et al. Long-term results
of the radial artery used for myocardial revascularization.
Circulation 2003;108:1350-4.

Zacharias A, Habib RH, Schwann TA, et al. Improved
survival with radial artery versus vein conduits in
coronary bypass surgery with left internal thoracic artery
to left anterior descending artery grafting. Circulation
2004;109:1489-96.

Zimrin D, Reyes PA, Reicher B, et al. A hybrid alternative
for high risk left main disease. Catheter Cardiovasc Interv
2007;69:123-7.

Naik H, White AJ, Chakravarty T, et al. A meta-analysis
of 3,773 patients treated with percutaneous coronary
intervention or surgery for unprotected left main coronary
artery stenosis. JACC Cardiovasc Interv 2009;2:739-47.
Maltais S, Perrault LP, Do QB. Effect of clopidogrel on
bleeding and transfusions after off-pump coronary artery
bypass graft surgery: impact of discontinuation prior to
surgery. Eur J Cardiothorac Surg 2008;34:127-31.

Halkos ME, Vassiliades TA, Douglas JS, et al. Hybrid
coronary revascularization versus off-pump coronary
artery bypass grafting for the treatment of multivessel
coronary artery disease. Ann Thorac Surg 2011;92:1695-
701; discussion 1701-2.

Harskamp RE, Vassiliades TA, Mehta RH, et al.
Comparative effectiveness of hybrid coronary
revascularization vs coronary artery bypass grafting. ] Am

Ann Transl Med 2021;9(4):285 | http://dx.doi.org/10.21037/atm-20-4224



Annals of Translational Medicine, Vol 9, No 4 February 2021 Page 9 of 9

Coll Surg 2015;221:326-34.¢l. of multivessel coronary artery disease: 3-year follow-
29. Hu S, Li Q, Gao P, et al. Simultaneous hybrid up results from a single institution. ] Am Coll Cardiol
revascularization versus off-pump coronary artery bypass 2013;61:2525-33.
for multivessel coronary artery disease. Ann Thorac Surg 31. Halkos ME, Rab ST, Vassiliades TA, et al. Hybrid
2011;91:432-8. coronary revascularization versus off-pump coronary artery
30. Shen L, Hu S, Wang H, et al. One-stop hybrid coronary bypass for the treatment of left main coronary stenosis.
revascularization versus coronary artery bypass grafting Ann Thorac Surg 2011;92:2155-60.

and percutaneous coronary intervention for the treatment

Cite this article as: Zhu P, Qiu J, Xu H, Liu J, Zhao Q. Hybrid
coronary revascularization versus total arterial revascularization
for the treatment of left main coronary artery disease. Ann

Transl Med 2021;9(4):285. doi: 10.21037/atm-20-4224

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2021;9(4):285 | http://dx.doi.org/10.21037/atm-20-4224



