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ABSTRACT
OBJECTIVES This study aimed to investigate the 5-year clinical follow-up of the Hybrid Revascularization for
Multivessel Coronary Artery Disease (HYBRID) trial.
BACKGROUND HYBRID trial, the only randomized study involving thorough analysis of outcome after the 2
procedures, suggested that hybrid coronary revascularization (HCR) is feasible in selected patients with multivessel
coronary disease referred for conventional coronary artery bypass grafting (CABG). There are currently no long-term
outcome data from randomized trials in this setting.
METHODS A total of 200 patients with multivessel coronary disease referred for conventional surgical revascularization
were randomly assigned to undergo HCR or CABG. The primary endpoint was the occurrence of all-cause mortality at 5 years.
RESULTS Nine patients (4 in HCR and 5 in CABG group) were lost to the 5-year follow-up. Finally, 191 patients
(94 in HCR and 97 in CABG group) formed the basis of this study. The groups were well balanced in terms of
pre-procedural characteristics. All-cause mortality at 5-year follow-up was similar in the 2 groups (6.4% for HCR vs.
9.2% for CABG; p ¼ 0.69). The rates of myocardial infarction (4.3% vs. 7.2%; p ¼ 0.30), repeat revascularization (37.2%
vs. 45.4%; p ¼ 0.38), stroke (2.1% vs. 4.1%; p ¼ 0.35), and major adverse cardiac and cerebrovascular events (45.2% vs.
53.4%; p ¼ 0.39) were also similar in the 2 groups.
CONCLUSIONS HCR has similar 5-year all-cause mortality when compared with conventional coronary bypass grafting
(Safety and Efﬁcacy Study of Hybrid Revascularization in Multivessel Coronary Artery Disease; NCT01035567).
(J Am Coll Cardiol Intv 2018;-:-–-) © 2018 by the American College of Cardiology Foundation.

C

onventional coronary artery bypass grafting

artery (LAD) conduit with 10-year patency rate

(CABG) is still an evidence-based, gold stan-
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avoided when minimally invasive techniques

Helsinki. Written informed consent was obtained

are implemented. These ﬁndings, combined
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lack of robust clinical data, and available data are
mostly limited to observational studies with shortterm follow-up. Accordingly, the aim of this study
was to evaluate the 5-year clinical outcome for the
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TREATMENT. In both arms of the study patients were

treated with the intention of achieving complete
revascularization of all vessels at least 2.0 mm in
diameter with stenosis of 50% or more, as identiﬁed
by the local heart team. The surgical technique for
CABG, the approaches used for HCR stages, and the
post-procedure medication regimen were chosen
according to local clinical practice and European
Society of Cardiology Guidelines. In patients in HCR
arm who underwent PCI, dual antiplatelet therapy
with aspirin and clopidogrel was recommended for at
least 12 months after stent implantation. For CABG
surgery, arterial revascularization was encouraged.
Aspirin was prescribed indeﬁnitely for all patients
who underwent randomization. Use of the standard
of post-intervention care was recommended.

study.
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T A B L E 1 Baseline Characteristics of Patients, According to Study Groups*

HCR
(n ¼ 94)

CABG
(n ¼ 97)

p
Value

62.1  8.1

63.3  8.3

0.41

78.6

73.6

28.3  3.2

Medically treated diabetes†

T A B L E 2 5-Year Clinical Outcomes* , †

HCR
(n ¼ 94)

CABG
(n ¼ 97)

p Value

All-cause mortality‡

6.4

9.2

0.69

0.17

Myocardial infarction§

4.3

7.2

0.30

29.3  4.1

0.09

Coronary reinterventionk

37.2

45.4

0.38

25.7

29.4

0.41

Stroke

2.1

4.1

0.35

Current smoker

31.6

34.7

0.52

45.2

53.4

0.39

Previous myocardial infarction

Any major adverse cardiac or
cerebrovascular events¶

Age at randomization, yrs
Male
Body mass index, kg/m2*

54.2

56.8

0.55

Previous stroke

4.1

4.9

0.95

Previous transient ischemic attack

1.0

2.9

0.64

Hypertension

Values are %. *Data are given for the intention-to-treat population. †Median followup, 5.89 years; range, 4.99 to 6.69 years. ‡All-cause mortality available for entire
cohort; HCR (n ¼ 98) versus CABG (n ¼ 102). §Without perioperative myocardial
infarction. kPercutaneous and/or surgical coronary reintervention. ¶Including allcause death, myocardial infarction, any coronary reintervention, stroke.

86.8

83.2

0.22

Carotid artery disease

9.2

11.8

0.55

Hyperlipidemia

56.3

58.8

0.63

Stable

84.7

84.9

0.58

Unstable

14.3

16.7

0.64

were performed with STATISTICA 10PL software

Ejection fraction

49.2

50.6

0.39

(StatSoft, Inc., Tulsa, Oklahoma).

EuroScore value

3.1

3.4

0.23

SYNTAX score

23.6  6.1

22.9  5.4

0.49

Lesions, n

3.9  1.4

3.6  1.2

0.18

Left anterior descending

22.5

29.7

0.41

Right coronary artery

6.3

6.7

0.82

patients with conﬁrmed multivessel coronary artery

Abbreviations as in Table 1.

Angina

Total occlusion

RESULTS
From November 2009 to July 2012 a total of 200

8.1

10.1

0.26

disease and referred to conventional CABG were

No. of grafts

1.1  0.7

2.5  0.7

NA

randomized to HCR (n ¼ 98) or CABG (n ¼ 102). The

No. of arterial grafts

1.1  0.1

1.6  0.9

NA

median follow-up was 5.89 years (range 4.99 to

Complete arterial
revascularization

—

24.6

NA

6.69 years). Nine patients (4 in HCR and 5 in CABG

Post-procedural LIMA
patency

96.9

—

NA

2.4  1

—

NA

1,016  725

1,145  496

Time MIDCAB to PCI, h

21  5.7

—

NA

In-hospital stay, days

8.6  4.1

8.5  5.2

0.86

77.6

78.2

0.81

Ramus circumﬂex

Stents used, n
Total drainage, ml

Complete revascularization

group) were lost to the 5-year follow-up. Finally,
191 patients (94 in HCR and 97 in CABG group) formed

0.1

the basis of this study. As in the main study,
demographic, clinical, angiographic, and procedural
characteristics were well balanced and similar in
both treatment groups (Table 1) (7). No sex-based
differences were present.

Values are mean  SD or %. Data are given for the intention-to-treat population.
*The body mass index is the weight in kilograms divided by the square of the
height in meters. †Medically treated diabetes was deﬁned as diabetes for which
the patient was receiving oral hypoglycemic agents or insulin at the time of
enrollment.
CABG ¼ coronary-artery bypass grafting; EuroSCORE ¼ European System for
Cardiac Operative Risk Evaluation score; HCR ¼ hybrid coronary revascularization;
LIMA ¼ left internal mammary artery; MIDCAB ¼ minimally invasive coronary
artery bypass; PCI ¼ percutaneous coronary intervention; NA ¼ not applicable;
SYNTAX ¼ Synergy Between Percutaneous Coronary Intervention With Taxus and
Cardiac Surgery.

All-cause mortality available for entire cohort at
5-year follow-up was similar in the 2 groups (6.4% for
HCR vs. 9.2% for CABG; p ¼ 0.69) (Table 2, Figure 1).
Signiﬁcant difference in the rates of MI (4.3% vs.
7.2%; p ¼ 0.30), repeat revascularization (37.2% vs.
45.4%; p ¼ 0.38), stroke (2.1% vs. 4.1%; p ¼ 0.35), and
MACCE (45.2% vs. 53.4%; p ¼ 0.39), respectively, for
HCR and CABG group, was not observed (Table 2).
STRATIFICATION

STATISTICAL ANALYSIS. The continuous variables

are presented as the mean  SD. The categorical
variables are presented as percentages. To test for
differences between CABG and HCR groups, the Stu-

BY

EuroScore

AND

SYNTAX

SCORE. In all EuroScore tertiles, the MACCE rate in the

hybrid group did not differ signiﬁcantly with those in
the CABG. Similarly, in all based on SYNTAX score 3
value groups the MACCE rate was parallel (Table 3).

dent t test and chi-square test were used, respectively. All-cause mortality events were analyzed with

DISCUSSION

the use of Kaplan-Meier method, log-rank test and an
observed difference with 95% conﬁdence interval was

The HCR concept follows from well-documented

calculated. All analyses were based on the intention-

survival beneﬁt conferred by LIMA-to-LAD grafts

to-treat principle. A 2-sided p value of <0.05 was

and the use of new-generation stents featuring lower

considered statistically signiﬁcant. Statistical tests

stent restenosis and thrombosis rates compared with

3
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signiﬁcant increase in adverse events. Regrettably, to

F I G U R E 1 Kaplan-Meier Estimates for All-Cause Mortality

our best knowledge, the HYBRID trial is the only
randomized trial worldwide and there is still paucity of
clinical data including signiﬁcant number of patients
with long-term follow-up. Therefore, the 2012 American College of Cardiology Foundation/American Heart
Association guidelines recommend HCR as “reasonable only if CABG or PCI of the LAD are contraindicated
due to severe clinical and/or anatomical reasons or
recommend as worth considering in place of CABG or
multiple PCI to improve the overall risk–beneﬁt ratio of
these procedures” (2). Even in the more recent
European Society of Cardiology/European Association
for Cardio-Thoracic Surgery guidelines on myocardial
revascularization, HCR has a class IIb recommendation
for speciﬁc patient subsets and only at experienced
centers (1). Consequently, physicians and surgeons do
not implement HCR broadly in routine everyday
clinical practice. In a recent study from the Society of
Thoracic Surgeons Adult Cardiac Surgery Database,

Free from all-cause mortality at 5 years. CABG ¼ coronary artery bypass graft;

HCR was performed in only 0.48% of the total isolated

HCR ¼ hybrid coronary revascularization.

CABG volume (n ¼ 198,622) in one-third of participating centers between July 2011 and March 2013 (16).
Bearing in mind all the aspects mentioned previously,

venous graft stenosis and occlusion rates, respec-

we decided to carefully analyze in our study the fate of

tively (11–15).

the patients included in the HYBRID trial during the

The POLMIDES (HYBRID) was the ﬁrst randomized

5-year follow-up.

study for an integrated, 2-stage HCR procedure in

In this trial we revealed no difference in all-cause

patients with MVD referred for standard, open-chest

mortality, MI, stroke, repeat coronary revasculariza-

CABG. In HYBRID trial we have proved that HCR is

tion, and MACCEs during 5-year follow-up. Our ﬁnd-

safe and feasible in a selected population of patients

ings are consistent with the recently published, albeit

with MVCAD and we have recorded that minimally

with only 1-year observation, meta-analysis (17).

invasive direct coronary artery bypass with LIMA to

Similarly, a prior analysis and pooled results from the

LAD preceding endovascular as a ﬁrst-stage proced-

2 propensity-matched cohort studies comparing HCR

ure in HCR patients was not associated with a

with CABG demonstrate similar long-term mortality,
but increased revascularization rate in patients
undergoing HCR (18–20). In contrast, in the current

T A B L E 3 The Cumulative MACCE Rate in Entire, Hybrid, CABG Groups From Low to High

investigation the incidence of coronary reinterven-

EuroScore and SYNTAX Score Tertile

tion events in the HCR and CABG groups showed no

Overall
(n ¼ 191)

EuroScore #2
EuroScore 2–6
EuroScore $6
SYNTAX #22
SYNTAX 22–33
SYNTAX $33

HCR
(n ¼ 94)

CABG
(n ¼ 97)

n

77

42

35

% MACCE

38.9 (n ¼ 30)

35.7 (n ¼ 15)

42.8 (n ¼ 15)

n

81

38

43

% MACCE

54.3.0 (n ¼ 44)

52.6 (n ¼ 20)

55.8 (n ¼ 24)

N

33

14

19

% MACCE

45.5 (n ¼ 20)

50.0 (n ¼ 7)

68.4 (n ¼ 13)

N

75

36

39

% MACCE

44.0 (n ¼ 33)

38.9 (n ¼ 14)

48.7 (n ¼ 19)

N

98

48

50

% MACCE

60.2 (n ¼ 59)

56.2 (n ¼ 27)

64.0 (n ¼ 32)

N

8

6

2

% MACCE

25.0 (n ¼ 2)

50.0 (n ¼ 1)

50.0 (n ¼ 1)

MACCE ¼ major adverse cardiac or cerebrovascular event(s); other abbreviations as in Table 1.

Log-Rank
p Value

statistical difference (p ¼ 0.38) (Table 2) but the
observed trend and the numerical difference was
quite remarkable (37.2% vs. 45.4%) in favor of HCR.

0.46

According to the rationale for HCR mentioned
previously, because duration of long-term observa-

0.74
0.21

tion is longer, superiority of HCR regarding MACCEs
may be observed. Several ﬁndings support this thesis.
First, avoiding aortic clamping and manipulation is 1

0.39

of the unique advantages of the hybrid procedure in
terms of post-operative cerebrovascular events (21).

0.43

Avoiding aortic manipulation can provide superior
neurologic outcomes irrespective of on- or off-pump

1.0

strategy

or

severity

of

atherosclerotic

disease

(22,23). In the present study, the rate of neurologic
events in the HCR and CABG group revealed no
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signiﬁcant difference (2.1% vs. 4.1%; p ¼ 0.35)

explained by the fact that we have only general data

(Table 2), but the recorded numerical difference was

on the occurrence of any recurrent coronary inter-

quite notable. Second, combining LIMA to LAD with

vention (any PCI and/or any CABG), without details

PCI using drug-eluting stents in non-LAD targets may

related to it, such as target lesion, target vessel, or de

be a signiﬁcant factor determining the decrease in the

novo lesion reintervention. However, the deﬁnition

frequency of repeat revascularization. Our 5-year re-

of endpoints, such as coronary reintervention, in

sults showed that HCR also had a similar revascular-

different studies varied to some degree, which may

ization rate to that in the CABG group (37.2% vs.

have weakened the evidence in our analysis.

45.4%; p ¼ 0.38). Longer follow-up time and larger
sample sizes are necessary to validate this ﬁnding.

CONCLUSIONS

Finally, lower invasiveness of HCR could be a key
point of superior perioperative outcomes, including

Our study shows that HCR is a promising coronary

reduced lengths of intubation and intensive care unit

revascularization strategy in selected patients with

stay, and less blood transfusion than CABG (24).

MVCAD. Compared with conventional CABG, HCR

studies

was associated with similar risk of death, MI, stroke,

conﬁrmed that HCR was safe and reliable in selected

coronary reintervention, and MACCE. This warrants

high-risk patients, with low mortality and morbidity

further validation in multicenter, adequately pow-

rates (25–27). The propensity-matched cohort from

ered randomized studies to deﬁnitively assess the

Shen et al. (19) showed no difference in MACE rates

absolute beneﬁts and risks of HCR.

Few

retrospective,

small

population,

between HCR and CABG in patients with high
SYNTAX. Furthermore, the same study showed that

ADDRESS FOR CORRESPONDENCE:

among patients with high additive EuroScore, those

Tajstra, Silesian Center for Heart Diseases, Ul. M.C.

who underwent 1-stop HCR demonstrated a signiﬁ-

Skłodowskiej 9, 41-800 Zabrze, Poland. E-mail:

cantly lower MACE rate versus CABG. In our study we

mateusztajstra@wp.pl.

Dr. Mateusz

have shown that there is no difference in MACCE
frequency between the studied groups divided into

PERSPECTIVES

tertiles accordingly with EuroScore and SYNTAX
score.

WHAT IS KNOWN? The HCR concept follows from

STUDY LIMITATIONS. This study is a follow-up of a

well-documented survival beneﬁt conferred by LIMA-to-LAD

previously published feasibility study. The HYBRID

grafts and the use of new-generation stents featuring lower stent

study was not powered to detect differences in

restenosis and thrombosis rates compared with venous graft

all-cause mortality between compared CABG and HCR

stenosis and occlusion rates, respectively. There are currently no

treatment options. Therefore, all the discussion about

long-term outcome data from randomized trials in this setting.

the statistically insigniﬁcant difference that favors a
hybrid approach may be speculative, misleading, and
should be interpreted with caution. However, one of
the strengths of the present study is that all-cause
mortality assessment was performed via a central,
national database, which allowed robust and complete capture of all deaths.
Our study showed a high proportion of patients

WHAT IS NEW? Compared with conventional CABG, HCR was
associated with similar risk of death, MI, stroke, coronary
reintervention, and MACCE during 5-year follow-up.
WHAT IS NEXT? Broader implementation of HCR in daily
practice after validation in multicenter, adequately powered
randomized study.

with repeated coronary interventions. This can be

REFERENCES
1. Kolh P, Windecker S, Alfonso F, et al. 2014 ESC/
EACTS Guidelines on myocardial revascularization:
the Task Force on Myocardial Revascularization of

2. Fihn SD, Gardin JM, Abrams J, et al. 2012 ACCF/
AHA/ACP/AATS/PCNA/SCAI/STS guideline for the
diagnosis and management of patients with stable

Angiography and Interventions, and Society of
Thoracic Surgeons. Circulation 2012;126:354–471.

the European Society of Cardiology (ESC) and the
European Association for Cardio-Thoracic Surgery
(EACTS). Developed with the special contribution
of the European Association of Percutaneous
Cardiovascular Interventions (EAPCI). Eur J Cardiothorac Surg 2014;46:517–92.

ischemic heart disease: a report of the American
College of Cardiology Foundation/American Heart
Association task force on practice guidelines, and the
American College of Physicians, American Association
for Thoracic Surgery, Preventive Cardiovascular
Nurses Association, Society for Cardiovascular

3. Fitzgibbon GM, Kafka HP, Leach AJ, Keon WJ,
Hooper GD, Burton JR. Coronary bypass graft fate
and patient outcome: angiographic follow-up of
5,065 grafts related to survival and reoperation in
1,388 patients during 25 years. J Am Coll Cardiol
1996;28:616–26.

5

6

Tajstra et al.

JACC: CARDIOVASCULAR INTERVENTIONS VOL.

4. Boylan MJ, Lytle BW, Loop FD, et al. Surgical
treatment of isolated left anterior descending
coronary stenosis. Comparison of left internal
mammary artery and venous autograft at 18 to 20
years follow-up. J Thorac Cardivasc Surg 1994;
107:657–62.
5. Puskas JD, Williams WH, Mahoney EM, et al.
Off-pump vs conventional coronary artery bypass
grafting: early and 1-year graft patency, cost, and
quality-of-life outcomes: a randomized trial. JAMA
2004;291:1841–9.
6. Balacumaraswami LM, Taggart DP. Intraoperative imaging techniques to assess coronary
artery bypass graft patency. Ann Thorac Surg
2007;83:2251–7.
7. Ga˛sior M, Zembala MO, Tajstra M, et al. Hybrid
revascularization for multivessel coronary artery
disease. J Am Coll Cardiol Intv 2014;7:1277–83.
8. Roques F, Nashef SA, Michel P, et al. Risk factors and outcome in European cardiac surgery:
analysis of the EuroSCORE multinational database
of 19030 patients. Eur J Cardiothorac Surg 1999;
15:816–22; discussion 822–3.
9. Sianos G, Morel MA, Kappetein AP, et al. The
SYNTAX score: an angiographic tool grading the
complexity of coronary artery disease. Eurointervention 2005;1:219–27.
10. Zembala M, Tajstra M, Zembala M, et al. Prospective randomised pilot study evaluating the
safety and efﬁcacy of hybrid revascularisation in
multi-vessel coronary artery Disease (POLMIDES):
study design. Kardiol Pol 2011;69:460–6.
11. CASS Principal Investigators and Their Associates. Coronary artery surgery study (CASS): a
randomized trial of coronary artery bypass surgery. Survival data. Circulation 1983;68:939–50.
12. The Bypass Angioplasty Revascularization
Investigation (BARI) Investigators. Comparison of
coronary bypass surgery with angioplasty in

-, NO. -, 2018
- 2018:-–-

Hybrid Coronary Revascularization

patients with multivessel disease. N Engl J Med
1996;335:217–25.
13. BARI Investigators. The ﬁnal 10-year follow-up
results from the BARI randomized trial. J Am Coll
Cardiol 2007;49:1600–6.
14. Navarese EP, Tandjung K, Claessen B, et al.
Safety and efﬁcacy outcomes of ﬁrst and second
generation durable polymer drug eluting stents
and biodegradable polymer biolimus eluting
stents in clinical practice: comprehensive network
meta-analysis. BMJ 2013;347:f6530.
15. Serruys PW, Morice MC, Kappetein AP, et al.

20. Phan K, Wong S, Wang N, Phan S, Yan TD.
Hybrid coronary revascularization versus coronary
artery bypass surgery: systematic review and
meta-analysis. Int J Cardiol 2015;179:484–8.
21. Kotoh K, Fukahara K, Doi T, Nagura S, Misaki T.
Predictors of early postoperative cerebral infarction after isolated off-pump coronary artery
bypass grafting. Ann Thorac Surg 2007;83:
1679–83.
22. Lev-Ran O, Braunstein R, Sharony R, et al.
No-touch aorta off-pump coronary surgery: the
effect on stroke. J Thorac Cardiovasc Surg 2005;
129:307–13.

Percutaneous coronary intervention versus
coronary-artery bypass grafting for severe coronary artery disease. N Engl J Med 2009;360:
961–72.

23. Vallely MP, Potger K, McMillan D, et al.
Anaortic techniques reduce neurological morbidity
after off-pump coronary artery bypass surgery.

16. Harskamp RE, Brennan JM, Xian Y, et al.
Practice patterns and clinical outcomes after
hybrid coronary revascularization in the United
States: an analysis from the society of thoracic
surgeons adult cardiac database. Circulation 2014;

24. Kon ZN, Brown EN, Tran R, et al. Simultaneous
hybrid coronary revascularization reduces postoperative morbidity compared with results from
conventional off-pump coronary artery bypass.
J Thorac Cardiovasc Surg 2008;135:367–75.

Heart Lung Circ 2008;17:299–304.

130:872–9.
17. Sardar P, Kundu A, Bischoff M, et al. Hybrid
coronary revascularization versus coronary artery
bypass grafting in patients with multivessel coronary artery disease: a meta-analysis. Catheter
Cardiovasc Interv 2018;91:203–12.
18. Halkos ME, Vassiliades TA, Douglas JS, et al.
Hybrid coronary revascularization versus off-pump
coronary artery bypass grafting for the treatment
of multivessel coronary artery disease. Ann Thorac

25. Leacche M, Byrne JG, Solenkova NS, et al.
Comparison of 30-day outcomes of coronary
artery bypass grafting surgery versus hybrid
coronary revascularization stratiﬁed by SYNTAX
and EuroSCORE. J Thorac Cardiovasc Surg 2013;
145:1004–12.
26. Byrne JG, Leacche M, Vaughan DE, Zhao DX.
Hybrid cardiovascular procedures. J Am Coll
Cardiol Intv 2008;1:459–68.

19. Shen L, Hu S, Wang H, et al. One-stop hybrid

27. Leacche M, Umakanthan R, Zhao DX, Byrne JG.
Surgical update: hybrid procedures, do they have a
role? Circ Cardiovasc Interv 2010;3:511–8.

coronary revascularization versus coronary artery
bypass grafting and percutaneous coronary intervention for the treatment of multivessel coronary
artery disease: 3-year follow-up results from a
single institution. J Am Coll Cardiol 2013;61:
2525–33.

KEY WORDS coronary artery bypass graft,
hybrid revascularization, multivessel
coronary artery disease, percutaneous
coronary intervention

Surg 2011;92:1695–701.

