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Hybrid coronary revascularizationHybrid coronary revascularization


 
Coronary artery disease remains one of the mostCoronary artery disease remains one of the most

 
wellwell--

 studied pathologic diseases, yetstudied pathologic diseases, yet
 

controversy still exists over controversy still exists over 
the most appropriate therapy forthe most appropriate therapy for

 
patients with multivessel patients with multivessel 

CAD. CAD. 


 
Prospective randomizedProspective randomized

 
studies have documented thestudies have documented the

 superior longsuperior long--term symptom relief and survival that term symptom relief and survival that 
coronarycoronary

 
artery bypass grafting (CABG) affords compared artery bypass grafting (CABG) affords compared 

with both medical therapy and PCI.with both medical therapy and PCI.



 
However, PCI offers a lower level of invasiveness, aHowever, PCI offers a lower level of invasiveness, a

 
more more 

rapid recovery, and less shortrapid recovery, and less short--term complications thanterm complications than
 CABG in appropriately selected patients. CABG in appropriately selected patients. 



 
AA

 
revascularization strategy that combines the durability ofrevascularization strategy that combines the durability of

 CABG with the minimally invasiveness of PCI is the CABG with the minimally invasiveness of PCI is the 
rationalerationale

 
for for ““hybridhybrid””

 
coronary revascularization (HCR).coronary revascularization (HCR).



Hybrid coronary revascularizationHybrid coronary revascularization

The most important 
feature of CABG 
that confers its 
longterm

 
survival 

advantage is a 
patent left internal 
mammary

 
artery 

(LIMA) graft sewn 
to the LAD. 

HCR employs a 
minimally invasive 
surgical approach

 for LIMA-LAD 
bypass.



Hybrid coronary revascularizationHybrid coronary revascularization



 
Saphenous vein grafts remain the most commonly 
employed conduit for non-LAD targets during 
conventional CABG. However, the 6-

 
to 12-month 

occlusion rates for such 15% to 20%.



 
Yun and colleagues reported 6-month saphenous vein 
graft occlusion rates of 17.6% and 21.7% on routine 
angiography of 144 patients.















Techniques of Minimally Invasive
 Coronary Artery Bypass Grafting



 
Minimally

 
invasive cardiac surgery, aims to ameliorate 2

 potentially invasive surgical components: the CPB machine
 and the sternotomy incision.



 
The first minimally invasive

 
CABG surgery was reported in 

1967 by Dr. V.I. Kolessov
 

in Russia



 
Kolessov’s series included 6 patients who underwent 
beating

 
heart LIMA to LAD bypass through a limited left 

thoracotomy.



Techniques of Minimally Invasive
 Coronary Artery Bypass Grafting



 
With the introduction of stabilizer technology, suturing to

 the beating heart became easier and more reproducible. 
The

 
field of off-pump

 
CABG(OPCAB) was developed in 

the early
 

1990s and now accounts for 20%-30% of all CABGs 
performed

 
in the USA.



 
Simultaneous with the development of

 
OPCAB was

 renewed interest in Kolessov’s beating-heart
 

CABG 
performed through the left chest.



 
MidCAB operation became

 
the formal term for open LIMA 

takedown through a
 

small anterior thoracotomy and 
revascularization of the LAD

 
through this incision.



 
Robotic technology and thoracoscopic

 
approaches have 

been used. Totally endoscopic operations have been 
reported

 
as well



MidCAB


 
A MidCAB is performed with a limited anterior 
thoracotomy

 
incision in the fourth or fifth interspace.



 
Costal cartilage removal

 
or disarticulation (αφαιρεση

 πλευρικου
 

χονδρου) is necessary and a special chest 
wallretractor (διαστολεας

 
θωρακικου

 
τοιχωματος

 
)is used to 

allow for open LIMA takedown. 



 
Cardiac

 
stabilization can be accomplished with a stabilizer, 

which is
 

delivered directly through the wound. 


 
Alternatively, an endoscopic

 
stabilizer can be delivered into 

the operative field
 

through a separate port, which can be 
used for chest tube

 
insertion.



 
Identification of the LAD and its branches through

 
the 

small anterior thoracotomy requires attention to certain
 anatomic details on the preoperative angiogram.



MidCAB


 
MidCAB has the advantage of not requiring any special

 endoscopic or robotic skills to master the LIMA takedown.



 
Although single-lung ventilation (αερισμος

 
ενός

 
πνευμονος) 

improves exposure, chest
 

cavity insufflation (εμφυσυση
 αερα) is not necessary.



 
However, the degree of

 
chest wall retraction (διαστολεας) 

necessary to allow for open LIMA mobilization
 

is quite 
extensive and postoperative pain control

 
can be a 

challenge.



 
It is clear that a comfort

 
level with off-pump surgery is 

important with this procedure
 

and experience with sternal 
sparing incisions

 
is likewise beneficial.



ΑΠΟΤΕΛΕΣΜΑΤΑ
 

MidCAB


 
Large series of MidCAB have been reported in the literature

 as early as 1994 and fairly extensive data exist from routine
 angiography in these earliest series.



 
Short-term patency rates in both the earliest series and

 
the 

more contemporary series range from 95% to 97%.



MidCAB


 
The advantages of MidCAB over conventional CABG are

 rooted in the avoidance of CPB and the absence of aortic 
manipulation

 
or cross-clamping. 



 
It appears that open MidCAB can

 
decrease bleeding

 
and 

infection
 

rates when compared with
 

OPCABx1 through a 
sternotomy. 



 
However, it is not clear that

 
there is a significant difference 

in pulmonary complications
 

or postoperative pain between 
open MidCAB and traditional

 
OpCABx1.



Thoracoscopic MidCAB


 
To avoid the significant chest wall manipulation

 
associated 

with open
 

MidCAB and to improve postoperative
 

pain
 control, thoracoscopic and robotic techniques have

 
been 

employed



 
The first reports of thoracoscopic LIMA takedown and 
LIMALAD

 
anastomosis through mini-thoracotomy were 

reported
 

in the early 1990s.



Thoracoscopic MidCAB



 
Pericardiotomy

 
and vessel identification can be 

accomplished
 

thoracoscopically
 

before LIMA takedown.



 
Thoracoscopic LIMA mobilization requires chest cavity 
insufflation

 
to develop the virtual space of the anterior 

mediastinum
 

in which the LIMA lies. Insufflation of the 
chest is

 
performed at pressures ranging from 8 to 15 mm 

Hg. 



 
During

 
insufflation, a controlled pneumothorax is induced. 

The resultant
 

cardiac displacement results in rising central 
venous

 
pressure, decreased right and left heart filling, a 

drop in blood
 

pressure, and an alteration in oxygenation



Thoracoscopic MidCAB



 
Adequate volume

 
loading and peripheral vasoconstriction 

is necessary to
 

maintain appropriate hemodynamics. 



 
An assessment of preoperative

 
chest radiography can help 

the surgeon and anesthesiologist
 

predict how a particular 
patient will respond to

 
insufflation. 



 
A small cardiac to lung ratio (small heart, large

 
chest) will 

result in more dramatic hemodynamic shifts than
 

a larger 
ratio (large heart, small chest).



Thoracoscopic MidCAB



 
Vassiliades

 
et al have reported the largest series of 

thoracoscopic
 

LIMA takedown and open LIMA-LAD 
anastomosis.



 
In their series of 607 patients between

 
1997 and 2005 

Vassiliades and colleagues reported a 96%
 

LIMA-LAD 
patency rate among 379 selected patients who

 
underwent 

clinically indicated cardiac catheterization. 



 
Complications

 
were low when compared with conventional

 CABG with early return to full activity.



Thoracoscopic MidCAB



 
Nonetheless, thoracoscopic endo-ACAB has failed to

 achieve widespread adoption primarily owing to the 
training

 
and learning curve of thoracoscopic LIMA 

takedown.



 
Advanced thoracoscopic skills are required and even the

 most skilled surgeons will have a 25-
 

to 50-case learning 
curve before they can quickly and reproducibly mobilize

 the LIMA.



Robotically Assisted
 Coronary Artery Bypass Graft



 
The use of robotic technology for pericardiotomy, target 
vessel

 
localization, and LIMA takedown has significantly 

shortened
 

the learning curve for performing these 
maneuvers endoscopically.



 
The enabling technology of robotics can allow

 
the 

minimally invasive surgeon to more quickly and more
 accurately perform the critical steps in endoscopic LIMA

 takedown when compared with a thoracoscopic approach.


 
Insufflation

 
and single-lung ventilation are critical as in the

 thoracoscopic approach, and alterations in cardiac 
hemodynamics

 
can occur during this period.



Robotically Assisted
 Coronary Artery Bypass Graft



 
The robotic approach decreases the chest wall trauma 
associated

 
with open MidCAB and allows a hand-sewn 

anastomosis
 

through the limited thoracotomy. 



 
The results of robotically assisted CABG have been 
excellent.

 
Patency results with routine angiogram have 

ranged
 

from 95% to 100% and patient satisfaction has been 
excellent.
Length of stay, return to full activity, and pain scores

 
all 

seem to be reduced with robotically assisted CABG 
compared

 
with conventional CABG.



Totally Endoscopic
 Coronary Artery Bypass Graft



 

The first totally

 
endoscopic CABG (TECAB) surgeries were performed 

robotically on the arrested heart during CPB.


 

The complications

 
associated with intra-aortic balloon occlusion and 

the

 
inflammatory response of CPB led most minimally invasive

 surgeons to opt for beating-heart off-pump revascularization

 
in lieu of a 

totally endoscopic approach. 


 

The beating-heart

 
TECAB was the next extension of the totally 

endoscopic expedition.


 

The beating-heart TECAB is performed in an identical

 
way as the 

robotic MidCAB, with the exception of the

 
4-cm thoracotomy for open, 

hand-sewn anastomosis. 


 

Instead,

 
the anastomosis is performed intracorporeally with the

 
robot. 



 

The TECAB has proved to be an incredibly challenging

 
operation that 

only a few have mastered. 


 

Early results are

 
encouraging from a small number of skilled operators 

but

 
widespread adoption of this operation had not occurred.



Selection Criteria
 and Special Considerations



 

Absolute

 
exclusion criteria for robotic or thoracoscopic CABG include

 patients with severe chronic obstructive pulmonary disease

 
who cannot 

tolerate single-lung ventilation and those patients

 
who have had prior 

left chest surgery. 



 

Patients with

 
severe pulmonary hypertension

 
also provide a relative 

contraindication

 
as rapid desaturation and hemodynamic compromise

 can occur with 1-lung ventilation and thoracic insufflation.



 

Actively ischemic patients

 
also pose a challenge.

 
The chest insufflation 

can exacerbate ischemia and result in

 
malignant arrhythmias that can 

be challenging to handle. All

 
patients should have external defibrillator 

pads on for the

 
duration of the operation. The institution of CPB 

through

 
right femoral artery and femoral vein can be very helpful in

 these situations for both maintaining hemodynamic stability

 
and 

decompressing the heart.



Techniques of Hybrid
 Coronary Revascularization



 
The first HCR procedures were reported in the mid-1990s

 during the re-emergence of MidCAB and typically were 
performed

 
in a staged sitting with LIMA-LAD performed 

first.


 
PCI typically had been performed with percutaneous 
transluminal

 
coronary angioplasty (PTCA) and occasional 

BMS.


 
Although the early results of these HCR procedures were

 excellent, concern regarding late restenosis led many 
cardiologists

 
and surgeons to reserve this procedure for 

very highrisk
 

patients.





 

There are 3 basic HCR 
approaches, all with their 
potential

 
advantages and 

disadvantages: 


 

(1) PCI can be performed

 first followed by 
minimally invasive 
CABG; 



 

(2) minimally

 
invasive 

CABG can be performed 
first followed by PCI;



 

(3) minimally invasive 
CABG and PCI can be 
performed in

 
the same 

sitting in a hybrid 
operative suite.



1. PCI then Minimally Invasive Coronary 
Artery Bypass Graft



 
The potential advantages of a strategy that employs PCI 
before

 
minimally invasive CABG are 3-fold. 



 
First, revascularization

 
of non-LAD targets provides 

excellent collateral circulation,
 

thereby minimizing the 
potential risk of ischemia

 
during the LAD occlusion of 

minimally invasive CABG.


 
Second, it allows the

 
interventional cardiologist the fallback 

position of conventional
 

CABG
 

should a suboptimal PCI 
result be obtained.



 
Finally, this approach allows for HCR in the setting of 
acute

 
myocardial infarction

 
in which the target lesion is in a 

non-
 

LAD vessel. The acute lesion can be treated and the 
LAD can

 
be revascularized with a minimally invasive 

CABG at a later
 

sitting.



PCI Then Minimally Invasive Coronary Artery 
Bypass Graft



 
Although this approach was used fairly commonly in the

 era of PTCA and BMS, the risk of acute stent thrombosis
 with

 
DES has raised serious concern



 
With this strategy, in hospital patients need to be 
maintained on eptifibatide (Integrilin;),

 
which can be 

stopped for the minimally invasive CABG. 


 
Clopidogrel

 
can

 
be instituted once extubated in the 

postoperative period.


 
However, it is clear that the risk of stent thrombosis

 
with 

both
 

BMS within 1 month and DES for up to 1 year is 
related to

 
both brief discontinuation of IIIa/IIb inhibitors

 and the inflammatory reaction
 

of both noncardiac and 
cardiac surgery.



2. Minimally Invasive Coronary Artery Bypass 

Graft Then PCI



 
With the broad application of DES, this strategy has 
become

 
the most widely adopted for HCR. 



 
The primary advantage of

 
this approach is that aggressive 

antiplatelet therapy
 

can be
 

initiated early after surgery and 
continued long term. 



 
A second

 
advantage is that the integrity of the LIMA-LAD

 can be confirmed via angiography at the time of the 
completion PCI.



 
Finally, this approach gives the interventional cardiologist

 the ability to approach lesions
 

that otherwise would be 
quite

 
hazardous should the LAD not be protected

 
(Left 

main lesions.



Minimally Invasive Coronary Artery Bypass 

Graft Then PCI



 
The minimally invasive surgeon has to select these patients

 appropriately
 

and be more cognizant of possible 
intraoperative

 
ischemia with this HCR approach because 

the collateral
 

non-LAD vessels are unrevascularized. 
Judicious use of intracoronary

 
shunts, careful attention to 

cardiac-filling pressures
 

and systemic blood pressure 
during insufflation, and the use

 
of peripheral CPB when 

necessary are all critical to success in
 

this setting. 



optimal timing



 
A period of

 
waiting after surgery seems prudent to allow the 

patient to
 

resolve the potential inflammatory milieu which 
exists immediately

 
after the operation. 



 
This response is quite brief and

 
usually has resolved within 

3-5 days, making it possible to
 

perform PCI on the index 
hospitalization or days to weeks

 
later.



 
Patients may need 7-10 days of mental and physical

 recovery before undergoing a second procedure. However,
 some physicians may feel uneasy discharging certain 

patients
 

with an incomplete revascularization, prompting 
PCI before

 
discharge.



Economic issues



 
Economic issues also bear on the hospital system,

 
as a 

single diagnosis-related group (DRG) is typically used to
 reimburse two separate costly procedures. 



 
As HCR becomes

 
more common, these issues will likely be 

addressed to provide
 

a fuller hospital reimbursement.



Simultaneous Minimally Invasive Coronary Artery Bypass Graft
 and PCI

With the advent of endovascular surgical procedures and
 percutaneous valvular therapy, operating suites have been

 created that have the capability of both minimally invasive
 surgical procedures and PCI.



Simultaneous Minimally Invasive Coronary Artery Bypass Graft
 and PCI



 
The potential advantages of such an approach include the

 ability to perform routine imaging of the LIMA-LAD
 

before
 closure to confirm an anatomically acceptable anastomosis.



 
Complete revascularization before leaving

 
the operating 

suite
 

is the other major advantage of such an approach. 



 
The emotional

 
and psychological benefit

 
to the patient of a 

complete
 

“fix”
 

in one anesthetic sitting also has its merits.




 
Finally, PCI

 
performed in the setting of a completed LIMA-

 LAD allows a
 

more aggressive percutaneous approach
 

of 
otherwise challenging

 
lesions. The security of general 

anesthesia and the
 

operating room likewise provides a 
safety net should a PCI

 
failure occur.



Simultaneous Minimally Invasive Coronary Artery Bypass Graft
 and PCI



 
Detractors of the simultaneous HCR point to increased

 operative times, increased costs, and inadequate hospital 
reimbursement.



 
Bleeding

 
also becomes a concern because

 
full antiplatelet 

therapy and incomplete heparin reversal
 

are necessary 
immediately after minimally invasive CABG

 
to maximize 

successful intraoperative DES placement. 



 
Although

 
the inflammatory response

 
of minimally invasive

 CABG is blunted compared with conventional OpCAB
 some interventionalists continue to raise concern about
 immediate intraoperative DES placement and acute stent

 thrombosis.



Results of Hybrid
 Coronary Revascularization



 
Over the last decade, approximately 500 patients undergoing

 HCR have been reported in the literature


 
The variable surgical approaches, HCR techniques, and the

 percentage of DES placement make global conclusions difficult. 
However, routine angiography in most studies does

 
demonstrate 

that patency of minimally invasive LIMA-LAD
 

by all previously 
described methods compares favorably with

 
conventional 

CABG. 


 
Target vessel revascularization appears

 
to vary based on number 

of stents placed and percentage of
 

DES
 

used in each study. 


 
Reintervention of LIMA-LAD in all

 
studies varies from 1% to 

3%, again giving support to this
 

procedure as an equivalent 
revascularization strategy to conventional

 
CABG in experienced 

hands.













ΥβριδικήΥβριδική
 

επαναιμάτωσηεπαναιμάτωση
 

είναιείναι
 

μιαμια
 

ασφαλήςασφαλής
 εναλλακτικήεναλλακτική

 
λύσηλύση

 
γιαγια

 
επιλεγμένουςεπιλεγμένους

 
ασθενείςασθενείς

 
μεμε

 πολυαγγειακήπολυαγγειακή
 

νόσονόσο..
ΕίναιΕίναι

 
αποτέλεσμααποτέλεσμα

 
ομάδαςομάδας

 
εργασίαςεργασίας

 
((χρειάζεταιχρειάζεται

 καλήκαλή
 

συνεννόησησυνεννόηση
 

ανάμεσαανάμεσα
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 επεμβατικούςεπεμβατικούς

 
καρδιολόγουςκαρδιολόγους..

ΕίναιΕίναι
 

παράδειγμαπαράδειγμα
 

λειτουργικήςλειτουργικής
 

απευθείαςαπευθείας
 συνεργασίαςσυνεργασίας

 
τωντων

 
δυοδυο

 
ειδικοτήτωνειδικοτήτων

ΣΥΜΠΕΡΑΣΜΑΤΑΣΥΜΠΕΡΑΣΜΑΤΑ
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