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Robot-assisted coronary artery bypass grafting improves short-
term outcomes compared with minimally invasive direct coronary
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Background: Robot-assisted coronary artery bypass grafts (RACAB) utilizing the da Vinci surgical system
are increasingly used and allow the surgeon to conveniently harvest internal mammary arteries (IMAs). The
aim of this study was to compare the outcomes of off-pump RACAB and minimally invasive direct coronary
artery bypass grafting (MIDCAB) in the short and medium term.

Methods: We performed a retrospective review of 132 patients with single- or multiple-vessel coronary
artery disease who underwent minimally invasive off-pump CABG (OPCAB) between May 2009 and May
2014. The patients were divided into two groups based on the surgical approach, MIDCAB and RACAB
group. The anastomosis of the left internal mammary artery (LIMA) to the left anterior descending
artery (LAD) was performed as regular OPCAB through the incision on the beating heart using regular
stabilization devices (Genzyme Corporation). The preoperative, intraoperative, postoperative, and follow-up
data, including major adverse cardiac and cerebrovascular events (MACCE), were compared.

Results: The preoperative data were similar. RACAB significantly shorten the intensive care unit (ICU)
stay and postoperative compared with the MIDCAB group (P<0.05). There were 12 (19.7%) patients
treated with a two-stage hybrid procedure in the MIDCAB group and 34 (47.9%) patients in the RACAB
group (P=0.001). Thirty-day mortality was 1.6% in the MIDCAB group. There were 9 (14.7%) MIDCAB
patients and 2 (2.8%) RACAB patients (P=0.013) that developed new arrhythmia. The two groups showed
comparable mid-term survival (P=0.246), but the MACCEs were significantly different (P=0.038).
Conclusions: RACAB may be a valuable alternative for patients requiring single or simple multi-vessel
coronary artery bypass grafting (CABG). Although the mid-term mortality outcomes are similar, RACAB
improves short-term outcomes and mid-term MACCE-free survival compared with MIDCAB.
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Introduction

Surgical strategies for coronary revascularization are
regarded as safe and efficient procedures that lead to
excellent results. However, traditional coronary artery bypass
grafting (CABG) using cardiopulmonary bypass (CPB)
and ordinary off-pump CABG (OPCAB) with median
sternotomy are associated with potential postoperative
infection, sternal dehiscence, mediastinitis, and neurologic
complications (1-3). Minimally invasive direct coronary
artery bypass grafting (MIDCAB) can be performed
through a left lateral thoracotomy and is a less invasive
method of OPCAB. This procedure reduces morbidity,
length of stay, need for blood transfusion, prolonged pain,
and prolonged recovery (4,5).

An advanced form of MIDCAB has been developed using
a robot-assisted coronary artery bypass graft (RACAB) with
the da Vinci surgical system. The robot allows the surgeon
to conveniently harvest internal mammary arteries (IMAs)
and makes a multi-vessel MIDCAB possible (6). RACAB
surgery is not reserved for single-vessel revascularization
procedures bypassing the left anterior descending artery
(LAD) with the left internal mammary artery (LIMA).
When combined with a percutaneous coronary intervention
(PCI) in a one-step or staged hybrid procedure, MIDCAB
and RACAB surgery have been performed in multi-
vessel diseases for integrated revascularization. These
surgeries are safe and effective and have low perioperative
morbidity, mortality, excellent angiographic LIMA
patency, and favorable mid-term major adverse cardiac and
cerebrovascular event (MACCE)-free survival (5,7,8).

The purpose of the present study was to compare
the mid-term results of left-thoracotomy MIDCAB and
RACAB in single- or multi-vessel coronary artery disease
with or without a hybrid approach.

Materials and methods
Study patients

The medical records for all of the consecutive MIDCAB
and RACAB patients with single- or multiple-vessel
coronary artery disease who underwent minimally invasive
OPCAB between May 2009 and May 2014 were analyzed
using our institutional database. This study was approved
by the Regional Ethics Committee of Shanghai Jiao Tong
University and all patients signed informed consents.

The patients were further subdivided into MIDCAB
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or RACAB groups based on the type of surgery. There were
61 MIDCAB operations performed through a left lateral
thoracotomy, and 71 RACAB surgeries were conducted on
beating hearts using the da Vinci telemanipulation system
(Intuitive Surgical, Inc., Sunnyvale, CA, USA). There were two
and three patients, respectively, whose operation was converted
to CABG by femoral artery—femoral vein bypass because of
sudden and unexpected circumstances during surgery.
Surgical technique

All patients were prepared in the supine position with their
left chest elevated approximately 30 degrees. After routine
induction of general anesthesia, a double-lumen intubation
was performed for single right lung ventilation. A Swan-
Ganz catheter was placed into the cardiac tissue to monitor
hemodynamic indices and continuous cardiac output. An
external defibrillation pad was also prepared. All of the
patients underwent OPCAB.

A small (6-9 cm) left anterior incision was made at
the fourth intercostal space in the MIDCAB group. We
avoided injuring the mammary tissue while exposing the
operative field. The detailed technique of MIDCAB has
been described elsewhere (1,9). The LIMA pedicle was
completely harvested under direct vision without the help
of thoracoscope. The anastomosis of the LIMA to the LAD
was performed through the incision on the beating heart
using regular stabilization devices (Genzyme Corporation)
and stitched by hand. The anastomoses of the non-LAD
lesions were also performed on the beating heart using of
“Y” blood vessel graft to the LIMA.

In the RACAB group the LIMA or/and right internal
mammary artery (RIMA) was harvested using the da Vinci
robot system to facilitate port access to the chest while
permitting the chest to be insufflated with CO,. The
anastomoses were performed by direct-vision through
a minithoracotomy (5-6 cm). The detailed technique of
RACAB has been described elsewhere (10,11). If a second
graft was necessary, the saphenous vein was harvested from
the lower extremity simultaneously. In younger patients
(below 60 years old), the RIMA pedicle was then harvested
with the right chest elevated approximately 30 degrees. The
rest of the procedure was similar to MIDCAB.

The graft blood flow was measured using a coronary
ultrasonic flow meter (Transonic, Guidant, Indianapolis,
IN, USA) after the anastomoses were completed. The
systolic blood pressure was maintained at >100 mmHg. The
mean flows (mL/min) and the pulsatility index (PI) were
assessed. The criteria for chest closure were a PI <5, and the
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mean flow was at least >15 mL/min. Protamine was applied
to neutralize 80% of the heparin before closing the chest.
Hybrid coronary revascularization (HCR) was performed
by PCI of non-LAD lesions after grafting for the LIMA-
LAD. The patients received stenting with sirolimus-eluting
stents 5-14 days after surgical revascularization according
to standard practice. Patients received 100 mg/d aspirin
indefinitely and 75 mg/d clopidogrel for 1 year from the day
after surgery. All patients were thoroughly informed about
the procedure preoperatively and provided written consent.

Clinical follow-up

All of the patient baseline characteristics, operative variables,
and postoperative outcomes (early events within 30 days
postoperatively) were collected. All patients were monitored
for at least 6 hours in the intensive care unit (ICU).
The creatine kinase and cardiac troponin I (¢Tnl) levels
were measured immediately after surgery and 12 hours
later. A 12-lead electrocardiography was performed directly
after the procedure. The number of patient with intercostal
pain was counted. The presence of intercostal pain after
surgery was defined as an incision pain requiring medication
more than once a day for 3 days.

All patients were followed up at for least 12 months.
The follow-up information included survival, MACCE-free
survival, recurrent angina, freedom from percutaneous re-
intervention and reoperation (late events). After 12 months
of follow-up the asymptomatic patients received an
invasive evaluation and coronary computed tomography
angiography (CCTA). The other patients who had relevant
signs of ischemia, such as palpitation or chest pain, were
evaluated immediately by CTA or coronary angiography to
determine if further vascular intervention was required.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics, version 19.0 (IBM Corp, Armonk, NY, USA). All
data are presented as continuous or categorical variables.
The continuous data are presented as the mean + standard
deviation or median with range. The values were compared
with unpaired Student’s 7-tests after testing for normal
distribution. All categorical data are expressed as a number
and percentage. Chi-square test or Fisher’s exact test was
used for categorical variables with nominal scales. The
Wilcoxon test was used for data with ordinal scales. Kaplan-
Meier curves and log-rank test were used to analyze overall
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survival and freedom from MACCE:s. A 2-tailed probability
value of P<0.05 was considered significantly different.

Results
Baseline characteristics analysis

There were 43 males and 18 females in the MIDCAB group,
and the mean patient age was 67.9+9.1 years. There were
48 males and 23 females in the RACAB group, and the mean
patient age was 66.5£11.3 years. The preoperative patient
clinical characteristics are similar between the two groups
summarized in Table 1. The patients had a comparable left
ventricular function and preoperative hemodynamic status at
the time of revascularization. The EuroSCORE 1I risk model
was used to evaluate the patient risk factors, and the two groups
had a similar predicted mortality risk (3.5% vs. 2.7%, P=0.174).
RACAB was used for more multiple vessel revascularizations
(15 vs. 37, P=0.006). There are 46 cases of single LAD lesion in
the MIDCAB group and 37 cases in the RACAB group.

The preoperative ejection fraction (EF) of the MIDCAB
group patients ranged from 44% to 71%. The mean EF was
57.5%+6.4%. The EF in the RACAB group ranged from
46% to 73%. The mean EF in the MIDCAB group was
59.0%=+8.6%, P=0.264. There was no statistically significant
difference between the baseline characteristics of the
consecutive MIDCAB and RACAB patients.

Operative data and postoperative 30-day outcomes

All coronary artery diseases underwent a complete
revascularization in the two groups. There were 58 (95.1%)
patients with anastomosis of LIMA-LAD in the MIDCAB
group and 59 (83.3%) patients in RACAB group.
More patients were receiving non-single LIMA-LAD
revascularization in the RACAB group (P=0.033). The
results are shown in 7able 2. The grafted arteries included
the left anterior descending coronary artery, ramus,
diagonal and obtuse marginal branches 1. The overall
conversion rate was 3.8% (two and three patients in the
MIDCAB group and RACAB group). One conversion in
the MIDCAB group was due to a dissected IMA and the
other one was caused by an intramyocardial LAD. One
conversion in the RACAB group was due to a dissected
LAD and the others were caused by severely calcified
LADs. Endarterectomy and CABG were performed in the
two calcified LAD lesions after conversion, and the length
of calcified vessels was 3—4 cm. There were no converted
patients who developed a sternal wound infection.
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Table 1 Demographic and clinical characteristics of study patients

Gong et al. RACAB improves short-term outcomes compared with MIDCAB

Variables® All patients (n=132) MIDCAB (n=61) RACAB (n=71) P value
Age (years) 67.1£12.5 67.9+9.1 66.5+11.3 0.447
Female gender 41 (31.1) 18 (29.5) 23 (32.4) 0.721
Height (cm) 164.8+7.8 163.1+6.0 165.6+6.6 0.641
Weight (kg) 66.5+11.8 67.0+7.1 66.3+11.2 0.920
BMI 24.5+5.9 24.6+3.2 24.4+4 1 0.663
EuroSCORE | 4.8+3.1 4.5+2.5 4.9+2.6 0.451
PROM, % 3.2 3.5 2.7 0.174
NYHA llI/IV 35 (26.5) 16 (26.2) 19 (26.8) 0.945
Unstable angina 97 (73.5) 47 (77.5) 50 (70.4) 0.390
LVEF 58.2+9.9 57.5+6.4 59.0+8.6 0.264
LVEDD 50.6+7.6 51.0+5.8 50.3+5.1 0.663
Urgent surgery 1(0.8) 1(1.6) 0 (0.0) 0.462
Previous PCI 27 (20.5) 10 (16.4) 17 (23.9) 0.284
Previous cardiac surgery 4 (3.0) 2 (3.2) 2 (2.8) 1.000
History of arrhythmia 8 (6.1) 34.9) 5(7.0) 0.885
History of Ml 28 (21.2) 12 (19.7) 16 (22.6) 0.168
Family history of CHD 2(1.5) 1(1.6) 1(1.4) 1.000
Hypertension 79 (59.8) 33 (54.1) 46 (64.8) 0.212
Hypercholesterinemia 8 (6.1) 5(8.2) 34.2) 0.557
Hyperlipidemia 19 (24.4) 8(13.1) 15 (21.1) 0.226
Diabetes mellitus 43 (32.6) 20 (32.8) 23 (32.4) 0.962
Impaired renal function 6 (4.6) 3(4.9 34.2) 1.000
Smoker history 35 (26.5) 16 (26.2) 19 (26.8) 0.945
COPD history 7 (5.3 3(4.9) 4 (5.6) 1.000
PVD history 46 (34.8) 20 (32.8) 26 (36.6) 0.645
CVD history 20 (15.2) 6 (9.8) 14 (19.8) 0.114

?, continuous data are given as mean + standard deviation or median, and categorical data as number (%). MIDCAB, minimally
invasive direct coronary artery bypass graft; RACAB, robot-assisted coronary artery bypass graft; BMI, body mass index; PROM,
predicted risk of mortality; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-
diastolic diameter; PCI, percutaneous coronary intervention; MI, myocardial infarction; CHD, coronary heart disease; COPD,
chronic obstructive pulmonary disease; PVD, peripheral vascular disease; CVD, cerebrovascular disease.

The mean surgical duration in the RACAB group was
longer than the MIDCAB group, but not significantly
different (220.8+23.1 vs. 185.5+49.3 min, P=0.054). The
ICU stay in the MIDCAB group (35.2+9.4 hours) was
longer than in the RACAB group (30.6+8.7 hours, P=0.004).
There were ten patients in the RACAB group who were
extubated in the ICU within 12 hours after surgery, while
two such patients in MIDCAB group (P=0.031). There were
nine (14.7%) MIDCAB patients and two (2.8%) RACAB
patients (P=0.013) that developed arrhythmia required
intervention in postoperative 30 days. One patient in the
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MIDCAB group suffered a transient ischemic attack (TTA)
and rehabilitated without sequel.

There was one (1.6%) 30-day death postoperatively,
an 85-year-old patient due to cardiogenic shock with
preoperative EF of 39%, and one patient required revision
surgery in the MIDCAB group. There was one revision
surgery and no 30-day mortality in the RACAB group.
However, these differences were not statistically significant.
The incision length was significantly shorter and the patient

number with intercostal pain after surgery was significantly
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Table 2 Operative data and postoperative 30-day outcome
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Variables® All patients (n=132) MIDCAB (n=61) RACAB (n=71) P value
Non single LIMA-LAD 15 (11.3) 3 (4.9 12 (16.7) 0.033
LIMA-SVG-LAD 1(0.8) 1(1.6) 0 (0.0) 0.939
SVG-LAD 6 (4.5) 2 (3.3 4 (5.6) 0.819
RIMA-LAD, LIMA-DIA 4 (3.0) 0(0.0) 4 (5.6) 0.170
LIMA-LAD, SVG-OM 2(1.5) 0(0.0) 2(2.9) 0.544
LIMA-LAD, SVG-DIA 2(1.5) 0(0.0) 2(2.8) 0.544
Operation duration (min) 20.0+£52.6 185.5+49.3 220.8+23.1 0.054
Grafts flow 29.1+11.9 27.0+10.7 29.9+11.1 0.131
PI 2.87+1.55 2.67+1.03 2.91+1.43 0.277
Converted to CABG 5(3.8) 2 (3.9 34.2) 1.000
Extubation
Within 6 hours 12 (9.1) 2 (3.3 10 (14.1) 0.031
6-12 hours 116 (87.9) 56 (91.8) 60 (84.5) 0.200
More than 12 hours 4 (3.0 3 (4.9 1(1.4) 0.507
ICU stay (hour) 32.6+9.6 35.2+9.4 30.6+8.7 0.004
Postoperative stay (day) 8.5+4.2 9.2+3.8 7.8+£3.0 0.024
Need for transfusions 22 (16.7) 11 (18.0) 11 (15.5) 0.696
Reopening for bleeding 2(1.5) 1(1.6) 1(1.4) 1.000
Pleural effusions 8 (6.0) 3(4.9) 5(7.0) 0.725
New arrhythmia 11 (8.3) 9(14.7) 2(2.8) 0.013
Myocardial infarction 3(2.3) 2 (3.3) 1(1.4) 0.894
ARDS 1(0.8) 1(1.6) 0(0.0) 1.000
MODS 1(0.8) 1(1.6) 0 (0.0 1.000
New renal failure 3(2.3) 2 (3.3) 1(1.4) 0.894
Neurological complications 1(0.8) 1(1.6) 0 (0.0) 1.000
Wound infections 1(0.8) 1(1.6) 0 (0.0) 1.000
Intercostal pain after surgery 14 (10.6) 10 (16.4) 4 (5.6) 0.045
Incision length 7.6+1.6 9.0+1.4 7.4+1.3 <0.001
Thirty-day mortality 1(0.8) 1(1.6) 0 (0.0) 1.000

#, continuous data are given as mean + standard deviation or median, and categorical data as number (%). MIDCAB, minimally
invasive direct coronary artery bypass graft; RACAB, robot-assisted coronary artery bypass graft; LIMA, left internal mammary
artery; LAD, left anterior descending; SVG, saphenous vein graft; RIMA, right internal thoracic artery; DIA, diagonal artery; OM,
obtuse marginal; PI, pulsatility index; CABG, coronary artery bypass grafting; ICU, intensive care unit; ARDS, acute respiratory
distress syndrome; MODS, multiple organ dysfunction syndrome; PCI, percutaneous coronary intervention.

lower in RACAB group. These results suggest there is less
surgical trauma. The postoperative stay was also shorter in
the RACAB group (9.2£3.8 vs. 7.8+3.0 days, P=0.024).

Two-staged bybrid subgroup

The patient demographics and operative data are
summarized in 7able 3. There were 34 (47.9%) patients
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from the RACAB group treated with a two-staged
hybrid procedure. There were no statistically significant
differences between the two sub-groups regarding the
mean age, body mass index (BMI), predicted risk of
mortality (PROM), and target of PCI. Patients who
underwent postoperative PCI in the RACAB group had
a significantly shorter interval than the MIDCAB group
(7.20+1.75 vs. 5.40+1.90, P=0.041).
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Table 3 Characteristics of PCI after surgery subgroup patients

Characteristics® Total patients (n=46) MIDCAB (n=12) RACAB (n=34) P value
Clinical and demographic
Mean age (years) 66.8+8.5 63.6+8.1 67.8+8.1 0.248
BMI 25.2+4 .1 26.1+£3.5 24.1+2.6 0.165
Female gender 13 (28.3) 5(41.7) 8 (23.5) 0.408
PROM, % 2.9 3.2 2.5 0.301
LVEF 58.5+9.3 57.5+6.4 59.0+8.6 0.264
NYHA [lI/IV 12 (26.1) 5(41.7) 7 (20.6) 0.295
Hyperlipidemia 6 (13.0) 1(8.3) 5(14.7) 0.948
History of arrhythmia 3 (6.5) 1(8.3) 2 (5.9 1.000
Hypertension 28 (60.9) 8 (66.7) 20 (58.8) 0.893
Diabetes mellitus 19 (41.3) 7 (58.3) 12 (35.3) 0.293
Impaired renal function 4 (8.7) 2 (16.7) 2(5.9) 0.586
PVD history 9(19.6) 3(25.0) 6 (17.6) 0.898
COPD history 3 (6.5) 1(8.9) 2 (5.9 1.000
PCl interval after op (day) 6.70+2.08 7.20+1.75 5.40+1.90 0.041
Target of PCI
LCX 17 (37.0) 5(41.7) 12 (35.3) 0.964
DIA/ramus 4(8.7) 0(0.0) 4(11.9) 0.517
oM 2 (4.3 1(8.3) 1(2.9) 0.458
RCA/PDA 23 (50.0) 6 (5.0) 17 (50.0) 1.000
Post-op outcomes
Neurological complications 1.2 1(8.3) 0(0.0) 0.261
Myocardial infarction 1(2.2) 0 (0.0) 1(2.9) 1.000
New renal failure 1(2.2) 1(8.3) 0 (0.0) 0.261
New arrhythmia 3 (6.5) 1(8.9) 2(5.9) 1.000
Reopening for bleeding 0 (0.0) 0 (0.0) 0 (0.0) -°
MODS 0 (0.0 0 (0.0 0 (0.0 =P
ARDS 0(0.0) 0(0.0) 0 (0.0) =P
ICU stay (hour) 32.6+9.6 34.6+5.1 26.6+7.4 0.011

2 continuous data are given as mean + standard deviation or median, and categorical data as number (%); °, incalculable. PCI,
percutaneous coronary intervention; MIDCAB, minimally invasive direct coronary artery bypass graft; RACAB, robot-assisted
coronary artery bypass graft; BMI, body mass index; PROM, predicted risk of mortality; LVEF, left ventricular ejection fraction;
NYHA, New York Heart Association; PVD, peripheral vascular disease; COPD, chronic obstructive pulmonary disease; LCX, left
circumflex artery; DIA, diagonal artery; OM, obtuse marginal; RCA, right coronary artery; PDA, posterior descending artery; MODS,
multiple organ dysfunction syndrome; ARDS, acute respiratory distress syndrome; ICU, intensive care unit.

Mid-term follow-up

Follow-up data are shown in Table 4 and were collected till
May 2014 (up to 5 years). Median follow-up time was 22
(range, 12-60) months. There were 53 cases (86.9%) in
the MIDCAB group and 62 cases (87.3%) in the RACAB
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group alive during follow-up. The patients lost to follow-up
were three cases (4.9%) and five (7.0%) cases, respectively.
The postoperative follow-up angiographies were not
performed routinely. However, a 1-year follow-up CCTA
was performed regularly. Angiographies were performed
when individual patients had strong indications for this
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Table 4 Major adverse cardiac events at mid-term follow-up
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Variables® MIDCAB (n=61) RACAB (n=71) P value OR (95% ClI)
TVR 3(4.9) 2(2.8) 0.862 1.784 (0.228-11.046)
Angina 4 (6.6) 4 (5.6) 1.000 1.175 (0.281-4.913)
Myocardial infarction 1(1.6) 2(2.8) 1.000 0.570 (0.051-6.500)
Stroke 2(3.3) 1(1.4) 0.894 2.373 (0.210-26.827)
Mortality 5(8.2) 3(4.3) 0.557 2.024 (0.463-8.841)
Cardiac cause 3(4.9) 1(1.4) 0.507 3.361 (0.367-35.746)
Noncardiac cause 1(1.6) 2(2.8) 1.000 0.570 (0.051-6.500)
Unknown cause 1(1.6) 0(0.0) 0.462 -

3 categorical data are given as number (%); °

, incalculable. MIDCAB, minimally invasive direct coronary artery bypass graft;

RACAB, robot-assisted coronary artery bypass graft; OR, odds ratio; TVR, target vessel revascularization.
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Figure 1 Kaplan-Meier survival estimate for MIDCAB and RACAB
padents. MACCE, major adverse cardiovascular and cerebrovascular
event; MIDCAB, minimally invasive direct coronary artery bypass
grafting; RACAB, robotically assisted coronary artery bypass grafting.

investigation. The number of patients who developed
symptoms of typical myocardial ischemia indicating
angiography was relatively small. Therefore, we did not
have sufficient data for analysis. The anastomotic patency
at 1 year was similar, 96.9% (62/64) and 96.2% (76/79)
respectively in the MIDCAB and RACAB group, and all
LIMA-LAD were patent.

The cumulative survival rates for MIDCAB and RACAB
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patients were 96.7% and 100% at 1 year, 93.0% and 100%
at 2 years and 88.4% and 94.4% at 5 years, respectively
(Figure 1). There were no statistically significant differences
in terms of cumulative survival (P=0.246, log rank =1.347).
There were 13 major adverse cardiovascular events
(MACCESs) during the 5-year follow-up. These events
included five deaths (three cases died in hospital), two
strokes, and three revascularizations of the target vessel
in the MIDCAB group. Myocardial infarction (MI) is the
commonest cause of midterm death. Two of three in the
MIDCAB group were caused by MI and the other one was
caused by heart failure. The death in the RACAB group was
caused by MI. One of the two patients with stroke in the
MIDCAB group was caused by thrombotic stroke due to
atrial fibrillation and the other was caused by intracerebral
hemorrhage. The stroke in the RACAB group was caused
by cerebral infarction. The incidence of adverse events was
significantly higher [hazard ratio (HR) =0.72, P=0.038, log
rank =4.305] in the MIDCAB group than in the RACAB
group (total nine events, three deaths, one strokes, two
revascularization of the target vessel) (Figure 2).

Comment

The first CABG was performed in humans by Longmire in
1958 (12). Conventional open-chest CABG has been used
for the past decade worldwide (13), and CABG is still the
gold standard procedure for patients with multiple coronary
artery disease (10). The short-term patency rates of
OPCARB is similar to that of CABG, and it is associated with
a reduced postoperative length of stay, less blood and blood
component usage, and an earlier return to normal lifestyle
(14,15). The latest meta-analysis showed that there was
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Figure 2 Kaplan-Meier estimate of freedom from MACCE
for MIDCAB and RACAB patients. MACCE, major adverse
cardiovascular and cerebrovascular event; MIDCAB, minimally
invasive direct coronary artery bypass grafting; RACAB, robotically
assisted coronary artery bypass grafting.

no significant difference between on-pump and OPCAB
differences in mid-term adverse cardiac and cerebrovascular
events or repeat revascularization (16). MIDCAB can also
be performed “off-pump” and differs from OPCAB in
the type of incision used for the surgery without a median
sternotomy. Several published series found that MIDCAB
is an effective and safe technique that is associated with
shorter hospital stays, lower transfusion rates, reduced wound
infection, and faster postoperative physical recovery (17,18).

The da Vinci surgical system has become the most
widely used robot-assisted operation system in the world
and is used for CABG in cardiac centers. A robotic surgical
system has been developed to enhance the surgeon’s ability
to harvest both IMAs through the left thoracic cavity
using only three thoracic ports in 3D visualization. Thus,
performing multi-vessel RACAB is now possible. From
May 2009 to May 2014, there were 71 patients treated with
the RACAB procedure using the da Vinci surgical system.
All of the patients had an excellent short-term result, and
98.6% of patients (70/71) were extubated within 12 hours
after surgery. The postoperative data showed that there
were no wound infections, postoperative deaths, strokes
or neurological complications. There were only three
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patients requiring conversion to conventional CABG. Only
one patient needed mechanical ventilation for more than
24 hours. RACAB is thought to have many advantages over
traditional CABG. The advantages include a lower surgical
risk, smaller incisions, and a shorter recovery time (18,19).
There are several published comparisons of MIDCAB
and traditional CABG, but there are no studies examining
MIDCAB and RACAB. Additionally, there are no retrospective
analyses comparing MIDCAB and RACAB.

The main finding of the present report is that RACAB is
safe and feasible. Furthermore, RACAB is associated with
recovery advantages, including reduced incision lengths,
lower intercostal pain rates (need intervened), shorter
ICU and postoperative stay time, and a lower rate of new
arrhythmia than MIDCAB. In addition, conventional
MIDCAB is limited to single vessel revascularization
because the entire length of the LIMA cannot be harvested
by this procedure. A surgical robot, such as the da Vinci
surgical system, can remove the entire length of both
IMAs easily in a less invasive manner. RACAB can be used
for multiple vessel revascularizations through three ports
without long incisions in the thorax. There were fewer new
arrhythmia cases in the RACAB group. This result is likely
related to less surgical trauma. There was no significant
difference in surgery duration between MIDCAB and
RACAB patients reported in this study. However, the faster
recovery and shorter ICU and postoperative stay time in
the RACAB group implies at least an adequate and possibly
superior physical activity in these patients.

HCR is an innovative treatment for multivessel disease
that was introduced in the mid-1990s (20). Several studies
have demonstrated the long-term patency rate of vein grafts
was similar to the PCI of non-LAD vessels (21). In this
study, there were 12 MIDCAB and 34 RACAB cases treated
using this combination method of grafting for the LIMA-
LAD and PCI of the remaining none-LAD lesions. There
were more patients receiving RACAB, probably due to their
better economic conditions and more reception to concept
of new procedure. In all cases, HCR was completed without
major complications or mortality. There was one cerebral
lacuna infarct in the MIDCAB group and one MI case in
the RACAB group. RACAB with or without PCI improved
the short-term outcomes compared with MIDCAB.
However, the middle term results and mortality outcomes
were similar.

Several factors could have affected the outcomes of
MIDCAB and RACAB. Off-pump RACAB with robotic
harvesting of the LIMA is a reasonable and less invasive
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procedure than the standard procedures. MIDCAB
or RACAB could prolong surgery time compared to
traditional CABG (18). In our study, the mean operative
times were 185.5+49.3 and 220.8+23.1 min with MIDCAB
and RACAB, respectively. Furthermore, the installation
and debugging of the da Vinci surgical system during
the RACAB procedure could prolong the operative time.
Additionally, multiple vessel revascularizations in RACAB
could also prolong the operative time. Another criticism
of MIDCAB or RACAB was that the surgeon has to
be from limited fields and that it is difficult to convert
MIDCAB to conventional CABG when the patient is
hemodynamically unstable (22). Other potential problems
may include difficulty in controlling bleeding from the
graft in elderly patients and limited operation fields.
Postoperative respiratory complications were more likely
to occur in the RACAB group because of continuous one-
lung ventilation during surgery (11). Properly identifying
the target artery in RACAB is a difficult problem to solve
and affected conversion to conventional open thoracic
procedures. Cho and his colleague proposed a method to
measure and validate perioperative shifts of the heart during
RACAB using CT to reduce the conversion rate (23).
One study launched by Escoto ez 4/. found that the problem
how to localize the target vessels could be resolved with
preoperative CT localization (24). In our study, the
MACCEs during the 5-year follow-up in the MIDCAB
group were significantly higher than in the RACAB group.
The difference in freedom from MACCE may be related
to the difference in the ratio of concomitant PCI (47.9%
vs. 19.7%, P=0.001). But the decreased MACCE:s in the
RACAB group did not affect overall survival compared to
MIDCAB.

Limitations

This study is only a retrospective analysis prospectively
collected data rather than a prospective randomized
controlled study. However, the medical records for all
of the consecutive MIDCAB and RACAB patients were
analyzed using our institutional database. The individual
patients were not identified, and consent was waived.
All RACAB were performed by one group surgeons, but
MIDCAB were not. There may be selective bias. But
there was no statistically significant difference between
the baseline characteristics of the two groups. Another
potential limitation of this study is the relative small sample
size available for operative and follow-up survival analysis.
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And the data not analyzed by propensity score were due to
the sample population paucity. We did not investigate the
difference in complete revascularization between the groups
and comparison of outcomes in the subgroup because the
relative small sample, which may be more important than
comparison in the whole group.

Conclusions

RACAB may be a valuable alternative for patients in need of
single or simple multi-vessel CABG. The operation appears
to be at least as safe as MIDCAB and is associated with
shorter hospital stay, less wound traumas, less intercostal
pain and faster postoperative recovery than MIDCAB.
RACAB may be more suitable for simple multi-vessel
associated with PCI. Although the mid-term mortality
outcomes are similar, RACAB improves short-term
outcomes and mid-term MACCE-free survival compared
with MIDCAB.
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