CLINICAL RESEARCH

CORONARY INTERVENTIONS

Feasihility and early safety of hybrid coronary
revascularisation combining off-pump coronary surgery
through J-hemisternotomy with percutaneous coronary

intervention

Ivy S. Modrau'*, MD, DMSc; Per H. Nielsen!, MD; Hans E. Botker?, MD, PhD, DMSc;

Evald H. Christiansen?, MD, PhD; Lars R. Krusell?>, MD; Anne K. Kaltoft?>, MD, PhD;

Michael Mang?, MD, PhD; Christian J. Terkelsen?, MD, PhD, DMSc; Steen'D. Kristensen?, MD, DMSc;
Jens F. Lassen?, MD, PhD; Leif Thuesen?, MD, DMSc¢

1. Department of Cardiothoracic Surgery, Aarhus University Hospital, Skejby,:Aarhus, Denmark; 2. Department of Cardiology,

Aarhus University Hospital, Skejby, Aarhus, Denmark

KEYWORDS

® coronary artery
disease

e drug-eluting stent

¢ hybrid
revascularisation

¢ minimally invasive
surgery

e off-pump coronary
artery bypass
surgery

® percutaneous
coronary
intervention

e revascularisation

Abstract

Aims: To assess the procedural feasibility and early safety of hybrid coronary revascularisation, combin-
ing off-pump left internal mammary artery grafting to the left descending coronary artery (LAD) through an
inferior J-hemisternotomy (JOPCAB) with percutaneous coronary intervention (PCI) of non-LAD lesions.

Methods and results: A total of 100 patients with multivessel coronary artery disease involving LAD were
included in this prospective registry. Hybrid revascularisation was performed by JOPCAB, either prior to PCI
(89%) or following PCI (11%). In 96% of the cases, the procedure was carried out according to the preopera-
tive strategy and without perioperative (24 hours) major adverse cardiac or cerebral events. At one month,
we observed no deaths, one stroke and two procedure-related myocardial infarctions. Five patients under-
went reoperation for graft dysfunction, four of whom were identified by angiography without prior signs of
ischaemia. Reoperation due to bleeding was necessary in six patients, and nine patients received red blood
cell transfusion.

Conclusions: Our prospective registry documented promising procedural feasibility and early safety of cor-
onary hybrid revascularisation combining JOPCAB with PCI. ClinicalTrials.gov identifier: NCT01496664.
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Abbreviations

CABG  coronary artery bypass grafting

CAD coronary artery disease

CK-MB creatine kinase-myocardial band

Cx circumflex coronary artery

DES drug-eluting stent

JOPCAB off-pump coronary artery bypass grafting through inferior
left J-hemisternotomy

LAD left anterior descending coronary artery

LIMA  left internal mammary artery

MACCE major adverse cardiac and cerebral events

PCI percutaneous coronary intervention

RCA right coronary artery

SYNTAX SYNergy between percutaneous coronary intervention

with TAXus and cardiac surgery

Introduction

In patients with multivessel coronary artery disease (CAD), ran-
domised trials have documented the superiority of coronary artery
bypass grafting (CABG) compared to medical therapy and percu-
taneous coronary intervention (PCI) regarding long-term symp-
tom relief, survival and the need for reintervention'-. In addition,
substantial evidence indicates that left internal mammary artery
(LIMA) grafting of the anterior descending coronary artery (LAD)
is the main determinant of the beneficial effects of CABG*®.
Therefore, current revascularisation guidelines recommend CABG
as the primary treatment in patients with CAD, with the excep-
tion of one-vessel and two-vessel disease without proximal LAD
involvement”$. On the other hand, degeneration of saphenous vein
grafts (SVG) and other conduits to non-LAD vessels may favour
the use of PCI, but this issue remains to be addressed in randomised
clinical trials. Opinions on the use of PCI in patients with CAD
and involvement of the proximal LAD are split. PCI is an attrac-
tive option because of minimal invasiveness, rapid recovery, and
few short-term complications. Therefore, PCI is preferred by many
interventional cardiologists and patients, even in the case of proxi-
mal LAD involvement.

Hybrid coronary revascularisation with a combination of PCI
and CABG may be an option to improve outcome, using drug-
eluting stents (DES) for significant non-LAD lesion and minimally
invasive mammary artery LAD grafting, providing long-term
revascularisation of the left ventricular anterior wall and septum.

Minimally invasive off-pump techniques have been developed to
reduce the surgical trauma of CABG. The small incision, avoidance
of aortic manipulation and cardiopulmonary bypass with cardioplegic
arrest serve to reduce the risk of neurologic events, bleeding, infection,
and pulmonary complications compared with conventional CABG.

The concept of making decisions on the best option for coronary
revascularisation by the Heart Team involving cardiac surgeons
and cardiologists is not new, but was revitalised after the SYNTAX
trial, setting new standards for coronary revascularisation decision
making. In designing hybrid revascularisation procedures, a well-
functioning Heart Team is a prerequisite.

At present, there are no larger series of hybrid procedures using a
combined minimally invasive LIMA to LAD anastomosis and PCI
with DES. The aim of this study was to describe the feasibility and early
safety of a hybrid approach in a series of CAD patients, who, accord-
ing to our practice, would have been treated with either PCI or CABG.

Methods

STUDY DESIGN AND PATIENT POPULATION

Our prospective feasibility study included 100 adult patients with
symptomatic multivessel CAD involving a significant stenosis or
occlusion of the proximal LAD. The study had an “all-comers”
approach with evaluation of all patients referred for coronary revas-
cularisation at Aarhus University Hospital, Skejby, Denmark. The
local ethics committee approved the study. Patients were included
if the LAD lesion was amenable by surgical revascularisation, and
the remaining lesions could be treated by PCI. Exclusion criteria
were the need of extensive stenting defined as more than three non-
LAD lesions, and complex stenting defined as stenting of bifurca-
tion or severely tortuous and/or calcified coronary lesions. Further
exclusion criteria were ST-elevation myocardial infarction within
24 hours, expected survival of less than one year, history of CABG
or PCI with use of DES, and contraindication to double antiplate-
let treatment or DES. Assessment of the patients and allocation of
treatment was made by a Heart Team consisting of invasive car-
diologists and cardiac surgeons. We intended to achieve complete
revascularisation of all vessels with visually assessed angiographic
vessel diameter of >2 mm and diameter stenosis of >50%.

STUDY OUTCOMES
We assessed the one-month rate of all-cause death, myocar-
dial infarction’, stroke (focal central neurological deficit lasting
>24 hours), and reintervention by PCI or CABG (MACCE). We
defined acute procedural success as successful LAD grafting and
PCI treatment according to the preoperative plan in the absence of
MACCE during the first 24 hours after intervention. Finally, we reg-
istered reoperation for bleeding, sternum infection, and pulmonary
embolism. Procedure-related myocardial infarction was defined
as suggested by the Task Force for the Redefinition of Myocardial
Infarction’. JOPCAB-related myocardial infarction was defined as
biomarker values more than five times the 99" percentile of the
upper reference limit during the first 72 hours following surgery,
when associated with the appearance of new pathological Q-waves
or new left bundle branch block, or angiographically documented
new graft or native coronary artery occlusion, or imaging evidence
of new loss of viable myocardium.

PCl-related myocardial infarction was defined as biomarker val-
ues more than three times the 99" percentile upper reference limit.

LOGISTICS OF HYBRID CORONARY REVASCULARISATION

All patients were admitted to the surgical ward. Two cardiac surgeons
with substantial experience in off-pump coronary surgery obtained
written informed consent and performed the surgery in all patients.
In general, surgery was scheduled to precede PCI by two to five



days. In case of chronically occluded non-LAD vessels, PCI was
performed prior to surgery to avoid the need of surgical reinterven-
tion in case of PCI failure. Consequently, in these patients JOPCAB
was carried out on double antiplatelet treatment. Acetylsalicylic acid
treatment was continued until surgery in all patients with critical
LAD lesion or acute coronary syndrome.

Minimally invasive coronary artery bypass grafting was per-
formed off-pump through an inferior J-hemisternotomy under
direct vision (JOPCAB) (Figure 1). After hemisternotomy, we rec-
ommended no physical restrictions other than to respect the indi-
vidual’s pain threshold. Patients, who paused with acetylsalicylic
acid therapy prior to surgery, resumed the treatment with a bolus
of 300 mg orally six to nine hours postoperatively. Lifelong ace-
tylsalicylic acid 75 mg daily was prescribed in all patients after
the operation. Dalteparin 5000 IE was given twice daily to prevent
deep venous thrombosis until the day before PCI. Patients on dual
antiplatelet therapy after PCI prior to JOPCAB did not receive low
molecular heparin therapy postoperatively.

We used second and third-generation DES. Fractional flow reserve
(FFR) measurement was performed in cases of angiographically bor-
derline stenosis. A loading dose of 300 mg clopidogrel was adminis-
tered the evening before PCI and continued for 12 months at a dose
of 75 mg once daily.

Figure 1. Intraoperative photograph showing completed LIMA-LAD
anastomosis.

Data management and analysis

All data were prospectively entered in EpiData Entry (EpiData
Association, Odense, Denmark) applying double entry verification
for data quality control. Values are reported as median and range or
as percentages.

Results

BASELINE CHARACTERISTICS

A total of 100 patients were included in the study from October,
2010 to February, 2012. Baseline patient characteristics are given in
Table 1. During the study period 308 patients were treated by CABG
and 280 by PCI for multivessel disease involving a LAD lesion.

Feasibility of hybrid coronary revascularisation

Table 1. Baseline clinical characteristics in 100 patients
scheduled for hybrid coronary revascularisation.

Age (years) 69 (43-87)
Male sex (%) 76
BMI 27 (21-47)
Indication Silent ischaemia (%) 3
Stable angina pectoris (%) 58
Acute coronary syndrome (%) 39
Family history of CAD (%) 55
Arterial hypertension (%) 72
Hypercholesterolaemia (%) 85
Current smoker (%) 18
Diabetes mellitus (%) 22
EuroSCORE | (%) 2.1 (0.9-30.7)
SYNTAX score 13 (4-26.5)
Ejection fraction (%) 60 (25-70)
Figures are given as absolute numbers and percentages or as median
and range. BMI: body mass index - weight in kilograms divided by the
square of the height in metres; EuroSCORE |: European system for
cardiac operative risk evaluation (logistic EuroSCORE) - reflects higher
predicted mortality with higher values (range 0-100%)2%; SYNTAX score:
a comprehensive assessment of the coronary pathology, with higher
scores indicating more complex coronary disease (range 0-83)%°

HYBRID REVASCULARISATION

JOPCAB was performed prior to PCI in 89 (89%) patients, and
PCI was scheduled prior to surgery in 11 (11%) patients with total
occlusion of a non-LAD artery. Two of these patients were treated
by CABG, as revascularisation by PCI failed. We chose to reoper-
ate one patient with LIMA graft thrombosis and procedure-related
myocardial infarction by conventional CABG, as the LAD had
shown diffuse arteriosclerotic disease at JOPCAB. One PCl-related
myocardial infarction was observed. Thus, the acute procedural
success rate was 96%. The median length of index hospitalisation
was eight days (range 5-33).

JOPCAB

JOPCAB was performed in 98 patients with a median operating time
of 90 minutes (range 55-180 minutes). Intraoperatively, no haemo-
dynamic instability was observed. Temporary ST-segment elevations
were present in three patients. The median length of skin incision
was 12 centimetres (range 9-16 centimetres). Intraoperatively, no
JOPCAB had to be converted to complete sternotomy.

In two cases, the LIMA was injured at the oblique transection into
the third intercostal space. Both grafts could be reconstructed success-
fully, as demonstrated by postoperative angiography. Five patients
underwent reoperation for dysfunction of the LIMA graft (three occlu-
sions, two significant stenoses). Myocardial infarction was diagnosed
in one of these patients with postoperative ST-elevation and significant
CK-MB release due to LIMA graft occlusion. Notably, LIMA graft
dysfunction in the remaining four patients was identified at the pre-
scheduled postoperative coronary angiography without prior signs of
ischaemia. In one of these cases, Doppler flow measurement at reop-
eration revealed no graft dysfunction. In two cases, the steel wires
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closing the sternal transection had distorted the LIMA. Both grafts
were without stenosis at angiography after revision.

Postoperatively, we observed three superficial sternal wound
infections and no cases of deep sternal infection or sternal instabil-
ity. No patient required dialysis or more than one routine overnight
intensive care stay. Further, we found JOPCAB feasible in cases of
reduced left ventricular ejection fraction, occluded LAD, morbid

obesity, pleural adhesions and reduced lung function.

PCI
The procedural and lesion characteristics of the PCI procedures are
provided in Table 2. Postoperative FFR measurement documented
functionally non-significant stenoses in seven of the 148 non-LAD
target lesions (5%). Consequently, five patients needed no further
treatment after surgery. PCI was omitted in the patient who was
reoperated for LIMA graft dysfunction by conventional CABG.
PCI was unsuccessful in one patient with a chronic total occlu-
sion and in another patient with reocclusion after chronic total
occlusion treatment. Thus, 141 non-LAD coronary artery lesions
were treated by PCI in 92 patients.

SAFETY AT ONE MONTH

One month after completed hybrid intervention, we observed no
deaths. There was one stroke on the fourth postoperative day and
two procedure-related, but no spontaneous myocardial infarctions
(one following JOPCAB with LIMA graft occlusion, one following

Table 2. Lesion and treatment characteristics in 92 patients
treated with PCI as part of a hybrid coronary revascularisation.

Patients, n 92

Treatment of 1 lesion, n/N (%) 51/92 (55)
Treatment of 2 lesions, n/N (%) 30/92 (33)
Treatment of >3 lesions, n/N (%) 10/92 (11)

Lesions, n 141
RCA lesion, n/N (%) 73/141 (52)
Cx lesion, n/N (%) 60/141 (43)
LAD/diagonal branch lesion, n/N (%) 8/141 (6)
Type A or B1 lesion, n/N (%) 66/141 (47)
Type B2 or C lesion, n/N (%) 75/141 (53)
Lesions treated by POBA, n/N (%) 14/141 (10)
Lesions treated by BMS, n/N (%) 1/141 (1)
Lesions treated by DES, n/N (%) 126/141 (89)
Median number of stents per lesion, n (range) 1(1-4)

Median total stent length, mm (range) 18 (0-90)
Median lesion length, mm (range) 15 (5-85)
Median reference vessel diameter, mm (range) 3.1 (1.80-5.5)
Median diameter stenosis before PCI, % (range) 85 (60-100)
Median diameter stenosis after PCl, % (range) 0 (0-30)

Figures are given as absolute numbers and percentages and as median
and range. Type A, B1, B2, C lesions signify lesion complexity according
to ACC/AHA classification3°. BMS: bare metal stent; Cx: circumflex
coronary artery, DES: drug-eluting stent; LAD: left descending coronary
artery; POBA: plain old balloon angioplasty; RCA: right coronary artery

PCI). LIMA graft dysfunction in five patients led to reoperation
before discharge. Thus, the rate of major adverse cerebral and car-
diac events (MACCE) was 7%.

ANTIPLATELET THERAPY AND SURGERY

At the time of surgery, 53 patients were on antiplatelet medication
prior to surgery: 45 were receiving aspirin 75 mg daily and nine
patients were on double antiplatelet medication with 75 mg clopi-
dogrel and 75 mg aspirin following PCI. Following acute coronary
syndrome, six patients received additional fondaparinux or low-
molecular-weight heparin. Early reintervention because of exces-
sive bleeding postoperatively was required in six patients. One
patient developed haematoma in the left pleural cavity after PCI
and was treated with a chest tube. Red blood cell transfusion was

necessary in nine patients.

Discussion

We assessed the procedural feasibility and early safety of hybrid cor-
onary revascularisation combining JOPCAB with PCI with DES.
Our study demonstrated that hybrid coronary revascularisation could
be performed with a high rate of procedural success and a low risk.

Our concept of hybrid coronary revascularisation is based on
the unproven assumption that LIMA grafting of LAD will improve
long-term survival as compared to PCI, and that PCI of non-LAD
lesions using DES is non-inferior to grafting of non-LAD lesions
using saphenous veins or other graft materials.

Hybrid coronary revascularisation was introduced when off-
pump technology enabled LIMA-to-LAD placement through
minimally invasive access'*!?. Most investigators gained surgical
access through a mini-thoracotomy with or without robotic support
in order to reduce operative trauma'*'8, but, until now, technical
issues, time consumption, treatment logistics, and patient selection
have been prohibitive for a wide adoption of these procedures.

Riess et al'' demonstrated that JOPCAB was a safe and effective
surgical technique for the hybrid approach. Hemisternotomy has
been shown to be comparable to mini-thoracotomy with regard to
early postoperative pain'®. JOPCAB provides excellent exposure of
the heart, the technique can be applied under direct vision, and no
specialised instrumentation or patient selection is required. It can
be considered advantageous that the JOPCAB procedure is techni-
cally less challenging than revascularisation through ministernot-
omy or thoracoscopy. Experience in standard off-pump technique
is the only prerequisite.

Functional perfection of the LIMA-to-LAD anastomosis is the
essential part of any surgical revascularisation procedure involving
LAD. In hybrid coronary revascularisation, the graft function can
be controlled angiographically. Here, the frequency of early patency
and significant anastomosis stenosis after conventional CABG may
serve as a benchmark. Berger et al reported LIMA graft occlusion
in 1.3%, and a >50% diameter stenosis of the LIMA graft in 7.8%
of more than 600 elective CABG patients after 11 days®. In a recent
study using routine intraoperative angiography after conventional
CABG, 7% of patients needed revision of the LIMA graft?'. Similar



rates of LIMA dysfunction were identified in the PREVENT IV trial
after one year”. Thus, LIMA graft dysfunctions at one year may be
correctable at the initial surgical procedure. In the present study, we
observed angiographic occlusion in 3%, and significant stenosis in
2% of the LIMA grafts. Our results confirm that early LIMA graft
patency following JOPCAB is comparable with the results of con-
ventional surgical techniques. In our series, all patients with LIMA
graft dysfunction underwent revision on the basis of the angio-
graphic findings before discharge. At one of these revisions, intra-
operative Doppler flow assessment revealed no graft dysfunction.
This case illustrates the difficult interpretation of a postoperative
angiographic LIMA anastomosis stenosis in the absence of symp-
toms or signs of ischaemia. The majority of significant stenoses by
early angiography are reported to resolve at follow-up*. Therefore,
early angiographic findings should be evaluated considering clini-
cal symptoms and possibly FFR measurements.

In the early phase of the study, we saw LIMA graft entrapment by
the sternal closure in two patients. An important message from our
feasibility study is that special attention must be paid to the LIMA
graft placement at the time of chest closure to avoid this specific
JOPCARB pitfall.

During the one-month observation period, there was no mortality
but we observed one stroke on the fourth postoperative day. Recent
multicentre trials have shown that postoperative stroke remains a major
drawback of CABG**. Evidence is accumulating that the elimination
of cardiopulmonary bypass and aortic manipulation can reduce the
incidence of early stroke after coronary surgery®2’. The procedural
myocardial infarction after JOPCAB was related to LIMA graft occlu-
sion. Thus, leaving significant coronary artery lesions untreated during
the surgical intervention and for two to five days between the JOPCAB
and PCI procedures did not result in ischaemic events.

The avoidance of a full sternotomy allowed all patients to recover
without sternal precautions, and we did not see deep sternal infection or
instability. No patients needed dialysis or prolonged mechanical venti-
lation. Excessive bleeding resulted in reoperation in six (6%) patients.
Nine (9%) patients required red blood cell transfusion although more
than half of our patients were on antiplatelet medication. Therefore,
the general course of the combined treatment seems to be acceptable.

The median SYNTAX score was 13 (4-26.5) in our patients.
Omitting the LAD lesion, the SYNTAX score was 5 (0-5) based on
the lesions to be treated by PCI. Thus, the PCI part of the combined
revascularisation was a low-risk procedure.

Both of the failed PCI procedures were caused by chronic total
occlusions, one failed procedure and one early stent thrombosis, where
we decided on a conventional CABG operation. We used drug-eluting
stents in almost all lesions. Per protocol, FFR measurement was rec-
ommended if there was any doubt of stenosis severity. Consequently,
PCI was omitted in five patients.

In the present study, JOPCAB was the first procedure in the com-
bined revascularisation in 89 (89%) patients, while we started with
PCI in the remaining 11 (11%) patients. A true combined hybrid pro-
cedure performed in one session, in a dedicated hybrid laboratory,
seems to be an attractive alternative and should be investigated.

Feasibility of hybrid coronary revascularisation

Limitations

A limitation of the present study is that we did not routinely apply
transit-time flow measurement (TTFM). We will investigate one-
year graft patency by angiographic follow-up.

Conclusion

In conclusion, the present prospective registry study documented
promising procedural feasibility and one-month safety of hybrid
coronary revascularisation combining JOPCAB with PCI of non-
LAD lesions.

Acknowledgements
We are grateful to Vibeke Laursen and Helle Bargsteen for their
precious logistic and secretarial support.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References

1. Bari Investigators. The final 10-year follow-up results from
the BARI randomized trial. J Am Coll Cardiol. 2007;49:1600-6.

2. Hannan EL, Racz MJ, Walford G, Jones RH, Ryan TIJ,
Bennett E, Culliford AT, Isom OW, Gold JP, Rose EA. Long-term
outcomes of coronary-artery bypass grafting versus stent implanta-
tion. N Engl J Med. 2005;352:2174-83.

3. Serruys PW, Morice MC, Kappetein AP, Colombo A,
Holmes DR, Mack MJ, Stahle E, Feldman TE, van den Brand M,
Bass, EJ, Van Dyck N, Leadly K, Dawkins KD, Mohr FW;
SYNTAX Investigators. Percutaneous coronary intervention versus
coronary-artery bypass grafting for severe coronary artery disease.
N Engl J Med. 2009;360:961-72.

4. Loop FD, Lytle BW, Cosgrove DM, Stewart RW,
Goormastic M, Williams GW, Golding LA, Gill CC, Taylor PC,
Sheldon WC, Proudfit WL. Influence of the internal-mammary-
artery graft on 10-year survival and other cardiac events. N Engl J
Med. 1986;314:1-6.

5. Leavitt BJ, Connor GT, Olmstead EM, Morton JR,
Maloney CT, Dacey LJ, Hernandez F, Lahey SJ. Use of internal
mammary artery graft and in-hospital mortality and other adverse
outcomes associated with coronary artery bypass surgery.
Circulation. 2001;103:507-12.

6. McCarron EE, Shackcloth MJ, Grayson AD, Dihmis WC.
Left internal mammary artery use in patients with poor left ven-
tricular ejection fraction: a propensity-matched analysis of mid-
term survival. Interact Cardiovasc Thorac Surg. 2005;4:184-8.

7. Kolh P, Wijns W, Danchin N, Di Mario C, Falk V, Folliguet T,
Garg S, Huber K, James S, Knuuti J, Lopez-Sendon J, Marco J,
Menicanti L, Ostojic M, Piepoli MF, Pirlet C, Pomar JL, Reifart N,
Ribichini FL, Schalij MJ, Sergeant P, Serruys PW, Silber S, Sousa
Uva M, Taggart D. Guidelines on myocardial revascularization.
Task Force on Myocardial Revascularization of the European
Society of Cardiology (ESC) and the European Association for
Cardio-Thoracic Surgery (EACTS); European Association for

m
=
=
=
=
-
3
(1]
=
=
o
=
N
(@]
=
o
—
I
o
—_
'
o
[=2]
©
c
=3
=
>
@D
o
o
=
S
@D
o
)
=
@,
@D
-
@D
o
=
=
Q
=
<
N
o
=
o1




m
=
=
=
=
-
3
(1]
=
=
o
=
S}
o
=
o
—
i
o
-
'
o
[=2]
©
c
=3
=
>
@D
o
o
=
=
@D
o
)
=
@,
@
-
@
o
=
o
[
=
<
N
o
=
o1

Percutaneous Cardiovascular Interventions (EAPCI). Eur J
Cardiothorac Surg. 2010;38 Suppl:S1-S52.

8. Hillis LD, Smith PK, Anderson JL, Bittl JA, Bridges CR,
Byrne JG, Cigarroa JE, DiSesa VJ, Hiratzka LF, Hutter AM Jr,
Jessen ME, Keeley EC, Lahey SJ, Lange RA, London MJ,
Mack MJ, Patel MR, Puskas JD, Sabik JF, Selnes O, Shahian DM,
Trost JC, Winniford MD; 2011 ACCF/AHA guideline for coro-
nary artery bypass graft surgery: executive summary: a report of
the American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines. J Thorac
Cardiovasc Surg. 2012;143:4-34.

9. Thygesen K, Alpert JS, White HD. Universal definition of
myocardial infarction. Eur Heart J. 2007;28:2525-38.

10. Angelini GD, Wilde P, Salerno TA, Bosco G, Calafiore AM.
Integrated left small thoracotomy and angioplasty for multivessel
coronary artery revascularisation. Lancet. 1996;15:347:757-8.

11. Riess FC, Schofer J, Kremer P, Riess AG, Bergmann H,
Moshar S, Tuebler T, Bleese N, Schofer J. Beating heart operations
including hybrid revascularization: initial experiences. Ann Thorac
Surg. 1998;66:1076-81.

12. Zenati M, Cohen HA, Griffith BP. Alternative approach to mul-
tivessel coronary disease with integrated coronary revascularization.
J Thorac Cardiovasc Surg. 1999;117:439-44; discussion 444-6.

13. Wittwer T, Cremer J, Boonstra P, Grandjean J, Mariani M,
Miigge A, Drexler H, den Heijer P, Leitner ER, Hepp A, Wehr M,
Haverich A. Myocardial “hybrid” revascularisation with minimally
invasive direct coronary artery bypass grafting combined with cor-
onary angioplasty: preliminary results of a multicentre study. Heart.
2000;83:58-63.

14. Stahl KD, Boyd WD, Vassiliades TA, Karamanoukian HL.
Hybrid robotic coronary artery surgery and angioplasty in multives-
sel coronary artery disease. Ann Thorac Surg. 2002;74:1358-62.

15. Cisowski M, Morawski W, Drzewiecki J, Kruczak W,
Toczek K, Bis J, Bochenek A. Integrated minimally invasive
direct coronary artery bypass grafting and angioplasty for coro-
nary artery revascularization. Eur J Cardiothorac Surg. 2002;22:
261-5.

16. Vassiliades TA, Douglas JS, Morris DC, Block PC, Ghazzal Z,
Rab ST, Cates CU. Integrated coronary revascularization with
drug-eluting stents: immediate and seven-month outcome. J Thorac
Cardiovasc Surg. 2006;131:956-62.

17. Kiaii B, McClure RS, Stewart P, Rayman R, Swinamer SA,
Suematsu Y, Fox S, Higgins J, Albion C, Kostuk WJ, Almond D,
Sridhar K, Teefy P, Jablonsky G, Diamantouros P, Dobkowski WB,
Jones P, Bainbridge D, Iglesias I, Murkin J, Cheng, D, Novick RJ.
Simultaneous integrated coronary artery revascularization with
long-term angiographic follow-up. J Thorac Cardiovasc Surg.
2008;136:702-8.

18. Holzhey DM, Jacobs S, Mochalski M, Merk D, Walther T,
Mohr FW, Falk V. Minimally invasive hybrid coronary artery
revascularization. Ann Thorac Surg. 2008;86:1856-60.

19. Trehan N, Malhotra R, Mishra Y, Shrivastva S, Kohli V,
Mehta Y. Comparison of ministernotomy with minithoracotomy

regarding postoperative pain and internal mammary artery charac-
teristics. Heart Surg Forum. 2000;3:300-6.

20. Berger PB, Alderman EL, Nadel A, Schaft HV. Median sternot-
omy on conventional bypass: benchmark for minimally to left anterior
descending artery bypass graft after surgery through a frequency of
early occlusion and stenosis in a left internal mammary artery invasive
direct coronary artery bypass. Circulation. 1999;100:2353-8.

21. Zhao DX, Leacche M, Balaguer JM, Boudoulas KD,
Damp JA, Greelish JP, Byrne JG, Ahmad RM, Ball SK, Cleator JH,
Deegan RJ, Eagle SS, Fong PP, Fredi JL, Hoff SJ, Jennings HS,
McPherson JA, Piana RN, Pretorius M, Robbins MA, Slosky DA,
Thompson A. Routine intraoperative completion angiography after
coronary artery bypass grafting and 1-stop hybrid revascularization
results from a fully integrated hybrid catheterization laboratory/
operating room. J Am Coll Cardiol. 2009;53:232-41.

22. Alexander JH, Harrington RA, Ferguson BJ, Lorenz TJ,
Mack MJ, Gennevois D, Califf RM. Efficacy and safety of edifol-
igide, an E2F transcription factor decoy, for prevention of vein graft
failure following coronary artery bypass graft surgery: PREVENT
IV: a randomized controlled trial. JAMA. 2005;294:2446-54.

23. Wiklund L, Johansson M, Brandrup-Wognsen G, Bugge M,
Radberg G, Berglin E. Difficulties in the interpretation of coronary
angiogram early after coronary artery bypass surgery on the beating
heart. Eur J Cardiothorac Surg. 2000;17:46-51.

24. Taggart DP, Altman DG, Gray AM, Lees B, Nugara F, Yu LM,
Campbell H, Flather M; ART Investigators. Randomized trial to
compare bilateral vs. single internal mammary coronary artery
bypass grafting: 1-year results of the Arterial Revascularisation
Trial (ART). Eur Heart J. 2010;31:2470-81.

25. Bolotin G, Shapira Y, Gotler Y, Frolkis IV, Ben-Gal Y,
Nesher N, Uretzky G. The potential advantage of “no-touch” aortic
technique in off-pump complete arterial revascularization. Int J
Cardiol. 2007;114:11-5.

26. Emmert MY, Seifert B, Wilhelm M, Griinenfelder J, Falk V,
Salzberg SP. Aortic no-touch technique makes the difference in off-
pump coronary artery bypass grafting. J Thorac Cardiovasc Surg.
2011;142:1499-506.

27. Lev-Ran O, Braunstein R, Sharony R, Kramer A, Paz Y,
Mohr R, Uretzky G. No-touch aorta off-pump coronary surgery: the
effect on stroke. J Thorac Cardiovasc Surg. 2005;129:307-13.

28. Nashef' SA, Roques F, Michel P, Gauducheau E, Lemeshow S,
Salamon R. EURopean System for Cardiac Operative Risk Evalua-
tion (EuroSCORE). Eur J Cardiothorac Surg. 1999;16:9-13.

29. Sianos G, Morel MA, Kappetein AP, Morice MC, Colombo A,
Dawkins K, van den Brand M, Van Dyck N, Russell ME, Mohr FW,
Serruys PW. The SYNTAX Score: an angiographic tool grading the
complexity of coronary artery disease. Eurolntervention. 2005;1:
219-27.

30. Ellis SG, Vandormael MG, Cowley MJ, DiSciascio G,
Deligonul U, Topol EJ, Bulle TM. Coronary morphologic and clinical
determinants of procedural outcome with angioplasty for multivessel
coronary disease. Implications for patient selection. Multivessel
Angioplasty Prognosis Study Group. Circulation. 1990;82:1193-202.



