Hybrid coronary revascularization:
a mainstream revascularization strategy
In the future?

Revascularization by coronary artery bypass grafting is superior to percutaneous coronary intervention
in cases of complex multivessel coronary artery disease. The superiority is demonstrated by reduced rates
of repeat revascularization, myocardial infarction and all-cause death. By contrast, stroke occurs more
frequently after coronary artery bypass grafting. Hybrid coronary revascularization combines the survival
benefits of left internal mammary artery-to-left anterior descending coronary artery grafting, fast recovery
and minimized surgical trauma, reduced risk of stroke by avoidance of aortic manipulation and the long-
term patency of drug-eluting stent treatment of left anterior descending coronary artery lesions.
Accordingly, results from registry studies are compatible with the short- and long-term superiority of
hybrid coronary revascularization as compared with conventional revascularization using percutaneous
coronary intervention or coronary artery bypass grafting.
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percutaneous coronary intervention

In stable patients with multivessel coronary
artery disease (CAD), coronary bypass opera-
tion (coronary artery bypass grafting [CABG])
has been found to be superior to percutaneous
coronary intervention (PCI) using drug-eluting
stents (DES) [1-3]. The finding is based on well-
powered randomized studies 4.5 and large-scale
registries [6.7]. The superiority of CABG is dem-
onstrated by lower short- and long-term rates
of repeat revascularization, myocardial infarc-
tion (MI) and death, which were pronounced
in patients with complex coronary artery lesions.
With equal consistency, short-term stroke rates
have been found to be lower in PCI- than in
CABG-treated patients [4,5.8].

Coronary revascularization is a moving tar-
get. Coronary stents are undergoing continuous
improvements resulting in enhanced deliver-
ability and long-term safety as compared with
the first-generation sirolimus-eluting Cypher™
(Cordis, FL, USA) and paclitaxel-eluting
Taxus™ (Boston Scientific, MA, USA) stents
used in the SYNTAX 5] and the FREEDOM
(4] trials, respectively. Similarly, up-to-date
antithrombotic treatment is likely to improve
the short-term outcome of catheter-based
revascularization [3].

On the surgical side, the combination of
off-pump techniques and total arterial grafting
promises a strategy to improve long-term out-
come and reduce neurologic complications by
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avoidance of aortic manipulation (9-11]. In addi-
tion, minimally invasive techniques diminish
the surgical trauma and bleeding (12,13]. These
changes are not likely to change the overall
results of the abovementioned landmark trials.
Substantial evidence indicates that left inter-
nal mammary artery (LIMA) grafting of the
left anterior descending coronary artery (LAD)
is the main determinant of the beneficial sur-
vival effect of CABG [14,15]. Therefore, cur-
rent revascularization guidelines recommend
CABG as the preferred treatment in patients
with CAD with the exception of patients with
one- or two-vessel disease without proximal
LAD involvement [1-3]. The benefit of non-
mammary artery conduits to non-LAD vessels
is less clear, and the poor longevity, especially
of saphenous vein grafts (SVG), may favor the
use of PCI using DES in non-LAD territories
(16.17]. The possible superiority of DES treat-
ment as compared with grafting of non-LAD
lesions using SVGs or arterial conduits remains
to be addressed in randomized clinical trials.
The fundamental rationale of hybrid coro-
nary revascularization (HCR) is to combine
the prognostic benefits of the LIMA-to-LAD
graft with minimal invasiveness and reduc-
tion of stroke risk. The concept of HCR has
been assessed in a number of case reports
and registry studies [18-30]. To date, HCR has

mainly been used in patient subsets with a Medicine saror

Interv. Cardiol. (2013) 5(4), 441-451

Future &3

ISSN 1755-5302

a1



Thuesen, Modrau, Nielsen & Boetker

specific indication for a combined procedure,
such as challenges including limited conduit
availability and predicted reduced healing
after sternotomy or following primary PCI of
a non-LAD culprit lesion. Consecutive series
with well-defined inclusion criteria are scarce,
and randomized studies are nonexistent. This
review (concurring with other recent scien-
tific reports) advocates dedicated assessment
of HCR procedures in prospective registries
using predefined surgical and interventional
techniques and in randomized controlled HCR
versus traditional revascularization trials that
are powered for clinical end points to prove the
HCR concept [31-36].

The SYNTAX trial data & HCR

The SYNTAX trial is a unique comprehensive
comparison of modern surgical and catheter-
based revascularization using DES, incorpo-
rating coronary disease complexity into the
evaluation of the clinical results (5,37]. The study
offers a unique possibility to describe the char-
acteristics and results of surgical and catheter-
based revascularizations, and the likely results
of combined procedures [38].

The SYNTAX trial demonstrated, for the first
time, a dramatic negative effect of the complexity
of CAD on PCI results using the SYNTAX score
stratification [37]. After 5 years, compared with
CABG, mortality was significantly increased
in PCI patients with a high SYNTAX score
(38]. Medium- and low-score patients had simi-
lar all-cause mortality in the PCI and CABG
groups. PCI results were heavily dependent on
the complexity of the CAD. In HCR, the LAD
lesion can probably be omitted in the SYNTAX
score calculation. In our own registry, includ-
ing 100 consecutive patients treated with staged
HCR, the SYNTAX score was reduced by half
after omitting LAD lesions [33]. Therefore, even
a highly complex general coronary pathology
may be treated with a hybrid strategy with, in
theory, low risk and favorable results. The surgi-
cal part of the revascularization, LIMA-to-LAD,
is not influenced by lesion complexity and the
stenting of non-LAD lesions may be performed
in a low-SYNTAX score setting.

In the CABG treated patients, 5-year repeat
revascularization rates were similar across the
SYNTAX score groups, in contrast to the PCI
group, where repeat revascularization increased
from 23.0 in low to 30.9% in high SYNTAX
score patients [38]. In the setting of HCR, the
rate of repeat revascularization is likely to be
acceptably low, owing to the lower SYNTAX
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score of the PCl-treated lesions. Furthermore,
repeat revascularization using modern DES in
non-LAD vessels is likely to remain stable at a
low rate, including beyond 5-10 years, when
SVG failure results in new revascularizations
and other cardiac events [39].

As compared with PCI, there was a higher risk
of periprocedural stroke in patients undergoing
CABG. At 1-year, 0.6% of PCI and 2.2% of
CABG patients (p = 0.003) had suffered a stroke
5]. The risk converged over time and the differ-
ence was nonsignificant after 5 years (PCI 2.4
vs CABG 3.7%; p = 0.09) 38]. Of the patients
who developed stroke, 68% in the CABG group
and 47% in the PCI group had residual defi-
cits 40]. Thus, stroke is a significant event often
associated with severe disability. The increased
risk of stroke after CABG is a major reason for
considering surgical techniques that avoid any
manipulation of the aorta [9].

Angiographic complete revascularization
was achieved in 52.8% of the PCI patients
and in 66.9% of patients treated with CABG
5]. Incomplete revascularization was associated
with significantly increased 4-year mortality in
both groups. In the PCI group, the presence
of a total occlusion was the strongest predic-
tor of incomplete revascularization. It is likely
that incomplete revascularization is a marker
of greater coronary complexity and comorbid-
ity that may explain some of the poor outcomes
in incompletely revascularized patients [6.41]. A
HCR procedure encompassing the options of
both surgical and PCI may reduce the rates of
incomplete revascularization, compared with
conventional CABG and PCI.

LIMA versus DES

Long-term outcome is closely related to patency
of grafts and PCl-treated lesions. In this respect,
the LIMA is a unique conduit. After 10 years,
>85% of LIMA grafts are patent and only 1%
have developed atherosclerotic lesions with sig-
nificant stenosis [42,43]. The superior patency of
the LIMA graft versus PCI using bare-metal
stents in the treatment of proximal LAD lesions
has been demonstrated in two small randomized
trials with 1-year follow-up [44.45]. There are no
well-powered randomized comparisons of LIMA
versus DES-PCI in the treatment of proximal
LAD lesions. However, it is unlikely that cath-
eter-based treatment will be able to match the
long-term LIMA-to-LAD results in the proximal
LAD. Following DES treatment of LAD lesions,
a 5-year rate of target vessel revascularization of
10-20% may be expected [46].
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After the BARI trial comparing CABG
and balloon angioplasty, it has been generally
accepted that the survival advantage offered by
CABG, compared with PCI was related to the
presence of a patent LIMA-to-LAD graft [47].
Both the SYNTAX (5] and the FREEDOM [4]
trials concur with these results, and the pres-
ence of a proximal LAD lesion in patients with
multivessel disease strongly indicates a surgical
revascularization. Accordingly, current revascu-
larization guidelines recommend CABG as the
primary treatment option in patients with CAD,
with the exception of one- and two-vessel disease
without proximal LAD involvement [1-3].

Non-LIMA grafting versus DES

The degeneration over time of the SVG is
a major problem for the CABG patient. At
10 years, more than 50% of SVGs will be
occluded [16]. Moreover, the revascularization
of a SVG lesion or recanalization of its proxi-
mal coronary artery, which is often chronically
occluded, may be challenging. Treatment of the
degenerated SVG conveys a high risk of distal
embolization and an increased risk of occlusion,
restenosis and development of new lesions [41.48].
Aggressive statin treatment has been shown to
reduce new revascularizations, and SVG dis-
ease progression can be assessed by angiogra-
phy and intracoronary ultrasound [49,50]. The
first-generation Cypher and Taxus stents have
been used for almost 10 years, and the 5-10-
year rates of target lesion revascularization seem
to be approximately 10-20% [s1.52]. Thus, it is
likely that the long-term performance of the
DES is superior to SVG. Ideally, this should be
confirmed in a randomized study [30-39.46,53-55].

Bilateral internal mammary artery
grafting

There are no long-term randomized comparisons
of bilateral internal mammary artery (BIMA)
versus CABG using SVG [56]. Large multi-
variate analyses and propensity score analyses
document reduced mortality after BIMA, as
compared with patients treated with LIMA and
SVG grafting [s6-58]. Despite the large number
of patients in these studies and controlling for
confounders, it must be taken into account that
alarge number of patients will never compensate
for a stable, but unknown, selection bias. Using
the BIMA, infection and instability have been
of concern, especially in diabetic patients; the
subgroup of patients that may need an arterial
revascularization the most. The major reasons
for not using BIMA grafts are the technical
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difficulty, the concern of higher periprocedural
morbidity, including sternal infection, and the
lack of definitive evidence of benefits [59].

Other arterial conduits

Owing to the frequently occurring degeneration
of SVGs, arterial conduits are increasingly being
used to improve long-term surgical revascular-
ization results [60-63]. Radial, gastroepiploic
and inferior epigastric arteries have been used.
The problems faced using these arterial grafts
include spasm and atrophy in the grafting of
lesions that are not highly stenotic. Thus, the
long-term patency of noninternal mammary
arterial conduits may not be better than those

of SVGs.

HCV procedure

W Surgical techniques

A number of minimally invasive techniques have
been developed to anastomose the LIMA to the
LAD. Minimally invasive direct CABG (MID-
CAB) refers to LIMA harvest, with or without
robotic assistance, and off-pump anastomosis
under direct vision through a left-sided minitho-
racotomy [64.65]. In totally endoscopic coronary
artery bypass surgery, both LIMA harvest and
off-pump anastomosis are robotically assisted
(66,67]. Finally, LIMA harvest and off-pump
CABG (OPCAB) can be performed through an
inferior left J-hemisternotomy under direct vision
(a JOPCAB procedure) (25,33,68]. Ficures 1-4 illus-
trate the minimally invasive character of the JOP-
CAB procedure. In a number of registries, with
[12,69-77] or without [18-24,26-30] ad hoc control
groups, these procedures have been demonstrated
to be safe and efficient in dedicated centers.

B Timing
Logistically, HCR may be performed in three
ways. PCI can be performed prior to, or following,

Figure 1. Surgical suite during left internal
mammary artery harvest.
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Figure 2. Left internal mammary artery-to-
left anterior descending coronary artery
anastomosis.

surgical intervention in a two-staged approach.
Moreover, surgery and PCI can be performed in
a single setting using a hybrid surgical suite.

The advantages of surgery prior to a PCI
strategy include fewer bleeding problems, as
dual antiplatelet therapy may be instituted
after the surgical procedure. Furthermore, the
operative LIMA result can be assessed angio-
graphically and complex non-LAD lesion stent-
ing may be performed with the LAD protected
by the LIMA conduit. It is a disadvantage
that surgery is performed in a scenario of sig-
nificant untreated non-LAD lesions that may
result in preoperative ischemia. Most problem-
atic is the fact that a failed PCI may result in
an incomplete revascularization. In our series
of 100 preplanned staged HCRs, 89% of the
procedures were carried out 1-3 days after the
JOPCAB. We experienced three cases with isch-
emia without biomarker release due to untreated
non-LAD lesions, and their PCI was performed
before scheduled [33).

Advantages of a PCI prior to a surgery strategy
include lower risks of ischemia during surgery
and the possibility of performing grafting of
non-LAD arteries in the case of suboptimal PCI
results. In this strategy, bleeding complications

Figure 3. Completed wound closure.
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constitute a significant problem, as the surgical
part of the revascularization is performed during
dual antiplatelet treatment. In addition, LIMA
patency cannot be assessed routinely. The strat-
egy may be used in lesions with a risk of PCI
failure, in other words chronic total occlusions,
and in partially revascularized patients after PCI
for an acute coronary syndrome. In our series,
11% of patients were treated using this strategy
and postoperative bleeding was found to be a
concern [33].

Using a hybrid operation suite, surgery and
subsequent PCI can be performed in the same
setting. This simultaneous procedure is theo-
retically attractive as it is a single-step complete
revascularization with immediate angiographic
control of the LIMA-to-LAD revascularization
and the option of surgical intervention in the
case of PCI failure. The disadvantages include
possible bleeding risk with dual antiplatelet
therapy at the time of surgery and risk of stent
thrombosis due to the general inflammatory
response to surgery. Furthermore, there may
be logistical issues and the need for a hybrid
operation suite [12,69.73-76].

The Heart Team approach
In European and American guidelines for coro-
nary revascularization, the multidisciplinary
Heart Team approach has been considered a
class I indication in coronary revascularization
[1-3,78]. The SYNTAX trial documented the
necessity for a preprocedure patient evaluation
with participation of at least cardiac surgeons
and interventional cardiologists to obtain a
balanced and complementary approach to the
treatment of the individual cardiac patient [5,37].
The Heart Team interaction is an essential ele-
ment in the tailoring of a HCR procedure, and
is mandatory for implementing a viable HCR
program [33,79].

Clinical evaluation of HCR
procedures

There have been numerous reports of successful
HCR in patients with multivessel disease. The
first procedures were described in the late 1990s,
where the procedure was performed on special
indications. For the surgeon, such scenarios
include: patients without suitable conduits; a
severely calcified aorta; conditions likely to pre-
vent healing after sternotomy; or a nongraftable
coronary vessel, where PCI remains an option.
For the interventional cardiologist, severe tortu-
osity and calcification of the LAD or other com-
plex lesion characteristics may call for a surgical
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procedure. Furthermore, patients with comor-
bidities, old age, frailty, poor left ventricular
function or renal dysfunction are likely to ben-
efit from a minimally invasive revascularization
technique (19.24,26,28]. In these clinical situations,
the American and European guidelines classify
hybrid revascularizations as a class Ila, level of
evidence C indication [1,2].

In the bare-metal stents era, the high restenosis
rate after PCI was discouraging for the general
use of HCR procedures. At present, the interest
in HCR seems to be increasing, possibly owing
to the proven failure of DES in patients with
multivessel disease, and a genuine and relevant
interest in minimally invasive revascularization
techniques.

There are no randomized clinical trials on
HCR versus surgical revascularization or PCL
A number of case reports and registries seem to
document the feasibility of the HCR procedure
across different HCR strategies (timing of PCI
and surgical techniques). A number of the stud-
ies included patients over a long time period and,
frequently, the HCR procedure was performed
in patients who were suboptimal surgical can-
didates [19.24,25.28]. A recent study by Repossini
et al. documented excellent long-term outcome
after HCR with an intention-to-treat strategy in
166 patients [80].

According to a PubMed search (6 May 2013),
there are ten studies on HCR including a con-
trol group. These papers are mentioned in some
detail in Tase1.

In 2001, de Canniére et al. assessed HCR
using bare-metal stents in 20 patients with two-
vessel coronary disease versus 20 matched (age,
sex, comorbidities, coronary anatomy and ejec-
tion fraction) CABG patients [70]. The HCR
was staged by 1-3 days. The HCR patients had
a 2-year event-free survival rate of 85%, com-
pared with 35% in the CABG group (events
included episodes of atrial fibrillation, pericar-
dial effusion, M1, blood transfusion requirement
and leg wound dehiscence). Compared with
conventional surgery, recovery was more rapid
after HCR, and patients returned to work much
sooner after HCR than after CABG (22 + 8 vs
89 + 22 days; p < 0.005).

Reicher e al. used the propensity scores to
match 13 patients undergoing simultaneous HCR
with 26 off-pump CABG patients [75]. Overall,
the results were similar in the two groups, but
the HCR patients had shorter hospital stays
(3.6 £ 1.5 vs 6.3 £ 2.3 days; p = 0.0001) and a
significantly lower need for blood transfusion.

In 2008, Kon ¢t al. compared a simultaneous
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Figure 4. Postoperative angiogram of left
internal mammary artery-to-left anterior
descending coronary artery anastomosis.

approach HCR procedure including MIDCAB
in 15 patients with 30 OPCAB controls [12].
The HCR patients received 325 mg of aspirin
before the procedure, heparin during surgery and
300 mg of clopidogrel on returning to the inten-
sive care unit. The results were much in favor of
the HCR procedure. Thus, HCR patients had
better preoperative hemodynamics, needed fewer
blood cell transfusions, had shorter intubation
times, less postoperative increase of serum cre-
atinine values and reduced postoperative costs.
Maximum pain scores were higher after MID-
CAB, but the duration of time needed for pain to
completely resolve was shorter for HCR. Overall
satisfaction scores were significantly higher after
the hybrid procedure. At 1 year, there was no
mortality in either group. Major cardiac adverse
events were noted in 7 of HCR and in 23% of
OPCAB patients (p = 0.05). Patients returned
to work or normal activities more quickly after
HCR. Long-term graft patency was assessed
using computed tomography angiography and
demonstrated one stent failure in the hybrid
group, compared with seven SVG failures in the
OPCAB group (p = 0.062).

Vassiliades ez al. compared 91 HCR and 4175
OPCAB procedures, adjusting for confound-
ing background variables [77]. Surgery in HCR
involved MIDCAB with thoracoscopic LIMA
harvest. The authors used a staged treatment
strategy; 93.4% had surgery first and PCI on
average 2.2 days later. The remaining patients
had PCI first and LIMA grafting 2 months later,
while still on clopidogrel. The major cardiac and
cerebral adverse events (MACCE; death, MI,
stroke and need for repeat intervention) rates
were similar between the two study groups (1.1
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Study (year)

Shen et al.
(2013)

Leacche et al.
(2013)

Bachinsky et al.
(2012)

Hu et al.

(2011)

Halkos et al.
(2011)

Halkos et al.
(2011)
Vassiliades et al.
(2009)

Kon et al.
(2006)

Reicher et al.
(2008)

de Canniére et al.
(2001)

Patients/
controls (n)

141141

80/301

25/27
104/104
147/588
27/81
91/4175
15/30
13/26

20/20

HCR Surgical Timing Follow-up Authors’ conclusions Ref.

procedure procedure

MIDCAB CABG or PCI  Simultaneous 3 years Similar MACCE in HCR vs CABG, but (76]
increased vs PCl. HCR higher MACCE
than CABG in high SYNTAX score
and euroSCORE patients

OPCABor  OPCAB or Simultaneous 1 month HCR a safe alternative to CABG [74]

CABG CABG Increased repeat revascularization in
HCR >33 SYNTAX score

Robotic OPCAB Simultaneous 1 month HCR feasible and safe [69]

MIDCAB

MIDCAB OPCAB Simultaneous 1.5 years HCR better 18-month clinical (73]
outcome (MACCE)

MIDCAB OPCAB Staged 3.2 years Similar rate of death and MACCE, (71]
revascularization increased in HCR

MIDCAB OPCAB Staged 3.2 years HCR is a safe and feasible in left main ~ [72]
disease

MIDCAB Endo-ACAB  Staged 3 years HCR noninferior in 30-day MACCE [77]
and 3-year survival

MIDCAB OPCAB Simultaneous 1 year Similar clinical results [12]
High patient satisfaction with HCR

MIDCAB OPCAB Simultaneous 6 months  Similar safety and efficacy (75]
Shorter hospital stay after HCR

MIDCAB CABG Mixed 2 years Similar clinical results (70]

Less perioperative morbidity

CABG: Coronary artery bypass grafting; Endo-ACAB: Endoscopic atraumatic coronary artery bypass, HCR: Hybrid coronary revascularization, MACCE: Major cardiac
and cerebral adverse event; MIDCAB: Minimally invasive direct coronary artery bypass grafting, OPCAB: Off-pump coronary artery bypass grafting; PCl: Percutaneous

coronary intervention.
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in hybrid vs 3.0% in OPCAB; p = 0.48), and
the 3-year Kaplan—Meier survival estimates at
3 years were also similar.

Halkos et al. assessed a HCR procedure using
a robotic technique in 147 patients that were
compared with 588 OPCAB controls [71]. The
prevailing surgical technique was MIDCAB with
thoracoscopic LIMA harvest and, since 2009,
totally endoscopic coronary artery bypass surgery.
This is, so far, the largest HCR series published.
Patients with non-LAD lesions unfavorable for
PCI were excluded (long lesions, small vessels,
bifurcations and chronic total occlusions). The
vast majority of patients were treated with surgery
first and stenting after 2-3 days. The few PCI-
first patients underwent surgery on clopidogrel
treatment. The in-hospital MACCE rate (death,
stroke and MI) were similar in the two groups.
After a median 3.2-year follow-up period, the
need for repeat revascularization was increased
in HCR patients (12.2 vs 3.7%; p < 0.001). Inter-
estingly, this was primarily due to LIMA and
LIMA/LAD problems. The estimated 5-year sur-
vival rates were similar in the two groups (HCR:
86.8% and OPCAB: 84.3%; p = 0.61).

In 2011, the same group published results
on HCR versus OPCAB revascularization of
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patients with left main stenosis [72]. A total
of 27 HCR patients were matched with 81
OPCAB controls. Again, after 3.2 years, rates
of MACCE were similar between groups, and
there were more repeat revascularizations in
HCR patients (7.4 vs 1.2%; p = 0.09). In all
HCR cases, the LIMA-to-LAD anastomosis
was performed first and the left main coronary
artery stenting was performed 2-3 days later
after angiographical documentation of a patent
LIMA-to-LAD.

In a study from 2011, Hu et al. performed
simultaneous HCR in 104 patients and com-
pared 18-month clinical results with a 1:1
matched OPCAB group [73]. HCR procedure
implied a JOPCAB procedure in patients pre-
treated with low-dose aspirin. Unfractionated
heparin was given at the beginning of the opera-
tion and was reversed after the graft procedure.
Clopidogrel was administered via a nasogastric
tube before stenting and the patient was rehep-
arinized. The total HCR procedure required
longer operation time compared with OPCAB,
but the need for blood transfusion was reduced.
After 18 months, MACCE-free survival in
HCR-treated patients compared favorably with
OPCAB (99.0 vs 90.4%; p = 0.03).
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Bachinsky et al. prospectively evaluated a
same-sitting robotic-assisted HCR in 25 patients
and compared the results to 27 consecutive
low-to-moderate risk OPCAB patients [69]. The
anticoagulation and antithrombotic regimen
was similar to that mentioned above. In this
short-term study, overall major cardiac adverse
event rates were similar between both groups.
The postoperative need for blood transfusions
was reduced and the length of hospital stay was
shorter in the HCR group. However, owing to
higher procedural costs, the HCR treatment
was more expensive than conventional OPCAB.
Importantly, the HCR patients had a faster
return to work (5.3 vs 8.2 weeks; p = 0.01).

Leacche ez al. retrospectively analyzed the
30-day outcome of 381 consecutive CABG
patients versus 80 HCR patients (simultane-
ous PCI and OPCAB/CABG) [74]. The proce-
dure was not preplanned in 25% of the HCR
patients. The authors stratified the patients in
a 2 x 2 matrix according to low/high SYN-
TAX score and low/high euroSCORE. The
main challenging finding of the study was that
the composite end point (death from any cause,
stroke, MI and low cardiac output syndrome)
was marked as increased in the HCR group
with high SYNTAX score and high euroS-
CORE owing to high mortality in the HCR
patients.

Recently, Shen ez al. published the most com-
prehensive evaluation of HCR to date [76]. The
authors performed simultaneous HCR using
the JOPCAB technique with an inferior par-
tial sternotomy in 141 patients. The outcome
was compared with 141 matched PCI and
141 CABG controls. The three patient groups
were stratified by euroSCORE and SYNTAX
score. The algorithm for anticoagulation and
antithrombotic treatment was similar to that
described by Hu ez al. (73]. At 3-year follow-up,
actuarial survival in the HCR, CABG and
PCI groups was 99.3, 97.2 and 96.5%, respec-
tively (p = 0.344). Six patients in the HCR
group, three patients in the CABG group
and 18 patients in the PCI group underwent
repeat revascularization (p = 0.001). There were
two, nine and three neurologic events in the
HCR, CABG and PCI patients, respectively
(p = 0.083). The cumulative MACCE rate in
the hybrid group (6.4%) was significantly lower
than in the PCI group (22.7%; p < 0.001), but
similar to the CABG group. In patients with a
high euroSCORE, HCR was associated with
a lower MACCE rate than CABG (p = 0.030)
and PCI (p = 0.006). High SYNTAX score was
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associated with improved results in HCR versus
PCI (p = 0.002), while the results were similar
in the HCR and CABG groups (p = 0.362).

B Comments on the existing clinical
evaluation of HCR

There are considerable scientific weaknesses in
the abovementioned registries, and the results
should be considered hypothesis-generating.
Even the studies with the highest numbers of
patients are likely to be grossly underpowered
to detect differences in clinical events. In addi-
tion, the patient selection cannot always be con-
sidered consecutive and the inclusion criteria
were not always well defined. Futhermore, the
matched controls are unlikely to be sufficiently
adjusted for selection bias. In short, HCR seems
to be less traumatic than conventional CABG
and the MACCE results are as good as CABG,
at least at medium-term follow-up.

A number of questions need to be assessed in
prospective registries with well-defined inclu-
sion criteria. The long-term safety and efficacy
issues of HCR versus CABG/PCI need to be
addressed in larger scale randomized clinical tri-
als, as already proposed by other groups [31.32,
35,36,81]. In this context, the design and conduct
of the trials will be difficult owing to the com-
plex nature of the problem and the multitude of
techniques used. Another practical problem is
the need for long-term follow-up; 5-10 years to
obtain a definitive evaluation.

Finally, HCR necessitates an extensive syn-
ergy between interventional cardiologists and
cardiac surgeons and a general acceptance of
MIDCAB/JOPCAB procedures in the surgi-
cal environment. Such cultural changes may be
challenging.

Conclusion & future perspective

HCR is a promising treatment strategy that
combines the survival benefits of a LIMA con-
duit to the LAD with DES treatment of non-
LAD lesions in a minimally invasive procedure.
Today, HCR is a treatment option in patient
and lesion subsets not suitable for CABG and
PCI 1,2].

Well-defined prospective registry studies and
randomized clinical trials will be necessary to
complement our understanding on the role of
HCR coronary revascularization. HCR is likely
to become an important element in a revascu-
larization scenario encompassing PCI, con-
ventional surgery and HCR procedures, tak-
ing coronary revascularization and the Heart
Team approach to another level.
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Background for hybrid coronary revascularization
There are prognostic benefits of left internal mammary artery (LIMA)-to-anterior descending coronary artery (LAD):

— The risk of stroke will be reduce.

— The surgical treatments are minimally invasive procedures.
The SYNTAX trial data & hybrid coronary revascularization

In hybrid coronary revascularization (HCR), LIMA-to-LAD is not influenced by lesion complexity.

Stenting of non-LAD lesions may be performed in a low-SYNTAX score setting.

LIMA vs drug-eluting stents

this manuscript.

The long-term LIMA-to-LAD grafting results are probably superior to drug-eluting stent treatment.

Non-LIMA grafting versus DES

The long-term performance of drug-eluting stent is probably superior to saphenous vein grafts.

The Heart Team approach

The Heart Team interaction is an essential element in the tailoring of a HCR procedure, and is mandatory for implementing a viable HCR

program.
Clinical evaluation of HCR procedures

In registry studies, the procedure has been associated with faster recovery and clinical results that are comparable to conventional

revascularization.
Future perspective

HCR is a treatment option in patient and lesion subsets that are not suitable for coronary artery bypass grafting and percutaneous

coronary intervention.

Well-defined prospective registry studies and randomized clinical trials will be necessary to define the role of HCR coronary

revascularization.

HCR is likely to become an important option in coronary revascularization.
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