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Coronary Artery Bypass Surgery or Interventional Cardiology? Why not both? Let’s 
go for Hybrid Coronary Revascularization

Review Article
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Abstract
The options for coronary artery disease have greatly expanded during the course of the last two and half decades with the 
advent of hybrid technology in the 1990s. The hybrid option for treating cardiac disease implies using the technology of 
both interventional cardiology and cardiac surgery to offer the patients the best available treatments for coronary artery 
disease while minimizing the risks of the surgery, example can be a patient with a partial blockage in one coronary artery 
and a complete blockage in another. In this case, a combination revascularization approach might work best to restore 
blood flow to the heart muscle. An interventional cardiologist inserts a stent into one coronary artery to open it up, and 
then a surgeon grafts a bypass vessel to let blood flow around the other blockage. Hybrid Cardiac Surgery a collaborative 
approach reduces risk of complication, shorten recovery times and improve outcomes This fragmented approach to care is 
starting to change to a much-needed innovation in hospital design by set up including all the equipment needed for diagnostic 
imaging, minimally invasive procedures, and traditional surgery, the key requirement is productive collaboration of heart 
team comprising heart surgeons, interventional cardiologists, and other specialists by working together in the same space, 
at the same time. Although indications and patient selection of these procedures are still to be defined but high-risk patients 
have already been shown to benefit from hybrid approaches, In conclusion, HCR is can be used to treat multi-vessel CAD 
with favourable early results, though growth in the field is limited by surgical experience and success with minimally invasive 
techniques, should be performed in high volume centers.
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Abbreviations and Acronyms 
CABG = coronary artery bypass graft surgery
DES = drug-eluting stent(s)
HCR = hybrid coronary revascularization
LAD = left anterior descending artery
LIMA = left internal mammary artery
MIDCAB = minimally invasive direct coronary artery bypass 
grafting
PCI = percutaneous coronary intervention
SVG = saphenous vein graft

Introduction
Hybrid coronary revascularizations is an evolving technique that 
is being used as an alternative to traditional median sternotomy 
coronary artery bypass graft surgery it combines a minimally invasive 
approach to bypass the left anterior descending coronary artery with 
left internal mammary artery and percutaneous coronary intervention 
to re-vascularize the other coronary arteries in the treatment of 

multi-vessel coronary artery disease in patients appropriate for this 
technique from low-risk patients with low SYNTAX lesions outside 
the left anterior descending artery (LAD), to high-risk patients with 
multiple comorbidities who are felt by the heart team to benefit most 
by avoiding a sternotomy during the same hospital stay, especially 
in patients with complex LAD lesions that may not be ideal for 
stenting along with lesions in other coronary arteries that are easily 
stented, These Patients can benefit from the longevity of the left 
internal mammary artery anastomosed to the LAD (LIMA-LAD) 
using direct visualization methods, such as a thoracotomy or partial 
sternotomy [1-9]. 

Hybrid Coronary Re-vascularization
It was first introduced in the mid-1990s as a pioneering treatment 
approach with the thought to bring together the “best of both worlds” 
of cardiology and cardiac surgery by attempting to achieve the 
maximum effect of revascularization in the least invasive way 
possible.

HCR consists of two procedures, and the timing of these is dependent 
upon several factors. In general, it is best to treat the culprit lesion 
first most commonly in clinical practice [3,6-8].
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Percutaneous interventions in hybrid procedures include implantation 
of stents. aims to reduce surgical trauma minimizing adverse 
cardiovascular events while preserving long term survival benefits 
and excellent patency rates associated with the durable left internal 
mammary artery graft to the left anterior descending artery and with 
the good patency rates of drug-eluting stents then saphenous vein 
grafts to non–left anterior descending vessels. Robotic technology 
such as the daVinci surgical tele manipulation system is increasingly 
used [10-13].

The objective of this review is to discuss HCR’s benefits, the current 
evidence behind it, its limitations and procedural challenges and 
purpose is to rationalize the appropriateness of HCR in being 
included in the complicated coronary artery disease treatments 
and collaboration between cardiac surgeons and interventional 
cardiologists for ideal outcomes. 

In theory this is a very attractive revascularization strategy, and 
has been gaining ground lately due to advances in technology 
and techniques, an increasing acceptance of the ‘heart team’ 
approach and its popularity among patients and care teams. 
Still much of HCR remains controversial – by definition, with 
regard to timing, techniques, equipment, patient selection criteria, 
and the implementing team’s learning curve [14,15]. Although 
Several studies have shown that HCR (LIMA-LAD performed 
either conventionally or minimally invasively, plus PCI to non-
LAD vessels) provides better short-term outcomes with regard to 
decreased ventilation and ICU time, reduced requirement for blood 
transfusion, and shortened hospital stay. But there has been no strong 
evidence on improved mortality, and late comparative outcomes 
are still insufficient and raising concerns regarding HCR,s role and 
generalizability [16-18].
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Table 2: Literature Review

The Risk and benefits of completing the revascularization with 
PCI with stenting vis CABG
Generally Open multi-vessel bypass surgery is highly invasive but very 
effective in the long term; the hybrid coronary revascularization is less 
invasive with less surgical trauma minimizing adverse cardiovascular 
events, preserving long term survival benefits by excellent patency 
rates associated with the durable left internal mammary artery graft 
to the left anterior descending artery, the LIMA powerfully resists 
thrombosis and atherosclerosis ((9)and use of the drug eluting stents 
in other arteries than venous [9]. Shows more repeat revascularization 
procedures yet [19]. Vein graft patency versus stent restenosis and 
thrombosis is important here unlike arterial conduits, veins are not 
designed to bear the load of systemic pressure; hence, venous grafts 
are more prone to atherosclerotic degeneration and progressive 
narrowing with high early and long-term failure rates. Where as 
the LIMA –LAD graft is associated with long term patency rates 
reaching at 10 years (10,110 hence protects the native coronary tree 
from the deleterious effects of disease progression (9). In the ex 
vivo PREVENT IV (Vein graft Engineering via Transfection IV) 
study (12), angiographic midterm (1 to 1.5 years) saphenous vein 
graft (SVG) failure, defined as stenosis ≥75%, stood as high as 46%, 
whereas reported graft occlusion rates in the literature range from 
6.2% to 32% at 1 year (averaging ~20%) 13, 14, 15, 16, 17, 29% at 
10 years, and 68% at 15 years (10) post-coronary artery bypass graft 
surgery (CABG) [20,21]. As well as with the good patency rates of 
drug-eluting stents due to lower stent restenosis and thrombosis leads 
to lower occlusion ratesrespectively Newer drug-eluting stent (DES) 
platforms with (e.g., everolimus-eluting stents [EES] or zotarolimus-
eluting stents [ZES]) or without (bio absorbable polymer-based or 

polymer-free stents) durable polymers show favourable outcomes, 
with 1-year target lesion revascularization (TLR) rates as low as 3% 
to 3.25%. Even in high-risk patients and complex lesions, ZES and 
EES maintain very low 1-year TLR rates of 4.4% and 4%, respectively 
[22-24].

Therefore PCI with stenting provide strong competition for SVG 
revascularization because, unlike an LIMA-LAD graft, early 
disease progression occurs in the proximal native coronary segment 
alongside SVG deterioration [25]. And significant angiographic SVG 
stenosis occurs at least twice as frequently then stent restenosis using 
the latest technology platforms. Saphenous vein patency is 85% at 
6 months, 71–93.8% at 1 year and 74–81% at 5 years [26-28].This 
high SVG failure rate is shown in the results from the PREVENT 
IV trial [6]. How ever ischemia-driven revascularization rates are 
found considerably higher in stented patients with treated multi-
vessel CAD [29]. Further more due to stent thrombosis the clinical 
consequences are more dramatic and frequently associated with 
major adverse clinical events (MACE) [30]. A strong argument for 
surgical bypass grafts is that most native disease progression occurs 
in the proximal coronary segment. thereby preserving blood flow 
distally [30,23,24]. But disease can progress at or near stents, with 
recurrence of ischemia.

Indications
Which patients are suitable for HCR
HCR appears appealing for the subset of patients with the a fore 
mentioned coronary anatomy and others considered too high risk 
for open cardiopulmonary bypass surgery via midline sternotomy 
especially those with a high risk of deep sternal wound infection 
e.g., diabetics, morbidly obese, severely impaired left ventricular 
function, chronic kidney disease, significant carotid or neurological 
disease, severe aortic calcification, prior sternotomy, and lack of 
venous conduits [31].

The decision of heart team for selection of appropriate patient 
for HCR should be based on an important anatomical feature 
that is plaque burden in the proximal LAD well characterized by 
the SYNTAX (Synergy Between PCI With TAXUS and Cardiac 
Surgery) score [1]. The classic indication for HCR in multi-vessel 
CAD includes: [31,32]

1. A proximal complex LAD lesion with optimal distal anatomy 
amenable to LIMA-to-LAD grafting; 

2. Non-LAD lesions amenable to PCI, in a patient with no 
contraindications to dual antiplatelet therapy (DAPT).

3. A high likelihood of achieving “reasonable incomplete 
revascularization” with such an approach.

4. Complex distal left main lesions are also ideal for HCR if the 
circumflex artery territory is involved 

5. Based on current literature, an algorithm is an aid in the 
decision-making with regard HCR and CABG 
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Let’s go for hybrid coronary vascularization?

What Guidelines Says 
American guidelines in 2011 recommendations for HCR indicate that 
“Hybrid coronary revascularization is reasonable in patients with 1 
or more of the following: limitations to traditional CABG, such as 
heavily calcified proximal aorta or poor target vessels for CABG 
(but amenable to PCI); lack of suitable graft conduits; unfavourable 
LAD artery for PCI (i.e. excessive vessel tortuosity or chronic total 
occlusion)” (Class IIa, Level of evidence B), and “Hybrid coronary 
revascularization may be reasonable as an alternative to multi-vessel 
PCI or CABG in an attempt to improve the overall risk-benefit ratio 
of the procedures” (Class IIb, Level of evidence C). On the other 
hand, Hybrid procedure, defined as consecutive or combined surgical 
and interventional revascularization may be considered in specific 
patient subsets at experienced centres (Class IIb, Level of evidence 
B), according to European guidelines in 2014 supported by European 
Society of Cardiology/ European Association for Cardiothoracic 
Surgery included HCR for Myocardial Revascularization gave it a 
Class IIb in patient subsets at experienced centres [33,34]. 

Acceptance of Hybrid coronary vascularization
The lack of several large randomized controlled trials (RCTs) 
involving different risk groups, hinders the identification of an 
HCR target group. Consequently, physicians and surgeons do not 
embrace HCR in routine clinical practice. In a study from the Society 
of Thoracic Surgeons (STS) Adult Cardiac Surgery Database, HCR 
represented just 0.48% (n = 950 patients) of the total CABG volume 
(n = 198,622) between July 2011 and March 2013. Difficulty in 
performing the procedure may be the reason.

Discussion 
HCR has been practiced since 2 decades and more commonly as 
unplanned approaches to either salvage CABG or salvage PCI. 

The first series of planned HCR were attempts to provide adequate 
revascularization for high-risk patients published in 1996, yielded 
acceptable results. Later further literature on subject come out about 
its efficacy, it is now included in several revascularization guidelines. 
With the growing acceptance of HCR in the medical community as 
well as in addition to an increasing demand from patients for less 
invasive therapies and minor splitting of the sternum which is very 
valid concern physically and psychologically minimally invasive 
surgery is now flourishing with sternal-sparing approaches now HCR 
can easily be incorporated with mini-thoracotomies direct approach, to 
endoscopic, to totally endoscopic robot-assisted surgeries. A mentality 
shift has been noted among healthcare practitioners toward expanding 
the indications of HCR, from initially allocating it only to high-risk 
patients due to excellent short-term outcomes irrespective of whether 
a MIDCAB or robotic approach is used [10-13]. The international 
literature shows that HCR can be technically accomplished with 
low 30-day and long-term mortality rates (0–2.6% and 84.8–100% 
respectively).LIMA patency is reported to be over 92%. The event-
free survival rate is between 70% and 100%, whereas the incidence 
of MACCE ranges from 0% to 12.2% and blood transfusion rates 
vary from 0% to 35.4%. In HCR the benefit of LIMA-LAD reliably 
with patency rate greater than 85%and less hospital stay due to less 
frequent post-operative complications then conventional CABG was 
found in observational data, At mid-term follow-up, HCR seems 
to have better rates of revascularization than PCI but may not be 
identical to conventional CABG [2,29,33,35]. Patient satisfaction 
is extremely high with HCR, and patients are back at work with no 
activity limitations much faster than after a sternotomy. 

The best timings for HCR in one stage or as a two-stage procedure 
is still doubted. However, a one-stage HCR procedure in a hybrid-
operating room is advantageous compared to staged HCR with 
complete revascularization with minimal patient discomfort.
When PCI is performed first, antiplatelet agents must be continued 
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during surgery, which can be associated with higher chest tube 
output. Performing surgery first provides protection of the completed 
LIMA-LAD anastomosis. When performed concurrently in a hybrid 
operation room, immediate assessment of the anastomosis can be 
performed. In a two-stage procedure, patients are incompletely re-
vascularized between the procedures, so there is a significant risk 
for cardiovascular events. Performing PCI of non-LAD lesions first 
is currently limited to patients with acute coronary syndrome due 
to non-LAD lesions.

A major weakness of data on HCR is the lack of robust randomized 
data comparing the approach to conventional surgery and PCI 
[14,15,33]. Much more long-term data is needed before any firm 
conclusions can be made [36]. A major limitation to the expansion 
of HCR is the lack of surgeons committed due to difficulty in 
performing these procedures [14,15].  MIDCAB is more technically 
challenging than conventional CABG. The use of robotics to improve 
visualization and instrument precision may be associated with a 
lower learning curve [10-13]. The TECAB approach requires more 
time to learn, Here Beyond the surgical learning curve, another 
key component for HCR is to build a team with key stakeholders 
actively involved. This involves not just the surgical team, (i.e., 
anaesthesiologist, first assistant, surgical technician, and circulator 
nurse) but also referring cardiologists and interventionists. Until the 
learning curve is complete [10-13]. There is a need for intense training 
in minimally invasive cardiac surgery (MICS), for availability of 
radiologic, interventional and surgical equipment, and of course, for 
a heart team with a cooperative frame of mind and a willingness to 
fit a common time among themselves. Access to a robot may need 
to be worked out ahead of time.

Table 3: Literature Review
Hybrid Coronary revascularization and Complications

Conclusion 
Coronary artery bypass grafting in all its forms remains the 
first choice in coronary revascularization and hybrid coronary 
revascularization is a good alternative in high-risk patients [2,19]. 
If HCR is to be accepted as a first-line approach for multi-vessel 
disease, it should be measured against the current gold standard in 
the treatment of multi-vessel CAD, which is CABG. It is uncontested 
that the most valuable revascularization in CABG is the LIMA-LAD 
graft. There is now improved understanding of the specificities of 
graft conduits that enable surgeons and interventional cardiologists 
provide excellent outcomes. The controversy lies on the selection 
of the next best approach.
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