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Introduction

Coronary artery bypass graft (CABG) surgery re-
mains the standard strategy to achieve complete 
revascularization in patients with multivessel cor-
onary artery disease. The superiority of CABG over 
multivessel percutaneous coronary intervention 
(PCI) with respect to cardiac death, myocardial in-

farction, and long-term respite from repeated coro-
nary revascularization has been proved by several 
studies and randomized trials [1]. Nowadays, a hy-
brid coronary revascularization (HCR) strategy has 
been accepted as the procedure of choice for coro-
nary artery disease (CAD), combining the most effec-
tive therapeutic methods of cardiovascular surgery 
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A b s t r a c t

Introduction: Two-staged hybrid coronary revascularization (HCR) is a novel procedure in selected patients with mul-
tivessel coronary artery disease. However, few studies are available on the mid-term or long-term outcomes of this 
2-staged procedure as compared to off-pump coronary artery bypass (OPCAB).
Aim: To compare in-hospital and mid-term follow-up outcomes of 2-staged HCR with OPCAB in patients with mul-
tivessel coronary artery disease.
Material and methods: The present retrospective study analyzed the data from 73 patients who underwent the 
2-staged HCR (HCR group) during 2012–2014 at the heart center. Three hundred and eighty-three patients who 
underwent conventional OPCAB by the same surgeon were selected for the comparative analysis performed on 
in-hospital and mid-term follow-up outcomes between the two groups. 
Results: No significant difference was observed in the preoperative outcome between the two groups. The HCR group 
had a shorter operation duration (152.9 ±43.8 vs. 262.6 ±51.8 min, p < 0.05), less bleeding (558.6 ±441.3 vs. 1035.5 
±613.3 ml, p < 0.05), shorter mechanical ventilation (9.4 ±7.4 vs. 19.0 ±18.3 h, p < 0.05), and less blood transfusion 
(12 (16.4%) vs. 200 (52.2%), p < 0.05). The mean follow-up duration was 25.0 ±9.6 months in the HCR group and 
22.8 ±10.6 months in the OPCAB group. The incidence of major adverse cardiac or cerebrovascular events (MACCE) 
was similar in both groups (4 (5.5%) vs. 10 (2.8%), p = 0.408). The estimated 3-year survival was similar in both 
groups (log-rank χ2 = 1.041, p = 0.308).
Conclusions: The 2-staged HCR is a safe and effective surgical procedure and may offer similar mid-term follow-up 
outcomes to OPCAB.

Key words: two-staged hybrid coronary revascularization, percutaneous coronary intervention, off-pump coronary 
artery bypass, minimally invasive direct coronary artery bypass graft surgery, follow-up outcomes.
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and interventional cardiology in order to perform 
a  functionally complete revascularization [2]. With 
HCR, minimally invasive direct coronary artery by-
pass graft surgery (MIDCABG) using a  left internal 
mammary artery (LIMA) graft to the left anterior 
descending (LAD) coronary artery is combined with 
PCI to non-LAD targets. This approach capitalizes on 
the major strengths associated with CABG and PCI. 
The benefits of CABG are largely attributable to the 
LIMA-LAD graft owing to its long-term patency and 
freedom from atherosclerosis. The failure rates of sa-
phenous vein grafts and the lower restenosis rates 
with drug-eluting stents (DES) have made the per-
cutaneous treatment of non-LAD vessels ubiquitous 
and comparable to saphenous vein grafts [3–6].

The HCR can be performed either as a 1-stop or 
as a  2-staged procedure. The former implies con-
comitant CABG and PCI in a single operative suite, 
with PCI following the CABG almost instantly. The 
2-staged procedure is defined as PCI and CABG per-
formed in 2 different operative suites; the 2 proce-
dures are separated by hours, days, or weeks, where-
as the 1-stop refers to hybrid CABG/PCI performed 
in a  hybrid suite in 1 setting, within minutes. Ini-
tially, the 1-stop HCR was considered to be a  safe 
and feasible option with more acceptable mid-term 
clinical outcomes than CABG and PCI in selected 
patients with multivessel CAD [7–10]. However, few 
studies on the mid-term or long-term outcomes of 
the 2-staged procedure as compared to the OPCAB 
strategy are available. 

Aim

In this study, we compared the in-hospital and 
mid-term clinical outcomes of the 2-staged HCR and 
OPCAB procedures at our hospital.

Material and methods

Patient selection 

The relative angiographic indications for HCR 
include the presence of significant proximal LAD 
disease or left main equivalent that is amenable to 
LIMA-to-LAD bypass and non-LAD lesions that allow 
PCI. The relative clinical contraindications for HCR 
include hemodynamic instability, previous cardiac 
or thoracic surgery, a severe lung disease with the 
inability to tolerate single-lung ventilation, and se-
vere morbid obesity. The inclusion criteria for the 

2-staged HCR were as follows: 1) unfavorable LAD 
for PCI, unprotected left main CAD, and non-LAD le-
sions technically feasible for PCI with a DES; 2) lim-
itations of traditional CABG, such as pre-existing or-
gan dysfunction, heavily calcified proximal aorta, or 
lack of suitable graft conduits. The exclusion criteria 
for the 2-staged HCR included left subclavian artery 
and LIMA stenosis, buried intramyocardial LAD, need 
for a  simultaneous operation, apparent congestive 
heart failure, hemodynamic instability, and other 
conditions rendering PCI unsuitable [8–10].

Surgical procedure

Two-staged HCR procedure

In the HCR group, the patients were anesthetized 
and intubated with double-lumen endotracheal 
tubes. Single-lung ventilation was employed to fa-
cilitate exposure for LIMA harvesting. The patients 
were positioned supine with a 30° rotated decubi-
tus towards the right using a rolled towel. External 
pads for emergency defibrillation were placed on the 
right anterior and left posterior sides of the chest 
wall. A  small, left anterior thoracotomy incision 
(5–7  cm) was facilitated in the 4th or 5th intercos-
tal space, according to the preoperative chest X-ray 
and coronary angiography. Typically, LIMA harvest-
ing was initiated from superior to inferior due to 
the absence of transthoracic muscle at the superior 
border. Fat tissue was removed with a pedicle in or-
der to identify the LIMA. The LIMA was harvested 
superior to the 1st rib (close to the left subclavian 
vein) and inferior to the upper portion of the 5th or 
6th costal cartilage. After LIMA preparation and dila-
tion with papaverine solution, blood flow from the 
LIMA was confirmed. A pericardial incision exposed 
and stabilized the LAD. A shunt was routinely used 
after coronary arteriotomy instead of target vessel 
occlusion. A  continuous running suture technique 
was used to perform the coronary anastomosis. In 
all the HCR cases, the LIMA-LAD anastomosis was 
performed first as part of the staged procedure on 
separate days. Postoperatively, PCI for the remain-
ing non-LAD lesions was performed only after doc-
umenting a  patient LIMA-LAD anastomosis in the 
catheterization laboratory, commonly 3–5 days after 
the surgical procedure. We emphasized that hepa-
rin should be administered as soon as possible after 
surgery if chest tube drainage was less than 50 ml/h 
for 6 h after ensuring the absence of bleeding com-
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plications. On the next day, dual antiplatelet therapy 
(DAPT) was begun, coupled with aspirin (100  mg/
day) and clopidogrel (75  mg/day). In the PCI-first 
approach in 2-staged HCR, DAPT was typically com-
menced ahead of the PCI procedure and continued 
during CABG. After the procedure, all patients were 
subjected to continuous aspirin therapy (100  mg/
day for a lifetime), and clopidogrel (75 mg/day) was 
prescribed for 12 months following DES implanta-
tion. 

OPCAB procedure

In the OPCAB group, coronary revascularization 
was performed in 383 patients via sternotomy us-
ing pedicled LIMA for LAD artery grafting. The proce-
dures were performed in all patients under general 
anesthesia and tracheal intubation. The LIMA and 
saphenous vein conduits were harvested under di-
rect vision. The distal anastomoses of the LIMA to 
LAD and saphenous conduit to non-LAD target grafts 
were performed using a  stabilizer on the beating 
heart. A  suction-based epicardial stabilizer and an 
intracoronary shunt were routinely used. The saphe-
nous veins were used for non-LAD vessel grafting. 
The proximal anastomoses were accomplished with 
a partial occluding aortic clamp [11, 12].

Outcomes

The primary endpoint of the present study was 
to evaluate the safety and feasibility of the 2-staged 
HCR and compare the in-hospital outcomes between 
the 2 groups. The secondary endpoints constituted 
the incidence of major adverse cardiac or cerebro-
vascular events (MACCE), as well as a  composite 
of death, myocardial infarction, neurologic event, 
and target lesion or vessel repeat revascularization 
during the follow-up period. All patients were re-
quired to return for a follow-up visit every 4 months 
after discharge. Myocardial perfusion imaging was 
recommended for patients without ischemic symp-
toms. Angiography was performed if noninvasive 
diagnostic tests indicated a sign of ischemia. Both 
myocardial perfusion and angiography were strongly 
recommended for patients with recurrence of isch-
emic symptoms [7].

Statistical analysis

The continuous variables are presented as the 
mean ± SD and the categorical variables as frequen-

cies and percentages. The categorical variables were 
compared between the two groups using the c2 or 
Fisher’s exact test. For continuous variables, Stu-
dent’s t-test was used to estimate the differences 
in a normal distribution. The MACCE were analyzed 
using the Kaplan-Meier method and the log-rank 
test, and the difference with a 95% confidence inter-
val was calculated. A p-value < 0.05 was considered 
statistically significant. All statistical analyses were 
performed using SPSS software version 17.0 (SPSS 
Inc., Chicago, IL, USA).

Results

Patient characteristics

After propensity score matching, the baseline char-
acteristics were similar in the two groups (Table I).

Perioperative outcomes

In the HCR group, 73 (100%) patients success-
fully underwent 2-staged hybrid procedures. They 
received a LIMA-LAD graft and PCI with DES for non-
LAD lesions. The mean number of DES implanted in 
a patient was 1.6 ±0.7, and the mean number of re-
vascularizations in a patient was 2.6 ±0.5. The time 
interval from MIDCABG to PCI was 5.3 ±2.9 days in 
the study. In the OPCAB group, 383 patients received 
a LIMA-LAD graft for LAD and a saphenous vein graft 
for non-LAD targets. These patients underwent off-
pump surgery, and the mean number of revascular-
izations in the patients was 2.7±0.5 without a signif-
icant difference between the two groups (2.6 ±0.5 
vs. 2.7 ±0.5, p > 0.05). The lesser invasiveness of HCR 
could offer superior perioperative outcomes, includ-
ing reduced duration of operation (152.9 ±43.8 vs. 
262.6 ±51.8 min, p < 0.05), intubation (10.5 ±13.0 vs. 
30.5 ±61.3 h, p < 0.05), and ICU stay (38.2 ±27.0 vs. 
69.0 ±185.9 h, p < 0.05), as well as less transfusion 
(12 (16.4%) vs. 200 (52.2%), p < 0.05) than OPCAB. 
It does not increase either the risk of perioperative 
myocardial infarction (0 (0%) vs. 1 (0.3%), p > 0.05) 
or the postoperative renal dysfunction (74.4 ±11.9 
vs. 75.8 ±12.7 μmol/l, p > 0.05). No significant dif-
ference was observed between the two groups with 
respect to re-exploration for bleeding (1 (1.4%) vs.  
6 (1.6%), p > 0.05) or total drainage (558.6 ±441.3 vs. 
1035.5 ±613.3 ml, p < 0.05). The mean postoperative 
incision pain VAS scores were higher for HCR than 
OPCAB (6.5 ±1.71 vs. 3.3 ±0.9, p = 0.001) (Table II).
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Mid-term outcomes

The follow-up information and hospital records 
were completely reviewed by December 2015, in 
the HCR group (73/73, 100%) and the OPCAB group 
(360/383, 94.0%). The mean follow-up was 25.0 ±9.6 

months in the HCR group and 22.8 ±10.6 months in 
the OPCAB group. At a mean follow-up of 2 years, the 
actual survival rates in the HCR and OPCAB groups 
were 98.6% and 99.7%, respectively. The survival 
curves of the two groups showed no significant dif-
ference (log-rank p = 0.308). The mid-term follow-up 

Table I. Demographic and clinical baseline characteristics

Variables HCR group OPCAB group t/χ2 P-value

Age [years] 61.1 ±10.7 63.1 ±8.9 –1.757 0.08

Male, n (%) 50 (68.5) 286 (74.7) 1.208 0.272

BMI [kg/m2] 25.5 ±2.7 25.1 ±3.3 0.948 0.344

CCS, n (%):

I 17 (23.2) 84 (21.9) 1.071 0.784

II 37 (50.7) 177 (46.2)

III 17 (23.2) 106 (27.7)

IV 2 (2.7) 16 (4.2)

NYHA, n (%): 

I 16 (21.9) 110 (28.7) 2.594 0.459

II 44 (60.3) 216 (56.4)

III 11 (15.1) 53 (13.8)

IV 2 (2.7) 4 (1.0)

Previous PCI, n (%) 7 (9.6) 24 (6.3) 1.068 0.301

Previous myocardial infarction, n (%) 10 (13.7) 73 (19.1) 1.184 0.277

Current smoker, n (%) 35 (47.9) 209 (54.6) 1.081 0.298

Diabetes mellitus, n (%) 26 (35.6) 134 (35) 0.011 0.918

Hypertension, n (%) 46 (63.0) 212 (55.4) 1.465 0.226

Hypercholesterolemia, n (%) 17 (23.3) 56 (14.6) 3.425 0.064

COPD, n (%) 2 (2.7) 6 (1.6) 0.490 0.484

Peripheral arterial disease, n (%) 1 (1.4) 15 (3.9) 1.174 0.278

Creatinine level [μmol/l] 75.2 ±20.0 71.5 ±22.5 1.306 0.192

Total cholesterol level [μmol/l] 4.2 ±1.1 4.7 ±1.0 –3.556 < 0.001

Previous cerebrovascular accident, n (%) 12 (16.4)  55 (14.4) 0.211 0.646

LM, n (%) 14 (19.2) 71 (18.5) 0.017 0.898

LVEF (%) 60.0 ±12.0 59.3 ±11.5 0.451 0.652

LVEDD [mm] 50.4 ±6.8 53.6 ±42.8 –0.653 0.514

EuroSCORE 3.6 ±2.4 3.6 ±1.7 –0.375 0.708

BMI – body mass index, CCS – Canadian Cardiovascular Society, COPD – chronic obstructive pulmonary disease, EuroSCORE – European System for Cardiac 
Operative Risk Evaluation, LVEDD – left ventricular end-diastolic dimension, LVEF – left ventricular ejection fraction, NYHA – New York Heart Association.
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results did not show any difference in mortality (1.4% 
vs. 0.3%, p = 0.210), recurrent myocardial ischemia 
(4.1% vs. 2.2%, p = 0.350), repeat revascularization 
(1.4% vs. 1.7%, p = 0.855), neurological events (0% vs. 
0.3%, p = 0.652), or the cumulative MACCE rate (5.5% 

vs. 2.8%, p = 0.269) in the HCR group as compared 
to the OPCAB group. One patient in the HCR group 
underwent repeat revascularization with DES, and  
6 patients in the OPCAB group received repeat revas-
cularization with re-CABG (Table III, Figures 1 and 2).

Table II. In-hospital outcomes of patients according to the study groups

Variable HCR group OPCAB group t/χ2 P-value

Operation time [min] 152.9 ±43.8 262.6 ±51.8 –16.993 < 0.001

No. of revascularizations (n) 2.6 ±0.5 2.7 ±0.5 –1.644 0.101

Re-exploration for bleeding, n (%) 1 (1.4) 6 (1.6) 1.000*

Myocardial infarction, n (%) 0 (0) 1 (0.3) 1.000*

Neurologic event, n (%) 0 (0) 1 (0.3) 1.000*

New-onset atrial fibrillation, n (%) 1 (1.4) 15 (3.9) 0.543 0.46

Total drainage [ml] 558.6 ±441.3 1035.5 ±613.3 –6.336 < 0.001

Total transfusion of RBC, n (%) 12 (16.4) 200 (52.2) 31.555 < 0.001

Creatinine level [μmol/l] 74.4 ±11.9 75.8 ±12.7 –0.881 0.379

cTnI [μg/l]) 17.5 ±3.4 17.0 ±4.0 0.996 0.320

Postoperative ventilation [h] 9.4 ±7.4 19.0 ±18.3 –4.391 < 0.001

Time from MIDCABG to PCI [days] 5.3 ±2.9 – – NA

No. of stents used (n) 1.6 ±0.7 – – NA

ICU length of stay [h] 31.6 ±17.0 45.7 ±37.0 –3.195 0.001

In-hospital stay [days] 18.4 ±7.9 20.3 ±13.9 –1.150 0.251

Mean postoperative incision pain VAS 
scores

6.5 ±1.71 3.3 ±0.95 5.16 0.001

Maximum postoperative incision pain 
VAS scores

9 5 – NA

ICU – intensive care unit, MIDCABG – minimally invasive direct coronary artery bypass graft surgery, NA – not applicable, PCI – percutaneous coronary inter-
vention, cTnI – cardiac troponin I, VAS scores – visual analog scale scores (0 – no pain to 10 – worst pain ever experienced), *Fisher’s test.

Table III. Mid-term follow-up outcomes

Variable HCR group OPCAB group t/χ2 P-value

Death, n (%) 1 (1.4) 1 (0.3) 0.309*

Myocardial infarction, n (%) 3 (4.1) 8 (2.2) 0.873 0.598 

Neurologic event, n (%) 0 (0) 1 (0.3) 1.000*

Repeat revascularization, n (%) 1 (1.4) 6 (1.7) 0.000 1.000

Any MACCE, n (%) 5 (6.8) 16 (4.4) 1.416 0.269

Follow-up time [months] 25.0 ±9.6 22.8 ±10.6 1.693 0.091

Follow-up rate, n (%) 73 (100) 360 (94.0)

Survival curves 1.041 0.308

*Fisher’s test, MACCE – major adverse cardiac or cerebrovascular events.
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Discussion

Presently, hybrid revascularization is being con-
sidered as a valid alternative to the traditional sur-
gical strategy, fulfilling the prerequisites of both pa-
tients and cardiologists for less invasive treatments. 
1-stop HCR has been proven as a safe and feasible 
option with acceptable mid-term clinical outcomes 
compared to CABG and PCI in selected patients with 
multivessel CAD [6, 7]. However, it is impossible to 
establish expensive hybrid operating rooms in many 
developing countries. The basic national conditions 
govern the imbalance of the regional economic de-
velopment in China. Thus, several medical institu-
tions do not possess the economic strength to build 
self-sufficient hybrid operating rooms. The 2-staged 
HCR procedures can offer a more realistic alternative 
to such institutions because 2-staged HCR proce-
dures are more frequently employed than the 1-stop 
HCR procedures in China. Furthermore, only a  few 
studies on the mid-term or long-term outcomes of 
this 2-staged strategy are available. Thus, in this 
study, we compared the in-hospital and mid-term 
follow-up outcomes of 2-staged HCR with OPCAB in 
patients with multivessel CAD to evaluate the secu-
rity, reliability, and applicability of the procedure. In 
the 2-staged approach, the optimal order – PCI first 
vs. CABG first – is debated because each approach 
has advantages and disadvantages. Nevertheless, 

these decisions should be guided by patient charac-
teristics, operator skill/expertise, and available facili-
ties. The American College of Cardiology Foundation/
American Heart Association guidelines favors CABG 
first [13, 14]. Therefore, we adopted the strategy of 
CABG first, followed by PCI after a few days.

In order to obtain maximum benefits of the ad-
vantages of HCR, we developed a relatively positive 
procedure of antiplatelet management to balance 
the risk of perioperative bleeding with stent throm-
bosis [11, 12]. This antiplatelet management allowed 
the surgical step of 2-staged HCR to be performed 
with acceptable bleeding risk. In the majority of cas-
es of the MIDCABG-first approach in 2-staged HCR, 
MIDCABG was carried out with aspirin (100  mg/
day). Heparin was administered after surgery if the 
chest tube drainage was < 50 ml/h or 6 h after en-
suring that no bleeding complications had occurred. 
The DAPT would begin with aspirin (100  mg/day) 
and clopidogrel (75 mg/day) on the next day. In the 
PCI-first approach in 2-staged HCR, DAPT was typ-
ically commenced ahead of the PCI procedure and 
was uninterrupted during MIDCABG. The results of 
this study showed that the relatively active anticoag-
ulation strategy does not increase the risk of bleed-
ing. Also, no significant differences were observed 
between the two groups in re-exploration for bleed-
ing (1 (1.4%) vs. 6 (1.6%), p > 0.05). The lesser inva-
siveness of HCR could reduce the total transfusion 
of RBC (12 (16.4%) vs. 200 (52.2%), p < 0.05) and 

Figure 1. Cumulative MACCE rate in HCR and 
OPCAB groups. The cumulative MACCE rate in 
the HCR group (5.5%) was similar to that in the 
OPCAB group (2.8%; p = 0.269)
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Figure 2. Kaplan-Meier 3-year survival esti-
mates according to HCR or OPCAB (p = 0.308)
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total drainage (558.6 ±441.3 vs. 1035.5 ±613.3 ml, 
p < 0.05) compared to OPCAB. Thus, this technology 
would undoubtedly have high clinical and social val-
ue because of the current shortage of blood supply. 
The 2-staged HCR technique could also offer other 
superior perioperative outcomes, including reduced 
lengths of operation time (152.9 ±43.8 vs. 262.6 
±51.8 min, p < 0.05), intubation (10.5 ±13.0 vs. 30.5 
±61.3 h, p < 0.05), and ICU stay (38.2 ±27.0 vs. 69.0 
±185.9 h, p < 0.05) compared to OPCAB. The time 
interval from MIDCABG to PCI was 5.3 ±2.9 days in 
the 2-staged HCR group. At our center, the order and 
timing of the surgical and percutaneous interven-
tional procedures were determined by the coronary 
anatomy of the patient and a joint decision between 
the surgeon and the interventional cardiologist. 
The interval of 3–5 days between procedures did 
not significantly prolong the patient’s hospital stay 
(18.4 ±7.9 vs. 20.3 ±13.9 days, p > 0.05). The mean 
postoperative incision pain VAS scores were higher 
in the HCR vs. OPCAB group (6.5 ±1.71 vs. 3.3 ±0.9, 
p = 0.001). The left anterior thoracotomy pain in the 
HCR group may originate from numerous sources, in-
cluding the skin incision and deeper tissue injuries, 
thoracostomy tubes, costovertebral joint disruption, 
and also fractures of the ribs [15].

Although currently PCI therapy is the preferred 
method, CABG technology has been considered as 
an important treatment approach in high-risk pa-
tients with multivessel CAD. The benefits of CABG 
are largely attributable to the LIMA-LAD graft owing 
to its long-term patency and freedom from athero-
sclerosis [14–16]. In this study, all patients in the 
HCR group received LIMA-LAD grafts and PCI with 
DES for non-LAD lesions; the mean number of stents 
implanted in a patient was 1.9, and that of revas-
cularizations was 2.6 ±0.5. In the OPCAB group, the 
mean number of revascularizations in a patient was 
2.7 ±0.5, and all patients received LIMA-LAD grafts. 
No significant difference was recorded between the 
two groups in the number of revascularizations (2.6 
±0.5 vs. 2.7 ±0.5, p > 0.05), risk of perioperative myo-
cardial infarction (0 (0%) vs. 1 (0.3%), p > 0.05), or 
postoperative renal dysfunction (74.4 ±11.9 vs. 75.8 
±12.7 μmol/l, p > 0.05). Patients who underwent the 
2-staged HCR technique achieved complete coronary 
revascularization with outcomes equivalent to those 
for OPCAB. Some experts considered that 2 teams, 
double costs, longer hospital stays, logistical chal-
lenges, and potential risks were involved in 2-staged 

HCR procedures [16–21]. Owing to the close coop-
eration between the surgeon and the intervention-
al cardiologists at our center, we performed the 
2-staged HCR as a planned tailored strategy based 
on the patient’s coronary lesions for optimal results. 
Thus, the 2-staged HCR procedure could be complet-
ed by one 2-staged HCR medical team, the patients 
were admitted once, and one HCR procedure was 
performed in two stages at one cardiovascular cen-
ter, thereby avoiding the potential risks. The cost fac-
tor may include the financial resources expended on 
the construction of a cardiac hybrid operating room 
as well as training of the personnel. The construction 
of such rooms typically requires the conversion of at 
least 2 standard operating rooms. Thus, we specu-
late that the 2-staged HCR approach may be prefer-
able for many patients in developing countries. 

Previous studies showed that the 1-stop HCR 
technique had satisfactory results in the revascular-
ization of multiple vessel diseases. The incidence of 
postoperative MACCE of 1-stop HCR was significant-
ly lower than that of PCI after 1–3 years of follow-up, 
and the results were similar to those of the CABG 
group [7, 21–23]. The 2-staged HCR technique was 
in agreement with the current economic condition 
of the country. The long-term survival rate and the 
incidence of MACCE of the 2-staged HCR are still un-
der further investigation. Some studies showed that 
the 1-year follow-up incidence of MACCE in 2-staged 
HCR was lower than CABG or similar; no difference 
was observed between 1-stop and 2-staged HCR. 
In our study, the mid-term follow-up (25.0 ±9.6 
months) results showed no difference in mortali-
ty (1.4% vs. 0.3%, p = 0.210), recurrent myocardial 
ischemia (4.1% vs. 2.2%, p = 0.350), repeat revas-
cularization (1.4% vs. 1.7%, p = 0.855), neurologic 
events (0% vs. 0.3%, p = 0.652), or MACCE (5.5% vs. 
2.8%, p = 0.269) when comparing the 2-staged HCR 
group with the OPCAB group. The survival curves 
of the two groups did not reveal any significant 
difference between the two groups (log-rank test,  
p = 0.308). Based on the mid-term follow-up results, 
the 2-staged HCR can be deemed an effective and 
safe treatment method. It may be used as one of 
the treatment strategies for patients with multiple 
CAD, especially those with high-risk factors and poor 
economic conditions. Without an excessive financial 
burden, the patient may enjoy the same medical ser-
vice, and the 2-staged HCR would have its develop-
ment space. 
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Conclusions

Our clinical findings suggested that 2-staged 
HCR was a safe and effective surgical approach with 
little trauma and rapid postoperative recovery. As 
compared to OPCAB, 2-staged HCR was a safe treat-
ment method with respect to in-hospital outcomes 
and mid-term follow-up symptomatic relief, major 
adverse cardiac or cerebrovascular events, and sur-
vival benefit. 

This is a  retrospective case-control study from 
a  single center and a  single surgeon. Follow-up 
angiograms were only performed in symptomatic 
patients. The sample size was small. Thus, a  pro-
spective study and longer follow-up duration are im-
perative in a  large multicenter sample randomized 
controlled trial.
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