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ABSTRACT
Objective: The aim of this study was to explore the efficacy of percutaneous coronary
intervention (PCI) with minimally invasive direct coronary artery bypass grafting
(MIDCABG) in the treatment for multivessel coronary artery disease (CAD).
Methods: Clinical data was collected from 208 patients with multivessel CAD
involving left anterior descending coronary artery (LAD) who underwent PCI
between January 2012 and January 2014. There were 16 patients undergoing
two-stage hybrid coronary revascularization (HCR) and another 16 paired patients
undergoing PCI alone as control. All the patients in HCR group underwent
MIDCABG and 3-7 days antiplatelet therapy followed by PCI.
Results: No death and severe complications were observed in 16 patients undergoing
HCR, who had longer hospital stay (11.88 ± 1.15 vs 7.19 ± 1.11 days) and higher
medical expense (103186.16 ± 8743.86 vs 64645.66 ± 4929.50 yuan) compared with
PCI group.
Keywords: Percutaneous coronary intervention, Drug-eluting stent, Minimally
invasive direct coronary artery bypass grafting, Minimally invasive, Hybrid coronary
revascularization.
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During 3–24 months follow-up, there were no death and myocardial infarction in both
groups, but an attack of angina occurred in one patient in PCI group who afterwards
underwent coronary angiography and second PCI with implantation of drug-eluting
stents due to in-stent restenosis.
Conclusions: Two-stage HCR is a safe, effective and minimally invasive method to
treat multivessel CAD.
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INTRODUCTION
In recent decades, percutaneous coronary intervention (PCI) and coronary artery
bypass grafting (CABG) play important but different roles in the treatment for
coronary artery disease (CAD). Patients with CAD involving left anterior descending
coronary artery (LAD) undergoing CABG surgery today receive a left internal
mammary artery (LIMA) bypass graft to LAD, which is superior to stent placement
during PCI due to high short or long-term patency rate (1). Minimally invasive direct
CABG (MIDCABG) is an injury-limited option for patients (2, 3). Nowadays
saphenous vein graft (SVG) is widely performed in patients with CAD not involving
LAD. However, the short or long-term patency rate of SVG is not proved to be
superior to that of drug-eluting stent (DES) implantation (4-7). Therefore, hybrid
coronary revascularization (HCR), combining MIDCABG and PCI, may obtain the
best short or long-term effects in patients with multivessel CAD. HCR can be
conducted as a concurrent procedure or as a two-stage: single-stage HCR provides
patient with consecutive MIDCABG and PCI, while in two-stage HCR CABG is
performed in traditional operating room and PCI as a separate procedure in cardiac
catheterization laboratory. Two-stage HCR is widely conducted as no specially
equipped operating room or cardiac catheterization laboratory is required. However,
the order of procedures and application of antiplatelet drug are controversial (8). In
this paper the effectiveness of two-stage HCR to treat multivessel CAD is
summarized.
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MATERIALS AND METHODS
Subjects
A total of 691 patients undergoing PCI between January 2012 and January 2014 were
recruited, including 208 patients with multivessel CAD involving LAD. There were
16 patients undergoing two-stage HCR according to the morphology and structure of
lesions. Another 16 patients undergoing PCI alone who had comparable age, gender,
lesions and admission time to the patients in HCR group were selected as control
(Table 1). This study was conducted in accordance with the declaration of Helsinki.
This study was conducted with approval from the Ethics Committee of Cangzhou
Central Hospital. Written informed consent was obtained from all participants.

Surgical operation
Considering the necessity of dual antiplatelet therapy after PCI and the risk of
hemorrhagic complications in the patients during MIDCAB, all the patients in HCR
group stopped using antiplatelet drugs three days before surgery. 100 mg of aspirin
and 75 mg of clopidogrel were taken orally once per day from the second day after
surgery; 300 mg of clopidogrel was taken in the morning of PCI at a draught. PCI was
performed 3-7 days after surgery and the patients stayed in hospital during the whole
procedure.
MIDCABG: Left anterior small thoracotomy was performed in the patient after
general anesthesia, and then endotracheal double lumen endotracheal intubation was
performed. The patient was placed in a supine position, and the left chest was
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30-degree bolstered up. Electrode slices were attached onto right front and left rear
chest wall and connected with automated external defibrillator. An 6 cm incision was
done at the fourth intercostal space of left front chest and one-lung ventilation was
conducted.

The

suspensory

internal

mammary

artery

retractor

system

(FEHLING-Instrument) was placed through the incision to open the rib and elevate
the chest wall, providing good operation view. LIMA was isolated from the superior
border of the first rib till the fifth rib. The branches of LIMA were clipped using pen
type titanium clamp (FEHLING-Instrument). After LIMA isolation, pericardium was
cut open, the LAD anastomosis site was determined, LAD was isolated, and
heparinization (1 mg/kg) was performed. The distal end of LIMA was mutilated and
the blood flow in LIMA was monitored. Then the suspensory system was removed,
the rib retractor was placed and pericardium was suspended. A heart stabilizer was
utilized to fix LAD, an incision was made on coronary artery and an artery shunt was
inserted into it, and LIMA-LAD anastomosis was done using 8-0 prolene wire. After
anastomosis, ultrasonic blood flow meter was employed to monitor blood flow
volume through LIMA graft. At last, protamine was administrated to neutralize
heparin, a chest drainage tube was placed and sternal closure was performed.
PCI: PCI was performed through the right radial artery or brachial artery patients
in patients from PCI group, while in HCR group PCI was done through the right
femoral artery to facilitate LIMA angiography and monitor arterial graft patency
during surgery. DES was implanted in patients of both groups during PCI.
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Follow-up
Patients received telephone or outpatient follow-up after operation.

Statistical analysis
Data was analyzed with SPSS17.0. Measurement data was presented as means±SE.
The comparison between groups utilized paired Student’s t-test. The comparison of
enumeration data used Chi-squared test. P < 0.05 was considered statistically
significant.

RESULTS
Postoperative hospitalization
Postoperative hospitalization was summarized in Table 2. There were no death, stroke,
perioperative MI, kidney failure, severe bleeding (required blood infusion) and wound
complications. LIMA grafts in HCR group were patent shown by angiography during
PCI. Patients in HCR group had significantly longer hospital stay (11.88 ± 1.15 vs
7.19 ± 1.11 days), distinctly higher medical expense (103186.16 ± 8743.86 vs
64645.66 ± 4929.50 yuan) and less stents (1.81 ± 0.66 vs 3.00 ± 0.73) implanted in
each patient compared with that of PCI group.

Follow-up
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During 3-24 months follow-up (median 8), an attack of angina occurred in one patient
in PCI group who afterwards underwent coronary angiography and second PCI with
implantation of DES due to in-stent restenosis in LAD. No death was observed.

DISCUSSIONS
PCI is a minimally invasive procedure widely used to treat the stenotic coronary
arteries in recent decades, which allows patients to recover quickly. With the
application of DES, in-stent restenosis rate significantly declines.5 However, the main
disadvantage of PCI is the special requirement for morphology and structure of
lesions. The success rate of PCI for severe calcified lesions, chronic total occlusion
and diffuse lesions is low and the incidence of complications is high. Complexity of
lesion morphology reduces PCI success (9).
CABG has much less strict requirements for lesions and has advantages over PCI
for complex multivessel CAD, left main CAD and CAD complicated by diabetes (10,
11). Additionally, CABG is much superior to PCI in treating more complex CAD (9).
However, CABG also has prominent disadvantages, such as large surgical trauma,
slow postoperative recovery, long hospital stay, high short and long-term vein graft
stenosis and occlusion rate, which make it hard for patients to accept the surgery. The
MIDCABG procedure involves grafting the LIMA to the LAD through a much
smaller surgical incision, which avoids the disadvantages of traditional CABG and
maintains high long-term patency of arterial graft (2, 3). However, MIDCABG is not
a good option for non-LAD lesions. Therefore, combining the benefits of LIMA-LAD
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graft with less-invasive PCI to treat non-LAD lesions may provide a best strategy for
multivessel CAD.
HCR procedure was first reported with good efficacy by Angelini GD in 1996
(12). In 2013, Shen et al showed that the incidence of main adverse cardiovascular
and cerebrovascular events in 141 patients undergoing single-stage HCR was
significantly lower than that of patients undergoing traditional CABG or PCI in
three-year follow-up study (13). Single-stage HCR is performed in a specially
designed hybrid operating room; while two-stage HCR is widely conducted as no
specially equipped operating room or cardiac catheterization laboratory is required.
In two-stage HCR, the order of procedures is controversial. Performing PCI after
CABG may be a better strategy, as dual antiplatelet therapy is required for at least one
year after PCI, while withdrawal of antiplatelet drugs and neutralisation of heparin
after MIDCABG may cause in-stent thrombosis (14). PCI following aggressive
antiplatelet therapy after MIDCABG may increase the safety of stent placement and
the LIMA graft patency can be verified at the time of PCI. All the patients underwent
PCI after CABG in our study. The main disadvantage of this order of operations may
be that in the event of PCI complication or failure, a second, higher-risk operation
needs to be performed.
According to the recovery of 16 patients undergoing HCR in our study,
two-stage HCR has higher security, lower incidence of complications and better
short-term efficacy. Patients in HCR group had longer hospital stay and higher
medical expense compared with patients in PCI group, which was similar to the report
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from Halkos ME et al that medical expense was higher for patients undergoing HCR
than that of patients undergoing off-pump CABG (15). In our study, PCI was difficult
to treat LAD lesions in patients undergoing HCR, unless special equipment and
operation, such as rotational atherectomy, guiding catheter deep insertion or 5-in-6
double catheter technique, multiple balloons and stents are used, which, however,
increases the operation risk and medical cost. Due to the optimal combination in HCR
(DES replace vein grafts, arterial grafts replace DES), HCR may has lower rate of
long-term target vessel revascularization than that of PCI and comparable long-term
efficacy to that of traditional CABG (16, 17). Thus the expense and social cots it
saved may compensate longer hospital stay and higher medical cost.
In conclusion, two-stage HCR is a minimally invasive method to treat
multivessel CAD due to the scientific support, less demands on operation room, good
efficacy and rapid recovery. Long-term efficacy of HCR requires further confirmation
and a large-scale, multicenter, long-term follow-up study.
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Table 1:

Comparison of general data between two groups

Item

HCR group (n=16)

PCI group (n=16)

Gender

P value
--

Male

9

9

Female

7

7

66.3±6.3

65.5±6.5

0.097

Diabetes

10

6

0.289

Hypertension

13

15

0.600

Low density lipoprotein cholesterol (mmol/L)

3.32±1.00

3.51±0.69

0.412

Triglyceride (mmol/L)

2.88±1.30

2.50±0.95

0.327

5

2

0.394

Age

Old myocardial infarction (MI)
Grading of angina pectoris (CCS)
I

0.504
0

0
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II

2

3

III

5

8

IV

9

5

Left ventricular function (ejection fraction)

0.704

Normal (>50%)

10

12

Mild dysfunction (35%-50%)

6

4

Severe dysfunction (<35%)

0

0

CAD

--

Double-vessel

10

10

Tripple-vessel

6

6

Left main disease

0

0

Note: -- no value
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Table 2: Comparison of postoperative data between two groups

Item

HCR group (n=16)

PCI group (n=16)

P value

Death in hospital

0

0

--

Severe bleeding(required blood infusion)

0

0

--

Perioperative MI

0

0

--

Severe postoperative arrhythmia

3

1

0.600

Hospital stay(day)

11.88±1.15

7.19±1.11

<0.001

Medical expense(yuan)

103186.16±8743.86

64645.66±4929.50

<0.001

Stent

1.81±0.66

3.00±0.73

0.001

Wound complication

0

0

--

Stroke

0

0

--

Note: --no value

