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| make my living doing complex coronary surgery and believe
that we must continuously advance the field

| have an inherent bias towards collaboration rather than
competition, including with cardiologists

A A\

Moupt
Sinai
Heart

Mnupt
Sinai
St. Luke’s



Evolution of CABG in 2018:

CABG remains important—SYNTAX 5 yr data
Brief History of CABG
Current State of CABG—STS Database

Ongoing Evolution of CABG with a Focus on Quality Improvement
1. Improving On-Pump CABG:

W

1. Epi-aortic U/S and single X-clamp
2. Multiple arterial conduits
3. Graft assessment and DAPT

2.  Improving Off-Pump CABG

1 Patient and surgeon selection

2. Epi-aortic U/S and Clampless OPCAB

3 Evolution towards all-arterial no-aortic-touch OPCAB
4, Graft assessment and DAPT

5. Robotic and hybrid robotic CABG
6. Optimal Medical Management of CABG Patients

m 7. The Coronary Heart Team m
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STS National Database
CAB Procedures
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STS National Database: Procedure Volume
5,873,463 procedures since 1993

Other Procedures
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Isolated CAB was 75% of overall procedure volume in 1993
and was 55%o of overall procedure volume in 2017

2018 International Coronary Congress



European Heart Journal (2014) 35, 2821-2830 FAS"RA(K CLINICAL RESEARCH
sunopsAN doi:10.1093/eurheartj/ehu213 Coronary artery disease

CARDIOLOGY

Coronary artery bypass grafting vs. percutaneous
coronary intervention for patients with

three-vessel disease: final five-year follow-up
of the SYNTAX trial

Conclusion Five-year results of patients with 3VD treated with CABG or PCl using the first-generation paclitaxel-eluting DES suggest
that CABG should remain the standard of care as it resulted in significantly lower rates of death, M|, and repeat revascu-
larization, while stroke rates were similar. For patients with low SYNTAX scores, PCl is an acceptable revascularization
strategy, although at a price of significantly higher rates of repeat revascularization.
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Figure 2 Presence of angina during follow-up. CABG, coronary
artery bypass grafting PCl, percutaneous coronary intervention.
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Figure | Five-year estimates of adverse events. Kaplan—Meier curves for (A) MACCE, (B) all-cause death/stroke/M|, (C) all-cause death, (D)
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Evolution of CABG in 2018:

CABG remains important—SYNTAX 5 yr data
Brief History of CABG
Current State of CABG—STS Database

Ongoing Evolution of CABG with a Focus on Quality Improvement
1. Improving On-Pump CABG:

A S

1. Epi-aortic U/S and single X-clamp
2. Multiple arterial conduits
3. Graft assessment and DAPT

2.  Improving Off-Pump CABG

1 Patient and surgeon selection

2. Epi-aortic U/S and Clampless OPCAB

3 Evolution towards all-arterial no-aortic-touch OPCAB
4, Graft assessment and DAPT

5. Robotic and hybrid robotic CABG
6. Optimal Medical Management of CABG Patients
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A Brief History of CABG:

From Saphenous Vein to Total Arterial CABG

Moupt
Sinai
Heart

1. “Experimental” era
2. “Vein Graft” era
3. “Mixed ITA and vein” era

4. “Total arterial Revascularization” era
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15t ERA of CABG: “EXPERIMENTAL”

The LITA was used in humans
as early as 1945 by Arthur
Vineberg, who implanted it
directly in the myocardium
of the left ventricle

Alexis Carrel first described

the concept of operating on

the coronary circulation and
did so in dogs

Vasilli I. Kolesov published
first article reporting
successful clinical CABG in
1959



Fig. 1 Arthur M. Vingberg (19031968}

15t ERA of CABG: “EXPERIMENTAL”

The Vineberg Legacy

Internal Mammary Artery Implantation

from Inception to Obsolescence

Early Experience with

the Vineberg Operation

In April 1950, Vineberg performed the 1st IMA im-
plantations in human beings—which he reported
the following year." The left IMA was pulled into a
myocardial tunnel parallel with the LAD (Fig. 2)."
Although his 1st patient survived for only 62 hours
after the procedure, postmortem examination re-
vealed a patent IMA and no evidence of infarction,
hemorrhage, or hematoma. The results of his 2nd
attempt were more gratifying: the patient lived for
10 years alter surgery.*

Fg. 4 Angiogram 2 months after msertion of a Vineberg nter-
nal mammary artery into the left ventncle of a dog. Nots the
open commurnications with branches of the coronary artery.

From Wakabayash A Connofly JE.” Reproduced with permys-
sion of the Journal of Thoraac and Cardiovascular Surgery.)




15t ERA of CABG: “EXPERIMENTAL”

First Selective Coronary Arteriogram

Cine frame from the first selective coronary artenogram rec-
orded by F. Mason Sones, Jr, on October 30, 1958.

B e T T

Dr F. Mason Sones, Jr, of the Cleveland Clinic performed the
first selective coronary arteriogram on October 30, 19582 The
selective right coronary arteriogram photographed by Sones on
October 30, 1958, was inadvertently obtained during an aortic
root injection i a 26-year-old patient with rheumatic heart
disease ® when the catheter whiplashed into the ostium of the
right coronary artery. Although the performance of this selective
coronary arteriogram was unintentional, it was the first direct
mjection of a contrast agent into a coronary artery (Figure).



2"d ERA of CABG: VEIN GRAFTS

Saphenous vein autograft at the end of the procedure.

FIG. 1. On the Ivfr, the coronary artery is shown disected and clamped. On
the vight side, o fongitudinel incisom i made on top of the ebatrucrion and i
clongated uninl nﬂrn uwmen i fownd. Datted liner show the place of tremiee
tion an wrder 1o obtsin an enlorged dump.



2"d ERA of CABG: VEIN GRAFTS

Saphenous Vein Autograft Replacement

of Severe Segmental Coronary
Artery Occlusion

Operative Technique

Rene G, Favaloro, M.D.

irect operation on the coronary artery has been performed in

180 patients at the Cleveland Clinic up to October, 1967.

Recently, a new operative technique has been applied in 15

patients with extensive and severe obstruction of the right dominant

coronary artery, specifically to overcome some of the unfavorable re-

sults that occurred when pericardial patch reconstruction was per-
formed.

FAVALORO

C

FIG, 5. Corvonary ungiogrum of a 33ycarold Cawcasian woman with total
occlurion of the right coromary artery (A). Perfusion of distal right coronary

artery by collateral imrhu from the left coronary artery (B), Total reconstruc-
tion of right coronary artery by a smphenous wein autograft (C)

FIG, 6. Coronary asteriogrem of a 42-year-old Caucasian man who underwent
a right coronary endarterotomy with pericardial potch graft in April, 1967, Post-
operative catheterization shows severe segmental occlusion (4). A saphenows aulo.
graft replacement wax performed in Sefi., 1967, Catheterization on tenth post-
operative day shows the vessel to be patent {B).

true endarterectomy cannot be performed upon the coronary circula-

tion. Placement of the pericardial patch graft on top of an irregular
wall that usually has many crevices provides an ideal stratum for

158 THE ANNALA OF THORACH: SURGERY



Virchows Avch, Abt. A Path. Anat. 352, 255-266 (1971)
© by Springer-Verlag 1971

Aorto-Coronary By-Pass
with Autogenous Saphenous Vein Grafts:

Histopathological Aspects

M.-C. Mart1, B. Bovcgawoy, and J. N. Cox
Department of Pathology, University of Geneva

Received December 16, 1970

Summary. The histological modifications in 8 cases of antologous acrto-coronary saphenou
vein grafts were studied. In the early stages, these showed intimal thickening and medis
hypertrophy, particularly affecting the middle cirenlar layer. The intimal thickening prog
resged, and the medis later became largely replaced by dense fibrous tissue, No aneurysma
dilatations were ohserved, but in 3 cases the grafts were thrombosed. The pathogenesis o Fig 9 a-c. Hypertrophy of the wall and intimal hyperplasia, more prominent near the aorto-

venous junction (a) than towards the distal coronary-venous junction (b). Compared with
contralateral saphenons vein control (¢). Cage No. 7 (42 days). Van Gieson. 90 %

these changes is discnssed.



3rd ERA of CABG: “MIXED ITA AND VEIN”

In February 1968 Dr George Green
performed the first LITA anastomosis
to the LAD in the USA.

98 VI Internal Thoracic Artery Grafting
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Figure 2. Ten-Year Survival of Patients with Two-Vessel Disease,
Including Those with Lesions of the Praximal Anterior
Descending Artery.

The difference in survival between the patients who recewved in-
femal-mammary-artery grafts and those who received saphe-
nous-vein grafts was significant by both univariate and
multivariate analysis.

The New England
Journal of Medicine

oCopyright, 1985 by the Masachauctts Medical Socety

Volume 314

JANUARY 2, 1986

Number |

INFLUENCE OF THE INTERNAL-MAMMARY-ARTERY GRAFT ON 10-YEAR SURVIVAL AND

OTHER CARDIAC EVENTS

Frovo D. Loor, MDD, Brock W. Lyris, MDD, Deros M, Cosarove, M.D., Roseat W. Stewany, M.D,,
Mancane Goormasne, M.P.H., Groror W. Woiiians, Pr.D)., Leovaxo AR, Goroeno, M.D |
Cakt C Gie, M D, Pave G, Taveon, M.D., Wittiaw C. Suzioon, M.D,
axo Wiuam L, Provows, M D,

Figure 5. Patency of Intemal-Mammary-Arlery and Saphenous-

Vein Grafts at One-Year Intervals.

The number of patients restudied at each interval is noted.

Figure 3. Ten-Year Survival of Patients with Three-Vessel
Disease.

The internal-mammary-artery group contained those who had
one



Why is the mammary artery so special and what protects it from
atherosclerosis?

Fumiyuki Otsuka, Kazuyuki Yahagi, Kenichi Sakakura, Renu Virmani

Ann Cardiothorac Surg 2013;2(4):519-526

2 years 6 years 12 years




Original Investigation 657

Comparison of endothelial function of coronary artery bypass grafts in
diabetic and nondiabetic patients: Which graft offers the best?

Demel Gzkaramanh Giir, Ozcan Giir', Selami Giirkan', Selcem Comez, Ayiin Goniillas*, Mural Yilmaz

J Cardiol 2015;
a Non-Diabetic Patients b Diabetic Patients
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Figure 4. a-c. Sections from diabetic CABG grafts; 4a-SV shows no signs of atherosclerosis, 4b-IMA shows no signs of atherosclerosis, 4c-RA FI!]“'_E 2 MBIIITIH' \"ﬂs_ﬂlillatﬂtlﬂll f_ESPDI'ISES of H“ gralts .
exhibiting intimal thickening and medial calcification DM - dizbetas mellitus; IMA - intarnal mammarian artery; RA - radial artery; SV - saphenous vain

What makes ITAs special is that they are NO pumps directed into the coronary system



4h ERA of CABG: TOTAL ARTERIAL REVASCULARIZATION

BILATERAL INTERNAL THORACIC ARTERY:

LITA



Volume 117 Number 5 May 1999

The Journal of

THORACIC

AND
CARDIOVASCULAR
SURGERY

SURGERY FOR ADULT
CARDIOVASCULAR DISEASE

TWO INTERNAL THORACIC ARTERY GRAFTS
ARE BETTER THAN ONE

Bruce W. Lytle, MD
Fugene H. Blackstone MD
Floyd D. Loop, MD

Penny L. Houghtaling, M5
Johm H. Ameld, MD

Bami Akhrass, MD

Patrick M. McCarthy, MD
Delos M. Cosgrove, MD
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Fig 1. Comparison of the bilateral ITA (B/T4) and single ITA
{3IT4) groups in terms of survival (A) and reoperation-free
survival (B). Numbers of patients surviving at selected fol-
low-up intervals are listed beneath part A.



Editorials: Acquired Coronary Gardner

Once more with emphasis: Two internal thoracic artery grafts
are even better than one!

Timothy J. Gardner, MD The Journal of Thoracic and Cardiovascular Surgery » September 2013
100 Frree—1786) 1°
s vy Survival 5
80+ {2969) ..‘Q. e o 14 @O
e - >
aa o - ". 458 3\9
3OL e gy e P
g s R = Central Message
» 40 e sots 12 € . .
! S a Two internal thoracic artery grafts are the best
2889) LA : . 3 : ; :
20 g Reoperation {1 § grafting option for patients with multivessel dis-
(1763) = ease, regardless of age. Bilateral internal thora-
L i 1 A i 1 1 0 ° . .
00 2 4 6 a 10 12 cic artery grafts are both safe and effective.
Years After CABG

Despite this evidence in 1999, utilization of BITA
grafts remains low.
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A Meta-analysis of Adjusted Hazard Ratios from 20 Observational Studies of
Bilateral Versus Single Internal Thoracic Artery Coronary Artery Bypass Grafting

Takagi et al, JTCVS 2014;148:1282-90.

= 20 observational studies; 70,897 patients, pooled analysis

= BITA associated with significant reduction in long-term
mortality relative to SITA (HR 0.80; 95% CI 0.77-0.84)

= Benefit of BITA increased in studies with higher
proportions of males
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BITA SITA Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_ Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 Pedicled ITA
Buxton 1998 -0.3415 0.1256 1269 1557 5.8% 0.71(0.56, 0.91)
Carrier 2009, statin (+) -0.0781 0.1562 1166 4835 3.8% 0.92 [0.68, 1.26)
Carrier 2009, statin (-) -0.4368 0.1197 69 S85 6.4% 0.65 [0.51, 0.82) ———
Grau 2012 -0.3955 0.1126 928 928 7.3% 0.67(0.54,0.84) ——
Kelly 2012 -0.2008 0.1004 1079 6554 9.1% 0.82[0.67, 1.00) Sl
Pick 1997 -0.2002 0.2489 160 161 1.5% 0.82(0.50, 1.33)
Stevens 2004 -0.3081 0.1034 1808 2498 8.6% 0.73[0.60, 0.90] S —
Subtotal (95% CI) 6479 17118 42.5% 0.74 (0.68,0.81) 5>
Heterogeneity: Chi* = 5.30, df = 6 (P = 0.51); I = 0%
Test for overall effect: Z = 6.44 (P < 0.00001)
1.2.2 Skeletonized ITA
Bonacchi 2006 -0.4055 0.6551 320 332 0.2% 0.67[0.18, 2.41) ¢ +
Endo 2001 -0.0502 0.1787 443 688 2.9% 0.95[0.67, 1.35]
Joo 2012 -0.0125 0.2222 366 366 1.9% 0.99 (0.64, 1.53)
Kinoshita 2012 -0.5906 0.2962 217 217 1.0% 0.55(0.31,0.99] ¢
Kurlansky 2010 -0.1778 0.0426 2215 2369 50.7% 0.84(0.77,0.91) -
Navia 2013 -0.0194 0.343 149 149 0.8% 0.98 [0.50, 1.92)
Subtotal (95% CI) 3710 4121 57.5% 0.84(0.78,0.91) -3
Heterogeneity: Chi* = 3.32, df = S (P = 0.65), I = 0%
Test for overall effect: Z = 4.31 (P < 0.000))
Total (95% CI) 10189 21239 100.0% 0.80 [0.75, 0.85) E-3
Heterogenelty: Chi' = 12,94, df = 12 (P = 0.37); I = 7% b 5 0¢7 l l:S 2:

Test for overall effect. Z =« 7.47 (P < 0.00001))
Test for subgroup differences: Chi* = 4.32, df = 1 (P = 0.04), I = 76.9%

Favours BITA Favours SITA
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4'h ERA of CABG: “TOTAL ARTERIAL
REVASCULARIZATION”

RADIAL ARTERY :

The introduction and subsequent revival of the radial artery

The Aorta-to-Coronary Radial Artery

Bypass Graft

A Technique Avoiding Pathological Changes in Grafts

Alain Carpentier, M.D., J. L. Guermonprez, M.D., A. Deloche, M.D.,
Claude Frechette, M.D., and Charles DuBost, M.D.

THE ANNALS OF THORACIC SURGERY

Journal of The Society of Thoracic Surgeons and the
Southern Thoracic Surgical Association

VOLUME 16 + NUMBER 2 - AUGUST 1974

qu. CareeNTiek:  We have had some experience with the internal mammary
artery, and 1 think the magnification techniques utilized by Dr. Green may ex-
plain why he is able to minimize the dificulues we have encountered because of
the fragility of this artery, I don't think, though, that the discussion should be
on the difference between the radial artery and the mammary artery; it should
be between venous tissue and arterial tissue. The point would be to learn
the true incidence of venous subendothelial proliferation and the comparative
hemodynamic function of venous grafts and arterial grafts, and this will require
further investigation,

In response to Dr. Kennedy’s comments, I am not convinced that mathematics
is more important than hemodynamics and biology in the understanding of such
problems,



Revival of the Radial Artery for Coronary Artery

Bypass Grafting

Christophe Acar, MD, Victor A. Jebara, MD, Michele Portoghese, MD,
Bernard Beyssen, MD, Jean Yves Pagny, MD, Philippe Grare, MD,
Juan C. Chachques, MD, Jean-Noél Fabiani, MD, Alain Deloche, MD,
Jean Leon Guermonprez, MD, and Alain F. Carpentier, MD, PhD

Department of Cardiovascular Surgery, Hopital Broussais, Paris, France
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n =56

(Ann Therac Surg 1992,54:652-60)

Fig 4. Early angiographic results.
(IMA = internal mammary artery;
LIMA = left IMA; RIMA = right
IMA.)

- Early angiographic controls (<2

n =48 ne1 n=18 n=9 weeks) were obtained in the first 50 consecutive patients
and revealed 56 of 56 patent RA grafts, 48 of 48 patent left

IMA grafts, 11 of 11 patent right IMA grafts, 14 of 18
patent free IMA grafts, and 8 of 9 patent vein grafts. Six



Journal of the American College of Cardiology
© 2012 by the American College of Cardiology Foundation
Published by Elsevier Inc.

Radial Artery and Saphenous Vein
Patency More Than 5 Years After
Coronary Artery Bypass Surgery

Results From RAPS (Radial Artery Patency Study)

Vol. 60, No. 1, 2012
ISSN 0735-1097/$36.00

http://dx.doi.org/10.1016/j.jacc.2012.03.037

Radial arteries are associated with reduced rates of functional and complete graft occlusion compared with
SVGs more than 5 years following surgery. (Multicentre Radial Artery Patency Study: 5 Year Results;
(J Am Coll Cardiol 2012;60:28-35) © 2012 by the American College of Cardiology Foundation

NCT00187356)
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Multiple arterial bypass grafting should be routine

Robert F. Tranbaugh, MD," David J. Lucido, PhD." Kamellia R. Dimitrova, MD,* Darryl M. Hoffman, MD,"
Charles M. Geller, MD." Gabriela R. Dincheva, BS.* and John D. Puskas, MD*

The Journal of Thoracic and Cardiovascular Surgery * Volume 150, Number 6
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FIGURE 2. Comparison of Kaplan-Meier estimated survival for
unmatched radial artery (RA) and saphenous vein (§V) patients (log rank
test, P < .001). CABG, Coronary artery bypass grafting.

FIGURE 3. Comparison of Kaplan-Meier estimated survival for matched
radial artery (RA) and saphenous vein (SV) patients (log rank test, P <.001 ).
CABG, Coronary artery bypass grafting.

Conclusions: An 80% rate of MABG has the potential to prevent more than 10,000
deaths annually and add >64,000 person-years of life over the course of 10 years.
The use of a second arterial graft during CABG should be routine in the majority

of patients undergoing CABG. (J Thorac Cardiovasc Surg 2015;150:1537-45) Mount
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In Coronary Artery Bypass Surgery

Presented at AATS 2018, San Diego, April 29,
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Analysis

The principal investigators of the six individual RCTs were
contacted and all agreed to provide individual patient data and
eventually to update the follow-up.

Patient-level Metanalysis: Mixed-effect Cox regression models
were used to estimate the treatment effect on outcomes.

Pre-specified subgroup analyses for the primary outcome were
performed by age, gender, presence of diabetes, prior
myocardial infarction, left ventricular ejection fraction <35%,
preoperative renal insufficiency, radial-artery graft target vessel
and use of chronic antispastic therapy (angiographic outcome

only). m
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Adverse Cardiac Events at 5 Years
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Angiographic Graft Failure

o
D

Cumulative event

o
N

0.01

o
N SN

Graft Failure

=+~ Radial Artery
== SVG

Hazard ratio 0.44 (95% Cl 0.2840.70)

1 2 3 4 5 6 7 8
years

A

N[oupt
Sinai
St. Luke’s



Follow-up: Repeat Revascularization
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e NEW ENGLAND
JOURNAL of MEDICINE

ORIGINAL ARTICLE

Radial-Artery or Saphenous-Vein Grafts
in Coronary-Artery Bypass Surgery

Mario Gaudino, M.D., Umberto Benedetto, M.D., Stephen Fremes, M.D,,
Giuseppe Biondi-Zoccai, M.D., M.Stat., Art Sedrakyan, M.D., Ph.D,,
John D. Puskas, M.D., Gianni D. Angelini, M.D., Brian Buxton, M.D.,
Giacomo Frati, M.D., David L. Hare, M.D., Philip Hayward, M.D.,
Giuseppe Nasso, M.D., Neil Moat, M.D., Miodrag Peric, M.D,,
Kyung J. Yoo, M.D., Giuseppe Speziale, M.D., Leonard N. Girardi, M.D.,
and David P. Taggart, M.D., for the RADIAL Investigators*
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Survival

0.8
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Total Arterial Revascularization with Internal Thoracic and Radial Artery
Grafts in Triple-Vessel Coronary Artery Disease is Associated with Improved
Survival

Buxton et al JTCVS 2014;148:1238-44
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Total Arterial Revascularization: Achievable and
Prognostically Effective—A Multicenter Analysis

James Tatoulis, MD, FRACS, Rochelle Wynne, PhD, Peter D. Skillington, FRACS, and
Brian F. Buxton, MS, FRACS

. ]h
TAR at 10 years 85.4% (SE 0.007%)
B _\—'_\—-—.
& I—‘
3
S 80-
=]
wn Non-TAR at 10 years 81.2% (SE 0.008%)
p <0.001
70-
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Fig 2. Survival in propensity-matched cohort. (Non-TAR = nontotal
arterial revascularization; SE = standard equivalent; TAR = total
arterial revascularization; p < 0.001.)

(Ann Thorac Surg 2015;100:1268-75)
© 2015 by The Society of Thoracic Surgeons

Methods. We reviewed 63,592 cases from an audited
collaborative multicenter database. Of those, 34,181 consec-
utive patients undergoing first-time isolated coronary artery
bypass (CABG) from 2001 to 2012 were studied. The data
were linked to the National Death Index. We compared
outcomes in patients who underwent TAR (n = 12,271) with
outcomes in those who did not (n = 21,910). The influence of
TAR on 10-year all-cause late mortality was assessed by
propensity score analyses in 6,232 matched pairs.

Conclusion

Our study demonstrates long-term benefit for patients
having total arterial revascularization for advanced cor-
onary artery disease, yet with excellent perioperative re-
sults, and further contributes to the literature that
multiple arterial bypass grafts are better in CABG. The
challenge is to convince cardiac surgeons to use multiple
arterial grafts for the long-term symptomatic and prog-
nostic benefit of our patients.



AHA/ACC/AATS/STS CABG Guidelines 2011
Bypass Graft Conduits

| lalb 1l When anatomically and clinically suitable, use of a
second IMA to graft the left circumflex or right

] coronary artery (when critically stenosed and
perfusing LV myocardium) is reasonable to improve

the likelihood of survival and to decrease
reintervention.

Lflalb Il Complete arterial revascularization may be
r@l reasonable in patients <60 years of age with few or no

comorbidities.




2014 ESC/EACTS Guidelines on Myocardial
Revascularization

Procedural aspects of CABG

Recommendations Class* | Level® Ref.©

It is recommended to perform procedures in a hospital structure and by a team specialized in cardiac

surgery, using written protocols. 635,636

Endoscopic vein harvesting should be considered to reduce the incidence of leg wound complications.

Routine skeletonized IMA dissection should be considered. 586-589

Skeletonized IMA dissection is recommended in patients with diabetes or when bilateral IMAs are harvested. | 586-589

Complete myocardial revascularization is recommended. 594,598,600

Arterial grafting with IMA to the LAD system is recommended. 602,603,639

Bilateral IMA grafting should be considered in patients <70 years of age. 6. 10,65,

641
Use of the radial artery is recommended only for target vessels with high-degree stenosis. 618,642
Total arterial revascularization is recommended in patients with poor vein quality independently of age. -
Total arterial revascularization should be considered in patients with reasonable life expectancy. 643
Minimization of aortic manipulation is recommended. 442,644
Off-pump CABG should be considered for subgroups of high-risk patients in high-volume off-pump centres. 626,627,629
Off-pump CABG and/or no-touch on-pump techniques on the ascending aorta are recommended in patients 443

with significant atherosclerotic disease of the ascending aorta in order to prevent perioperative stroke.

Minimally invasive CABG should be considered in patients with isolated LAD lesions.

Electrocardiogram-triggered CT scans or eplaortic scanning of the ascending aorta should be considered In i
patients over 70 years of age and/or with signs of extensive generalized atherosclerosis.

Routine Intraoperative graft flow measurement should be considered. lla ; 2 -
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Advancing the State of the Art in
Surgical Coronary Revascularization

Puskas JD, Yanagawa B and Taggart DP Ann Thorac Surg 2016;101:419-21.

Invited Editorial to accompany Aldea et al, the STS Workforce on Evidence
Based Surgery Task Force’s “Clinical Practice Guidelines on Arterial
Conduits for Coronary Artery Bypass Grafting”, based on a systematic
review of the literature

Nuanced changes:

Recommend bypassing LAD with ITA, not just LITA, in recognition that LITA and RITA
have similar patency when grafted to LAD

Recommend use of “a second arterial conduit”, recognizing that comparison of
patency and clinical outcomes after radial artery versus RITA inconclusive (both
shown superior to LITA plus SVG)

Recommend BITA grafting when risk of DSWI acceptable

Recommend skeletonized BITA harvest, smoking cessation, glycemic control,
rigorously stable sternal closure to minimize risk of DSWI

Do not specify a minimum native stenosis for use of RA graft, but recommend its
use for “severe stenosis”, recognizing that patency is determined by complex
interplay of factors

Does not include an age threshold for arterial revascularization



Advancing the State of the Art in

Surgical Coronary Revascularization
Puskas JD, Yanagawa B and Taggart DP Ann Thorac Surg 2016;101:419-21.

* Technical Details of Arterial Grafting:

* Risk of spasm of arterial conduits is directly related to the amount of trauma they
experience during harvest and grafting. Atraumatic harvest technique may be more
important than pharmacological prophylaxis in preventing spasm of ITA and RA
conduits. Skeletonized ITA harvest with Harmonic Scalpel.

e Beware native competetive flow patterns during complex multiarterial grafting.
Composite arterial conduits should be designed to avoid unbalanced competitive
flow.

* Precise anastomotic technique is essential to effective use of multiple arterial
conduits

* Confirming patency with intraoperative transit-time doppler is useful.

* Opinion: All-arterial clampless OPCAB may offer the combined
benefits of minimizing perioperative stroke risk and maximizing long-
term graft patency

m * Advocacy: Use of a second arterial conduit should be an STS Quality
metric and should be rewarded with higher reimbursement by CMS.

Mount
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Evolution of CABG in 2018:

CABG remains important—SYNTAX 5 yr data

Brief History of CABG

Current State of CABG—STS Database

Ongoing Evolution of CABG with a Focus on Quality Improvement

i A

1. Improving On-Pump CABG:

1. Epi-aortic U/S and single X-clamp
2. Multiple arterial conduits
3. Graft assessment and DAPT

2.  Improving Off-Pump CABG

1 Patient and surgeon selection

2. Epi-aortic U/S and Clampless OPCAB

3 Evolution towards all-arterial no-aortic-touch OPCAB
4, Graft assessment and DAPT

5. Robotic and hybrid robotic CABG
6. Optimal Medical Management of CABG Patients

m 7. The Coronary Heart Team m

Mount Mount
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STS National Database: Isolated CAB
IMA Use [excludes prior CAB]

100%

80%

* Exclusion criteria: Primary reason for not using added to STS NCSDB: IMA is not a suitable conduit due to size or
flow, Subclavian stenosis, Previous cardiac or thoracic surgery, Previous mediastinal radiation, Emergent or salvage

procedure, No LAD disease

ICC 2018

2018 International Coronary Congress



STS National Database: Isolated CAB
Bilateral IMA Use [prior CAB excluded]
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STS National Database: Isolated CAB
Radial Artery Used
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Evolution of CABG in 2018:

CABG remains important—SYNTAX 5 yr data
Brief History of CABG
Current State of CABG—STS Database

Ongoing Evolution of CABG with a Focus on Quality Improvement
1. Improving On-Pump CABG:

W

1. Epi-aortic U/S and single X-clamp
2. Multiple arterial conduits
3. Graft assessment and DAPT

2.  Improving Off-Pump CABG

1 Patient and surgeon selection

2. Epi-aortic U/S and Clampless OPCAB

3 Evolution towards all-arterial no-aortic-touch OPCAB
4, Graft assessment and DAPT

5. Robotic and hybrid robotic CABG
6. Optimal Medical Management of CABG Patients

m 7. The Coronary Heart Team A
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Epiaortic Ultrasound Should Be Routine




Contraindication to CPB or
Aortic Clamping
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Posterior Atherosclerosis: Medial “Toothpaste” Debris
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Trends in aortic clamp use during coronary artery bypass surgery:
Effect of aortic clamping strategies on neurologic outcomes

William T. Daniel III, BS, Patrick Kilgo, MS, John D. Puskas, MD, Vinod H. Thourani, MD,
Omar M. Lattouf, MD, PhD, Robert A. Guyton, MD, and Michael E. Halkos, MD, MSc

Objective: The purpose of the present study was to determine the effect of different clamping strategies during
coronary artery bypass grafting on the incidence of postoperative stroke.

Methods: In the present case-control study, all patients at Emory hospitals from 2002 to 2009 with postoperative
stroke after isolated coronary artery bypass grafting (n = 141) were matched 1:4 to acontemporaneous cohort of
patients without postoperative stroke (n = 565). The patients were matched according to the Society of Thoracic
Surgeons’ predicted risk of postoperative stroke score, which is based on 26 vanables. The patients who received
on-pump and off-pump coronary artery bypass grafting were matched separately. Multiple logistic regression
analysis with adjusted odds ratios was performed to identify the operative variables associated with postopera-
tive stroke.

Results: Among the on-pump cohort, the single crossclamp technique was associated with a decreased risk of
stroke compared with the double clamp (crossclamp plus partial clamp) technique (odds ratio, 0.385: P = .044).
Within the on-pump cohort, no significant difference was seen in the incidence of stroke according to clamp use.
Epiaortic ultrasound of the ascending aorta increased from 45.3% in 2002 to 89.4% in 2009. From 2002 to 2009,
clamp use decreased from 97.7% of cases to 72.7%.

Conclusions: During on-pump coronary artery bypass grafting, the use of a single crossclamp compared with
the double clamp technique decreased the risk of postoperative stroke. The use of any aortic clamp decreased and
epiaortic ultrasound use increased from 2002 to 2009, indicating a change in the operative technique and surgeon
awareness of the potential complications associated with manipulation of the aorta. (J Thorac Cardiovasc Surg
2014:147:652-7) m
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Effect of Aortic Clamping Strategies on Neurologic Outcomes
Daniel...Puskas...Halkos JTCVS 2014;147:652-7

= 10,054 consecutive isolated CABG cases

= 141 (1.4%) patients with stroke matched 1:4 to 565
patients without stroke

Analysis*® OR 95% CI1

On-pump double clamp (crossclamp ~ (2.60)  1.03-6.67 (P = .044)
plus partial clamp) vs single clamp

Off-pump partial clamp vs off-pump 1.46 049-44
Heartstring

Off-pump partial clamp vs no clamp 1.21 0.48-3.03
(Heartstring plus no touch)

OR, Odds ratio: CI, confidence interval, *Controlled for episortic grade. m
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Evolution of CABG in 2018:

CABG remains important—SYNTAX 5 yr data
Brief History of CABG
Current State of CABG—STS Database

Ongoing Evolution of CABG with a Focus on Quality Improvement
1. Improving On-Pump CABG:

W

1. Epi-aortic U/S and single X-clamp
2. Multiple arterial conduits
3. Graft assessment and DAPT

2.  Improving Off-Pump CABG

1 Patient and surgeon selection

2. Epi-aortic U/S and Clampless OPCAB

3 Evolution towards all-arterial no-aortic-touch OPCAB
4, Graft assessment and DAPT

5. Robotic and hybrid robotic CABG
6. Optimal Medical Management of CABG Patients

m 7. The Coronary Heart Team A
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Utility of Intraoperative Doppler Graft Assessment

History and presentation
* 68 yearold male
* c/o Exertional chest pain and shortness of breath

*  Recent cardiac arrest (within 8 weeks from surgery) during STEMI due to occlusion of LAD requiring
PTCA + STENT

*  PM placement after the cardiac arrest

Comorbidities
* Ht 165cm Wt 68 Kg BSA 1.8 BMI: 29
*  PMH: history smoking for 15 years, DM with HbA1C 8.4, Sleep anea, Creatinine baseline 1.7 mg/dI

Echocardiogram:
EF 55% with moderate hypokinesia of inferior wall.

Cath:

RCA: 70% distal stenosis at origin PDA

LM 60-70% distal lesion

LAD long lesion post stent with 70% origin of Diagonal 2
LCx 80% distal stenosis with 70% of origin of ALOM
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Surgery Performed:
Clampless OPCABG X 4 with 2 Arterial Conduits

LIMA to LAD

SVG to Diagonal

Left Radial to OM

SVG to PDA
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Medistim TTFM and Imaging Probe
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Medistim TTFM: SVG to PDA
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Medistim TTFM: Left Radial to OM
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Medistim TTFM: SVG Diagonal
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Medistim TTFM: LIMA to LAD
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TTFM Case: What to do?

* Leave it alone

e Redo the LIMA to LAD

 Competitive flow from the Diagonal?



* We occluded the SVG to Diagonal and tested the flow in LIMA
to LAD with no changes in the performance of the graft.

* Decision was made to redo LIMA to LAD. Repeated TTFM:
mifmin 23mlfmin P| 29

a5
40
35
30
25 1
20
155
10

5
0
-5 %
Q2 1o LIMA LAD pre-prot DF 67
:_ HR 78°"
3L
28
Mount o v.,'h —_ =~k S S
Sinai ECG 4L

Heart



Mpu pt
Sinail
Heart

TTFM Case: Lessons Learned

The Professor saw every stitch placed by the junior in each anastomosis
and felt the operation was “perfect”.

The LIMA-LAD TTFM was unacceptable and proved to NOT be due to
competitive flow in large SVG-Diag graft

When the LIMA-LAD anastomosis was taken down, there was no obvious
problem, although the toe was perhaps slightly asymmetrical

The LAD arteriotomy was extended distally 3mm and the LITA was
trimmed and re-anastomosed by Professor

Final LIMA-LAD TTFM was much improved.

There were no clinical signs of a graft problem; only the TTFM alerted the
surgical team

TTFM should be a routine practice for every graft in every CABG case



Dual Anti-platelet Therapy After Coronary Artery Bypass Grafting:
Is There Any Benefit? A Systematic Review and Meta-Analysis
SV Deo, SM Dunlay, IK Shah et al [J Card Surg 2013]

Study {A+C) Control {A+/-P} Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 85% CI
Alexander Kulik 6 106 7 103 9.5% 0.83 [0.29, 2.39] —r—
Emir Mujanovic 2 18 8 17 5.4% 0.22 [0.05, 0.91]
Ge Gao 20 233 33 231 38.6% 0.59 [0.35, 0.89] —i
Jack CJ Sun 6 83 6 88 8.9% 0.85 [0.32, 2.82] o
Vito A Mannacio et al 19 257 35 267 37.6% 0.56 [0.33, 0.8986] —
Total {95% ClI) 714 706 100.0% 0.58 [0.43, 0.82] 7 . 4% 2> 12 . 6%
Total events 53 89
1

Heterogeneity: Tau®= 0.00; Chi*= 2.89,df= 4 (P=0.56), F=0%

Test for overall effect: Z=3.15 (P = 0.002)

1,420

0.01

0.1 10 100
Favours A+C Favours A+/-P

A- Forest plot of|saphenous graft patency

Study{A+C} Control{A+/-P} Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight N-H, Random, 85% CI| M-H, Random, 85% CI|
Ahmet T Gurbuz et al 6 325 32 266 16.6% 0.14 [0.06, 0.33] —-—
Alexander Kulik et al 4 56 5 57 11.6% 0.80 [0.20, 3.15] —
Dae H Kim et al 5 32868 13 11788 14.9% 1.39 [0.49, 3.90] —t-—
Jack CJ Sun et al 4 56 = 57 11.6% 0.80 [0.20, 3.15] ——
Michael Halkos et al 3 179 5 151 10.8% 0.50[0.12, 2.12] =~
Rikke Sorenson et al 26 957 76 2588 21.6% 0.82 [0.53, 1.45] = . =
Vito A Mannacio 4 150 8 150 12.9% 0.48 [0.14, 1.65] ——]—
Total {85% CI} 4991 15068 100.0% 0.60 [0.31, 1.14] 10% - 095%
Total events 52 144
Heterogeneity: Tau®= 0.45; Chi*= 16.91, df= 6 (P = 0.010); F= 65% 20,059 e oh e

Testforoveralleffect. Z=1.57 (P=0.12)

Favours A+C Favours A+/-P

B- Forest plot depicting pooled estimate of pdverse cardiac events

DAPT improves graft patency, reduces MACE and greatest In

OPCARCS




Dual Anti-platelet Therapy After Coronary Artery Bypass Grafting:
Is There Any Benefit? A Systematic Review and Meta-Analysis
SV Deo, SM Dunlay, IK Shah et al [J Card Surg 2013]

——
Risk Ratio

——
Risk Ratio

study{A+C) Control{A+/-P)
Study or Subgroup Events Total Evenis Total Weight M-H, Random, 85% CI M-H, Random, 95% ClI
Ahmet T Gurbuz et al 7 325 22 266 17.2% 0.26 [0.11, 0.60] —
Alexander Kulik et al 0 56 1 57 1.5% 0.34 [0.01, 8.15]
Dae H Kim et al 31 3268 210 117889 458% 0.53[0.37,0.78] -
Ge Gao et al 0 124 1 125 1.5% 0.34 [D.01,8.17]
Jack CJ Sun et al 1 49 0 50 1.5% 3.06 [0.13, 73.34]
mMichael Halkos et al 3 179 5 151 7.0% 0.51 [0.12, 2.08] T
Rikke Sorenson et al 7 857 104 2588 19.8% 0.18 [0.08, 0.39] —
Saurabh Sanon et al 1 8979 6 3318 3.3% 0.56 [D.07, 4.69]
Vincent Chan et al 0 63 0 54 Not estimable
Vito A Mannacio 1 150 2 150 2.6% 0.50 [0.05, 5.486]
Total (85% Cl} 6150 18558 100.0% 0.38 [0.26, 0.57] 08% }‘ 1 . 9%
Total events 51 351

Heterogeneity: Tau® =005, Chi*=927, df=8(F=0.32); F=14%
Testfor overall effect Z=4.78 (P < 0.00001)

24,738

0.01

0.1 1 10
Favours A+C Favours A+/-P

Forest plot demonstrating pooled estimate o{ early mortality l

100

study(A+C) Control{A+/-P) Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 85% CI M-H, Random, 95% CI
Ahmet T Gurbuz et al 2 325 2 266 0.6% 0.82[0.12,5.77]
Alexander Kulik et al 1 56 5] 57 0.2% 3.05[0.13, 73.38]
Dae H Kim et al 168 3268 494 11788 83.1% 1.23[1.04, 1.486] -
Jack CJ Sun et al 3 49 3 50 1.0% 1.02[0.22, 4.81)] -—l
Michae! Halkos et al 2 179 0 151 0.3% 4.22 [0.20, 87.27]
Rikke Sorenson et al 40 945 46 845 14.1% 0.87 [D.57,1.32] S
Vito A Mannacio 2 150 2 150 0.6% 1.00[0.14, 7.01]
Total {(95% CI) 4972 13418 100.0% 1.17 [1.00, 1.37] 0 & 0)
Total events 218 547 44 /0 4 1 /0

Heterogeneity. Tau®= 0.00; Chi*=3.50,df =6 (P=0.74); F=0%

Testfor overall effect: Z=1.97 (P = 0.05)

Forest plot demonstrating pooled estimate of

18,390

0.01
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Favours A+C Favours A+/-P

major bleeding episodes

DAPT: reduces all CABG mortality (> OPCABG) and does NOT increase bleeding risk

100




Evolution of CABG in 2018:

CABG remains important—SYNTAX 5 yr data
Brief History of CABG
Current State of CABG—STS Database

Ongoing Evolution of CABG with a Focus on Quality Improvement
1. Improving On-Pump CABG:

W

1. Epi-aortic U/S and single X-clamp
2. Multiple arterial conduits
3. Graft assessment and DAPT

2.  Improving Off-Pump CABG

1 Patient and surgeon selection

2. Epi-aortic U/S and Clampless OPCAB

3 Evolution towards all-arterial no-aortic-touch OPCAB
4, Graft assessment and DAPT

5. Robotic and hybrid robotic CABG
6. Optimal Medical Management of CABG Patients

m 7. The Coronary Heart Team A
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OPCABG Disproportionately Benefits High-Risk Patients

7083 OPCABG (48%) vs 7683 ONCABG (52%)

o
= | — CcABG on CPB
=== OPCAB
Puskas JD et al. 2009. Off-pump coronary artery bypass
o disproportionately benefits high-risk patients.
= Ann Thorac Surg 88(4):1142-1147.

Observed Mortality Rate
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STS Predicted Risk of Mortality

OThe survival benefit of OPCABG appears when predicted mortality risk >2.5%

OThe survival benefit of OPCABG increases as predicted mortality increases
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Off-Pumyp Techniques Benefit Men and Women and
Narrow the Disparity in Mortality After Coronary

Bypass Grafting ATS 2009

John D. Puskas, MD, Fred H. Edwards, MD, Paul A. Pappas, M5, Sean OBrien, PhD,
Eric [, Petersom, MD, MPH, Patrick Kilgo, MS, and T. Bruce Ferguson, Jr, MD

Emaory 'L'rl"ll-lrlll.-lr, At mnbs, : Unreernity of Flonda, Iskicnyille, Flonda; Dulke Clirical Besesrch Inslitute, Dule Universiby
Sheal of Medione, Curksm, =n E-I:-lm Carclira Unirecsity, Creenville, Neeth Caralina

042,471 patients in STS database analysed by 32 clinical risk factors
OOPCABG benefits both genders but females > males

OUTCOME Adjusted OR (95% CI) for OPCABG b
DEATH 0.83 (0.69, 0.98) 0.03
Stroke 0.65 (0.52, 0.80) <0.001
MI 0.67 (0.54, 0.84) <0.001
MACE 0.71 (0.63, 0.81) <0.001
LOS > 14 days 0.70 (0.63, 0.78) <0.001




| Outcomes of off-pump versus on-pump coronary artery bypass
grafting: Impact of preoperative risk JTCVS 2013

Marek Polomsky, MD.* Xia He, MS,” Sean M. O’Brien, PhD.” and John D. Puskas, MD, MSc¢*

Predicted Mortality or Major Morbidity Rate*
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Evolution of CABG in 2018:

CABG remains important—SYNTAX 5 yr data
Brief History of CABG
Current State of CABG—STS Database

Ongoing Evolution of CABG with a Focus on Quality Improvement
1. Improving On-Pump CABG:

W

1. Epi-aortic U/S and single X-clamp
2. Multiple arterial conduits
3. Graft assessment and DAPT

2.  Improving Off-Pump CABG

1 Patient and surgeon selection

2. Epi-aortic U/S and Clampless OPCAB

3 Evolution towards all-arterial no-aortic-touch OPCAB
4, Graft assessment and DAPT

5. Robotic and hybrid robotic CABG
6. Optimal Medical Management of CABG Patients

m 7. The Coronary Heart Team A

Mount Mount
Sinai Sinai
Heart St. Luke’s



British Journal of Anoesthesio 111 (3): 374-81 (2013) B A
Advance Access publicotion 23 April 2013 - doi:10.1053/bjo/oet113

Intraoperative epiaortic scanning for preventing early stroke
after off-pump coronary artery bypass

H.-C. Joo!, Y.-N. Youn!, Y.-L. Kwak?, G.-J. Yi! and K.-J. Yoo'*

! Division of Cardiovascular Surgery, Yonsei Cardiovascular Hospital, Yonsei University College of Medidne, Yonsei University Heolth System,
250 Seongsanno, Seodoemun-gu, Seoul 120-752, Korea

? Division of Cardiac Ancesthesiology, Yonsei Cardiovascular Hospital, Yonsei University College of Medicine, Yonsei University Health
System, Seoul, Korea

* Comesponding author. E-mail: ky@yuhs.oc

Background. Numerous studies have demonstrated the acauracy of epiaortic ultrasound

Editor’s k‘y po'"ts scanning (EAS) for assessing ascending aortic disease. It remains unclear whether EAS
« Eplaortic scanning changes the incidence of perioperative stroke after off-pump coronary artery bypass (OPCAB).
involves direct Methods. We studied a retrospective cohort of 2292 patients who underwentisolated OPCAB

introoperative ultrasound from January 2001 to December 2011. Patients were retrospectively subdivided into two
imaging of the aortic root groups: the non-EAS group (n=1019) who underwent OPCAB under only intraoperative

and arch. transoesophagea echocardiography and the EAS group (n=1273) who underwent OPCAB

« It can inform decisions under EAS.
about the placement and  paguits. In the non-EAS group, 317 (31.1%) patients underwent OPCAB with partid aortic
positioning of aortic clamping and 702 (68.9%) underwent OPCAB without partid aorta clamping. In the EAS
damps. group, 301 (23.7%) patients underwent OPCAB with partial aortic clamping and 972

« This observational cohort (76.3%) underwent OPCAB without partial cortic clamping. The incidence of early stroke
study involved patients was not different statistically between the EAS and non-EAS groups [non-EAS 1.7% (17/
undergoing off-pump 1019) vs EAS 0.8% (10/1273); P=0.052]). However, in the subgroups of patients with partid
coronary artery bypass aorta clamping, the incidence of the eary stroke was significantly lower in the EAS group
surgery. [2.8% (9/317) vs 0.7% (2/301) P=0.041].

* Epigortic ultrasound Conclusions. EAS has a significant clinical benefit in reducing the incidence of early stroke in
scanning (EAS) was casesof partid cortic clampinginOPCAB. Therefore, EAS should be considered in patients who
associated with a lower need partial aortic clamping in OPCAB.
aciience ofs&ol:mm Keywords: coronary artery bypass early stroke; echocardiography; eploortic scanning;
patiol amping monitoring; stroke

performed.
Accepted for publication: 6 February 2013
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Clampless OPCAB: State of the Art CABG

Borgermann et al, Circulation 2012; 126:5176-182

395 consecutive clampless OPCAB (310 PAS-Port; 85 all-arterial
without proximals)

Propensity Score matching on 15 preop risk variables to compare
outcomes among 394 pairs of clampless OPCAB vs cCABG:

In-hospital death (OR 0.25; 95% CI 0.05-1.18; p=0.08)
Stroke (OR 0.36; 95% CI 0.13-0.99; p=0.048)
Death or Stroke (OR 0.27; 95% CI 0.11-0.67; p=0.005)

2 years F/U: Death (OR 0.39; 95% CI 0.19-0.80; p=0.01),
Death or Stroke (OR 0.58; 95% CI 0.34-1.00; p=0.05)

MACCE (OR 0.62; 95% CI 0.37-1.02; p=0.06)

Repeat revasc  (OR 0.74; 95% CI 0.40-1.38; p=0.35) m
Mount
Sinai

St. Luke’s



Cerebrovascular Events After No-Touch Off-Pump Coronary Artery
Bypass Grafting, Conventional Side-Clamp Off-Pump Coronary Artery

Bypass, and Proximal Anastomotic Devices: A Meta-Analysis

Wojciech Pawliszak, MD;* Mariusz Kowalewski, MD;* Giuseppe Maria Raffa, MD; Pietro Giorgio Malvindi, MD; Magdalena Ewa Kowalkowska,
MD; Krzysztof Aleksander Szwed, MD; Alina Borkowska, MD, PhD; Janusz Kowalewski, MD, PhD; Lech Anisimowicz, MD, PhD

Background—Off-pump coronary artery bypass (OPCAB) has been shown to reduce the risk of neurologic complications as
compared to coronary artery bypass grafting performed with cardiopulmonary bypass. Side-clamping of the aorta while
constructing proximal anastomoses, however, still carries substantial risk of cerebral embolization. We aimed to perform a
comprehensive meta-analysis of studies assessing 2 clampless techniques: aortic “no-touch™ and proximal anastomosis devices
(PAD) for OPCAB.

Conclusions—Aortic “no-touch” technique was associated with nearly 60% lower risk of postoperative cerebrovascular events as
compared to conventional sidelamp OPCAB with effect consistent across patients at different risk. (/Am Heart Assoc. 2016;5:
e002802 doi: 10.1161/JAHA.115.002802)

Clampless OPCAB  Side-clamp OPCAB Risk Ratio Risk Ratio
S or Subgroy, Events Total Events Total Wi IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Aortic "no-touch”
Calafiore 2002 3 1533 5 450 58% 018 (0.04,0.75)
Emmert 2017 2 27 3 567 55% 032 (0.07, 1.42] ——
Kapetanakis 2004 ) 476 40 2527 96% 053 [0.19, 1.48] ——
Kim 2002 0 222 1 123 14% 0.19{0.01, 4.52)
Leacche 2003 0 84 4 556  16%  0.73(0.04, 13.40]
Lev-Ran 2004 1 429 [ 271 3.0% 011 [0.01,0.87]
Manabe 2009 1 185 1 241 1.8%  1.30(0.08, 20.69)
Matsuura 2013 1 264 1 72 1.8% 027 {0.02, 4.31]
Misfeld 2010 1 1346 3 600 26% 0.15{0.02, 1.43]
Moss 2015 10 1550 86 6449 16.2% 048 {0.25, 0.93] T
Palel 2002 3 597 2 520 40% 131[0.22,7.79) —_—
Pamlaczyk 2011 1 133 4 499 2.8% 094 [0.11,8.32]
Vately 2008 3 1201 6 557 6.1% 0.23 [0.06, 0.92]
Subtotal (95% CH) 8291 13442 62.3%  0.41(0.27,0.61) ~E
Tofal events 30 172
Heteropaneily: Tau® » 0.00; Chi* = 8.20, df = 12(P = 0.77); I* = 0%
Test for overall effect: Z = 438 (P < 0.0001)
1.1.2 Proximal anastomosis device
Emmert 2017 9 1365 13 567 12.3% 029 [0.12,0.67] —_—
Kempfert 2008 0 51 1 48 14% 0.31 (0.0, 7.53]
Manabe 2009 3 109 1 241 26%  6.63[0.70,63.05]
Mass 2015 18 1651 86 8449 20.0% 087 [0.53, 1.44] —e—
Skielland 2005 1 16 [ 16 14%  3.00[0.13, 68.57]
Subtotal (95% CI) 3092 7321 % 0.81 [0.30, 2.13) -?—
Total events 3t 101 e o T - e
Heteroganeity: Tau® = 0.57; Chi* = 9.88, df = 4 (P = 0.04); I = 59% Favours clampless OPCAB  Fivours si » OPCAB

Test for overall effect; Z » 0.43 (P » 0.66)
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Single-Centre Experience of Off-Pump
Multi-Vessel Coronary Artery Bypass
Grafting Using Proximal Suture Device

Suguru Ohira, MD ’, Kiyoshi Doi, MD, PhD, Satoshi Numata, MD, PhD,
Sachiko Yamazaki, MD, Keiichi Itatani, MD, PhD,

Hidetake Kawajiri, MD, PhD, Kazuki Morimoto, MD,

Hitoshi Yaku, MD, PhD

Department of Cardiovascular Surgery, Kyoto Prefectural University of Medicine, Kyoto, Japan
Recemed 8 July 2016; received i revised farm 10 Ne ber 2016; acoepied 17 Ni ber 201 6; auline published ahend of print xxx

Background To investigate the results of off-pump coronary artery grafting (OPCAB) with the praximal suture device
(PSD) regarding postoperative stroke and graft patency.
Methods The PSD was used in 376 patients (32.0%), aorta-no-touch OPCAB was performed in 523 patients (45.2%),

on-pump beating CABG (on-beat group) in 125 patients (10.6%) including 51 conversions (conversion rate:
5.4%),and CABG with aorticclamp use (damp group) in 152 patients. In the PSD group, Enclose Il was used
in 267 patients (71.0%).

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Results The hospital mortality rate was 195%. There was no early stroke in the OPCAB group, whereas the early-
stroke rate was (L8% in the on-beat group and 26% in the clamp group. The inddences of stroke at one
month were: PSD group, 1.6%; no-touch group, 1.1%; on-beatgroup, 16%;and clamp group, 4.6% (P=0.014).
Therates of complete revascularisation were higher in the PSD and clamp groups (947 and 94.0%, respec-
tively) compared with the no-touch and on-beat groups (81.5 and 84.9%, respectively; P<0.001). The vein
graft patency rates were comparable between the PSD and clamp groups. In multiple logistic regression
analysis, OPCAB using the PSD did not increase the risk of stroke compared with the no-touch group
(adjusted odds ratio [AOR]: 1.40; P=0.5%) or on-beat group (AOR: (.99; P=0.206), but reduced the risk of
stroke compared with the damp group (AOR: 0.19; P=0.005).

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cenclusions Off-pump coronary artery grafting using the PSD was a safe and effective procedure. It led to lower
incidences of postoperative stroke and excellent rates of graft patency and complete revascularisation
Keywards Stroke * CABG e Off-pump surgery ¢ Graft patency
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Clampless Anastomotic Devices Reduce Solid
Cerebral Emboli

= TCD of MCA during 66 proximal anastomoses in 42
patients
= 35 anastomoses with side-biting clamp
= 20 anastomoses with Novare Enclose device
= 11 anastomoses with Heartstring device

= Total microemboli: 11 clamp vs 11 Enclose vs 40
Heartstring (p<0.01)

= Proportion of solid microemboli higher in clamp group:
23% clamp vs 6% Enclose vs 1% Heartstring (p<0.01)

Wolf....Taggart et al JTCVS 2007:33;485-93 m
Mount
Sinai
St. Luke’s



Commercially-Available Proximal
Anastomosis Devices

Vitalitec Cardia Maquet
Enclose Il PAS-Port Heartstring Il

&
N
.,/v
/




Maguet/Getinge Heartstring Deployment




An Interesting Technical Challenge:
Heartstring Il with Arterial Grafts

Heartstring Ill punch sizes:
4.3mm and 3.8mm
VS
Average radial artery diameter
(in Texas): 2.2£0.4 mm

A
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Velasco A, et al. J Invasive Cardiol. 2012;24:339-41. Sinai
St.Luke’s



Piggvback technique facilitates off-pump coronary artery bypass
graft by using a proximal anastamostic device with arterial conduits

Bobby Yanagawa, MD, PhD, Vicente Orozco-Sevilla, MD, Amit Pawale, MD, and
John D. Puskas, MD, MSc. FACS, FACC, New York, NY

J Thorac Cardiovasc Surg 2015; 150:725-7.
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Evolution of CABG in 2018:

CABG remains important—SYNTAX 5 yr data
Brief History of CABG
Current State of CABG—STS Database

Ongoing Evolution of CABG with a Focus on Quality Improvement
1. Improving On-Pump CABG:

W

1. Epi-aortic U/S and single X-clamp
2. Multiple arterial conduits
3. Graft assessment and DAPT

2.  Improving Off-Pump CABG

1 Patient and surgeon selection

2. Epi-aortic U/S and Clampless OPCAB

3 Evolution towards all-arterial no-aortic-touch OPCAB
4, Graft assessment and DAPT

5. Robotic and hybrid robotic CABG
6. Optimal Medical Management of CABG Patients

m 7. The Coronary Heart Team A

Mount Mount
Sinai Sinai
Heart St. Luke’s



Strategies to Reduce Stroke
No CPB

Routine use of epiaortic scanning

No or minimal aortic clamp

2.5

B No-touch
A CFD

® Clamp

2

1.5

0.

Observed (%) Expected (%) O/E ratio
Moss...Halkos...Puskas et al. J Thorac Cardiovasc Surg. 2015;149:175-80.

[y
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Meta-analysis of Stroke After
Anaortic OPCAB vs Side-Clamp OPCAB and Anaortic OPCAB vs Conventional CABG

Edelman, et al Heart Lung and Circulation, 2012

a)

Anaortic Side-clamp Risk Ratio Risk Ratio

Study or Subgroup _ Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% ClI
Calafiore 3 1533 5 460 0.18 [0.04, 0.75] —
Emmert 2 271 13 567 0.32[0.07, 1.42] —)
Kapetenakis 4 476 40 2527 0.53 [0.19, 1.48] —.
Kim 0 222 1 123 0.19 [0.01, 4.52] e e
Leacche 0 84 5 556 0.60 [0.03, 10.68] —
Lev-Ran 1 429 6 271 0.11 [0.01, 0.87] T ——
Patel 3 597 2 520 1.31[0.22, 7.79] — % =
Vallely 1 1201 3 557 0.15 [0.02, 1.48] S A [
Total (95% CI) 4813 5581 0.35 [0.19, 0.64] <&
Total events 14 75

. 2 = 2 & - t + t J
Heterogeneity: Tau® = 0.00; Chi® = 5,60, df = 7 (P = 0.59); I = 0% 0.001 o1 { 10 1000

Test for overall effect: Z = 3.45 (P = 0.0006) Favours anaortic Favours side-clamp

b)
Anaortic CABG Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Calafiore 3 1533 41 2830 0.14 [0.04, 0.44] —
Emmert 2 271 51 2111 0.31 [0.07, 1.25] s S
lzumoto 1 59 2 132 1.12 [0.10, 12.10] —
Kapetenakis 4 476 94 4269 0.38 [0.14, 1.03] -
Kim 0 222 3 76 0.05 [0.00, 0.94]
Patel 3 597 19 1210 0.32 [0.10, 1.08] —]
Total (95% CI) 3158 10628 0.28 [0.16, 0.48] B3
Total events 13 210
. e JRS ; 2 _ B = -2 = t E + {
;_{etel;ogeneltyl.sz;;J = Z0904 (Sifzti P- 40636351_ S5(P=047); 1 =0% 501 o1 i o 100
est foroverall pfect: 2 =4.52 O 0 ) Favours anaortic Favours CABG
Figure 1. peri-operative stroke: (a) anaortic OPCAB vs. OPCAB using side-clamp and (b) anaortic vs. conventional CABG [12,19].
Reprinted with permission Journal of Thoracic and Cardiovascular Surgery. Mount

Sinai
St. Luke’s



Aortic No-Touch Technique Makes the Difference in OPCAB

Emmert et al JTCVS 2011; 142:1499-506.

= Two OPCAB groups: PC n=567 vs HS n=1365
" Propensity-adjusted regression, HS vs PC:

Stroke (0.7% vs 2.3%; OR 0.39; Cl 95% 0.16-0.90; p=0.04)
MACCE (6.7% vs 10.8%; OR 0.55; Cl 95% 0.38-0.79; p=0.001)

= Stroke rate similar between cCABG and PC OPCAB
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JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY VOL. 69, NO. 8, 2017
@ 2017 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION. ISSN 0735-1097/%$36.00
PUBLISHED BY ELSEVIER. ALL RIGHTS RESERVED. http://dx.doi.org/10.1016/j.jacc.2016.11.071

Coronary Artery Bypass Grafting
With and Without Manipulation
of the Ascending Aorta

A Network Meta-Analysis

Dong Fang Zhao, BA,*" J. James Edelman, PuD,*" Michael Seco, MBBS,*"* Paul G. Bannon, PuD,*"+%¢
Michael K. Wilson, MBBS,"* Michael J. Byrom, PuD,*"%%* Vinod Thourani, MD," Andre Lamy, MD, MHSc,*
David P. Taggart, PuD," John D. Puskas, MD,' Michael P. Vallely, PuD™"%*

« 13 studies with 37,720 patients, compared outcomes with 4 techniques:
(i) ONCABG,
(ii) OPCABG-PC,
(iii) OPCABG-HS,

(iv) ANOPCABG (NTAT) A
« Effects on Death, Stroke, MI, Renal Failure, AF, Bleeding g%gg?t

St. Luke’s



A Stroke

anOPCABG “
0.48
(0.27-0.86) | OF CABGHS
0.34 0.71
(0.22-0.52) | (0.44—1.11) OFCADGES
0.22 0.45 0.64
(0.14-0.33) | (0.28-0.69) | (0.48 - 0.83) LA8E
C Myocardial infarction
OPCABG-HS
0.97
PCAB
(0.50—1.91) [| 2"OPCABE I
0.82 0.84
PCABG-P
(0.45 - 1.50) | (0.51-1.37) enti s
0.71 0.73 0.86
AB
(0.40-1.27) | (0.44-1.18) | (0.57-1.32) ARG
E Bleeding
anOPCABG
0.78 |
(0.52 —1.13) DA TR
0.64 0.82
(0.42-0.95) | (0.60 —1.10) ARG
0.52 0.67 0.82
ABG-H
(0.31-0.87) | (0.44-1.04) | (0.52-1.30) DRcARcS

B Mortality
anOPCABG
0.80
(0.55 — 1.13) DFCABGEPC
0.60 0.75
(0.38-0.94) | (0.50-1.12) OFCABG-S
0.50 0.63 0.84
(0.35-0.70) | (0.48-0.81) | (0.57 —1.22) Chn
D Renal failure
anOPCABG
0.79
(0.53 - 1.13) ORCABGERC
0.64 0.81
(0.39-1.05) | (0.52 —1.28) OPCABG-HS
0.47 0.59 0.73
(0.31-0.68) | (0.41-0.84) | (0.45-1.14) £AG
F Atrial fibrillation
anOPCABG
0.80
(0.68 —0.97) PEMABEELE
0.71 0.88
(0.55—-0.87) | (0.69 —1.06) CA8G
0.66 0.82 0.94
BG-H
(0.49-0.89) | (0.60-1.09) | (0.70-1.29) PECARGIR




Anaortic CABG: BITA plus RA
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Anaortic BITA plus RA: “K” Graft

St. Luke’s



TABLE 2. Outcome of patients undergoing anOPCAB versus on-pump CABG

Implementation of the aortic no-touch technique to reduce
stroke after off-pump coronary surgery

Alexander Albert, MD, PhD,” Jirgen Ennker, MD, PhD,™" Yasser Hegazy, MD,”* Sebastian Ullrich,’
Georgi Petrov, MD,* Payam Akhyari, MD, PhD," Stefan Bauer, MD, PhD,” Eda Urer,”

Ina Carolin Ennker, MD, PhD,? Artur Lichtenberg, MD. PhD,* Horst Priss, MD." and

Alexander Assmann, MD, PhD™

Variable anOPCAB (n = 4485) CPB (n = 87%4) OR (CD) P value
Stroke 22(0.49) 115 (1.3) 0.37 (0.24-0.59) <0001
Major stroke 13(0.29) 93 (1.1) 0.27 (0.15-0.49) <0001
Early stroke 4(0.09) 73 (0.83) 0.11 (0.04-0.29) <0001
Major early stroke 3 (0.07) 64 (0.73) 0.09 (0.03-0.29) <0001
Delayed stroke 18 (0.40) 42 (0.48) 0.83 (0.48-1.45) S181
Major delayed stroke 10 (0.22) 29 (0.33) 0.67 (0.33-1.38) 312
ACS 111(2.5) 173 (2.0) 1.27 (0.99-1.61) 0558
CPR 52(12) 162 (1.8) 0.63 (0.46-0.86) 0031
Rethoracotomy 75(1.7) 195 (2.2) 0.75 (0.57-0.98) 0353
Reintubation 85(1.9) 228 (2.6) 0.73 (0.56-0.93) 0122
Creatinine, mg/dL 1.24 + 0.02 1.20 + 0.01 - 0214
CVVHDF 161 (3.6) 328 (3.7) 0.96 (0.79-1.17) 6852
30-d mortality 55(1.2) 143 (1.6) 0.75 (0.55-1.03) 0722

J Thorac Cardiovasc Surg 2018
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FIGURE 2. Annual stroke and early stroke rates. Reduction of the overall stroke rate (black crosses; P <.0001) and the early stroke rate (red rings) in all
patients after the adoption of anOPCAB (red bars, right y-axis) starting in 2005. Curve fitting was performed according to the nonparametric Locally
Weighted Scatterplot Smoothing method. anOPCAB, Anaortic off-pump coronary artery bypass grafting.

Albert et al JTCVS 2018



Age -

Multifocal Atherosclerosis -
History of Stroke -

Ejection Fraction <30% -
Atrial Fibrillation +

Serum Creatinine -
Anaortic OPCAB ~

0.1

Age -

Sex Female

Multifocal Atherosclerosis -
History of Stroke -

Ejection Fraction <30% -
Atrial Fibrillation

Serum Creatinine
Anaortic OPCAB ~

Odds Ratio

Early Stroke

-

0.01

™ YT T Ty

0.1
Odds Ratio

Delayed Stroke

Age

Sex Female -

Multifocal Atherosclerosis -
History of Stroke -

Ejection Fraction <30% +
Atrial Fibrillation -

Serum Creatinine
Anaortic OPCAB -

0.1

T rrrrr T LA A LA | T LI

10
Odds Ratio

ryryvm

100

Albert et al JTCVS 2018



Off-pump, multiple arterial grafting with minimal aortic
manipulation: Is it for everyone?

John D. Puskas, MD." Bobby Yanagawa, MD, PhD."” and David P. Taggart, MD, PhD"

LITA

RITA

LAD

— Cx mangine

FIGURE 1. Anaortic total anterial grafting using in situ LITA with radial
artery Y graft and right internal thoracic antery with radial artery extension.
RITA, Right internal thoracic anery: RA, radial artery: PDA, pateat
ductus arteriosus; LITA, left internal thoracic artery: LAD, left anterior

descending: Cr, circumflex.

ONCAB: Mammary and SVG

\/ \ \

Reduce Stroke Risk  Improve Graft Patency Reduce SWI Risk

Epiaortic Scanning LITA and Radial Artery

Skeletonized ITA
Single Cross-Clamp BITA
; Total Arterial
Proximal Anastam )
' Devices g Revascularization Harmonic Scalpel
No-Touch Aortic Intraoperative Graft

Flow Measurements

v \4 \

OPCAB:
Total Arterial Revascularization
No or Minimal Aortic Manipulation

FIGURE 2. Strategies for transition from on-pump CABG to total arterial,
minimal, or no aortic manipulation off-pump CABG. ONCAB. On-pump
coronary artery bypass graft; SVG. saphenous vein graft; LITA, left internal
thoracic artery: BITA, bilateral internal thoracic artery: SW/, sternal wound
infection: /7A. internal thoracic artery: OPCAB. off-pump coronary artery
bypass graft.

J Thorac Cardovasc Surg 2016;151:4-6.



Summary: Current Status of OPCAB

OPCAB can be better than ONCAB, but requires special
expertise; we have not disseminated good ways to teach OPCAB

Clampless/no-aortic touch OPCAB, by minimizing/avoiding
manipulation of the ascending aorta, is associated with lower
risk of stroke and especially benefits high risk patients

BITA grafting prolongs life; Radial Arteries are (usually) better
than veins; DAPT may improve OPCAB graft patency

Clampless/no-aortic touch, all-arterial OPCAB is state-of-the-art
CABG

It may be best performed in a CABG Reference Center
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Evolution of CABG in 2018:

CABG remains important—SYNTAX 5 yr data
Brief History of CABG
Current State of CABG—STS Database

Ongoing Evolution of CABG with a Focus on Quality Improvement
1. Improving On-Pump CABG:

W

1. Epi-aortic U/S and single X-clamp
2. Multiple arterial conduits
3. Graft assessment and DAPT

2.  Improving Off-Pump CABG
1 Patient and surgeon selection
2 Epi-aortic U/S and Clampless OPCAB
3. Evolution towards all-arterial no-aortic-touch OPCAB
4 Graft assessment and DAPT

5. Robotic and hybrid robotic CABG
6. Optimal Medical Management of CABG Patients

m 7. The Coronary Heart Team m

Mount Mount
Sinai Sinai
Heart St. Luke’s



Hybrid Coronary Revascularization:
Planned combination of surgical and percutaneous techniques in two different
coronary territories, both scheduled and performed within a predefined time
period in a patient with multi-vessel coronary artery disease




HCR Case:
2-Vessel CAD Including Proximal LAD Stenosis

* 58 yo male Jehovah’s Witness
(refusing any blood transfusion)

 PMH:

— testicular cancer s/p resection and chemoRx
— HTN, HLD

* Presenting with unstable angina for 2 weeks

A

Moupt
Sinai
Heart



Preop Coronary Angiography:

2VD Including Proximal LAD Stenosis
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HCR OR Set Up
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HCR: Robot Set Up




HCR: Robotic LIMA Harvest
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HCR (15t Stage): LIMA to LAD Anastomosis
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HCR (29 Stage): LIMA Angiography and RCA stent
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HCR Case:
Left Main Disease

57 yo male with NSTEMI

No significant past medical history
Strong family history for CAD

Distal LM disease and Proximal LAD
RCA normal

Laborer; refused sternotomy

A
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Angiogram-LCA




Angiogram-LCA

4 '




Plan

= Robotic assisted LIMA-LAD

= Subsequent PCI of LM into circumflex on
POD #1
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HCR: LIMA to LAD Flow Measurement
(Transit Time Doppler)
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LIMA Injection POD#1




PTCA of LM into LLCx with DES
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Completion Angio




Postoperative Course

Taken to cath lab on POD#1
Uncomplicated procedure
Discharged home POD#3
Back to work 2 weeks

A
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4 \Weeks after Robotic LIMA-LAD
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Coronary Anatomic Indications for
Hybrid Revascularization

= Proximal LAD plus (typically) one other diseased vessel

= Ostial LAD, restenosed proximal LAD stent, calcified long
LAD lesions

= Non-LAD lesion(s) amenable to PCI

= |solated distal or bifurcation LM disease with/without
proximal LAD disease

* “Why do an unprotected distal LM and/or complex prox LAD
PCI when you can have a robotic LIMA-LAD for your patient
and do a protected LM PCI procedure?”

Mnupt
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Hybrid Coronary Revascularization Versus Off-
Pump Coronary Artery Bypass for the Treatment of

Left Main Coronary Stenosis

Michael E. Halkos, MD, S. Tanveer Rab, MD, Thomas A. Vassiliades, MD, MBA,
Douglas C. Morris, MD, John S. Douglas, MD, Patrick D. Kilgo, MS,

Henry A. Liberman, MD, Robert A. Guyton, MD, Vinod H. Thourani, MD, and
John D. Puskas, MD

(Ann Thorac Surg 2011;92:2155-60)




Hybrid Revascularization for
Multivessel Coronary Artery Disease

Mariusz Gasior, MD,* Michael Oscar Zembala, MD, PuD,{ Mateusz Tajstra, MD, PuD,* Krzysztof Filipiak, MD, PuD,t
Marek Gierlotka, MD,* Tomasz Hrapkowicz, MD, PuD, Michat Hawranek, MD, PuD,* Lech Polonski, MD,*
Marian Zembala, MD,{ on behalf of the POL-MIDES (HYBRID) Study Investigators

CrossMark

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 7, NO. 11, 2014

OBJECTIVES The aim of this study was to assess the feasibility of hybrid coronary revascularization (HCR) in
patients with multivessel coronary artery disease (MVCAD) referred for standard coronary artery bypass grafting

(CABG).

METHODS A total of 200 patients with MVCAD involving the left anterior descending artery (LAD) and a critical
(>70%) lesion in at least 1 major epicardial vessel (except the LAD) amenable to both PClI and CABG and referred for
conventional surgical revascularization were randomly assigned to undergo HCR or CABG (in a 1:1 ratio). The primary
endpoint was the evaluation of the safety of HCR. The feasibility was defined by the percent of patients with a
complete HCR procedure and the percent of patients with conversions to standard CABG. The occurrence of major
adverse cardiac events such as death, myocardial infarction, stroke, repeated revascularization, and major bleeding within

the 12-month period after randomization was also assessed.

CONCLUSIONS HCR is feasible in select patients with MVCAD referred for conventional CABG. (Safety and Efficacy
Study of Hybrid Revascularization in Multivessel Coronary Artery Disease [POL-MIDES]; NCTO1035567) (J Am Coll
Cardiol Intv 2014,7:1277-83) © 2014 by the American College of Cardiology Foundation.



Hybrid Revascularization for
Multivessel Coronary Artery Disease

JACC: CARDIOVASCULAR INTERVENTIONS

PATIENT SCREENING
(All patients with MVD referred for CABG)
inclusion /exclusion criteria

v

decision of the Local Heart Team
concerning the feasibility of
revascularization

|

Baseline visit

inclusion/exclusion criteria,
informed consent, baseline data

collection

RANDOMIZATION

1:1

e

Hybrid revascularization
(MIDCAB/EACAB LIMA-LAD
+ PCI/DES)

GROUP 1 N=98

S

Conventional surgical
revascularization

(CABG/OPCAB)
GROUP 2 N=102

4

Clinical follow-up: 30, 60, 90 days after randomization
Angiographic follow-up: 12 months after randomization

VoL, 7, NO. 11, 2014

POL-MIDES (HYBRID) Study Investigators

Free from MACE at 12 month
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JACC: CARDIOVASCULAR INTERVENTIONS VOL. 7, NO. 11, 2014
@ 2014 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION ISSN 1936-8798/$36.00
PUBLISHED BY ELSEVIER INC. http://dx.doi.org/10.1016/j.jcin.2014.06.013

EDITORIAL COMMENT

Hybrid Coronary Revascularization

A New Treatment Paradigm for Selected Patients
With Multivessel Coronary Artery Disease*

CrossMark

John D. Puskas, MD, MSc, Amit Pawale, MD, Samin K. Sharma, MD

It may be more appropriate and impactful to
study the safety and efficacy of HCR in patients with
less extensive, hybrid-eligible coronary anatomy
referred for either multivessel PCI or surgical coro-
nary revascularization. Any patient with proximal
LAD stenosis and significant lesion(s) in 1 or at most
2 other non-LAD vessels could be eligible for
randomization to HCR versus multivessel PCI. Such



Hybrid Coronary Revascularization Versus Off-

Pump Coronary Artery Bypass for the Treatment of

Left Main Coronary Stenosis

Michael E. Halkos, MD, S. Tanveer Rab, MD, Thomas A. Vassiliades, MD, MBA,
Douglas C. Morris, MD, John S. Douglas, MD, Patrick D. Kilgo, MS,
Henry A. Liberman, MD, Robert A. Guyton, MD, Vinod H. Thourani, MD, and

John D. Puskas, MD

OPCAB
(n =81) (n=27) Value

Repeat Revascularization

All repeat revascularization events 1 (1.2)
(%)

Target vessel revascularization (%) 1 (1.2)

Progression of native disease (%) 0(0.0)
Occlusion or stenosis of SVG (%) 1 (1.2)
In-stent restenosis (%) 0(0.0)

HCR p

2(7.4) 0.09
1(3.7) 0.41
1(3.7) 0.08
0 (0.0) 0.56
137) 0.08

OPCAB HCR

In-Hospital Outcomes (n = 81) (n = 27) p Value

No. with blood 50 (61.7) 9(33.3) 0.01
transfusion (%)

Renal failure (%) 2(2.5) 1(3.7) 0.74

Hospital LOS (days, 6.6 £ 5.6 5.6 * 2.0 0.19
mean * SD)

Postoperative atrial 19 (23.5) 5(19.2) 0.65
tibrillation (%)

Ventilator hours 32.8 + 96.3 6979 0.022
(mean * SD)

ICU LOS (days, mean = 643 £1203 364 *+29.8 0.058
SD)

HCR = hybrid coronary revascularization; ICU = intensive care

unit; LOS = length of stay; OPCAB = off-pump coronary artery

bypass grafting; SD = standard deviation.
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HCR = hybrid coronary revascularization; OPCAB = off-pump coro-

nary artery bypass; SVG = saphenous vein graft.



JOURNAL OF THE AMERICAN COLLEGE OF CARDICLOGY VOL. 68, NO. 4, 2016
® 2016 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION ISSN 0735-1097/%$36.00
PUBLISHED BY ELSEVIER http://dx.doi.org/10.1016/j.]acc.2016.05.032

Hybrid Coronary Revascularization
for the Treatment of Multivessel

Coronary Artery Disease
A Multicenter Observational Study

CrossMark

John D. Puskas, MD,*" Michael E. Halkos, MD," Joseph J. DeRose, MD,” Emilia Bagiella, PuD,"

Marissa A. Miller, DMV, MPH,' Jessica Overbey, MS,” Johannes Bonatti, MD,? V.S. Srinivas, MD,” Mark Vesely, MD,"

Francis Sutter, MD,' Janine Lynch, MPH,' Katherine Kirkwood, MS,” Timothy A. Shapiro, MD,’

Konstantinos D. Boudoulas, MD,' Juan Crestanello, MD,' Thomas Gehrig, MD," Peter Smith, MD,"

Michael Ragosta, MD,' Steven J. Hoff, MD,™ David Zhao, MD,” Annetine C. Gelijns, PuD,* Wilson Y. Szeto, MD,”

Giora Weisz, MD,"” Michael Argenziano, MD,” Thomas Vassiliades, MD,"“ Henry Liberman, MD,"

William Matthai, MD,” Deborah D. Ascheim, MD** m
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Hybrid Observational Study — coemongcumsen

* Prospective cohort observational study
« 11 US clinical sites

* To inform design of an RCT of HCR vs.
multivessel PCI (DES)

— Feasibility of recruitment (# anatomically eligible pts)

— More precise characterization of population
undergoing HCR

— Variability of treatment approaches m
— Event rates (MACCE)
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HCR StUdy POpUIatiOn CARDIDT;ORQCEK&{

TRIALS jefIVerk

Clinical Site HCR | PCI*

Brlgham and.Worr.lens Hospital 0 1 . Median follow-up
Columbia University 3 23

Duke University Medical Center 3 5 post-revasc 17.6
Emory University 79 4 £ 6.5 months
Lankenau Hospital 31 7

Montefiore Medical Center 26 14 . Analysis included
Ohio State University 9 6 339.8 person-
University of Maryland Medical Center 36 6 years at risk
University of Pennsylvania 9 26

University of Virginia Health System 2 4

Vanderbilt University Medical Center 2 2

Total 200 98

*All anatomically & clinically eligible for HCR



CENTRAL ILLUSTRATION Multicenter HCR Study: MACCE-Free Survival at End of Study Follow-Up

MACCE-Free Survival at End of Study Follow-up

1.00

0.95

0.904

Survival Probability

0.85+4

0.80-

=

10 15 20
MACCE-Free Survival (Months)

U -

= Hybrid Coronary Revascularization s PC| with DES

Puskas, J.D. et al. J Am Coll Cardiol. 2016;68(4):356-65.

25

In this first multicenter observational study of hybrid coronary revascularization (HCR) and multivessel percutaneous coronary intervention (PCI) for patients with
hybrid-eligible coronary anatomy, risk-adjusted major adverse cardiovascular and cerebrovascular events (MACCE) rates were similar between groups through 12
months of follow-up. During longer follow-up, at 18 months, MACCE-free survival curves for HCR versus PCl began to diverge, with increasing MACCE in the multivessel

PCI group. DES = drug-eluting stent(s).
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CARDIOTHORACIC SURGICAL
TRIALS jefIVerk

NIH Hybrid Coronary
Revascularization Randomized Trial

CCC: John Puskas (Mount Sinai) and Gregg Stone (CRF)
DCC: Emilia Bagiella, Alan Moskowitz (Mount Sinai)

m) National Institutes of Health S‘\%
- ho

National Heart, Lung, and Blood Institute 'DC
National Institute of Neurological Disorders and Stroke G C.' .R IROL



Objectives (:’)

N!oupt
Sinail
Heart

-C ‘['SN

CARDIOTHORACIC SURGICAL
TRIALS pafin/ort

To evaluate the safety and effectiveness of hybrid coronary
revascularization (HCR) compared to multi—vessel
percutaneous coronary intervention (PCl) with drug-eluting
stents (DES) in patients with multi-vessel coronary artery
disease (CAD) involving the Left Anterior Descending (LAD)
and/or Left Main (LM) arteries.



Study Design (:
(TSN

CARDIOTHORACIC bUR{;ILAL
TRIALS pafin/ort

* Prospective, randomized, multi-center,

comparative effectiveness trial

* Patients randomized with equal allocation

(1:1).

e Registry-based Trial

— Society of Thoracic Surgeons (STS) Data Registry
will be used for peri-procedural and demographic
data on patients randomized to HCR
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Target Population & Interventions (:
(TSN

CARDIOTHORACIC SURGICAL,
TRIALS Hgfwfﬁ;

e Patients with multi-vessel CAD involving the
proximal or mid LAD distribution with a clinical
indication for revascularization and eligible for
both HCR and multi-vessel PCl with DES

e 2354 patients will be randomized:

— HCR with Left Internal Mammary Artery (LIMA) to
LAD + PCl of non-LAD vessels

— Multi-vessel PCl with DES, including the LAD

Mpupt
Sinail
Heart
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Primary Endpoint (:
(TSN

CARDIOTHORACIC bUR{;ILAL
TRIALS pafin/ort

The occurrence of MACCE, defined as all-
cause mortality, myocardial infarction (Ml),
stroke, and repeat revascularization over a
minimum of 5 year follow-up after
randomization



Secondary Endpoints AN

Cardiovascular Events

e MACCE at each data collection time
point

* Individual components of MACCE

All-cause mortality

Repeat revascularization (all-cause)
Stroke

Myocardial infarction (Ml)

* Ischemia-driven repeat
revascularization

e Cardiovascular mortality

Hospitalizations

* Re-hospitalization (all-cause and
cardiovascular)

CARDIOTHORACIC SURGICAL
TRIALS pafin/ort

Health Status

Angina Score (Canadian
Cardiovascular Society
Classification [CCSC])

Quality of Life (SF-12 and EuroQOL)

Cost and Cost Effectiveness

Resource utilization: length of
hospital stay for index procedure (as
relevant), readmissions

Days alive out of hospital
Cost and cost-effectiveness (cost per

quality-adjusted life year)

N!oupt
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Hybrid Coronary Revascularization

/Z%
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Heart

Evolving treatment paradigm for patients with
proximal LAD disease and low SYNTAX score

NIH HCR Observational Study suggests outcomes
with PCI vs HCR are similar at 12 months.

Just-funded NIH HCR Randomized Trial will explore
whether HCR may offer longer-term advantages over
multivessel PCl for hybrid-eligible patients.

THIS IS A CARDIOLOGY TRIAL; all patients begin and
end in the cath lab



Trends in Robotic-Assisted Coronary Artery Bypass o
Grafts: A Study of The Society of Thoracic Surgeons | "¢
Adult Cardiac Surgery Database, 2006 to 2012 WO

David ]J. Whellan, MD, MHS, Melissa M. McCarey, MPH, Bradley S. Taylor, MD, MPH,
Todd K. Rosengart, MD, Amelia S. Wallace, MS, A. Laurie W. Shroyer, PhD,
James S. Gammie, MD, and Eric D. Peterson, MD, MPH

(Ann Thorac Surg 2016;102:140-6) . . .
© 2016 by The Society of Thoracic Surgeons d 2y Robotic Assisted CAB Remains <_11%

2013 2014 2015 2016 2017

1.5% Robotic Assisted CAB

ICC 2018

2018 International Coronary Congress



Evolution of CABG in 2018:

CABG remains important—SYNTAX 5 yr data
Brief History of CABG
Current State of CABG—STS Database

Ongoing Evolution of CABG with a Focus on Quality Improvement
1. Improving On-Pump CABG:

W

1. Epi-aortic U/S and single X-clamp
2. Multiple arterial conduits
3. Graft assessment and DAPT

2.  Improving Off-Pump CABG

1 Patient and surgeon selection

2. Epi-aortic U/S and Clampless OPCAB

3 Evolution towards all-arterial no-aortic-touch OPCAB
4, Graft assessment and DAPT

5. Robotic and hybrid robotic CABG
6. Optimal Medical Management of CABG Patients

m 7. The Coronary Heart Team m

Mount Mount
Sinai Sinai
Heart St. Luke’s
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Coronary Artery Bypass Graft Versus Percutaneous 8 Commun |ty Hos p itals

Coronary Intervention

2955 POl Patients
Outcomes .
— »2255 PC| Patients

*Detailed Medication History
=18 months; 5-7 years

*"Focus on:

v Antiplatelet Therapy

v Lipid Lowering agents

v B-Blocker Treatment

v End Point: Major Adverse Cardiac Event

Kurlansky, P, Circ. 2016; 134: 1238-
1246

ICC 2018

2018 International Coronary Congress



CABG: Effect of LLA Usage Pattern on MACE Free Fraction

A CABG: Effect of ASA Usage Pattern on MACE Free Fraction
p = 0.001 (log-rank test)

p = 0.001 (log-rank test)
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Evolution of CABG in 2018:

CABG remains important—SYNTAX 5 yr data
Brief History of CABG
Current State of CABG—STS Database

Ongoing Evolution of CABG with a Focus on Quality Improvement
1. Improving On-Pump CABG:

W

1. Epi-aortic U/S and single X-clamp
2. Multiple arterial conduits
3. Graft assessment and DAPT

2.  Improving Off-Pump CABG

1 Patient and surgeon selection

2. Epi-aortic U/S and Clampless OPCAB

3 Evolution towards all-arterial no-aortic-touch OPCAB
4, Graft assessment and DAPT

5. Robotic and hybrid robotic CABG
6. Optimal Medical Management of CABG Patients

m 7. The Coronary Heart Team A

Mount Mount
Sinai Sinai
Heart St. Luke’s



Definition of Coronary Heart Team

Clinical cardiologist
(non-interventional)

The patient
with CAD

Figure 5 The basis for a Heart Team is involvement of neces-
sary spedalties and the patient to facilitate shared decision-

m making, Copied with permission from Wijns et ol CAD = m
Mount coronary artery disease. Mount
Sinai Sinai

Heart St. Luke’s



History of the Coronary Heart Team

* |nitiated in early randomized trials comparing
CABG with medical therapy for stable CAD; used
to select patients eligible for randomization

* Predates TAVR Heart Team by >20 years
* RCTs of CABG vs PCI followed.

 EAST and BARI trials included nested Registries
along with the randomized cohorts to
demonstrate if physician or patient-treatment
preferences yielded different results than

randomized patients
ZA P A

Moupt Mount
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Clinical update
T he rationale for Heart Team decision-malking
for patients with stable, complex coronary artery

disease

Stuart J. Head?!, Sanjay Kaul?Z Michael J. Mack3®, Patrick W. Serruys’?,
David P. Taggart®, David R. Holmes Jr°, Martin B. Leon®%7, Jean Marco®,
Ad J.J).T. Bogers', and A. Pieter Kappetein®*
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* Stable complex CAD can be treated with CABG, PCl or Med Rx

* Despite calls for Heart Team approach, there remains large variability in
PCl-to-CABG ratios, due to physician-related factors, raising concern about
overuse, underuse and inappropriate selection of revascularization

* Heart Team, consisting of clinical and interventional cardiologists and
cardiac surgeon, can together better analyze and interpret the diagnostic
evidence, consider the clinical condition and individual preferences of the
patient and their own local expertise and through shared decision-making
with the patient make the most appropriate recommendation for
treatment strategy



Country PCI/ICABG Ratio CABG : PCI (per 100000 of population)

Mexico 0.67
New Zealand 1.40
Canada 1.87
United Kingdom 2.03
Ireland 2.15
Australia 2.19
Denmark 2.24
Portugal 2.33
Luxembourg 2.34
Finland 2.37
Netherlands 2.4
Norway 3.09
Sweden 3.20
Beigium 3.21
OECD 3.29
Czech Republic 3.36
lceland 3.56
Switzerland 3.67
Poland 3.80
Germany 4.18
Hungary 4.30
United States 517
Italy 5.26
France 5.98
Spain 8.63

200 100 O 100 200 300 400 500 600

Figure | Revascularization procedures performed in countries throughout the Western world. Data from the Organisation for Economic
Cooperation and Development (OECD) shows a great variety in the number of revascularization procedures per 100000 inhabitants.™
CABG, coronary artery bypass grafting; PCl, percutaneous coronary intervention.



Coronary Artory Bypass Grafting B 56t 80 Porcutaneous Coronary Intervention B 40k 370
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Figure 2 Rates of CABG and PCl in hospital referral regions within the United States. The mean rate of CABG was 5.2 per 1000 Medicare
enrollees and 11.3 for PCl. Rates are adjusted for age, sex, and race. Copied from the Dartmouth Atlas of Health Care.** Abbreviations as

previously.



Table 3 Inappropriateness of revascularization procedures

Author, year Country Inclusion Number of procedures  Rate of Rate of uncertian
for stable angina inappropriateness, % appropriateness, %
PCl
Hilbome, 1993°? UsSA 1990 519 1% 42%
Bengtson, 1994 Sweden 1990 56 5% 9%
Meijler, 1997°° The Netherlands 1992 891 334% 36.4%
Bernstein, 1999* Sweden 19941995 447 367% 37.8%
Hemingway, 1999 UK 1995 ~328 43% 48%
Fitch, 2000* — — 204 15% 44%
Aguilar, 2001" Spain 1997 467 15% 23%
Yim, 2004™ Korea 1997 228 88% 67.1%
Chan, 2011* USA 2009-2010 144737 11.6% 38.0%
Hannan, 2012% UsA 2009-2010 24545 143 49.6
CABG
Winslow, 1988 USA 19791980, 1982 213 13 —
Gray, 1990* UK and USA 1987 -1988 319 16
Bengtson, 1994%¢ Sweden 19%0 307 1 8
McGlynn, 1994°* Canada and USA 1989 -1990 ~980 ~15
Meiller, 1997°° The Netherlands 1992 1054 45 134
Bernstein, 1999%/ Sweden 1994 -1995 1038 85 13.2
Hemingway, 1999%° UK 1995 ~323 43 38
Fitch, 2000" — —_ 204 19 40
O'Connor, 2008°*  USA 2004 -2005 806 21 0
Hannan, 2012% USA 20092010 8168 11 8.6

*~'indicates an approximate value that was calculated by combining the overall group and a percentage. For example, “34% of 287 patients had stableangina”: 0.34 x 287 = 976
which would be listed here as ~~98. Abbreviations as previously.



The True Coronary Heart Team Ethos

 Expanded and refocused by experience with TAVI

* Collaboration makes us better: from the era of PCl vs
CABG to a era where PCl and CABG serve different
patients or work together (Hybrid) for better patient
outcomes

 Necessary to have a collaborative attitude from both
parties of the heart team

e “1+1>2" “Together we are both better.”
ZA\ /A
Mount Mount
Sinai Sinai

Heart St. Luke’s



The Coronary Heart Team: The Reality

« Expanded and refocused from experience with TAVI.

True, but.....
« TAVI could not have started without the partnership of surgeons and
cardiologists (ie transapical early devices)
* Inthe USA, TAVI cannot be reimbursed unless both a primary
cardiologist and primary surgeon are identified and scrubbed (neither
can be paid without the other)

* In CAD, PCI i1s well developed and rarely “needs” a surgeon,
either to perform a procedure or to ensure payment

« Even multivessel PCI that is not guidelines-directed is fully
reimbursed if patient “refuses surgery”.

A A

Mount Mount
Sinai Sinai
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 Both European and American guidelines on
myocardial revascularization are an ongoing joint
effort of cardiology and surgical associations

Coronary Heart Team:

Part of Revascularization Guidelines

 Both European and US updated guidelines advocate

for Heart Team decision-making as a Class I(C)
recommendation for patients with complex CAD

A

Moupt
Sinai
Heart

Holmes et al., Journal of the American College of Cardiology. Vol. 61 No. 9, 2013
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Heart Team Approach to
Revascularization Decisions

Lnaib i A Heart Team approach to

revascularization is recommended In

patients with unprotected left main or
complex CAD.

| lallb Il

Calculation of the STS and SYNTAX
scores Is reasonable in patients with
unprotected left main and complex CAD.

Helping Cardiovascular Professionals ~ American
Learn. Advance. Heal. Hear_t _
Association.




The Goals Of The Multidisciplinary Team

* To offer balanced and complementary approach to
patient care by joint and shared decision making

* From a professional point: to improve and elevate
the cognitive interchange that occurs among the
specialties

* To give recommendation for therapy for a more
informed and engaged patient

m Holmes et al., Journal of the American College of Cardiology. Vol. 61 No. 9, 2013. A
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Coronary Heart Team Decision Making

Three step process:

1.
2.

A
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Assessment of coronary lesions (SYNTAX score)

Assessment of patient’s co-morbidities and operative
risk (STS score)

Revascularization recommendation based on
guidelines and patient preferences after education by
Coronary Heart Team

Head, et al. European Heart Journal (2013) 34, 2510-218 A
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Coronary Revascularization

The application of PCI at the time of
diagnostic angiography should be restricted
in patients with complex or multi-vessel
disease

Pts will undergo diagnostic angiography and
the procedure will be electively stopped to
allow full discussion with members of the
Heart Team and the patient and the family.
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Holmes et al., Journal of the American College of Cardiology. Vol. 61 No. 9, 2013.



Limitations of the Heart Team

e Can cause delays in decision-making and treatment,
inefficiency in care and increased expense by foregoing
‘ad hoc’ decisions.

 Heart Team meetings require an investment in time of
surgeons, cardiologists and ancillary personnel,
increasing direct costs

* Perhaps Heart Team should convene specifically for
cases with question regarding revascularization
strategy and not for single vessel disease or those with
very low SYNTAX score, in whom ‘ad hoc’ stenting is
appropriate to avoid two separate catheterizations
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Limitations of the Heart Team

Both the clinical (STS/Euroscore) and anatomical
(SYNTAX) scores that are used for joint decision-
making require some labor and entail significant
inter- and intra-observer variability

Uncollaborative or autocratic individuals can
manipulate, dominate or derail the Heart Team

Financial incentives motivate personal self-interest
and specialty self-interest

A A
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Hybrid Coronary Revascularization:
The Future of the Coronary Heart Team?

* The perfect combination of cardiologists” and
surgeons’ skills and energies in collaborative
patient care

* Neither surgeon nor cardiologist “looses”
* Both surgeon and cardiologist “win”
* The Patient may be the biggest winner

A A
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The Ongoing Evolution of Surgical Coronary
Revascularization

SYNTAX and FREEDOM 5-yr results demonstrate that CABG is superior to PCI
for most patients (esp diabetics) with complex CAD, but stroke remains the
Achilles Heal of CABG

Epiaortic ultrasound scanning and doppler graft assessment should be routine in
every case

Numerous grafting techniques that minimize or avoid aortic clamping are available
and should become routine (single clamp on-pump; clampless OPCAB)

Arterial grafts last longer than venous grafts; they should be used routinely
whenever appropriate; a second arterial graft should be an STS quality metric

Medical management of the CABG patient is woefully suboptimal
There is (much) room for improvement in both on-pump and off-pump CABG

This will require genuine focus on CABG as the most technically demanding
procedure we perform: International Coronary Congress, reference centers

Goal: Zero mortality in elective CABG
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Programmatic and Surgeon Specialization
Improves Mortality in Isolated Coronary
Bypass Grafting

A. Claire Watkins, MD, Mehrdad Ghoreishi MD, Nathan . Maassel, MD,
Brody Wehman, MD, Filiz Demirda, BS, CPHQ, Bartley P. Griffith, MD,
James S. Gammie, MD, and Bradley S. Taylor, MD, MPH

Sub-Specialization
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* Centralize and
review referrals

¢ Mentor junior
CABG surgeons

* Dedicated PA for
vein harvest/first
assist

e Less variety of
surgical technique

* Dedicated
coronary service
nurse practitioners

e Clinical care
protocols

*Preoperative
medical optimization

* Monthly review
of STS data

e Multidisciplinary
* Blood utilization
e Hand hygiene
* Infection control



General Era Specialized Era
Variable 20022012 (n = 3,256) 2013-2016 (n = 1.283) p Value
Qperative mortality, No. (%) 87 (267) 19 (1.48)
Published STS benchmark, % 20 22
Observed/expected mortality ratio 167 1.00
General Era Specialized Era
Variable” 2002-2012 (n = 3.256) 2013-2016 (n = 1283) p Value
Reoperation for bleeding 97 (3) 28(2) 0.16
Intra-op or post-op IABP 148 (4.6) 34(27)
Permanent stroke 51 (16) 9(0.7) @,
Observed/expeded ratio 09 0.53
Published STS benchmark, % 13 1.3
Prolonged ventilation 525 (16) 143 (11)
Observed/expeded ratio 17 1
Published STS benchmark, % 97 7.9
Deep sternal wound infection 20 (06) 8(0.6) 0.66
Observed/expeded ratio 1 L5
Published STS benchmark, % 03 0.3
Renal failure 40 2) 23(2) 0.15
Observed/expedted ratio 03 0.49
Published STS benchmark, % 24 21
Cardiac arrest 72 (2) 30(2) 0.14
Peri-op myocardial infarction 11 (034) 3(0.23) 0.64
Post-op transfusion 1,589 (49) 461 (36)
Length of stay, days 88 75 0.7
Published STS benchmark, days 92 9.3
Read mission 221 (7) 124 (10) @




