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Agenda

» Am | qualified to give this talk?

» Background

» Robotic cardiac surgery in the world

» Why go from 1 to 10, if 2 -9 is left out?

» ,,Gold Standards in Cardiac Surgery“ (3 examples)

Remark: Personal view!
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First Robotic-assisted MV repair
May 27, 1998




Robotic MV Surgery
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Robotic Assisted MV Surgery!




Robotic MV surgery
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Operative Setup
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Robotic Assisted MV Surgery
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Should Every Young Cardiac Surgeon
Learn Robotic Techniques?

”NOH




Predictions

,It is hard to make
predictions, especially

about the future”

Niels Bohr

1885 — 1965
Nobel Prize in physics 1921




Wrong Predictions

“Television won't be able to hold on to any market it captures
after the first six months. People will soon get tired of staring at a

playWOOd box eve ry night” - Darryl F. Zanuck, head of 20th Century-Fox, 1946

“There is no reason for any individual to have a computer in their

home” - Kenneth Olsen, president and founder of Digital Equipment Corp, 1977
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Example of surgical misconception of the future

éﬁ%{g’a’&%%SAg%éééﬂé’r%Nowﬁ Quotes from surgeons:
» “dangerous”

» “ridiculous”

» “unethical”

» “a joke”

» “will never work”
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Cardiovascular Disease Worldwide
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Cardiovascular Disease Worldwide
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Da Vinci

Foto: Intuitive Surgical 2019



Modern Robotic Tools

74 \

ATCSA2023

uuuuuu i

nnnnnnnnnnnnnnn

https://isrg.intuitive,.com



Robotic Assisted Cardiac Procedures

Y

CABG (IMA harvesting, LIMA — LAD anastomosis)
MYV surgery

TV surgery

AV surgery

ASD- /PFO-closure

Cardiac tissue ablation

Ductus arteriosus ligation

Aortic ring ligation
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Worldwide Procedure Trend

2019 Guidance
1,250,000 - 17-18% Growth
2018
18% Growth
1,000,000 -
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® Other General Surgery ® Gynecology = Urology m Estimated Growth

Foto: Intuitive Surgical 2019



Da Vinci System Installed Base
5,406 Worldwide as of September 30, 2019

" ,

USA 3,459

Rest of World 293

560 of 5,406 installed systems under operating lease.

Foto: Intuitive Surgical 2019



Numbers of Centers Performing Robotic Assisted
Cardiac Procedures 2

B Nordamerika
W APAC
mEU

ME

Definition:
Min. 30 cardiac

procedures with a robot
within the last two years

Nordamerika: USA 35, Kanada 4
APAC (Asian Pacific Countries): China 6, Taiwan 5, Japan 4, Australien 1, Stidkorea 1

EU (Europaische Union): Turkei 3, Belgien 3: Niederlande 2, Tschechische Republik 2
ME (Middle East): Saudi Arabien 1, Kuweit 1

https://isrg.intuitive,.com




Europe

Heinrich Heine University of
Dusseldorf, Germany

Reviewed by:

Nikolaos Bonaros,

Innsbruck Medical University, Austria
Jgor Belluschi,

" frontiers ORIGINAL RESEARCH
- A G published: 20 January 2022
in Cardiovascular Medicine doi: 10.3389/fcvm.2021.827515
Robotic Cardiac Surgery in Europe:
Status 2020
OPEN ACCESS
Stepan Cerny '*, Wouter Oosterlinck®*, Burak Onan®, Sandeep Singh*, Patrique Segers®,
Edited by: Cengiz Bolcal®, Cem Alhan’, Emiliano Navarra®, Matteo Pettinari®, Frank Van Praet°,
Payam Akhyari,

Herbert De Praetere ', Jan Vojacek "2, Theodor Cebotaru ™, Paul Modi', Fabien Doguet ',
Ulrich Franke '®, Ahmed Ouda’, Ludovic Melly ", Ghislain Malapert, Louis Labrousse?,
Monica Gianoli?', Alfonso Agnino?, Tine Philipsen?®, Jean-Luc Jansens?,

Thierry Folliguet®, Meindert Palmen?, Daniel Pereda?, Francesco Musumeci?,

Piotr Suwalski®, Koen Cathenis®, Jef Van den Eynde?** and Johannes Bonatti***

on behalf of the European Robotic CardioThoracic Surgeons (ERCTS)
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» 4 year period

» 2,563 procedures

» CABG 49.4%

» MV or TV surgery 36.9%
» ASD closure 8.8%

» Atrial myxoma resection 2.1%
» other 2.8%

» Bleeding 2.2%
» Stroke 0.2%
» Mortality 1.1%

Frontiers Cardiovasc Med 2022;8, article 827515
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FIGURE 1 | Distribution of centers performing robotic cardiac surgery in Europe. Note a concentration of activities in Belgium and the Netherlands.
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Evolution of Robotic Surgery
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Robotic Cardiac Surgery

Journal of

Cardic I N
B ey
Review
Is There a Future for Minimal Access and Robots
in Cardiac Surgery?

Gloria Faerber 9, Murat Mukharyamov and Torsten Doenst *

Department of Cardiothoracic Surgery, Jena University Hospital, Friedrich Schiller University, Am Klinikum 1,
07747 Jena, Germany

ijena.de; Tel.: ; Fax:

Abstract: Minimally invasive techniques in cardiac surgery have found increasing use in recent years.
Both patients and physicians often associate smaller incisions with improved outcomes (i.., less risk,
shorter hospital stay, and a faster recovery). pic and robotic assistance has been introduced,
but their routine use requires specialized training and is associated with potentially longer operating
times and higher costs. Randomized evidence is scarce and transcatheter treatment alternatives are
increasing rapidly. As a result, the concept of minimally invasive cardiac surgery may be viewed
with skepticism. In this review, we examine the current status and potential future perspectives of

minimally invasive and robotic cardiac surgery. Numbers of

procedures
in global
cardiac
medicine

Cardioplegia
and open
heart surgery

Minimally-
invasive
cardiac
surgery

Hypothermia

Robotic cardiac

/\ surgery

1950 1960 1970 1980 1990 2000 2010 2020 2030
Years

-

ISITIE J Cardiovasc Dev Dis 2023;10:380
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Mitral Valve Surgery

Review Article

Minimally Invasive and Robotic Mitral
Valve Surgery: Methods and Outcomes
in a 20-Year Review

Innovations
00(0) 1-10

© The Author(s) 2021

Article reuse guidelines:
sagepub.comljournals-permissions
DO 10.1177/15569845211012389
journals sagepub.com/homelinv

®SAGE

Johannes Bonatti"?, MD, Ingo Crailsheim"?, MD, Martin Grabenwﬁger"z'z, MD, and

Bernhard Winkler'***, MD

Abstract

In the mid- to late-1990s the cardiac surgery community began to apply limited incisions
in mitral valve surgery. Ministernotomies and right-sided minithoracotomies were placed
instead of the classic midline sternotomy. Adjunct technology such as videoscopy, ad-
vanced peripheral cannulation techniques, procedure specific long shafted surgical in-
struments, as well as surgical robots became available, and the procedures were refined
in a stepwise fashion. In 2021, minimally invasive mitral valve repair is routine at many
centers around the globe. We reviewed a total of 50 consecutive patient series pub-
lished on the topic between 1999 and 2019. Three main versions of minimally invasive

Central Message
Our review of 50
consecutive series
published on minimally
invasive and robotic
mitral valve surgery,

d ates that this

mitral valve surgery were applied in 20,539 patients. The surgical methods, their specific
results, and the cumulative outcome of less invasive mitral valve surgery published over
more than 20 years are reported and an integrated view on what less invasive mitral
valve surgery can offer is presented.

Keywords
mitral valve repair, mini invasive, minithor
endoscopic mitral valve repair

Y, Vi py, robotic surgery, totally

type of intervention
can be performed with
very satisfactory intra-
operative and post-
operative outcome
while surgical trauma is
significantly reduced.

Ho Chi Hinh city, Vietnam
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Minimally Invasive and Robotic Mitral Valve Surgery 1999 - 2018
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Distribution of Methods

2999
14.6%
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65.5%

Innovations, DOI: 10.1177/15569845211012389




Mitral Valve Surgery

Keynote Lecture Series

Robotic mitral valve surgery: overview, methodology, results, and
perspective

W. Randolph Chitwood Jr'**

'Emeritus Chairman, Department of Surgery, Brody School of Medicine, Greenville, NC, USA; *Founding Director, East Carolina Heart Institute,
East Carolina University, Greenville, NC, USA; XVisu‘ng Professor, University of Virginia, Charlottesville, VA, USA

Correspondence to: W. Randolph Chitwood Jr, MD, (D.Sc.-Hon), FACS, FACC, FRCS (England). 146 East Longmeadow Road, Greenville, North
Carolina 27858, USA. Email: chitwoodw@ecu.edu.

Table 4 Technique toolbox used for robotic mitral valve repairs
Posterior leaflet prolapse Anterior leaflet
Bileaflet prolapse (barlow) Commissure prolapse
Small segment  Large segment prolapse
Triangular Trapezoid resection Triangular resection AL = PTFE neochords Commissure closure
resection (small segment) PL = multiple triangular resections  Alfieri stitch or “magic stitch”
BIEE PTFE neochords PTFE neochords AL = PTFE neochords PTFE neochords
neochords (large segment) PL = multiple folding-plasties
Native chord “Haircut” Edge resection Papillary Folding- AL = PTFE neochords PL = sliding-plasty + PTFE
transfer + native chord transfer or  plasty For multiple PL = leaflet sliding-plasty neochords
PTFE neochords chords
Leaflet Leaflet folding-plasty Combined Combined techniques Papillary folding-plasty
folding-plasty techniques (elongated or multi papillary:
PL and AL Chords)
Inter-scallop Inter-scallop cleft closure - - -
cleft closure
AL, anterior leaflet; PL, posterior leaflet; PTFE, polytetrafluoroethylene.

Ann Cardiothorac Surg 2016;5:544

Ho Chi Minh city, Vietnam



Cardiac Surgical Training

Global Differences in the Training, Practice, and
Interrelationship of Cardiac and Thoracic Surgeons
Douglas E. Wood, MD, and Farhood Farjah, MD, MPH

Section of General Thoracic Surgery, Division of C:
Seattle, Washington

Background. Training and certification for general tho-
racic surgeons varies enormously between countries.
There is little knowledge about training and certification
for general thoracic and the relationship be-
tween thoracic surgery and cardiac surgery around the
world.

Methods. A 38-item survey was designed to assess

practice, d hi and relati i of
general thoracic and cardiac surgeons. Eighteen cardio-
thoracic societies representing surgeons on six conti-
nents were contacted, and 15 submitted the survey to
their membership. The survey was advertised through
CTSnet, and 928 surgeons from 105 countries were
contacted directly in regions not covered by the pro-
fessional societies.

ic Surgery, and D of Surgery, University of V

surgical training but longer specialized training in car-
dioth ic surgery, although US respond ived
greater length of cardiac surgery specific training (all p <
0.05). The US respondents thought that cardiac surgery
training was more important for the practice of general
thoracic surgery than did non-US respondents, and that it
was important for thoracic surgeons and cardiac surgeons
to be aligned in public policy and specialty advocacy.
Conclusi Marked diffe in training and certifi-
cation across the world result in discrepancies in clinical
practice, levels of collaboration between cardiac and tho-
racic surgeons, and culture and attitude differences that are
relevant to the feasibility of alliances relating to public
policy. These findings also provide important data to in-
form any decisions about changes in US cardiothoracic

Results. In all, 1,520 survey respondents were tabu-  training. Greater i 1 coop may diminist
lated, rep ing 95 sep ies. Non-US re-  these di in order to propagate imp: in
spondents were younger, more ly had ¢ dioth ic ed and imp patient access and

exclusively in cardiac or thoracic surgery, less commonly
obtained general surgery certification, less commonly
performed esophageal surgery, and had shorter overall

outcomes through shared specialty advocacy.
(Ann Thorac Surg 2009;88:515-22)
© 2009 by The Society of Thoracic Surgeons

Ho Chi Minh city, Vietnam
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Fig 1. Total duration of post-medical school clinical training of US
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years.

us
® Non-US

4 S 6 7 8 9

>10

Ann Thorac Surg 2009;88:515



,Gold Standards in Cardiac Surgery”

» Minimally invasive MV-, TV-surgery (ASD, PFO, tumor surgery,

ablation therapy)

» Aortic valve sparing procedures in aortic root aneurysm +/- AR
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Minimally Invasive Mitral Valve Surgery




Minimally Invasive MV Surgery

Cardiovascular Surgery

Learning Minimally Invasive Mitral Valve Surgery

A Cumulative Sum Sequential Probability Analysis of 3895 Operations
From a Single High-Volume Center

David M. Holzhey, MD, PhD; Joerg Seeburger, MD; Martin Misfeld, MD, PhD;
Michael A. Borger, MD, PhD; Friedrich W. Mohr, MD, PhD

Background—I_earning curves are vigorously discussed and viewed as a negative aspect of adopting new procedures.
However, very few publications have methodically examined learning curves in cardiac surgery, which could lead to a
better understanding and a more meaningful discussion of their consequences. The purpose of this study was to assess the
learning process involved in the performance of minimally invasive surgery of the mitral valve using data from a large,
single-center experience.

Methods and Results—All mitral (including tricuspid, or atrial fibrillation ablation) operations performed over a 17-year
period through a right lateral mini-thoracotomy with peripheral cannulation for cardiopulmonary bypass (n=3907)
were analyzed. Data were obtained from a prospective database. Individual learning curves for operation time and
complication rates (using sequential probability cumulative sum failure analysis) and average results were calculated. A
total of 3895 operations by 17 surgeons performing their first minimally invasive surgery of the mitral valve operation at
our institution could be evaluated. The typical number of operations to overcome the learning curve was between 75 and
125. Furthermore, >1 such operation per week was necessary to maintain good results. Individual learning curves varied
markedly, proving the need for good monitoring or mentoring in the initial phase.

Conclusions—A true learning curve exists for minimally invasive surgery of the mitral valve. Although the number of
operations required to overcome the learning curve is substantial, marked variation exists between individual surgeons.
Such information could be very helpful in structuring future training and maintenance of competence programs for this
kind of surgery. (Circulation. 2013;128:483-491.)
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Typical CUSUM

Learning Minimally Invasive Mitral Valve Surgery
A Cumulative Sum Sequential Probability Analysis of 3895 Operations
From a Single High-Volume Center

David M. Holzhey, MD, PhD: Joerg Seeburger, MD; Martin Misfeld, MD, PhD;
Michael A. Borger, MD, PhD; Friedrich W. Mohr, MD, PhD

Background—Learning curves are vigorously discussed and viewed as a negative aspect of adopting new procedures.
However, very few publications have methodically examined learning curves in cardiac surgery, which could lead to a
better understanding and a more meaningful discussion of their consequences. The purpose of this study was (o assess the
learning process involved in the performance of minimally invasive surgery of the mitral valve using data from a large
single-center experience

Methods and Results—All mitral (including tricuspid, or airial fibrillation ablation) operations performed over a 17-year
period through a right lateral mini-thoracotomy with peripheral cannulation for cardiopulmonary bypass (
were analyzed. Data were obtained from a prospective data
complication rates (using sequential probability cumulative sum failure analysis) and average results were
total of 3895 operations by 17 surgeons performing their first minimally invasive surgery of the mitral valve operation at
our institution could be evaluated. The typical number of operations to overcome the learning curve was between 75 and
125. Furthermore, >1 such operation per week was necessary to maintain good results. Individual learning curves varied
‘markedly, proving the need for good monitoring or mentoring in the initial phase.

Conclusions—A true leaming curve exists for minimally invasive surgery of the mitral valve. Although the number of
operations required to overcome the learning curve is substantial, marked variation exists between individual surgeons
Such information could be very helpful in structuring future training and maintenance of competence programs for this
kind of surgery. (Cireulation. 2013;128:483-491.)
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Minimally Invasive

Learning Minimally Invasive Mitral Valve Surgery

A Cumulative Sum Sequential Probability Analysis of 3895 Operations
From a Single High-Volume Center

David M. Holzhey, MD, PhD; Joerg Seeburger, MD; Martin Misfeld, MD, PhD;
Michael A. Borger, MD, PhD; Friedrich W. Mohr, MD, PhD

Background—Learing curves are vigorously discussed and viewed as a negative aspect of adopting new procedures.
However, very few publications have methodically examined learning curves in cardiac surgery. which could lead to a
better and a more meaningful discussion of their The purpose of this study was to assess the
learning process involved in the performance of minimally invasive surgery of the mitral valve using data from a lar
single-center experience.

Methods and Results—All mitral (including tricuspid, or atrial fibrillation ablation) operations performed over a 17-year
period through a right lateral mini-thoracotomy with peripheral cannulation for cardiopulmonary bypass (n=3907)
were analyzed. Data were obtained from a prospective database. Individual learning curves for operation time and
complication rates (using sequential probability cumulative sum failure analysis) and average

1y of the mitral valve operation at
our institution could be evaluated. The typical number of operations to overcome the learning curve was between 75 and
125. Furthermore, >1 such operation per week was necessary to maintain good results. Individual learning curves varied
markedly, proving the need for good monitoring or mentoring in the initial phase.

Conclusions—A true learning curve exists for minimally invasive surgery of the mitral valve. Although the number of
operations required to overcome the learning curve is substantial, marked variation exists between individual surgeons.
Such information could be very helpful in structuring future training and maintenance of competence programs for this
kind of surgery. (Circulation. 2013;128:483-491.)
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Individual Learning Curve Patterns

Learning Minimally Invasive Mitral Valve Surgery

A Cumulative Sum Sequential Probability Analysis of 3895 Operations
From a Single High-Volume Center

David M. Holzhey, MD, PhD; Joerg Seeburger, MD; Martin Misfeld, MD, PhD;
Michael A. Borger, MD, PhD; Friedrich W. Mohr, MD, PhD

Background—Leaming curves are vigorously discussed and viewed as a negative aspect of adopting new procedures
However, very few publications have methodically examined leamning curves in cardiac surgery, which could lead to a
better understanding and a more meaningful discussion of their consequences. The purpose of this study was (o assess the
learning process involved in the performance of minimally invasive surgery of the mitral valve using data from a large,
single-center experience,

Methods and Results—All ca

d through a right lateral mini-thoracotomy with peripheral cannulation for cardiopulmonary bypass (n=: 3007

nalyzed. Data were ob prospective d:
complication rates (using sequential pmh m.lm cumulative sum failure analysis) and aver
total of 3895 operations by 17 surgeons performing their first minimally invasive su
our institution could be evaluated. The typical number of operations to overcome the learnt
125. Furthermore, >1 such operation per week was necessary to maintain good results. Individual learning curves varied

edly. proving the need for good monitoring or mentoring in the initial phase.

Conclusions—A true leaning curve exists for minimally invasive surgery of the mitral valve. Although the number of
operations required to overcome the learning curve is substantial, marked va
Such information could be very helpful in structuring future training and maintenance of competence programs for this
kind of surgery. (Circulation. 2013;128:483-491.)
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Dependency of Adverse Events on Operation Frequency

Learmng Mlmmally Invasive Mitral Valve Surgery
A C Sum ility Analysis of 3895 Operations

From a Smgle ngh -Volume Center

David M. Holzhey, MD, PhD; Joerg Secburger, MD; Martin Misfeld, MD, PhD;
Michael A. Borger, MD, PhD; Friedrich W. Mohr, MD, PhD

Background—Leaming curves are vigorously discussed and viewed as a negative aspect of adopting new procedures.
However, very few publications have methodically examined learning curves in cardiac surgery, which could lead to a
be

er understanding and a more meaningful discussion of their consequences. The purpose of this study was to assess the
learning process involved in the performance of minimally invasive surgery of the mitral valve using data from a large,
le-center experience.
Methods and Results—All mitral (including tricuspid, or atrial fibrillation mmu) operations performed over a 17-year
period through a right lat ardioy 3907)
were analyzed. Data were Sbained from 1 prospective database. Indi dual \C.Amm“ curves for operation time and
complication rates (using sequential probability cumulative sum failure analysis) and average results were calculated. A
total of 3895 operations by 17 surgeons perfmn\\m their first minimally invasive surgery of the mitral valve operation at
our institution could be evaluated. cal number of operations o overcome the learning curve was bet d
125. Furthermore, >1 such Opemlmn pel eck was necessary to maintain good results. Individual learning curves varied
markedly, proving the need for good monitoring or mentoring in the initial phase.
Conelusions—A true leaming curve exists for minimally invasive surgery of the mitral valve. Although the number of
operations required to overcome the learning curve is substantial, marked variation exists between individual surgeons.
Such information could be very helpful in structuring future tra
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Mitral Valve Surgery

Mitral valve repair rates correlate with surgeon and
institutional experience

Damien J. LaPar, MD, MSc,” Gorav Ailawadi, MD," James M. Isbell, MD, MSCIL,* Ivan K. Crosby, MD,*
John A. Kern, MD," Jeffrey B. Rich, MD," Alan M. Speir, MD," and Irving L. Kron, MD," Investigators for
the Virginia Cardiac Surgery Quality Initiative

Objectives: Mitral valve (MV) repair rates have lagged despite reported superior outcomes in patients with
mitral regurgitation. The purpose of the present study was to evaluate the relationship between procedure
volume and the propensity for MV repair in a multi-institution, regional patient cohort.

Methods: Society of Thoracic Surgeons—certified patient records of those undergoing MV repair or MV
replacement (MVR) for moderate or severe mitral regurgitation were evaluated from 17 different centers
(2001-2011). The relationship between the annual hospital and surgeon volume and the propensity for MV repair
over MVR was analyzed using multivariable, mortality risk-adjusted models with restricted cubic splines.

Results: A total of 4194 patients were evaluated (MV repair, 2516; MVR, 1662). The median annual mitral
procedure volume was 54 operations for hospitals and 13 operations for surgeons. The overall MV repair rate
was 60%, with significant variations among hospitals (range, 35%-70%) and surgeons (range, 0%-90%).
The MVR patients presented with higher Society of Thoracic Surgeons Predicted Risk of Mortality scores
(6% vs 2%, P < .001). After adjustment for Predicted Risk of Mortality score, both annual hospital
(P = .04) and surgeon (P <.0001) procedure volume were associated with the probability of MV repair. The
likelihood for MV repair correlated with an operative volume of >20 procedures annually. Among surgeons
and hospitals performing >20 mitral operations annually, MV repair rates were greater (73% vs 26% and
62% vs 37%, respectively, P <.001 for both).

Conclusions: Significant variation in the performance of MV repair over MVR for mitral regurgitation persists
in the modern surgical era. Average annual surgeon volume was more significantly associated with MV repair
rate than institutional volume, with an increased likelihood for performance of MV repair among surgeons
performing >20 procedures annually. In the upcoming era of percutaneous MV repair, surgeon volume and
expertise as a gatekeeper should dictate access to this technology and the decisions for the best approach to
MV repair. (J Thorac Cardiovasc Surg 2014;148:995-1004)
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» STS database analysis
» MV repair/replacement for MV regurgitation
» 4,194 pts (2,516 repair vs 1,662 replacement)
» Median annual MV procedure volume:
» 54 operations / hospital!
» 13 operations / surgeon!

» Overall repair rate 60% (0-90%)!

J Thorac Cardiovasc Surg 2014;148:995



Mitral

Valve Surgery

Nifong et al

Cardiopulmonary Support and Physiology

trial

From the Brody School of Medicine at East
Carolina University, Pitt County Memorial
Hospital, Greenville, NC,* Advocate Christ
Medical Center, Ozk Lawn, Il,” Columbia
Presbyterian Hospital, New York, NY.*
University of Southern California, Los An-
geles, Calif,” and Hoag Heart and Vascular
Institute, Hoag Memorial Hospital, New-
port Beach, Calif* (see Table 1 for a com-
plete listing of participants and institu-
tions’).

Supported in part by an Innovation in Clin-

al Reseacch Awacd (Grany 1050) oo th

Robotic mitral valve surgery: A United States multicenter

L. Wiley Nifong, MD,® W. R. Chitwood, MD,® P. S. Pappas, MD,® C. R. Smith, MD,® M. Argenziano, MD,
V. A Starnes, MD, and P. M. Shah, MD,® for the Multi-center Robotic Mitral Repair Group

Objective: In a prospective phase II Food and Drug Administration trial, robotic
mitral valve repairs were performed in 112 patients at 10 centers by using the da
Vinci surgical system. The safety of performing valve repairs with computerized
telemanipulation was studied.

Methods: After institutional review board approval, informed consent was obtained.
Paticnts had moderate to severe mitral regurgitation. Operative technique included
peripheral cardiopulmonary bypass, @ 4- to 5-cm right minithoracotomy, a trans-
thoracic aortic and antegrade cardioplegia. The study end
point was grade 0 or 1 mitral itation by i atl
month after surgery.

Results: Valve repairs included quadrangular resections, sliding plasties, edge-to-
edge approximations, and both chordal transfers and replacements. The average age
was 56.4 + 0.09 years (mean + SEM). There were 77 (68.8%) men and 35 (31.2%)
women. Valve pathology was myxomatous degeneration in 105 (91.1%), and 103
(92.0%) had type II leaflet prolapse. Leaflet repair times averaged 36.7 = 0.2
minutes, with annuloplasty times of 39.6 * 0.1 minutes. Total robot, aortic cross-
clamp, and cardiopulmonary bypass times were 77.9 = 0.3 minutes, 2.1 % 0.1
hours, and 2.8 = 0.1 hours, resp . On l-month i i

phy, 9 (8.0%) had grade 2 mitral regurgitation, and 6 (5.4%) of these had reopera-
tions (5 replacements and 1 repair). There were no deaths, strokes, or device-related
complications.

Conclusions: Multiple surgical teams performed robotic mitral valve repairs safely
early in development of this procedure, with a reoperation rate of 5.4%. Advance-
‘ments in robotic design and adjunctive technologies may help in the evolution of
this minimally invasive technique by decreasing operative times.
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TABLE 1. Institutions and investigators

Site

Investigators

East Carolina University
Greenville, NC

Advocate Christ Hospital
Oak Lawn, llI

Columbia Presbyterian Hospital
New York, NY

University of Southern California
Los Angeles, Calif

St Vincent's Hospital
Portland, Ore

Carillon Roanoke Memorial Hospital
Roanoke, Va

INNOVA Fairfax Hospital
Fairfax, Va

Ohio State University
Columbus, Ohio

Brigham & Women’s Hospital
Boston, Mass

Baylor Healthcare System
Dallas, Tex

CS: W. Randolph Chitwood Jr

PSS: L. Wiley Nifong
CS: Pat Pappas

PSS: Anthony Tatooles
CS: Craig Smith

PSS: Michael Argenziano

CS: Vaughn Starnes
PSS: Daniel Schwarz
CS: Jeffrey Swanson
PSS: Michael Savitt
CS: Joseph Baker
PSS: Paul Frantz

CS: Paul Massimiano
PSS: Edward Lefrak
CS: Robert Michler
PSS: David Brown
CS: Lawrence Cohn
PSS: Lishan Aklog
CS: Robert Hebeler
PSS: Richard Wood

22

20

15

13

n

CS, Console surgeon; PSS, patient side surgeon.

J Thorac Cardiovasc Surg 2005;129:1395




Mitral Valve Surgery

Research

JAMA Cardiology | Original Investigation

Volume-Outcome Association of Mitral Valve Surgery in the United States

Table 1. Patient Characteristics of Isolated MVRR for Primary Mitral Regurgitation by Quartiles of MVRR Volume? (continued)

Annual volume quartile

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Overall (0.80-10.80) (10.88-23.27) (23.45-46.36) (>46.55)
Variable (N =55311) (n = 1485) (n = 4198) (n=10247) (n =39381) P value
Mitral valve procedure
Replacement 10619 (19.2) 537 (36.2) 1255 (29.9) 2725 (26.6) 6102 (15.5)
Repair 44 692 (80.8) 948 (63.8) 2943 (70.1) 7522 (73.4) 33279 (84.5) )
mch
Minimally invasive thoracotomy 16199 (29.3) 109 (7.3) 539(12.8) 1965 (19.2) 13586 (34.5)
Sternotomy
Partial 1228 (2.2) 8 (0.5) 73:(1:7) 216 (2.1) 931 (2.4) =001
Full 37804 (68.3) 1366 (92.0) 3580 (85.3) 8054 (78.6) 24 804 (63.0)
Robotic technology assisted
Yes 5756 (10.4) 7 (0.5) 96(2:5) 580 (5.7) 5073112 8)
No 49300 (89.1) 1474 (99.3) 4097 (97.6) 9660 (94.3) 34 069 (86.5) e
‘o S
e Shil=

ATCSA2023

Ho Chi Minh city, Vietnam
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Aortic Valve Sparing Procedure for
Aortic Root Aneurysm +/- AR




Aortic Valve Preserving Operations (BAV)

ADULT: AORTIC VALVE

Dr Lars G. Svensson (Cleveland,
Ohio).IfI can add a bit to Dr Mokashi’s
comments and presentation, regarding
what we are doing differently: I think
this study adds caution to what was
already presented by Tirone David
about patients with bicuspid valves

and reimplantation. The question is
et T e @ e | — whether you can do a reimplantation and get the patient
e roperation,and sl e —— into older age category and then later look at a biological

Results: In the BAV group,  hospital death occurred (11%); mortality among ll re-
implantations was 0.2%. Among matched patients, procedural morbidity was low
and similar between BAV and TAV groups (1 stroke in TAV group; renal failure ~ BICUSpid aortic valve preserva
requiring dialysis, 1 patient each; red cell transfusion, 25% each). Five-year results:  tion during aortic root replace
Severe aortic regurgitation was present in 7.4% of the BAV group and 2.9% of the
TAV group (P = .7); 39% of BAV and 65% of TAV patients had none. Higher mean
gradients (10 vs 7.4 mm Hg; P= 001) and left ventricular mass index (m vs 101 gl technique has excellent early re- . L]

P = 5) were present in BAV patients. Freedom from aortic valve reoperation was  suilts similar to those for tricusp

94% in the BAV group and 98% in the TAV group (P = .10),and survival was 100% ey ome inferior ” ees

and 95%, respectively (P = .07).

ADULT

Aortic root replacement with bicuspid valve Check for pdates
reimplantation: Are outcomes and valve durability

comparable to those of tricuspid valve reimplantation?

Suyog A. Mokashi, MD," Brad E. Rosinski, BS," Milind Y. Desai, MD,"* Brian P. Griffin, MD.,"*

Donald F. Hammer, MD,™ Vidyasagar Kalahasti, MD,” Douglas R. Johnston, MD,"

Jeevanantham Rajeswaran, PhD,” Eric E. Roselli, MD,"* Eugene H. Blackstone, MD,"’ and
Lars G. Svensson, MD, PhD**

ABSTRACT

Obijectives: To assess intermediate-term outcomes of aortic root replacement
with valve-sparing reimplantation of bicuspid aortic valves (BAV), compared with
tricuspid aortic valves (TAV).

Methods: From January 2002 to July 2017, 92 adults underwent aortic root
replacement with BAV and 515 with TAV atthe Cleve-
land Clinic. Balancing-score matching based on 28 preoperative variables yielded 71

CENTRAL MESSAGE

valva far thace natiante Tha nthar anectian that cama nin

ment by the implantation

rm surveillance.
Conclusions: Both BAV and TAV reimplantations can be performed with equal
safety and good midterm outcomes; however, the constellation of higher gradients,
less ventricular reverse remodeling, and more aortic valve reoperations with | g TS L
BAV reimplantations raises concerns requiring continued long-term surveilance. | oo repicement

(J Thorac Cardiovasc Surg 2022:16351-63)

PERSPECTIVE

reoperation with mechanical valves

See Commentaries on pages 64, 66, and 67.

was actually excellent and that to me

“Thoracic and Cardiovascula *Cardiovascular

Medicine, and “The Aorta . and Thoracie Insitut, and
ent of Quanttative esearch Insitue, Cleveland Clinic,
Cleveland, Ohio.
Supported n part by the Drs Sidney and

for publication Feb 19, 2020; available ahead of print May 11, 2020.
Address for reprinis: Lars G. Svensson, MD, PhD, Cleveland Clini

ischer Heart and Vascular Educa- artment of
L . Thoracic and Cardiovascular Surgery, 9500 Euclid Ave, Desk J4-1, Cleveland, OH

alar Tnovation: the David Whimie Hear, . Foundaton: he Mty ang 913 E mail svnsiccf orp)

Michele Weinere and Fanily Fund:th Find ofhe Cleelnd Cini Funds- o

o e Do, o e R e Srghens 020 by The Amercan Associstion for Thorci Srgey
101016 s 20200213

urgery: the Dana A. Hamel Family
Foundation: and the Gus P. Karos Regisiry Fund.

.
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ADULT: AORTIC VALVE: LETTERS TO THE EDITOR

The authors reported no conflicts of interest.

The Journal policy requires editors and reviewers
to disclose conflicts of interest and to decline
handling or reviewing manuscripts for which they
may have a conflict of interest. The editors and re-
viewers of this article have no conflicts of interest.

REIMPLANTATION
SHOULD BE THE GOLD
A ¥ STANDARD TO TREAT
« 4 ! THE REGURGITANT
BICUSPID AORTIC VALVE

Mokashi and associates' have recently shared the
Cleveland Clinic’s intermediate-term experience with
reimplantation of tricuspid aortic valves (TAV) and bicuspid
aortic valves (BAV). In a propensity score-matched
analysis, the authors demonstrated excellent 5-year
outcomes with 100% survival in the BAV and 98% survival
in the TAV group. Freedom from reoperation in the BAVand
TAV cohort was 94% and 98%, respectively. Although
both procedures were done with equal safety and
short-term outcomes, the authors were concerned due to
greater transvalvular gradients and less ventricular reverse
remodeling in the BAV cohort, as well as less freedom
from reoperations in the BAV cohort at 8 years (77%).
These concerns reached an extent that during the 2019
Annual Meeting of The American Association for Thoracic
Surgery, where this manuscript was presented and
discussed, the senior author Dr Svensson mentioned that
mechanical aortic valves should be the gold standard in
patients with BAV,' a sentiment that we don’t necessarily
share.

Although there is considerable variability within the
spectrum of BAVs, they generally have one normal (non-
fused) and one abnormal (fused) cusp.z“‘ The fused cusp
is typically prolapsing in cases of aortic regurgitation
(AR), but it can also be restricted in the presence of a
fibrous raphe. In addition, the cumulative free margin
length is shorter than in TAVs. Consequently, these last
2 factors contribute to greater transvalvular gradients in
BAV.

‘When repairing BAVs, one of the key maneuvers is to
improve the mobility of the fused cusp, to increase valve
opening area and alleviate the transvalvular gradient as
much as possible. Our 180° reimplantation technique ac-
complishes these goals, through increasing the relative

Copyright © 2022 The Author(s). Published by Elsevier Inc. on behalf of The Amer-
ican

ion for Thoracic Surgery. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-ne-nd/d.01).

42 JTCVS Techniques * June 2022

free margin length of the fused cusp (and hence increased
fused cusp mobility), and through relatively increasing the
valve orifice area, which is covered by the normal and
more mobile nonfused cusp.” In addition to this, we often
perform raphe detachment from the aortic wall and thinning
of the raphe, thinning of free margins, commissurotomies,
etc, to further increase the mobility of the fused cusp, as
well central cusp plications to close the line of fusion and
to treat the prolapse. Our learning curve has taught us to
avoid patch material and free margin resuspension
with polytetrafluoroethylene, due to the accelerated valve
degeneration.

Following these principles, we have been able to achieve
excellent long-term results. Until 2018, we had performed
340 BAV repairs, of which 190 were performed with our
180° reimplantation technique,” which is a modification
of the David 1 procedure, with reimplantation of the com-
missures at 180° and a selective annuloplasty.” At 12 years,
survival was 94% and freedom from reoperation and
AR>2+ were 91% and 97%, respectively.

Nonetheless, we also do observe a slow increase of gra-
dients over time in some patients (up to 2.6%), which ulti-
mately leads to late valve stenosis.” However, considering
the excellent outcomes of the Cleveland Clinic with TAV re-
implantation, the decreased freedom from reoperation in the
BAV cohort is somewhat puzzling and not consistent with
our experience (77% at 8 years vs 91% at 12 years, respec-
tively). Although it’s not entirely clear from the Cleveland
Clinic data, it appears to be mainly driven by greater recur-
rence of AR in the BAV cohort. As we are trying to learn
from everyone’s experience, the question naturally arises
whether this was driven by recurrent cusp prolapse or
annular dilatation.

Even so, outcomes of aortic valve repair irrespective of
phenotype are superior to prosthetic valve replacements.
Long-term survival curves are superimposed on survival
curves of the general population,” results that to date have
not been achieved with any of the valve replacement thera-
pies, except for the pulmonary autograft.” We therefore
recommend repairing any BAV, whenever feasible. The re-
impl ion techni has yielded Ilent long-term re-
sults in our experience and should therefore be the gold
standard. The question is not if we should use mechanical
valves instead, but how we can teach cardiac surgeons the
necessary skills to achieve consistent repair results, regard-
less of BAV phenotype.

Jama Jahanyar, MD, PhD, FACS

Gebrine El Khoury, MD, PhD

Laurent de Kerchove, MD, PhD

Department of Cardiovascular & Thoracic Surgery
Cliniques Universitaires Saint-Luc

Université Catholique de Louvain (UCL)

Brussels, Belgium
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Original Cardiovascular

German Heart Surgery Report 2021: The Annual
Updated Registry of the German Society for
Thoracic and Cardiovascular Surgery

Andreas Beckmann'
Andreas Boning3

Renate Meyer? Jana Lewandowski' Andreas Markewitz' Daniela BlaRfeld'

Thorac Cardiovasc Surg 2022;70:362-376.

Ho Chi Hinh city, Vietnam
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SIMA versus BIMA

Volume 117  Number5 May 1999

The Journal of

THORACIC

AND
CARDIOVASCULAR
SURGERY

SURGERY FOR ADULT
CARDIOVASCULAR DISEASE

TWO INTERNAL THORACIC ARTERY GRAFTS ARE BETTER THAN ONE

» Retrospective study
» SIMA =8,123 vs BIMA = 2,001
» In-hospital mortality 0,7%

» Wound infections SIMA 1,4% vs BIMA 2,5%
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SIMA versus BIMA

The Effect of Bilateral Internal Thoracic Artery
Grafting on Survival During 20 Postoperative Years

Bruce W. Lytle, MD, Eugene H. Blackstone, MD, Joseph F. Sabik, MD,
Penny Houghtaling, MS, Floyd D. Loop, MD, and Delos M. Cosgrove, MD

Departments of Thoracic and Cardiovascular Surgery, and Biostatistics and Epidemiology, The Cleveland Clinic Foundation,

Cleveland, Ohio

Background. To compare survival of patients receiving
bilateral internal thoracic artery grafts and single internal
thoracic artery grafts more than 20 postoperative years,
assess magnitude of benefit, and identify predictors of
benefit.

Methods. From cohorts of 8123 patients receiving single
internal thoracic artery grafts and 2001 receiving bilateral
internal thoracic artery grafts during primary isolated
bypass operations for multivessel coronary disease be-
tween 1971 and 1989, we identified 1152 prop

Divergence of bilateral internal thoracic artery and single
internal thoracic artery hazard function curves continued
to widen through 20 postoperative years. At 20 years,
bilateral internal thoracic artery grafting was predicted to
produce worse survival in 2.8% of patients, a survival
advantage of less than 5% in 12.9%, greater than 10% in
52%, and greater than 15% in 7.6%. Combinations of
cardiac and noncardiac descriptors were used to define
higher and lower risk patient subsets. Advanced age,
b 1 left ventricular function and noncardiac risk

hed pairs. Mean foll p of survivors was 16.5
years, with 51 patients followed for 20 years or more.
Hazard function methodology was used to identify risk
factors for mortality, compare survival, and assess mag-
nitude of benefit.

Results. Comparison of the matched pairs showed
survival of the bilateral internal thoracic artery and
single internal thoracic artery groups at 7, 10, 15, and 20
years was 89% versus 87%, 81% versus 78%, 67% versus
58%, and 50% versus 37%, respectively (p < 0.0001).

factors decreased overall survival but the incremental
benefit of bilateral internal thoracic artery grafting
persisted.

Conclusions. Bilateral internal thoracic artery grafting
prod imp: d survival d with single inter-
nal thoracic artery grafting during the second postoper-
ative decade, and the magnitude of that benefit increases
through 20 postoperative years.

(Ann Thorac Surg 2004;78:2005-14)
© 2004 by The Society of Thoracic Surgeons
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G r a ft i n Multiarterial Coronary Artery Bypass Grafting

g Practice Patterns in the United States: Analysisof =~ """
The Society of Thoracic Surgeons Adult Cardiac [« cie |
Surgery Database 0 Collections
gery

Siavash Saadat ' Robert Habib 2 Milo Enagoren 3 Graciela Mentz 2 Mario Gaudino 4

,conclusions: Multiarterial bypass
grafting remains underused and limited
to selected centers. Worse outcomes at
low-volume BITA and radial institutions

documents a case-volume outcomes

effect...”

Additional studies are warranted to improve multiarterial outcomes at low-volume institutions. |
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Anaortic Off-pump Coronary Artery Bypass Grafting (anOPCAB)

Misfeld et al Acquired Cardiovascular Disease

Neurologic complications after off-pump coronary artery bypass
grafting with and without aortic manipulation: Meta-analysis
of 11,398 cases from 8 studies

Stroke
Revew Anaortic - OPCAB no touch
Comparison 01 Anaortic OPCAB vs OPCAB
Outcome 01 OPCAB without aortic manipulation vs OPCAB - Post-0p Strokes
Study no-touch OPCAB OPCAB OR (fixed) Weight OR (fixed)
or sub-category N M 95% CI % 95% Cl
Calafiore 3/1533 5/460 s 13.00 0.18 (0.04, 0.75)
Kim 0/222 1/123 ¢ - 3.2¢ 0.18 (0.01, 4.54)
Patel 3/597 2/5820 —— 3.80 1.31 (0.22, 7.86€)
Bucerius 17/1077 19/76€5 —- 37.08 0.63 (0.833, 1.22)
Leacche 0/84 5/556 - 2.45 0.59 (0.03, 10.83)
Kapetanakis 4/47¢ 40/2827 —1 21.29 0.53 (0.19, 1.48)
Lev-Ran 17429 6/271 el — 12.43 0.10 (0.01, 0.86)
Valiely 1/1201 3/887 —_— 6.94 0.15 (0.02, 1.48)
Total (95% CI) 5619 §779 0.4€ [0.29, 0.72)
Total events: 29 (no-touch OPCAB), 81 (OPCAB)
Test for heterogenety: Chi* = 7.06, df =7 (P= 0.42), F = 0.8%
Test for overal effect: Z = 3.35 (P = 0.0008)

EMES J Thorac Cardiovasc Surg 2011;142:e11
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Conclusions

» Robotic cardiac surgery remains to be selective, exclusive and a not

widely performed procedure

» We are far away of performing the most beneficial cardiac procedures as

a standard of care

» Future robotic tools, centralization and specialization of cardiac services

may change this picture
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