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What | am not going to do today

e Zealots excessively defending On-Pump or
Off-Pump CABG

e Selectively picking articles supporting one or
another viewpoint

 Show an endless parade of articles with data
difficult to comprehend

e Spinning the data
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Figure 2. Composite Cognitive Index as a Function of Cognitive Impairment at Discharge.

The composite cognitive index is the sum of the scores for the four domains and includes cognitive
decline as well as increases in scores as a result of learning. Positive change represents an overall
improvement (learning), whereas negative values indicate overall decline. The I bars represent the
standard error.




U.S. PRESCRIPTIO
DRUG USAGE EXPLC

e “Lingering brain injury”

e “Memory loss”

e “Loss of mental sharpness”

* “Doctors knew this for years”

Promoting Off-Pump CABG as
Surgery for the executives

Medicine:

STUDIES SHOW

BYPASS
PATIENTS
LOSING MEMORY

by Lee Bowman

Two new studies published recently
ofter additional evidence that heart
bypass surgery patients have lingering
brain injury and loss of memory and
concentration.

Doctors have noticed for years that
patients who have coronary bypasses
lose some mental .sharpness the
following days and weeks - more diffi-
culty following directions or doing
mental math or planning complex ac-
tons ahead of time, Some studies show
the decline continues in many patients
for years after the operation.

Bypass surgery is performed on
some halfl a million people in the
United Siates each year, and like many
major surgeries it can release micro-
scopic blood clots, lower body tempera-
ture and expose the body to various
amnesia-causing drugs.

In one study, published in the July
issue of the journal Neuropsychology,
T archers at the University of North
Carolina-Wilmington compared before-

and-after surgery mental test perfor-
mances by 39 bypass patients and 49
control pauents recruited from a senior
wellness program who did not have
surgery, but were retested in the same
mniecrvail.

Julian Keith and his colleagues
report that the control patients “signifi-
cantly outperformed” bypass patients
on two important 1esis of attention and
memory both before and after surgery

much the surgery atself that may be
hurting memory.

The performance gap was cven
greater after surgery, though, and
Keith said this indicates that bram
systcms that support attention may be
particularly vulnerable to injury, be-
cause “the more machinery required to
do the task, the more likely it is that a
brain insult will disrupt the process.”

Most rescarchers suspect that the
usc of a heart-lJung bypass machine
during the surgery somehow contrib-
utes to small clots entering the blood-
stream and causes damage to the brain

In the second study, published in
the July issue of the Archives of
Neurology, German rescarchers used
before- and after-surgery brain imaging
on 35 bypass patients. They were able
to identify arcas of the brain with
reduced oxygen flow due 10 mini-clots
in 9 of the patients, but they didn’t
match up with any scores on mental
tests for those patients.

But in measures of metabolic rate
in certain compounds of the brain,
there were some changes that the
rescarchers were able to correlate with
tests of mental performance.

Scientists around the world are
continuing to study the problem and
looking at steps ranging from revised
surgical techniques to giving patients
drugs that might help better protect
brain cells just prior to the operation



What not to do

Demonization of the pump

CPB has been one of our greatest allies in
building our specialty

We need to continues the refinement of CPB
techniques and technology

Other extracorporeal circulation (ECMO)



What | am going to do

Share with you my insight regarding
Off-Pump CABG

Where it fits/for what patients
Where it fits for the cardiac surgeon

Where it fits in cardiac surgery programs



Potential Benefits by avoiding CPB

* Minimize

* Renal dysfunction

* Lung dysfunction

* Brain dysfunction

» Coagulopathy / bleeding

* Inflammatory response (SIRS)

* Micro embolism (Platelets, fibrin,
small debris, etc)

Morbidities Associated With CPB

Myocardial Necrosis
Systemic Inflammatory Response
Neuro-Cog effects / Brain injury

Pump Lung (Adult Respiratory Distress
Syndrome)

Hypertension and distention of the heart
Renal Dysfunction

Embolization

Coagulation Disorders

Increased Blood Loss

* Avoids Clamping and Cannulation

e ATE embolism/Stroke
e Aortic dissection

* Avoids Ischemic cardioplegic arrest

* Especially beneficial in low EF patients




Off-PUMP CABG

e Technically demanding operation
— Surgeon

— All the surgical team

* Requires a higher focuses/effort on the

aneStheSiOIOgiSt Concerns about the

quality of the revascularization

e Steep learning curve

* Quality of anastomosis
* Exposure and visualization

* Motion
Risk of a lesser quality revascularization * Early graft thrombosis
* Lower dose of heparin
Benefit of avoiding morbidity " lackofcoagulopathy.
caEE e it s ER * Incomplete revascularization

* Vessels in the lateral wall of the LV
* Patients who become unstable when heart positioned




Trends in Off-Pump CABG

Rush/Copley Medical Center
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FIGURE 2. Relative use of ON versus OFF CABG for the entire cohort (1997-2012). CABG, Coronary artery bypass grafting.

858 The Journal of Thoracic and Cardiovascular Surgery * September 2014

Off-Pump CABG in 2016: 13.1 %. STS Database



Trends in Off-Pump CABG
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i Peak of Inflated
Expectations Expectations

' Th rOUgh Of Innovation Trough of
‘ disillusionment Trigger Dislllusionment
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1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
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FIGURE 2. Relative use of ON versus OFF CABG for the entire cohort (1997-2012). CABG, Coronary artery bypass grafting.

Plateau of
Productivity

% of CABG Cases Periormed Off-Pump
Expectations

858 The Journal of Thoracic and Cardiovascular Surgery * September 2014

Gartner hype cycle: Graphic representation of
maturation of techniques and technology and plateau of adoption



FUEL FOR THE UPSWING

Off-Pump CABG trends
along the Hype Cycle

Early adopters enthusiasm

Reports of favorable results

In major societies
Videos/courses

Many industry supported
Evolution on equipment

More surgeons adopted
Off PUMP

23% of all CABG
were OFF-PUMP

Peak of Inflated

Expectations

Productivity

INNOVATION
TRIGGER

PEAK OF INFLATED
EXPECTATIONS




Single Center Studies (by experts)

mostly retrospective reviews
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Off-Pump CABG trends
along the Hype Cycle

2002

Pk of boted DOWNWARD TREND

e * Benefits might not be as initially expected
(at least in all patients)

* In some cases, outcomes might be worse
(revascularization)

l «  Complication/Conversions

Expectations

* Stop/slow down the adoption
e Some surgeons stop doing Off Pump
Other surgeons become more selective

Innovation Trough of
Trigger Dislliusionment

1997 Time

Are we there yet ?

PEAK OF INFLATED s | TROUGH OF
EXPECTATIONS DISILLUTIONMENT




Decline in Off-Pump CABG

Peak of Inflated
Expectations

>s o Slope of decline in OP CAB
~ .
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Innovation Trough of
Trigger Dislliusionment

Time

Much less pronounced than in the Hype-cycle.



Decline in Off-Pump CABG

Peak of Inflated
Expectations

Expectations

Innovation o

Trigger SR Declining in OP CAB
Understanding the benefits Rl RRVS
In OP CABG

Innovation for OP CAB
MICS

Robotic MID CAB

TE CAB

Connectors

Regional Reop OP CAB
Hybrid Revascularization

Much less pronounced than i



Number of Off-Pump CABGs
20,400 in 2016 (STS database)

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Major Procedures
ISolated CABG 164340) 168027) 167329 160813 149652) 146 A4T6| 147 031| 148214 1040580| 196,931
; 18730]  21376)  4501) 20620 2% 28768 69| 29840 3002] 28097

Isolated Miral Valve Replacement

Aortic Valve Replacement + CABG
Mitral Valve Replacement + CABG

Aortic + Mtral Valve Replacements
Mitral Valve Repair
Mitral Valve Repair + CABG

More off-pump CABGs than AVR-CABG, MVR,
MVR-CABG, MVP, MVP-CABG and AVR-MVR



OP CAB literature ( 3 main groups)

* Smaller RCT and retrospective reviews from

specialized centers
* Equivalent or superior outcomes with OP CAB

* Observational data from large databases
 OP CAB better in high-risk groups

* Large-scale randomized trials in
relatively low risk patients

- Comparable hard outcomes

- Better soft outcomes in OP CAB
- Some incomplete revasc/Graft patency worse
in OP CAB



Single Center Studies (by experts)
mostly retrospective reviews

OFF-PUMP CABG IS BETTER

MINER
Mack
Hoff
Taggart
Angellini
Di Giammarco
Calafiore
NEVIE
Benetti
Buffono
Van Dijk
Others

Lower mortality in high risk groups
Lower morbidity
Better soft outcomes

Excellent/comparable quality of
revascularization

v

Excellent mid term results: Survival
/low rate of for re-interventions



Selke
Reston
Chen
Puskas
Taggart
Cochrane

Meta-Analysis



Large Database Studies

NY Database (close to 50,000 Pts)

— Lower surgical mortality and morbidity
— Higher rate of repeat revascularization

STS Database (close to 15,000 pts)

— Lower surgical mortality in high—risk groups

New Zealand CT Database (close to 8,000 pts)

— No difference but strong trend for lower mortality and stroke

Credo-Kyoto Database (close to 2,500 pts)

— Lower risk of stroke in high risk-groups

The large number of patients in these databases
allows the analysis of high-risk groups




Prospective-Randomized Control Trials: Off-Pump Vs. On Pump CABG

Surgeon and Team experience

SMART (Single-197)
Good >100 0PPRAGUE 6 (single-200)
ON-OFF study (7401
250 OP/last 5 years
> 100 OP
2 years out
Quality of No trainees (79-4752)

results Median 300 OP GOPCABE (12-2394)

Poor

Khan (Single-103) 25 0P year/ 2 vyears

ROO BY (18-2203) median 50 OP CAB, trainees

Low Expertise in OP CABG by Surgical Team High




Prospective-Randomized Control Trials: Off-Pump Vs. On Pump CABG
Maturation of techniques and technology

SMART (Single-197)
Clelele acc2013 PRAGUE 6 (single-200)
ievs 2012 ON-OFF study (7-401)
- CORONARY .
Quality of (79-4752)

results NEJM 2013 GO PCABE (12-2394)

Poor

Khan (Single-103) NEJM 2004

ROO BY (18-2203) NEJM 2009

Low Expertise in OP CABG by Surgical Team High




the NEW ENGLAN D
JOURNAL of MEDICINE

ESTABLISHED IN 1812 NOVEMBER 5, 2009 VOL. 361 NO. 19

On-Pump versus Off-Pump Coronary-Artery Bypass Surgery

A. Laurie Shroyer, Ph.D., Frederick L. Grover, M.D., Brack Hattler, M.D., Joseph F. Collins, Sc.D.,
Gerald O. McDonald, M.D., Elizabeth Kozora, Ph.D., John C. Lucke, M.D., Janet H. Baltz, R.N.,
and Dimitri Novitzky, M.D., Ph.D., for the Veterans Affairs Randomized On/Off Bypass (ROOBY) Study Group

ROOBY STUDY Off-Pump  On-Pump

Long-term
1-Yr compositef 105 (9.9) 78 (7.4) 2.5 (0.1to 4.9) 1.33 (1.01 to 1.76)

1-Yr composite with death from cardiac causes 93 (8.8) 62 (5.9) 2.9 (0.6 to 5.1) 1.48 (1.09 to 2.02)
rather than from any cause

1-Yr composite with all end points from time 155 (14.6) 104 (9.9) 47 (1.9t07.5) 1.47 (1.17 to 1.86)
of CABG

Nonfatal myocardial infarction between 30 days 21 (2.0) 23 (2.2) -0.2(-14t01.0)  0.90 (0.50 to 1.62)
and 1 yr after surgery

Revascularization between 30 days and 1 yr 49 (4.6) 36 (3.4) 1.2 (-0.5t02.9)  1.35 (0.88 to 2.05)
after surgery

Death from any cause within 1 yr 43 (4.1) 30 (2.9) 12 (-0.4t02.8) 1.41 (0.90 to 2.24)
Death from cardiac causes within 1 yr 29 (2.7) 14 (1.3) 1.4 (0.2 to 2.6) 2.05 (1.09 to 3.86)

PRIMARY 1 YEAR COMPOSITE END-POINT:
Death (any cause) + Non-fatal Ml + Repeat revascularization




All VA Hospitals

FIGURE R-18 % OFF BYPASS

CABG-Only Cases: October 1, 2008 through

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

%% Off Bypass * — Summary Frequency *where CPB time =0

These documents or records or information contained herein, which resulted from the Continuous Improvement in Cardiac Surgery Program and Expansion Project are confidential and privileged under the provisions of U.S.C. 5705 and its
implementing regulations. This material will not be disclosed to anyone without authorization as provided for by that law or its regulations. The statute provides for fines up to $20,000 for unauthorized disclosures.




Comments about ROOBY
NEJM 2009

* <1 off-pump operation/hospital/month

— 1104 Patients on the Off Pump Group
— Study from Feb 2002-May 2008= 75 months
— 14 Off Pump cases per month/ 18 sites

* No Off-Pump expertise on the surgeons
— Median 50 off Pump cases (minimum 20)
— 12% conversion to On-Pump
— Many cases done by residents



NUMBER OF GRAFTS

Progression of off-poump CABG program

Number of

Grafts 1-100 101 — 230 230-500
One 21% 15% 4%
Two 55% 45% 35%
Three or 23% 39% 61%
more

Average 2.0 2.4 2.7

Grafts/Patient

Nashville VA Medical Center




NUMBER OF GRAFTS

Progression of off-poump CABG program

Number of

Grafts 1-100 101 — 230 230-500
One 21% 15% 4%
Two 55% 45% 35%
Three or 23% 39% 61%
more

Average 2.0 2.4 2.7
Grafts/Patient

* 65 grafts on the lateral wall (OM o Ramus) in the last 78 cases

Nashville VA Medical Center



Maturation Process

* Individual program maturation — overcoming the
learning curve- acquiring expert level

 Maturation of the Off-pump techniques-
technology. The second decade

— Stabilizer

— Position devices
— Shunts

— Misted blower
— Flow evaluation

Dr. Subramanian comments



CONTROVERSIES IN CARDIOTHORACIC SURGERY

Are randomized trials the best way to judge the efficacy of surgical
procedures?

Timothy J. Gardner, MD

Only if there is the surgeons and surgical teams are well equipped to perform the operation
under study. The rest of the team, ICI, Step down , follow up is also comparable on both groups

JTCVS 2010

Randomized clinical trials for new surgical operations: Square peg in
a round hole?

Joel D. Cooper, MD

A major limitation of RCTs in surgery is the difficulty, if
not impossibility, of standardizing the procedure being eval- e Poor quahty surgery or care

uated. There is surgeon to surgeon variation in terms of both £ail deli h
surgical approach and technical ability and experience. The represents allure to deliver the

preoperative and postoperative care may vary from center to intended treatment
center. Poor-quality surgery or care represents failure to de-
liver the intended treatment, and the trial may then measure

the deliverability and not the efficacy of the treatment. Evo- e The trial may then measure the

lution in technical modification, risk, and selection criteria is . .. .

likely to occur in a course of a prolonged clinical trial. Sur- deliverability and not the efficacy

gical procedures typically progress via such modifications of the treatment

that individually are unlikely to produce detectable benefits JTCVS 2010

but that collectivelyv mav do so.



Number of Grafts vs. complete
revascularizacion

Complete revascularization is the surgical
mantra (pure thought-strong believe)

More grafts in all On Pump cases compared to
Off-Pump CABG

— |Is the revascularization in the On-Pump better or more
complete by doing more grafts

Use some numbers
Does this difference matters?



Complete Revascularization in the
BARI tr| al Criteria: vessel diameter 1.5 mm-

lesion-loss of 50% of the lumen

Traditional Complete ( 1 graft per system)
FunCtiOna”y Complete (1 graft per diseased segment)
A ratio according to Grafts/segments diseases

— More
— Equal
— Less

2 or more grafts per system

Conclusions
e About the same outcomes
* Worse results if 2 grafts in the Non-LAD system

Vander Salm TJ et al. JACC 2002



Survival according to | COR score

Fig 2. Life-table survival curves by number of
gmafis (1 40 3 or 4 to 7) and surgery type. (Open
drcles = index of completeness of revasculariza-
tion [ICOR] group = (.25 <= ICOR < 0.75;
solid circles = ICOR group = 0.75 <= ICOR

= 1; tniangles = ICOR group = 1 < ICOR

= 1.5; diamonds = ICOR group = > 1.5)
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Acute Graft Patency by Fitzgibbon Score
622 Grafts

A B A+B O n

OPCAB 9638 22 990 1.0 315
CPB 954 20 974 2.6 307




1 Year Graft Patency by Fitzgibbon Score
511 Grafts

A B A+B O n

OPCAB 90.0 3.6 93.6 64 251
CPB 943 15 958 4.2 260




A Randomized Comparison of Off-Pump and On-
Pump Multivessel Coronary Artery Bypass Surgery

Khan NE, et al. NEJM 2004;350:21-8

* 50 ONCAB, 54 OPCAB

* No deaths

 Similar # grafts/pt (3.4 vs 3.1)

e Post-op LOS similar (7days)

* Troponin levels higher in ONCAB (p=.02)

* 3 month graft patency lower in OPCAB
(98% vs 88%, p=.002)



re



Special Report

Should Off-Pump Coronary Artery
Bypass Grafting Be Abandoned?

Harold L. Lazar, MD

Circulation 2013



Special Report

Should Off-Pump Coronary Artery
Bypass Grafting Be Abandoned?

Harold L. Lazar, MD

Circulation 2013

Review Article

We should ban the OPCAB approach in CABG, just as we should
ban jetliners and bicycles, or maybe not!

Paul Sergeant

Department of Cardiac Surgery, Gasthuisberg University Hospital, KU Leuven, Leuven, Belgium
Correspondence to- Paul Sergeant. Reigersweide 16, 3390 Sint Joris Winge, Belgium. Email: Paulsergeant133@gmail.com.

J Thorac Disease 2016




Iintroduction

The hype cycle is a conceptual framework used to describe
the adoption of emerging technologies. It can be used to
llustrate the stages of adoption of off-pump coronary artery
bypass graft (OPCAB) (Figure I) (1). An initial introduction
or Technology Trigger was followed by enthusiasm

among early adopters and reports of single center
experiences that compared favorably with on-pump surgical
revascularization. Then a Peak of Inflated Expectations
occurred in which OPCAB became widely adopted with
continued positive results reported in retrospective and
registry series. Subsequently, a Trough of Disillusionment
describes the waning of interest as large-scale prospective

trials failed to demonstrate mortality benefit and even

reports of some inferior long term outcomes. Finally,
there was a Slope of Enlightenment with maturing of this

technology including the development of adjunctive tools
to facilitate off-pump coronary anastomoses. Finally, we
are approaching a Plateau of Productivity where we have a
more refined understanding of how OPCAB procedures fit
into our surgical, interventional and hybrid revascularization

armamentarium.




Notes

Complete revascularization. VanderSalm. Use it in
discussing number or grafts CABG vs OP CAB. Compare to
concept in syntax trials

Incorporate the FFR guided CABG in the discussion
Discussion about the merits of more grafts

Bigger elaboration with the Hype —cycle
Experience at the VA

Reason | start OP CABG

Value of hybrid revascularization.

Syntax vs EUROSCORE

Syntax as a global score-discussion

Data without insight



Quality of Cardiovascular perfusion in each
Institution

— Better perfusion-less benefits in Off-Pump

— Worse perfusion-more obvious are the benefits in the Off-
pump group.

Are you incline to do 2 or 3 grafts per case
or 4,5 and 6.

Completeness of revascularization
VanderSalm



The Failed Promise of OPCAB

There i1s no heavier burden than
a great potential.

Linus
—Charles Schultz




Where OP CAB fits in this era?

* |[dentifying the patients who
benefit the most by OP CAB

Risk/benefit Ratio



Surgical Mortality
Higher Risk, higher benefit of Off-Pump

STS database n=14,766

STS 2009: Puskas y col.

*Retrospective. STS database '

*14,766 consecutive CABG patients at Emory - opananere
e 17 surgeons.

eAnalyzed in 4 quartiles stratified by risk, as
defined by the STS PROM equation

Q
'
©
[
g
OPCAB ©
PROM OPCAB CAB : £
Odds Ratio -value
Range Deaths (%) Deaths (%) (95% Cl) P S
T
Q
2
5/1824 6/1883 0.86 9
0%-0.75% (0.3) (0.3) (0.26, 2.82) 0.80 8
15/1755 17/1921 0.97
0.75%-1.3% (0.9) (0:9) (0.48,1.94) 0.92
19/1665 37/2025 0.62
1.3%-2.5% (1.1) (1.8) (0.36,1.08) 0.09
0.0%2.5%  5.0% 10.0% 15.0% 20.0%
58/1839 124/1854 0.45 _ _ _
>2.5% C(3.2) (6.7) (0.33,0.63) <0.0001 STS Predicted Risk of Mortality

Puskas et al. Ann Thorac Surg 2009



Mortality in High-risk groups

favors

OP CAB - CCAB

Death: OPCAB vs CCAB for High Risk G
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Figure 3. a-i Meta-Analysis of Clinical Outcomes for OPCAB versus CCAB in High-Risk Patients (30-day death, stroke, myocardial

infarction, atrial fibrillation, transfusions, renal dysfunction, inotropes, IABP, and reoperation for bleeding) [Level B/A].

(Continues)

Meta-analysis
30.000 Patients
40 RCT

44 No RCT

Puskas y col. Innov CT Surg 2005



Meta analysis
30.000 Pacientes
40 RCT

44 No RCT

Morbidity

Comparison of Pooded Outeomes for Mized Risk and High-Risk Patients
Death

Stroke Mixed Risk [Level A
Mixed Risk B

tisk [Level BYA)

Mixed Risk [Level A
Mixed Risk [Level B|
High Kisk |Level I8'A)

Rennl Failure Mixid Risk [Level A

Tramslusion
Atrtal Fibrilkation
Inotropes

Reop Bleeding

OPCAR

Mixed-Risk Patients [Level A| = Cheng 2004 (37 randomta: ls; 3369 paients
Mixed-Risk Patients |Level B] < Be 13 pon-rnndomized trials; | M patients) or
Reeston 2003 (53 trinks; 46,62 pabents)

High-Risk patients [Level B/A] = [SMICS Consensizs Meta- Analysis 2004 {42 not-randomised

trials and 3 pndomized trinle; 76 49 putiente)

Figure 5. Comparison of Pooled Outcomes for Mixed-Risk
and High-Risk Patients [Level A and Level B].

Mortality

Morbidity

Puskas y col. Innov CT Surg 2005



The Off-Pump CABG paradox

Better for the high-risk patients

Let’s perform OP CAB only in the high-risk groups

If OP CAB is only performed in high risk-patient, surgeons
and teams will not acquire and maintain the appropriate

level of expertise

Then, these high-risk patients will be subjected to
operations in the hands of a not well trained teams

Expect worse results than in the ROOBY trial



Cardiac Surgeons and OP CAB

e Surgeons who have never done OP CAB

e Surgeons who have done OP CAB but they
don’t do it any more
* Performed some

* Did not have good results/comfort zone OP CAB and

abandon it
e Peer or institutional pressure S Bepened OF €4E
* Response to some data routinely and then

abandon it

e Surgeons who consistently perform OP CAB in
their practice



OP CAB benefits
Institutional perspective

— High-risk cases who would benefit from OP CAB
— Re-operative OP CABG (regional revascularization-

Tailored approach)

— Application to a non-OP CAB practice

— Position device (instead holding the Heart-Pulmonary Vein
isolation (Surgery for Atrila Fibrillation)

— Position/stabilization if bleeding behind the heart post CABG

— Minimally Invasive Approaches
* MID CAB or MICS

 Robotic Assisted MID CAB
e TE CAB

Isolated or in the Context of
Hybrid Revascularization
LIMA-LAD

Stenting to Non-LAD vessels



Conclusions

OP CAB will continue a refinement and
maturation process

Should be strongly considered in high risk
patients due its proven benefits (mortality and
morbidity)

Excellent technique to complement innovative
approaches

Should be performed by experienced/expert
teams






The Failed Promise of OPCAB

The Failed Promise of Mitral Valve Repair

Mitral-Valve Repair versus Replacement e i 073 550 1 042147

P=0.45

for Severe Ischemic Mitral Regurgitation §/ — _- . S

lichael A. Ac I\(—‘ 1.D., Michael K. Parides, Ph.D., Louis P. Perrault, M.D.,
witz, M. D A netine C. Gelijns, Ph.D., Pierre \"’<:>i~;i"|e, M .
\ ,D,,Ju(,,, W. Hur A.D., Eugene H. Blackstone, M.D.,

s, M.D., Michael Arge an D Jn 1es S. Gammie, f
‘le., [)(%’L’)rift-'.j”‘l D. Ascheim - Emilia a, Ph.D., :‘,,‘3;;?}?" 126
. }\ff‘lt}l LA MV replacemen t 125
Nancy L. (wl er, P}| D laris iA. \Y r, D.V.M., Y. Josepl vi.D., .
David A. D’Alessandro, N 1.D., Gorav Ailawadi, V D Francois Dagena
Timothy J. Gardner, M.D., Patrick T. O’Gara, M.D., Robert E. Michler, M
and Irving L. Kron, M.D., for the CTSN*

Hazard ratio, 0.91 (95% Cl, 0.58-1.42)

40 P=0.63

3.4 = WWmphoment

20

Compostte Cardiac End Paint (%) &

MITRAL VALVE REPAIR GROUP
Higher rate of moderate/severe MR vosma

MV replacement t 125
L]
I I I g h e r LV E SV I Figure 1. Rates of Death and the Composite Cardiac End Point.
The composite end point of the rate of major adverse cardiac or cerebro-
LA v’ T “ vascular events included death, stroke, subsequent mitral-valve (MV) sur-
a—
A Ui,

gery, hospitalization for heart failure, and an increase in the New York
NEJM 2014 Heart Association class of 1 or more. Crosses indicate that patients’ data
were censored at that point.




Concerns about the
qguality of the revascularization

* Quality of anastomosis

e Exposure and visualization
* Motion

* Early graft thrombosis

* Lower dose of heparin
e Lack of coagulopathy

* Incomplete revascularization

* Vessels in the lateral wall of the LV
e Patients who become unstable when heart positioned



Number of Mitral Valve Repair- CABG
3,464 in 2016 (STS database)

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Major Procedures
Isolated CABG 164340) 168027) 167329 160813 149652) 146 A4T6| 147 031| 148214 1040580| 196,931
Isolated Aortc Valve Re 18730]  21376)  4501) 20620 2% 28768 69| 29840 3002] 28097

Isolated Miral Valve Replacement 49| 484 533  5d%| o678 6295 6642 6989  7184] 759
Aortc Valve Replacement + CABG 19679) 1753 18823) 18344 18214 18372 18962 18384| 1793 171%

Mitral Valve Replacement + CABG 200 2016|  2%89) 246 2312 2383 2434 2041 272 2886

Aortic + Miral Valve Replacements 1280 A7) 1908 1468 1609,  1861)  1777) 1910 1844 194

Mitral Valve Repair o4 6 6817) 7300, 783 83M4| 882 887 83| 86
H Mitral Valve Repar + CABG ‘ 4,854‘ m’ 4,898‘ 4,759‘ 4,596‘ 4,708‘ 4,797‘ 4,293‘ 3,957‘

44% absolute decrease in the number of
Mitral Valve Repair-CABG in the last decade



Hybrid Coronary
Revascularization

Best treatment option for
multivessel CAD

Jorge M. Balaguer, MD

Associate Professor of Thoracic and Cardiovascular Surgery
Rush University
Chief, Cardiac Surgery
Rush Copley Medical Center

CONSULTANT: JOHNSON & JOHNSON



Is this your practice?

LIMA

RIMA

Radial Artery

Off Pump

No touch technique for Aorta

Intraoperative flow evaluation
Epi-aortic ultrasound



CABG in the United States

LIMA

RIMA < 5%
Radial Artery 4%
Off Pump 15%

No touch technique of the Aorta (very few)
Intraoperative flow evaluation (very few)

Epi-aortic ultrasound (very few)



This means

* The vast majority of the CABG in
the US are:

—LIMA + 2 veins

—On pump

—Blind OR

—No flow evaluations
—No epi-aortic ultrasound



Hypothesis

* The vast majority of the CABG in
the US are:

Hypothesis is that: a Hybrid CABG-PCI
—LIMA + 2 veins I?evascularlzatlon, including LIMA-LAD
is better that the most
—On pump common surgical revascularization
—Blind OR practice in the United States

—No flow evaluations
—No epi-aortic ultrasound



Rationale (conduits and stents)

* LIMA to LAD : superior graft to most important coronary
system

e Survival

e Event free survival

* Trophic benefit over the LAD system
* Living pedicle

e SVG = DES for non-LAD vessels

e DES: Syntax score and complexity of the lesions

* Vein grafts attrition rate is variable depending of the
qguality of the vein and multiple other factors

Keeping complete revascularization as the Goal



Hybrid Strategy in Complex Cases

e
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Hybrid Strategy in Complex Cases

Indication: Lack of adequate conduit. Favorable lesion for PCI
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Advantages of Hybrid
Revascularization

LIMA-LAD minimally Invasive

* MIDCAB or MICS
* Robotically Assisted MIDCAB
 TE-CAB

Off Pump

Do not require instrumentation of the Aorta
Complete revascularization is the goal
Imaging (confirm the quality of the graft)



Advantages of Hybrid
Revascularization

LIMA-LAD minimally Invasive

* MIDCAB or MICS
* Robotically Assisted MIDCAB
 TE-CAB

Off Pump

Do not require instrumentation of the Aorta
Complete revascularization is the goal
Imaging (confirm the quality of the graft)



Imaging is a critical component of the
Hybrid Revascularization
Strategy



Hybrid Cardiovascular Operating Room

At Vanderbilt University



LIMA to LAD graft

Surgical hemoclip across the graft

Revised

R\

’ .-
L .

Before revision After revision



LIMA to LAD

Loss of the lumen on the distal part of the LIMA
immediately before the anastomosis

Before revision After revision



Vein Graft to PDA (RCA)

Loss of lumen at the toe of distal anastomosis

Before revision After revision



Vein Grafts to LAD and OM1
Kinking of both grafts

Before revision After revision



Vein graft to PDA
Chest tube compressing the graft

-

Before revision After revision



Before revision After revision




Angiographic bypass defect associated with
new onset mitral regurgitation

=
}k / .
SVG—-0OM SVG—->0OM

with vein valve after revision with stent
and poor runoff

. ;'ft:)
S 7 A :ao:‘“//*,
MR
Pre-PCI Post-PCI

Greelish et al. JTCVS 2006



Angiographic graft findings (defects)
97 of 796 grafts (12%)

i X3 Location of Angiographic Graft Finding Versus Type of Graft Intervention*

Location of Angiographic Findings in Grafts

Conduit Distal Anastomosis Target Vessel
Type of Graft Intervention (n = 54 of 796, 6.8% of All Grafts) (n = 30 of 796, 3.7% of All Grafts) (n = 13 of 796, 1.6% of All Grafts)

Traditional open surgical revision, n = 27 of 796, 12 grafts 12 grafts: 3 grafts:
3.4% of all grafts Clip damaging LIMA (n = 3) LIMA-LAD (n = 11) Correct vessel, wrong location
Suture damaging LIMA (n = 1) SVG(n =1) (n=1)
. . (1) Graft kink not correctable with minor Wrong vessel (n = 2)
Surgical: 3.4% adlustmont (- &
SVG valve impeding flow (n = 2)
Open-chest PCl, n = 48 of 796, 6% of all grafts 23 grafts: 15 grafts: 10 grafts:
(n = 43 unplanned hybrid procedure patientst) SVG valve impeding flow SVG (n = 11) Correct vessel, wrong location
(n=29) LIMA-LAD (n = 4) (n=17)
LIMA dissection (n = 6) Wrong vessel (n = 1)
PCI: 6% Graft kKink (n = 7) Poor runoff, diffuse disease (n = 1)
SVG~-coronary size mismatch (n = 1) Dissection in the native coronary
(n=1)
Minor adjustment of graft not requiring traditional 19 grafts: 3 grafts: N/A
surgical revision or open-chest PCl, n = 22 of Adjustment of conduit lie (n = 7) Unroofing of fascia over the
796, 2.8% of all grafts Clip removal (n = 1) anastomosis (n = 3)
Stitch removal (n = 1)
Chest tube removal (n = 2)
Intravenous nitroglycerin for LIMA

A

Conduit Distal Anastomosis Target Vessel

6.8% 3.7% 1.6%

Minor adjustment: 2.8%

Zhao et al. JACC 2009




1-Stop Hybrid Revascularization

CLINICAL RESEARCH interventional Cardiology

Routine Intraoperative Completion
Angiography After Coronary Artery Bypass
Grafting and 1-Stop Hybrid Revascularization
Results From a Fully Integrated Hybrid

Catheterization Laboratory/Operating Room

David X. Zhao, MD, FACC, Marzia Leacche, MD, Jorge M. Balaguer, MD,

Konstantinos D. Boudoulas, MD, Julie A. Damp, MD, James P. Greelish, MD,

John G. Byrne, MD, FACC, the Writing Group on behalf of the Cardiac Surgery, Cardiac
Anesthesiology, and Interventional Cardiology Groups at the Vanderbilt Heart and Vascular Institute

Nashville, Tennessee

JACC 2009



Details of the Hybrid Procedures

Hybrid Revascularization procedures (n=112)

Median # Grafts
LIMA Utilization
Off Pump %

DES

BMS

DES + BMS
Mean # stents
Contrast

Planned Hybrid
Unplanned Hybrid

2
93%
20%

84%

8%

7%

1.8+/-1.1
200 cc (20-500)

67 Pts (60%)
45 Pts (40%)



Antiplatelet Therapy in Hybrid
Revascularization Procedures

Planned Hybrid Unplanned Hybrid

* ASA 325 mg * ASA 325 mg
 Clopidogrel 300 mg

Immediately before surgery
 Clopidogrel 300 mg

Via NGT when decision
* ASA 325 mg for life for PCl was made
* Clopidogrel 75 mg for 1 year

* ASA 325 mg for life
* Clopidogrel 75 mg for 1 year



Variables

30-day Results
No “Achilles Heels” for Hybrid Approach

Post-Operative Characteristics

Entire Group (n = 366)

Standard (n = 254)

Hybrid (n = 112)

Median chest tube drainage (ml)
Reoperation for bleeding

Median PRBC transfusions (units/patient) at 48 h
Median creatinine at 24 h (mg/dl)
Median creatinine at 48 h (mg/dl)
Median creatinine at 72 h (mg/dl)
Median CPK at 48 h (U/1)

Median CK-MB at 48 h (ng/ml)

Median CK-MB ratio at 48 h (%)

Median troponin | at 48 h (ng/ml)

New acute renal fallure

25% increase In creatinine at 72 h

New stroke

New renal fallure requiring hemodialysis
New atrial fibrillation

New Intra-aortic balloon pump

1,420 (110-12,700)

10 (3%)
1(0-20)

0.9 (0.3-12.1)
1(0.3-12.3)
1(0.3-13.2)

906 (189-7,788)

16 (2-164)
1.6 (0.5-8.4)
0.4 (0.01-4.6)

13 (4%)

126 (34%)

5 (1.4%)

3 (1%)
83 (23%)
13 (4%)

1,382 (170-7,240)

7 (3%)
1(0-20)

0.9 (0.3-12.1)
1(0.4-12.3)
1(0.3-13.2)

452 (189-7,788)

10 (2-140)
1.4 (0.5-8.4)
0.3 (0.03-1.8)
10 (3.9%)
89 (35%)

3 (1.1%)

3 (1%)
61 (24%)

7 (3%)

1,550 (110-12,700)
3(3%)
1(0-10)

0.9 (0.4-5)
1(0.3-5.9)
1(0.4-4)

1,492 (736-6,430)

28 (11-164)
1.9(0.6-2.7)
1.2(0.01-4.6)

3 (2.6%)
37 (33%)
2 (1.7%)
0 (0%)
22 (19%)
6 (5%)

Intrastent thrombosis

1 (0.3%)

N/A

1 (1%)

New low cardiac output syndrome
Deep sternal wound Infection
Median length of stay (days)
Operative mortality

10 (3%)
5 (1%)
5(1-97)
7 (2%)

5 (1.9%)
3 (1%)

5(1-33)
4(1.5%)

5 (4.5%)
2 (1.8%)
6 (1-97)
3 (2.6%)




Conclusions

* One-stop hybrid revascularization was
— Reasonable
— Safe
— Feasible

 Hybrid OR Enhances options for the
treatment of patients with complex CAD



Hybrid Group. Long-Term Outcomes
Mean follow-up: 3 years (95% complete)

Freedom from MACCE * Hybrid Survival 94%

94%

88%

* Repeat
Revascularization 6.5%

For Stent restenosis 5.5%
For SVG failure 1%

20 40
Months after surgery

* No re-intervention needed
for LIMA-LAD grafts

Leacche et al.



Hybrid Group. Long-Term Outcomes
Mean follow-up: 3 years (95% complete)

Freedom from MACCE o Hybr|d Survival 94%
a8tk * Syntax CABG: 93% PCl: 91%

94%

* Repeat
Revascularization 6.5%

For Stent restenosis 5.5%
For SVG failure 1%

Syntax CABG: 12.2% PCl: 22.5%

20 40
Months after surgery

* No re-intervention needed
for LIMA-LAD grafts

Leacche et al.



Hybrid Group. Long-Term Outcomes
Mean follow-up: 3 years (95% complete)

Freedom from MACCE MACCE to 5 Years SYNTAX )
94%
88%
K CABG (N=897) E TAXUS (N=903)
Before 1 year” 1-2 years” 2-3 years” 3-4 years” 4-5 years”®
12.4% vs 17.8%| | 5.7% vs 8.3% || 4.8% vs 6.7% || 4.2% vs 7.9% || 5.0% vs 6.3%
50 - P=0.002 P=0.03 P=0.10 P=0.002 P=0.27

P<0.001 37.3%
:

Cumulative Event Rate (%)

20 40
Months after surgery

0 12 24 36 48 60
Months Since Allocation

Freedom from MACCE at 3 years

Hybrid: 88%

Leacche et al.




Hybrid Group. Long-Term Outcomes
Mean follow-up: 3 years (95% complete)

Freedom from MACCE MACCE to 5 Years SYNTA)()
88%
K CABG (N=897) E TAXUS (N=903)
Before 1 year” 1-2 years” 2-3 years” 3-4 years” 4-5 years”®
12.4% vs 17.8%| | 5.7% vs 8.3% || 4.8% vs 6.7% || 4.2% vs 7.9% || 5.0% vs 6.3%
50 - P=0.002 P=0.03 P=0.10 P=0.002 P=0.27

P<0.001 37.3%
:

A _

Cumulative Event Rate (%)

25 - f 26.9%)
~22%
—_— 12% .
N Hybrid
20 40 0% T T T T T
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Freedom from MACCE at 3 years

Hybrid: 88%

Leacche et al.




Hybrid Group. Long-Term Outcomes
Mean follow-up: 3 years (95% complete)

Freedom from MACCE

20 40
Months after surgery

Freedom from MACCE at 3 years

Hybrid: 88%

Leacche et al.

MACCE to 5 Years

Cumulative Event Rate (%)

50 -

25 A

SYNTA>(>

K CABG (N=897) E TAXUS (N=903)

Before 1 year” 1-2 years” 2-3 years” 3-4 years” 4-5 years”
12.4% vs 17.8%| | 5.7% vs 8.3% || 4.8% vs 6.7% || 4.2% vs 7.9% || 5.0% vs 6.3%
P=0.002 P=0.03 P=0.10 P=0.002 P=0.27

P<0.001

37.3%
27% /

N\ 22%
—\ 12%
N

Hybrid

0 12 24 36 48 60

Months Since Allocation



Hybrid Coronary Revascularization
Minimally Invasive LIMA to LAD + PCI

Added value propositio



Advantages

* Faster recovery (minimally Invasive-off pump)
* Never events

— Stroke

— Mediastinitis

If 1-stop Hybrid revascularization approach is used

e Complete revascularization by the end of the
procedure

* Imaging to confirm the quality of the LIMA-LAD
graft



Integrating Coronary Anastomotic Connectors and
Robotics Toward a Totally Endoscopic Beating
Heart Approach: Review of 120 Cases

Husam H. Balkhy, MD, L. Samuel Wann, MD, Dorothy Krienbring, RN, and
Susan E. Arnsdorf, RN

Center for Robotic and Minimally Invasive Cardiac Surgery, The Wisconsin Heart Hospital, Milwaukee, Wisconsin

Table 3. Perioperative Complications in 120 Totally
Endoscopic Coronary Artery Bypass Patients

Complication Frequency Percentage

30-day mortality 1 0.8% Mea N PO HOSpItaI Stay
Perioperative myocardial infarction 1 0.8%

Perioperative cerebrovascular accident 1 0.8%

Return for bleeding 2 1.6 % 3 3 d a S
Wound infection 0 0.0% e y
Phrenic nerve palsy 1 0.8%

Prolonged hospitalization 2 1.6%

Brachial artery embolism 1 0.8%

Pericardial effusion 1 0.8%

Pleural effusion requiring intervention 2 1.6%

block and ligate the left atrial appendage using an
endoloop technique under transesophageal echo
guid NCe

Mean length of hospital stay was 3.3 = 2.4 days™Jhere




Off-Pump CABG trends
along the Hype Cycle

2002

Peak of Inflated

Innovation Trigger



Trends in CABG in the US

Executive Summary

' Dules Cinkcal Research Institute

Participant 30258
STS Period Ending 12/31/2016

2007  2008]  2009] 2010 2011 2012  2013] = 2014  2015]  2016]
Yearly Number of Sites in Analysis 1,053
Yearly Overall Procedure Count \ 283,051

Major Procedures
Isolated CABG y 147,891

2016
156,931 CABG in the US (STS database)

Highest number since 2010



Off-Pump CABG trends
along the Hype Cycle

2002

Peak of Inflated

Articles supporting OP CAB

Selke. Meta-Analysis. Circulation 2005

Cheng. Meta-Analysis. Anesthesiology 2005

Puskas. Meta-Analysis. ISMICS 2004

Matsura. Angiographic Ann Thorac Surg 2004

Mack. HCA database. Circulation 2004

Puskas. RCT. JAMA 2004

Van Dijk. Retrospective. Heart 2004

Reston. Meta-Analysis. Ann Thorac Surg 2003

Van Dijk, RCT. JAMA 2002

Plomondon. Database. Ann Thorac Surg 2001

Omeroglu. Angiographic. Ann Thorac Surg 2000 Innovation
Puskas. Single Center. Ann Thorac Surg 2001 Trigger

1.
2.
3.
4.
5.
6.
7.
8.
9.

1997

Upward trend to reach the peak of inflated expectations



Off-Pump CABG trends
along the Hype Cycle

2002

Peak of Inflated
Expectations

Articles showing benefits were less clear
Articles showing outcomes were worse

Natasha Khan. NEJM 2004 RCT
Hannan. Circulation 2007 Database
ROOBY. NEJM 2009 RCT

CORONARY NEJM 2012 TCT

Cochrane Review. Meta analysis. 2012
GOPCABE. NEJM 2013 RCT

0
c
0
=
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—
O
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X
w

Trough of
Dislllusionment

Time

Downward trend towards the next landmark: Trough of disillusionment



Selke
Chen
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Puskas
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Meta-analisis: Cheng y col.
( 37 randomized studies / 3.369 patients)

B REVIEW ARTICLES

dtier. M., Ph.

Ioc. Lippincot Willams & Wikins. Inc.
Does Off-prmp Covonary Artery Bypass Reduce Mortali,
Morbidity, and Resource Ulilization When Compared wil
Conventional Coronary Artery Bypass?
Randomized Trials

pump ary y
analysis demonstrates that 1

nd ren

nttibutes
resource utilization. In a re-
port from the Agency
ps tl 3
stat ars).! In the United
tlar disorders result in more than

al burden
and
nic and

ing mottalit

B have been lrgely

Off pump better:

Atrial fibrillation
Respiratory infections

Use of inotropic

Blood transfusions

Time on ventilator (3 hours)
ICU stay (0.3 days)

Hospital stay (1 day)

RRR entre el 35% y 60%

Anesthesiology 2005
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Meta-analysis: Reston et al
(53 studies / 46.621 patients)

Meta-Analysis of Short-Term and Mid-Term
Outcomes Following Off-Pump Coronary Artery

Bypass Grafting

James T. Reston, PhD, MPH, Stephen ]. Tregear, PhD, and Charles M. Turkelson, PhD

Department of Health Tech

Background. Uncertainty continues to surround the
of conventional coronary

Methods, We comprehensivel
and nonrandomized controlled studies accordir
determined criteria. We performed meta-ana
each outcome and empirically determined whether po-
tential biases that might result from differences in
design or patient characteristi
results. We also conducted sensitivi
for publication bias.

Results. Rates of peri myocardial infarction,
stroke, reoperation for bleeding, renal failure, and mor-

ump coronary artery bypass grafting

is increasingly being used as an alternative to

conventional CABG with cardiopulmonary bypa
spite this practice and the fact that a fey randomized
controlled trials (RCTs) have compared these proce-
dures, uncertainty remains concerning their relative ben-
efits and harms [1-3]. Possible reasons for thi -
tainty are that existing RCTs have not comprehensively
sdied all relovant patient outcomes, have enrolled a
limited range of patients, and some may have been too
small to detect clinically important differe . The po-
tential for publication bias (nonpublication of studies that
find no statistically significant difference between
OPCABG and CABG), and the fact that most of the
published data are from retrospective studies, further
compound the difficulties in comparing these two

We used aseries of meta-analy ‘two main

. First, meta-analysis p onal statistical
power b

studies may have been too small to find statistically

Accepted for publication June 30, 2003.

ress reprint requests to Dr Turkelson, 5200 Butler Pike, Plymouth
Meeun( PA 1946212

ment, ECRI, Plymouth Meeting, Pennsylvania

tality were lower after OPCABG than after CABG. Re-

i ital stay, atrial fibrillation, and

ciated with OPCABC, but

among study results

for these outcomes could not be explained by available

information. Midterm (3 to 25 months) angina recurrence

a trend was

noticed toward lower reintervention rates with CABG,

and a trend toward lower overall mortality with OP-

CABG, at le.

These midterm outcome results require

appears
morbidity, and operative mortality relative to on-pump
CABG. More studies are required before firm conclu-
sions can be drawn concerning the effect of GPCABG o1
midterm mortality, angina recurrence, and repeat inter-
vention.

significant diffes some outcomes, particularly
those that are relatively uncommon (eg, stroke). We also
to determine empirically whether
differences in study design or quality may have resulted
rigorous design. If we found
design, we based our
results only on the studies of “superior” design (e,
randomized or prospective trials). If no evidence of bias
was found, we included all studies in the meta-analysi:
Although investi
dures under the term OPCABG, in this report wi
PCABG to include only those off-pump pro-
performed through a full median sternotomy.
We did not evaluate minimally invasive direct off-pump
coronary artery bypass grafting performed through a
thoracotomy or alternative small incisions (commonly
referred to as MIDCABG).

Material and Methods

Study Selection

We included studies in our analy i met
certain a priori inclusion criteria. Th

trolled studies that compared OPCABG and CABG;

Off pump better

* Lower mortality

* Lower rate of
— Stroke
— Post op MI
— A. Fib.
— Reop. Bleeding
— Renal failure

RRR entre el 35% y 50%
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Use of Bilateral Internal Thoracic Arteries in CABG
Through Lateral Thoracotomy With Robotic

Assistance in 150 Patients
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Background. Internal thoracic arteries (ITA) have been
shown to offer longer graft patency. Off-pump coronary
artery bypass graft surgery (CABG) through small lateral
thoracotomy has been reported. The present study deals
with feasibility of using bilateral ITAs (BITA) in CABG
through small lateral thoracotomy facilitated by the da
Vinci robotic system.

Methods. Since July 2002, 150 patients underwent
CABG through small lateral thoracotomy using robotic

Results. Planned arterial revascularization was com-
pleted in 148 patients. Mean number of arterial grafts per
patient was 2.6 = 0.8. All coronary arteries could be
reached with BITA as in situ or composite grafts. There
was no mortality, stroke, myocardial infarction, or
wound infection. Seven patients had new onset atrial
ﬁbrlllahon Four patients required exploration of postop-

, ding. Mean postoperative length of stay was
3.6 =29 days.

Mean PO Hospital Stay:

3.6 days




Morbidities Associated With CPB

Myocardial Necrosis
Systemic Inflammatory Response
Neuro-Cog effects / Brain injury

Pump Lung (Adult Respiratory Distress
Syndrome)

Hypertension and distention of the heart
Renal Dysfunction

Embolization

Coagulation Disorders

Increased Blood Loss



Early clinical and angiographic outcomes after robotic-assisted
coronary artery bypass surgery
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TABLE 3. Clinical outcomes of entire cohort

Outcome N =307
30-d mortality 4(13%) Median PO Hospital Stay
Stroke 1(0.3%)
Myocardial infarction 5(1.6%)
Conversion to sternotomy 16 (5.2%) 4 d a yS
Reexploration for bleeding 7(2.3%)
Repeat revascularization 8 (2.6%)
Postoperative atrial fibrillation 47 (15.3%)
Renal failure 6 (2.0%)
No. of patients receiving any blood product 66 (21.5%)
transfusion
Superficial wound infection 6 (2.0%)
Sternal complications/mediastinitis 0
Extubated in OR 123 (40.0%)
Prolonged ventilation (>24 h) 18 (5.9%)
Median ventilation time 2.0 h (range, 0-193)
Median ICU leggth of stay 10d (range, 0-19)
" Median hospital length of stay 4.0 d (range, 2-27)

ICU, Intenst . ;




TE CAB and Hybrid Revascularization

Robotic Totally Endoscopic LIMA-LAD + PCl to non LAD vessels

Table 3. Postoperative Results

Variable Total (n = 226) Hybrid (n = 140) Converted (n = 22) ~ Wait and See (n = 64)  p Value

Revision bleeding

IABP
AFib

Ventilation time (h)

Pneumonia
Stroke
CVVH
Mortality
ICU stay (h)

Hospital stay (days)

Time to walking outside (days)
Time to household work (days)
Time to all activities (days)

8(3.5%)
2(0.9%)
39(17.3%)
9(0-349)
8(3.5%)
2(0.9%)
3(1.3%)
3(1.3%)

22(13-1048)
6 (3-54)
7(1-90)

15(2-180)

42(0-720)

5(3.6%)
0(0.0%)
24(17.1%)
9(0-85)
3(21%)
1(0.7%)
0(0.0%)
0(0.0%)
22 (13-250)
6(3-49)

2(95%)
0(0.0%)
5 (22.7%)
14 (4-288)
2(9.1%)
0(0.0%)
1(45%)
1(4.8%)
42 (16-384)
8 (6-22)

7(1-90)
14 (3-180)
42(0-720)

14 (2-60)
21 (10-120)
75 (21-359)

1(1.5%)
2(3.1%)
10 (15.6%)
9(0-349)
3(4.7%)
1(1.6%)
2(3.1%)
2(3.1%)

21(16-1048)
6 (3-54)
7(1-90)
14(2-168)
42 (7-360)

0.227
0.078
0.748
0.003
0.220
0.749
0.074
0.071
0.064
0.002
0.258
0.082
0.180

Bonatti et al. Ann Thorac Surg 2012




Hybrid Coronary Revascularization
(MIDCAB/PCI) vs. Op CAB for multi-vessel CAD
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30 days Outcomes

e Comparable Mortality, MI, Stroke
 Comparable ICU and Hospital Stay
 Fewer Blood Tx in the Hybrid Group
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At Follow-up .
 Comparable survival

. 0.0
* Higher rate of repeat e @ W oW m oW %

revascularization in the HCR

Halkos et al. Ann Thorac Surg 2011



The difference of having intraoperative
Imaging

307 robotic-
assisted CAB
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IGURE 1. Flow diagram of patients undergoing robotic-assisted CABG categorized by angiography and graft defects. CAB, Coronary artery bypass;
ABG, coronary artery bypass grafting; LZAD, left anterior descending; PCI, percutaneous coronary intervention.

Halkos et al. JTCVS 2014




Conclusion

* Hybrid Revascularization is a safe and effective
approach for the treatment of patients with

multi-vessel CAD

* |tis at least comparable to the most common
treatment CABG on pump LIMA+ veins in the
blind OR

* |f performed in the Hybrid OR simultaneously
including imaging, in selected case the outcomes
could be even superior to most CABG



Minimally Invasive Hybrid Coronary Artery

Revascularization

David M. Holzhey, MD, Stephan Jacobs, MD, Michael Mochalski, MD, Denis Merk, MD,
Thomas Walther, MD, PhD, Friedrich W. Mohr, MD, PhD, and Volkmar Falk, MD, PhD

Department of Cardiac Surgery, Heart Center Leipzig, Leipzig, Germany

89 MIDCABG
30 TECAB

r

P&(iem_s atrisk

62 |

o1 |
) Cohort Study

ol
0
Years

Fig 2. Freedom from major cardiac and cerebral events (death, myo-
cardial infarction, stroke, reintervention on target vessel) and an-
gina, with 95% confidence interval (dashed lines). P et o A




Hybrid Revascularization (MIDCAB/PCI) for Left
Main for high risk CABG
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Off-Pump CABG trends
along the Hype Cycle
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Hybrid Coronary Revascularization
(MIDCAB/PCI) vs. Op CAB for Left Main CAD

30 days Outcomes

Comparable Mortality, Ml, Stroke
Comparable ICU and Hospital Stay
Fewer Blood Tx in the Hybrid Group

At Follow-up

Comparable survival
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Fig 5. Estimated 5-year survival was similar after off-pump coro-
nary artery bypass grafting (OPCAB; 83.4%) versus hybrid coronary
revascularization (HYBRID; 88.6%; p = 0.55).

Halkos et al. Ann Thorac Surg 2011



Clinical Outcomes After Hybrid Coronary Revascularization
Versus Off-Pump Coronary Artery Bypass

A Prospective Evaluation
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Vasilis C. Babaliaros, MD,} Peter C. Block, MD,} Habib Samady, MD.,} Christopher U. Cates, MD,}f
S. Tanveer Rab, MD.,} and Douglas C. Morris, MD}
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TABLE 2. Table of Raw Outcomes at 30 Days
Outcome OPCAB (n = 4175) HYBRID (n = 91) P
Death (%) 74 (1.8) 0 (0.0) 0.20 : l . , : ,
Stroke (%) 47 (1.1) 0 (0.0) 0.31 e S vm:” = a s
MI (%) 20 (05) l (11) 040 pe=HYBRID type=0FF-PUMP CONTROL
MACCE (%) 126 (3.0) 1(1.1) 0.29

TVR (%) 12 (0.3) 0 (0.0) 0.61 _

Innovations * Volume 4, Number 6, November/December 2009




Graft patency with MICS

TABLE 3. Adverse events and outcomes at 6 months follow-up

Occurrence of study adverse events over 6-mo course of

study (N = 89)

Peripheral vascular complication

Pleural effusion

Atrial fibrillation

Renal insufficiency

Vein harvest site infection

Superficial chest wound infection

Deep chest wound infection
Primary outcome at 6 mo

No. of patients/grafts assessed by CTA

Fitzgibbon grade A
Fitzgibbon grade B*
Fitzgibbon grade O
Patent LITA grafts
Patent SVGs

Overall graft patency

0
14 (15%)
15 (17%)
1(1.1%)
1(1.5%)
2(2.2%)
0

72/165
150 (91%)
1(0.6%)
14 (8.5%)
72 (100%)
76 (85%)
151 (92%)

Data are n (%), unless otherwise stated. CTA, Computed tomography angiography;
LITA, left internal thoracic artery; SVG, saphenous vein graft. *In an SVG. {Three
of 4 radial grafts used in the study demonstrated Fitzgibbon grade A patency. One
radial graft was occluded (grade O).

Ruel, McGuinn et al. JTCVS 2014



Prospective-Randomized Control Trials
comparing Off-Pump with On-Pump CABG
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Randomized clinical trials for new surgical operations: Square peg in
a round hole?

Joel D. Cooper, MD

A major limitation of RCTs in surgery is the difficulty, if
not impossibility, of standardizing the procedure being eval-
uated. There is surgeon to surgeon variation in terms of both
surgical approach and technical ability and experience. The
preoperative and postoperative care may vary from center to
center. Poor-quality surgery or care represents failure to de-
liver the intended treatment, and the trial may then measure
the deliverability and not the efficacy of the treatment. Evo-
lution in technical modification, risk, and selection criteria is
likely to occur in a course of a prolonged clinical trial. Sur-
gical procedures typically progress via such modifications
that individually are unlikely to produce detectable benefits
but that collectively may do so.




