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RESUME.

Ce travail reprend les études d’évaluation d'une plateforme instrumentale dédiée a la
chirurgie mitrale mini-invasive vidéo-assistée, et du télémanipulateur Da Vinci pour la
réalisation d’anastomose mammaire interne / IVA a thorax fermé.

1) Evaluation du Portaclamp. Nous avons participé a I'étude pilote multicentrique
étudiant la sécurité et l'efficacité de ce systéeme de clampage original. Cette étude
clinique a porté sur 20 patients opérés de chirurgie cardiaque sous CEC et a confirmé la
simplicité d’utilisation du systeme, son efficacité et I'absence de morbidité ou
complication induite. Early experience with a new aortic clamping system designed
for port access cardiac surgery: The Portaclamp. Heart Surgery Forum 2004, 7:
E240-E244.

De fagon concomitante, dans une étude expérimentale chez le porc, les effets
histologiques sur la paroi de l'aorte des trois techniques de clampage utilisées en
chirurgie mini-invasive (I’endo-clamp, le clamp métallique type Chitwood et le
Portaclamp) ont été analysés. L’étude a porté sur 15 porcs. L'analyse histologique a
révélé une atteinte majeure de I'endothélium aortique induite par I'endo-clamp; des
lésions non spécifiques de la média externe et de l'adventice ont été observées
indépendamment du clamp utilisé et de facon similaire. Comparison between 3 aortic
clamps for video-assisted cardiac surgery : A histological study in a pig model. Heart
Surgery Forum 2006, 9: E657-E660.

2) Evaluation du Portapleg. Le Portapleg est un dispositif auto-suturant de
cardioplégie antérograde constitué principalement d’un clip en Nitinol restant implanté
sur l'aorte. Nous avons été investigateur principal de I'étude pilote multicentrique non
comparative, non aveugle et non randomisée intitulée « Performances in vivo du
systeme Portapleg » et comprenant l'inclusion de 40 patients sur quatre centres
européens afin d’évaluer la sécurité et la fonctionnalité du dispositif. Le critere principal
était le temps de saignement du site de ponction aprés injection de Protamine. Dans
notre centre, une étude par angio scanner de I'aorte avant décharge et a trois mois a été
incluse au protocole. Cette étude ancillaire sur 20 patients a été rapportée de facon
indépendante avec comme critére secondaire la position du clip en Nitinol sur I'aorte. Le
systéme a montré son efficacité hémostatique dans tous les cas sans événement

secondaire. L’analye par angio scanner a montré que le clip en Nitinol était bien ancré



sur l'aorte dans tous les cas avec cependant une position asymétrique dans 5 cas. A trois
mois, I’étude radiologique a confirmé la stabilité du clip dans sa position initiale.
Self-sealing antegrade cardioplegia system for video-assisted cardiac surgery :
Preliminary results. Innovations 2007; 2:209-212.

3) Evaluation du Mitrax’s. C’est un cone en plastique polymeére auto ajustable et auto
expansible, qui repousse de facon symétrique et concentrique les parois de l'oreillette.
Une étude prospective de son efficacité a été réalisée chez 62 patients opérés de
chirurgie mitrale vidéo-assistée de fagon consécutive. L'indice de satisfaction (de 1a 5) a
été élevé (en moyenne 4.6), témoin d'une exposition optimale de la valve mitrale avec
une vision endoscopique ou directe de la valve mitrale jugée excellente. Cette évaluation
a montré les avantages du Mitrax’s : simplicité d’utilisation, absence de distorsion de la
valve mitrale et de déformation des parois de I'oreillette gauche, absence de distorsion
de la valve aortique. Elle a montré également les limites du dispositif liées a la
standardisation des tailles, avec une exposition incompléete de la totalité de I'anatomie
de la valve en cas d’inadéquation entre la taille de 'oreillette et la taille de 'anneau
mitral. Evaluation of a new left atrial retractor for minimally invasive mitral valve
surgery. ] Thorac Cardiovasc Surg 2011; 141: 297-299.

Ces études ont montré qu'’il était possible d’améliorer la faisabilité et la reproductibilité
de la chirurgie mitrale mini-invasive vidéo-assitée grace a une plateforme instrumentale
adaptée a un micro environnement chirurgical ; elles ont contribué a sa diffusion.

4) Analyse comparative des techniques mini-invasives de revascularisation de
I'IVA par pontage mammaire (Port Access, MIDCAB, TECAB).

Une étude prospective sur 10 ans a été conduite afin d’évaluer de fagon comparative les
résultats des trois techniques de chirurgie coronaire mini-invasive utilisées pour la
revascularisation isolé de I'IVA et correspondantes a trois concepts différents: le PA-
CABG (Port-Access coronary surgery), le plus invasif mais reproduisant le mieux la
technique classique de pontage coronaire avec anastomose sur cceur arrété ; le TECAB
(totally endoscopic coronary artery bypass grafting), le moins invasif a thorax fermé
sans CEC et a cceur battant; le MIDCAB (minimally invasive direct coronary artery
bypass), avec un caractére invasif intermédiaire puisque sans CEC et a cceur battant,
mais a thorax ouvert, apres prélevement mammaire par vidéo ou robot —assistance.
Cette étude a porté sur 160 patients. Malgré ces limites, étude non randomisée et sur des
périodes d’inclusion différentes, les résultats ont montré, a trois mois, un taux de

réintervention sur I'lVA, artére cible pontée, significativement plus élevé dans le groupe



TECAB : PA-CABG, 0% ; MIDCAB, 1.8% ; TECAB, 10% ; p<0.01. Ces différences observées
ont souligné et confirmé une intuition chirurgicale: la perméabilité précoce des
anastomoses réalisées sur cceur arrété est meilleure que celles réalisées sur coeur
battant; la perméabilité précoce des anastomoses réalisées manuellement en vision
directe est meilleure que celles réalisées avec robot-assistance a thorax fermé.
Néanmoins, au début de notre expérience TECAB, la technique d’anastomose utilisée
était identique a la celle des procédures MIDCAB ; les premiers échecs de perméabilité
apres TECAB nous ont conduit a modifier cette technique d’anastomose et de passer du
surjet continu Gortex 8/0 aux points séparés Uclip en Nitinol. Cette évolution technique,
au rythme de I'évolution technologique, a fait disparaitre les problemes anastomotiques
mais ne nous a pas mis a l'abri de trois cas d’occlusion fonctionnelle du pédicule
mammaire avec anastomose perméable, témoin de la difficulté d’orienter ou de vérifier
le pédicule mammaire au cours d’une procédure a thorax fermé. A trois ans, les taux
actuariels de survie sans réintervention étaient: PA-CABG, 100% ; MIDCAB, 98+5 % ;
TECAB, 8848 % ; p<0.05. Cette différence observée était directement liée aux échecs
précoces de perméabilité.

Cette étude nous a conduit a considérer la procédure MIDCAB vidéo ou robot -assistée
comme technique chirurgicale de référence pour la revascularisation isolée de I'IVA,
compte tenu du surcofiit induit par la technique PA-CABG et du taux plus élevé des
échecs primaires avec la technique TECAB.

Is there an optimal minimally invasive technique for left anterior descending

coronary artery bypass? | Cardiothorac Surg 2011; 6: 37.

Conclusion. Ce travail résume une expérience sur plus de 10 ans, dans un domaine en
évolution constante dépendant des progres technologiques et de la volonté de la
communauté chirurgicale. La chirurgie mitrale vidéo-assistée a atteint une phase de
maturité apres 15 ans d’effort. La chirurgie cardiaque robotique est encore en phase de
maturation; son avenir dépend probablement de systemes plus légers et moins
onéreux, hybrides, associant colonne vidéo 3D et instruments motorisés, et de systemes

d’anastomose automatique performants.



TITLE.
Mini-Invasive Cardiac Surgery : From the Concept to The

Evaluation of Dedicated Implements.

SUMMARY .

This thesis is based on the evaluation studies of an instrumental platform dedicated to
video assisted minimally invasive mitral valve surgery, and of the robotic Da Vinci
system in LAD bypass with mammary artery in a closed chest approach.

1) Evaluation of Portaclamp. We took part in the multicenter pilot study to
demonstrate the safety and the efficacy of a new aortic cross clamping concept for use in
port access cardiac surgery. Twenty patients underwent various cardiac operations
under cardiopulmonary bypass and aortic cross clamping with Portaclamp. This clinical
study showed that the clamping system is safe, fast and easy and does not generate
undue morbidity. Early experience with a new aortic clamping system designed for
port access cardiac surgery : The Portaclamp. Heart Surgery Forum 2004, 7: E240-
E244.

Concurrently, an experimental study was undertaken in a pig model, comparing the
Portaclamp, Endoclamp and a metallic clamp, to assess in 3 groups of 5 pigs each, the
histological traumatic effects of the aortic clamps used in video-assisted cardiac surgery.
In the Endoclamp group, severe lesions of the intima were observed on the clamping
spot. Only spongy lesions located on the external third of the media were observed with
a random distribution in aortic samples without difference between groups.
Comparison between 3 aortic clamps for video-assisted cardiac surgery: A
histological study in a pig model. Heart Surgery Forum 2006, 9: E657-E660.

2) Evaluation of Portapleg. Portapleg is an auto-suturing system dedicated to
antegrade cardioplegia delivery, and based on a Nitinol clip acting as a staple and left
implanted on the aortic wall after the retraction of the cardioplegia canula. We were
principal investigator of the multicenter pilot study for the assessment of “the
performances of Portapleg system in vivo” with the enrolment of 40 patients. The
primary end point was the puncture bleeding time after reversal of heparin by
protamine. In our center, a CT scan was performed to record the position of the Nitinol
clip onto the aorta before discharge from the hospital and three months after surgery.
This ancillary study was reported separately and the secondary end point was the

Nitinol clip position on the aorta. The closure of the puncture aortic hole and the

A



primary end point were obtained in all cases. The procedure did not generate undue
morbidity and there was no device-related adverse event. The CT scan analysis
demonstrated a good anchoring of the clip onto the aortic wall even if the clip was
observed in an asymetric position in 3 patients; 3 months after surgery, the position of
the clip remained stable, and secondary end point was obtained in all cases. Self-sealing
antegrade cardioplegia system for video-assisted cardiac surgery: Preliminary
results. Innovations 2007; 2:209-212.

3) Evaluation of Mitrax’s. The Mitrax’s retractor is a pattern cut polymer sheet, self-
expanding and auto-adjusting, which once deployed, generates a conical volume. It
works as an “expander” and maintains the left atrium wide open in a symmetrical way.
The effectiveness of Mitrax’s was evaluated in 62 patients who consecutively underwent
a video-assisted mitral valve procedure. The global satisfaction index (from 0 to 5) was
4.6+0.5, demonstrating the effectiveness of the device which provides optimal exposure
and excellent direct vision; easy to use, no distortion of the mitral apparatus, no atrial
folds, and no aortic valve distortion are the main advantages of Mitrax’s. Size
standardization is its main drawback and may involve mismatch with an incomplete
exposure of the mitral valve when a small left atrium is associated with a dilated
annulus. Evaluation of a new left atrial retractor for minimally invasive mitral valve

surgery. ] Thorac Cardiovasc Surg 2011; 141: 297-299.

These studies demonstrated that it is possible to make the technique of minimally
invasive video-assisted mitral valve surgery easier and more reproducible with an
instrumental platform adapted to a surgical micro environment. They have contributed

to its diffusion.

4) Comparative analysis of minimally invasive techniques for LAD
revascularization with mammary artery graft (Port Access, MIDCAB, TECAB). In a
prospective study, we have analysed the results of three minimally invasive techniques
used for the revascularization of isolated LAD lesion, corresponding to three different
concepts: Port-Access surgery (PA-CABG), the most invasive technique, based on on-
pump CABG with mini-thoracotomy and hand-sewn anastomosis; totally endoscopic
coronary artery bypass grafting (TECAB), the less invasive technique, based on off-pump
and closed chest surgery with robotic assisted anastomosis; minimally invasive direct

coronary artery bypass (MIDCAB) based on off-pump CABG with mini-thoracotomy,



hand-sewn anastomosis, and video or robotic assistance for mammary harvesting. Over
a decade, 160 patients were included; there was no randomization and inclusion
according to the technique performed was period related. At 3-month postoperatively,
the end-point of LAD reintervention were PA-CABG, 0%; MIDCAB, 1.8%; TECAB, 10%j;
p=0.01. This significant difference confirmed a surgical intuition: Anastomoses done on
arrested heart have better patency than those done on beating heart; hand-sewn
anastomoses under direct vision have better patency than closed chest robotic assisted
anastomoses. However, modifications of the anastomosis technique allowed to improve
the patency in TECAB group: after the occurrence of post-anastomotic dysfunction cases,
distal LAD occlusion during anastomosis was abandoned and this type of failure
disappeared; anastomotic dysfunction disappeared also when we changed from running
suture to uclips suture which provided a 100% patency. Nevertheless, we have observed
three cases of LITA occlusion with an opened LAD anastomosis, showing the difficulty to
guide and to check the mammary graft in a closed chest procedure. At 3-year,
reintervention-free survival was significantly lower in the TECAB group: PA-CABG,
100% ; MIDCAB, 9845 % ; TECAB, 8848 % ; p<0.05. The difference was directly related
to primary bypass failures.

This study confirmed that minimally invasive LAD grafting was safe and effective.
TECAB is associated with a higher rate of early bypass failure and reintervention.
MIDCAB is still the most reliable surgical technique for isolated LAD grafting and the
least cost effective. Is there an optimal minimally invasive technique for left anterior

descending coronary artery bypass? ] Cardiothorac Surg 2011; 6: 37.

Conclusion. This report sums up an experience over a decade in a surgical field in
persistent progress according to the improvement of the technology and the will of the
surgical community. Video-assisted mitral valve surgery is now established as a new
standard, after 15 years of effort. Robotic cardiac surgery is making good progress; its
future is maybe depending on lighter and less expansive systems, as hybrid concept with
the association of 3D column and motor driven instruments. The occurrence of efficient

anastomotic devices would be useful too.
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INTRODUCTION.

Il existe une relation étroite entre la complexité d’'une nouvelle technologie et son taux

d’adoption ou d’utilisation ;

relation qui n’est pas influencée par l'efficacité de la

technique elle méme. Ainsi, si une nouvelle technique, méme trées efficace, est trop

complexe, elle demeure peu utilisée avec une diffusion limitée.
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afin de la rendre accessible et reproductible par le plus grand nombre. Cela passe

souvent par une amélioration des outils nécessaires a sa réalisation.
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En chirurgie cardiaque, les techniques mini-invasives ont été développées a la fin des

années 1990 et nous avons été parmi les premiéres équipes en Europe a les utiliser et a

les évaluer. Tout d’abord pour la chirurgie de la valve aortique et nous avons exploré

I'intérét de la mini-sternotomie comme voie d’abord pour le remplacement valvulaire
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aortique en alternative a la sternotomie totale (1,2); puis pour la chirurgie mitrale ou
plus globalement la chirurgie atriale gauche ou droite, dés que la plateforme « Port-
Access » a été disponible sur le marché européen (3).
Le concept initial reconnu sous cette appellation «Port-Access », et utilisant la
plateforme prénommée repose sur 3 principes (4):
- Réaliser le geste de chirurgie cardiaque par une mini-thoracotomie
centrée sur la lésion a traiter, en alternative a une sternotomie médiane,
- Conduire la CEC, le clampage aortique et la cardioplégie a partir des
vaisseaux fémoraux grace a des canules artérielles et veineuses
spécifiques et un ballon d’occlusion endo-aortique ou « endo-clamp »,

- Optimiser le geste chirurgical par la vidéo-assistance et l'utilisation d'une

instrumentation endoscopique spécifique.

Cette technique s’est avérée performante, permettant de miniaturiser la voie d’abord
chirurgicale (5) et nous I'avons appliquée dés 1997 (6) a la chirurgie atrio-ventriculaire
valvulaire (mitrale ou tricuspide), tumorale (myxome ou fibroélastome), ou septale
(CIA). Apres une période d’engouement de la communauté chirurgicale et malgré des
résultats encourageants (7,8) sans augmentation du risque opératoire, sans altération

du résultat anatomique des gestes réparateurs et avec un bénéfice esthétique évident,
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I'intérét pour cette technique a décru conduisant parfois a I'arrét des programmes dans
certains centres, et cela pour 3 raisons principales en plus d’un certain conservatisme
de la profession et du manque de formation des chirurgiens cardiaques aux techniques
de vidéo-chirurgie :
- La complexité de la CEC endo-vasculaire,
- Un risque vasculaire inhérent a I'’endo-clamp avec un taux de dissection
aortique rétrograde d’environ 1%,

- Un surcolt par procédure d’environ 1500 euros.
Si la technique « Port-Access » est devenue confidentielle au début des années 2000 et
ne restait pratiquée que dans quelques centres, elle avait donnée naissance au concept
plus général de chirurgie mitrale mini-invasive vidéo-assistée qui a vite connu un regain
d’intérét grace au développement d'un clamp métallique trans-thoracique (9), dit clamp
de « Chitwood », permettant de s’affranchir de '’endoclamp, de sa morbidité vasculaire,
de sa complexité et de son colit. Comme beaucoup d’équipe travaillant dans cette
nouvelle direction de la chirurgie cardiaque, nous avons trés rapidement adopté cet

instrument dédié et continué a n’utiliser I'endoclamp que dans des indications tres

spécifiques comme les réinterventions.

Le grand mérite de cette évolution technique a été de rendre accessible et reproductible
la technique de chirurgie mitrale mini-invasive vidéo-assistée et de favoriser sa diffusion
et son adoption. Néanmoins ce clamp présente plusieurs inconvénients :

- un clampage asymétrique avec risque de pincement ou d’écrasement de la

paroi de l'aorte,
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- une extrémité fine et traumatisante avec un risque de plaie ou de
contusion de I'auricule gauche et/ou de I'artére pulmonaire droite,
- un encombrement extérieur important avec des possibilités de conflits
soit avec la caméra soit avec les mains du chirurgien,
L’utilisation de ce clamp et le retour d'une certaine fagon aux techniques traditionnelles
de clampage de l'aorte a reposé le probleme de l'accés a I'aorte ascendante pour le
positionnement de la canule de cardioplégie, avec son risque hémorragique difficile a
controler dans un mini- environnement, et souvent considéré comme un obstacle a la

diffusion de la technique.

Les inconvénients relatifs de ce systeme de clampage et de cardioplégie nous ont

conduits a participer a I’évaluation clinique de nouveaux outils dédiés:

- un nouveau clamp original et non traumatique, le « Portaclamp »,

1A



- un systeme de clip auto-suturant pour la canule aortique de cardioplégie,

le « Portapleg ».

Un autre probleme inhérent a la voie d’abord utilisée, relevé par tous les chirurgiens et
que nous avions identifié dés le début de notre expérience, est la difficulté d’exposition
de la valve mitrale au cours de cette chirurgie vidéo-assistée. Le matériel ancillaire
d’écarteur mitral dédié et a disposition, est constitué d'une palette intra-atriale tenue
par un axe trans-thoracique, réalisant par traction vers le haut une élévation non
seulement du septum inter-atrial pour I'exposition de la valve mitrale, mais également
des parois latérales et postérieure de I'oreillette gauche qui viennent comme un rideau
cacher la valve mitrale et rendent son acces plus difficile (10). Ces écarteurs ont
également 'inconvénient de déformer I'anatomie de la valve mitrale, ce qui compromet

son analyse pour une chirurgie réparatrice, et de créer une certaine distorsion de la
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valve aortique, obligeant a changer l'exposition en cas de perfusion itérative de

cardioplégie.

Les inconvénients relatifs de ce systeme d’écarteur mitral nous ont conduits a participer

au développement et a [I'évaluation clinique d’'un systéme innovant et original

d’exposition de la valve mitrale le « MitraXs ».

Ce travail reprend les études et les publications scientifiques réalisés sur cette
thématique dont le but initial était de développer et/ou d’évaluer des outils spécifiques,
dédiés a la chirurgie mitrale mini-invasive, susceptibles d’apporter une solution ou une

amélioration a des problemes identifiés et non résolus auxquels les chirurgiens faisaient
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face tous les jours et s’adaptaient par nécessité. L’objectif était de rendre cette technique

plus accessible et plus reproductible pour une meilleur diffusion et adoption.

De facon concomitante a ces travaux en chirurgie valvulaire mini-invasive, nous avons
également développé un programme mini-invasif en chirurgie coronaire pour les
revascularisations par greffon mammaire de I'IVA. Tout d’abord avec la plateforme
« Port-Access », pour des revascularisations par mini-thoracotomie sous CEC et cceur
arrété (11), puis selon la technique « MIDCAB » (minimally invasive direct coronary
artery bypass) pour des revascularisations par mini-thoracotomie sans CEC et a cceur
battant (12), afin de s’affranchir de la plateforme « Port-Access » et de son surcoft. En
2003, notre service a été doté d’'un robot chirurgical Da Vinci que nous avons utilisé de
facon préférentielle pour la chirurgie des coronaires sans CEC, a cceur battant avec pour
objectif la réalisation de pontage coronaire mammaire totalement endoscopique ou
TECAB (totally endoscopic coronary artery bypass), concept ultime en chirurgie mini-

invasive (13,14).
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La chirurgie coronaire robot-assistée nous a ainsi conduits a une adaptation des outils

disponibles a ce nouvel environnement chirurgical. Nous avons utiliser et adapter les

1R



techniques de sutures développés de facon spécifique pour la chirurgie coronaire sans
CEC a coeur battant (shunt coronaire, technique de clampage proximal, systéeme de
stabilisation par succion), ce qui nous a permis des le début de notre expérience
d’atteindre notre objectif et de réaliser en clinique le premier TECAB trois semaines
apres l'acquisition du robot, puis de réaliser le premier cas publié de double pontage
mammaire TECAB (15). Ultérieurement nous avons introduit les anastomoses robot-
assistées par Uclips afin de pallier aux inconvénients des anastomoses par suture
continue en surjet. In fine, sur les bases et les acquis d’'une méme plateforme technique
nous avons pu comparer les résultats cliniques des anastomoses robot-assistées par
voie endoscopique et des anastomoses manuelles par mini-thoracotomie, avec ou sans
CEC, dans une population homogene de patients afin de déterminer si une technique
mini-invasive de revascularisation isolée de I'IVA était optimale. Cette étude est

également rapportée dans ce travail.
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Partie 1. Evaluation du « Portaclamp ».

Le Portaclamp a été développé par la société Cardio Life Research (CLR) a partir d’'une
idée originale du Dr Didier Decanniere. Il a été congu pour un clampage de l'aorte
ascendante direct, trans-thoracique et atraumatique en alternative a I'endo-clamp ou au
clamp métallique type Chitwood. Il comporte deux baguettes identiques en plastique
polymere et de section semi-lunaire qui sont introduites de fagcon séquentielle par un
port thoracique 11 mm et positionnées de part et d’autre de I'aorte au niveau du sinus
de Theile. Leur partie proximale au contact de I'aorte est atraumatique et délimitée par
un ergot externe de repérage. L’effet de clampage vasculaire est obtenu par un mandrin
métallique introduit autour d’elles puis poussé progressivement jusqu’au contact des
ergots délimitant leur zone de clampage. Initialement ces deux baguettes pouvaient étre
chargées sur un guide introduit préalablement dans le sinus de Theile et autour des gros

vaisseaux, afin de faciliter leur placement; cette technique de positionnement a été

rapidement abandonnée car compliquée et peu utile.

Nous avons participé a I’étude pilote multicentrique étudiant la sécurité et I'efficacité de
ce systeme de clampage. Cette étude clinique a porté sur 20 patients opérés de chirurgie
cardiaque sous CEC et a confirmé la simplicité d’utilisation du systéme, son efficacité et
I'absence de morbidité ou complication induite. Early experience with a new aortic
clamping system designed for port access cardiac surgery : The Portaclamp. Heart

Surgery Forum 2004, 7: E240-E244.
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Early Experience with a New Aortic Clamping System Designed
for Port Access Cardiac Surgery: The PortaClamp
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ABSTRACT

Background: We report 3 dinical stidy to demonstrate
the feasibility and safety of 2 new sortic crossclamping con-
cept for use in port access cardiac surgery. The limited sccess
to the sorta in minimally invasive cardiac surgery mandates
specific clamping modalities, which entail specific limitations,
drawbacks, and costs. Therefore 2 new a extravas-
cular, and strsumatic damping system (PortaClamp) was
dcvdq)ed to facilitste port sccess surgery while potentially
avoiding the complicstions and costs inherent to endoluminal
damping or “blind” crossclamping.

Methods: Twenty patients underwent various cardiac
operations under cardi bypass and sortic cross-
clamping with the PortaClamp between Februsry and
September 2003. The method of sortic clamping is described
and the operstive course and clinical outcome of the patients
are reported a5 surrogates of feasibility and safety.

Results: The aversge time to position the clamp was
196 £ 75 seconds. Crossclamping through 2 10-mm port
or incision was achieved successfully, ensbling cardiac
arrest throughout the procedure in every patient. No
patient presented with cardiovascular accident or transient
ischemic attack, sortic dissection, or hematoms. Intensive
care unit times were 12 + 3 hours; length of stay was 7.2 +
1.1 days.

Conclusion: From this early experience we conclude that
the PortaClamp system is safe and can effectively be used to
crossclamp the sorts inexpensively to facilitate port access
ardiac surgery. Further comparative studies with the existing
systems are warrsnted to confirm that the atrsumatic design
provides further benefit.
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accepeed March 25, 2004.
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Despite increasing evidence thst port access surgery is 2
beneficial option in numerous indicstions [Casselman 2003],
its rate of adoption remains low in the surgicsl community.
This situstion hes multiple causes.

First, most of the operations can be performed with satis-
factory results through stemotomies. It is difficult to demon-
strate much incremental sdded value to the existing mature
and efficient procedures, such that the benefits of port access
are regarded by some surgeons as marginal or insufficient o
change their practice in the shsence of large-saale random-
tzed studies.

Second, cardiopalmonary bypass snd cardiac arrest them-
selves require experience and carry inherent risks and costs
[Wimmer-Greinecker 1999] in the port access environment.
Thus the additional investment in time and energy in the
development of the skills required by the port access tech-
nique itself for 2 given intervention (eg, mitral repair, atrisl-
septal defect dosure) is regarded by many as 2 step back. If
femorsl cannulation can essily be performed, sortic cross-
clamping and cardioplegia delivery are made swhkward by the
limited access to the sscending socta.

These dissdvantages have led to the design of purpose-
built devices. Aortic clamping is performed either with an
endovascular balloon (Endodamp Cardiovations; Ethicon,
Cornelis, GA, USA or Remote Access Perfusion cannuls;
Estech, Danville, CA, USA) or with the Chitwood clamp
(Scanlan International, St. Paul, MN, USA) [Aybeck 2000].
The endovascular balloons necessitate continuous monitor-
ing, may generate spedific life-threstening complications, and
are associated with a significant increase in operstive cost
[Wimmer-Greinecker 19%9]. The Chitwood damp repre-
sents 2 cost-effective and readily svailable slternstive but
requires a remote and partially blind maneuver to crossdamp
the sorts, a procedure that carries the risk of injuring 2 car-
diac structure without direct access to bail out. Because of
these drawbacks, an alternative clamping system has been
designed to ensble safe, essy, and stesdy extraluminal cross-
clamping of the sorts with the objective of avoiding the spe-
cific difficulties and risks of the existing systems. Here we
describe the PortaClamp and report our early clinical experi-
ence with this device.
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METHODS

Between February and September 2003, 20 patients
underwent various cardisc procedures on ard!opulmomry
bypass with sortic crossclamping and cardioplegia (Table).
We report the surgical procedure, operstive times, and
patient outcomes. All patients provided written informed
consent in concordance with a protocol spproved by the
ethics committee of Erasme Hospital at Brussels University.

Surgical Procedures
With the patient under general anesthesia with trans-
esophageal echocardiography (TEE) monitoring, a ster-
notmy(n-4),min'mmotnmy (n-3),otriginmtﬂokmsl
minithorscotomy (n = 13) is performed and cardiopulmonary
bypass instituted either centrally or peripherally. A 5-mm port
US Surgical, Norwalk, CT, USA) is positioned
in the 2nd or 3rd intercostsl space laterally behind the ante-
rior axillary line. The PortaClamp guidewire is inserted
thuqh&mpcnmdleummdmmgh:mﬂ(llm)
pericardis| incision between the aorts and the vena
ava (SVC) (unless the pericardium had been widely opened
in the case of centrsl cannulation). The guidewire is pushed
into the sinus (eventuslly with the help of 2 forceps in the
vicinity of the SVC) perpendicularly to the axis of the sorts,
until it pops up along the anterior aspect of the palmonary
artery (PA) and sorta (Figure 1). The proximal end of the
guidewire is retrieved and palled back through the same port
with a shafted forceps while the distal end is pushed forward.
At this point in time the guidewire encircles the sorta and pul-
monary artery and the Thoracoport is mnnnlly withdrawn
(Figure 1). After cardiopulmonary bypass is instituted, 2
Jaws are inserted sequentially in front of and behind
the sorts. Those damping jaws follow the guidewire as they
present with an axisl lumen in which the 2 free ends of the
guidewire are threaded (Figure 2). The clamping jaws are

Procedures and Demographics

Procedura
Coronary arery bypass grat/semotomy 3
Acruc valve rephacemant /Sermotoemy 1
Acruc valve replacemant /minksternoeonmy 3
Mhral vave repar/right minithoracowmy 9
Arrtalscpal defocy/ gt minithoracotomy 2
Myxoma/right mishhoracotomy 1

Demographics
Sax, M/F 57
Age N248.6y
Forfphoral atharoma B
Dibares 5
Hyperwnsion 7
Ranal tikre 3
Croscamp ¥me €428 mn
Cardiopuimonary bypas tme 24X mn
Imershe care unk Ume %Bi2h
Lengh of sy 724214
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Figure 1. Procedural sp 1: guidwire pasitioned arcund 2073 and
pumonary anary.

pushed freely sround the sorts, and eventually also around 2
part of the PA withoat risk of dsmaging any cardiovascalar
structure. A marking shows the surgeon that the clamping
position has been reached. A cylindrical squeezing tube
(Figure 3) is placed around the 2 damping jaws and gently Jid
toward the gorts until it reaches 2 stop, to crossdamp the ves-
sel (Figures 4 and 5). The guidewire does not play any role in
the clamping mechanism and is left loase to avoid a strangula-
tion effect of the PA. The undamping is performed by gently
withdrawing the squeezing tube. The jaws have been designed
to ensure 2 homogenous damping force and pressure along
the clamping area and to avoid the “crab forceps effect,”
which is encountered with the Chitwood clamp and other
external clamps. A broader and smoother clamping surface
ensbles the delivery of 2 smaller clamping pressure to the sor-
ticwall for any given damping force.

Antegrade cardioplegia was delivered through a regular
cardioplegic needle (DLP standard aortic root cannuls;

Figura 2. Clmping jws with the ackal imen In which the 2 ends of
the guidawira are threadod.
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Figure 3. Clamping (“squeazing™) tzbe With locking handic.

Medtronic, Tolochensz, Switzerland) that was eventually
inserted through the working incision: small anterolateral
thorscotomy or sternotomy. The needle was secured by a
purse string pledgetted suture and 2 toumniquet. No bleeding
occurred at the puncture site.

RESULTS

Four cases were performed with sternotomy in order to
verify the adequacy of the damping function with the sbility
to convert the procedure in the event of 2 device malfunction
or complication such ss gortic hemsatoms or dissection. The
next 16 cases were performed through right minithoraco-
tomies (n = 13) or ministernotomies (n = 3). The time to
position the damp, inchading the port placement, pericardial
incision, guidewire, and jsws insertion and clamping
decreased steeply from 370 to 127 seconds with increasing
experience (mean 196 + 75 seconds). Satisfactory crossdamp-
ing, as demonstrated by 2 complete heart arrest throughoat
the entire dsmping period, was schieved in every single case
without need for repasitioning. In oaly | case 2 recurrence of
some electrical sctivity during crossdamp occurred and man-
dated reiteration of antegrsde cardioplegia. The complete-
ness of occlusion was further verified by direct vision in cases
of proximal sortotomy (4 sortic valve replacement and 3
coronary artery bypass grafts necessitating proximal venous

Figure 4. FormOamp In piace during mhral vave surgery.
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Figure 5. Schamaic represemarion of the camping machanksm In plx.

snastomosis performed on the crossdamped aorta). TEE and
visusl inspection of the sortic damping site at the end of
operation showed no lesion or even marking of the sortic
wall at the site of clamping. All the patients recovered
uneventfully. No complications occurred in this group,
namely no patient experienced transient ischemic attsck or
stroke. Mean intensve care unit stay was 0.7 £ 0.5 days, mean
length of hospital stay wes 7.2 £ 2.1 days.

COMMENT

The present pilot study shows that port access sortic
crossclamping is feasible, stable, and reproducible with the
new dedicated PortsClamp system. This procedure does not
generste undue morbidity.

The damping maneuver is safe, fast, and essy and does not
require a long lesming process. To the best of oar knowledge
it has been reported only once in the literature as 2 technal-
ogy enabling 2 new minimally invasive approach to sortic
valve replacement |Gerak 2003).

The limited sccess to the sorta in port access cardiac
surgery has mandated the design of new clamping modalities
because the insertion of 2 “dasical” clamp was impossible.
New technologies developed include endoluminal damping
systems and the Chitwood clamp. Those systems have
demonstrated their usefulness and validity ss platforms
ensbling port access cardisc surgery [Casselman 2003], but
they carry specific complications and draw backs.

The endogortic clamping mode entsils specific risks for
the benefit of exerting its action without necessitating a direct
intrathoracic introduction. Thase spedific risks sre rupture of
the dedicated sortic cannula (Heartport), endoclamp balloon
rupture, balloon migration toward the left ventride o toward
the brachiocephslic trunk, and sortic dissection. Besides
those specific risks, which are due to the catheterization tech-
nique, there is a risk of particulate embolism into the sys-
temic droulation as in any clamping modality [Barbue 1994].

Balloon rupture is an event that is reported in almost every
Heartport series [Hesselvik 1999]. The consequence of 2 bal-
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Fgure 6. Crab forcops offoct of aricutated camp.

loon nupture is 3 sudden restart of the heart lesding to either

an immediate t of the balloon, which is risky and
lechnlullydulenpngnipaﬁrmedonlybyzmdupm—
enced tesms in the world, or san urgent conversion to ster-
notomy in order to crossclamp the sorta and resdminister
ardioplegia. In the Estech system, the balloon is part of the
cannula, and its rupture lesds to an untreatable situation
becsuse the cannuls cannot be removed and the heart, even-
tuslly opened, cannot be resrrestad. In this case urgent con-
version is the only option. There are no dear-cut figures to
determine the exact incidence of these complicstions with
either endoballoon system (Heartport or Estech).

Bmd&mﬂmddam:uﬂmd/mnpru—
sure decreass in the the endoaartic bslloan can
migrate and occlude the brachiocephalic trunk [Grocott
1998, Schneider 1998]; the monitoring of this complicstion,
which may provoke ischemia to one hemisphere of the besin,
mwﬁ:nmmmd-mm&nﬂuﬂm
mthendislmmem-ymgle

tﬁsecﬁonmybclheAchlllaheelofendmhr
damping; the incidence of this rare but catsstrophic compli-
ation of endovasculsr clamping hss been part of the driving
force to develop an slternative such as the PortaClamp. The
endoarterial maneuvers such as sequential guidewires and ret-
mdemﬂodncﬂmsmﬂedvnhﬂumuoodﬂm
are prone to tesr spart the fragile
or atheromstoas

A higher incidence of aortic dissection is dmeslly
reparted when endoclamp is used. It has been reported to be
as high s 3.9% in early series by Mohr and collesgmes [Mohr
1998]. Mare recently Vanermen et al [2000] reported 2 sortic
dissections (1 lethal) in a series of 121 patients who under-
went minimally invasive mitral valve repair (1.65 % com-
pared to an expected 0.1 % [Hagl 2000]).

The Chitwood damping mode also entsils
q:enﬁcnﬂ:.vhdnhhnmd:ebeneﬁafmblmg:mm—
mally invasive, eventually endascopic, intervention. Those
risks are inherent to the difficalty of sdequstely positioning
the forceps without visualizstion of the entire sortic and pul-

© 2004 Forum Multimeda Publahing, L1LC

manary artery structures and the crab forceps effect (Figure 6).
If the damp is positioned too deeply, there is 2 risk of hurting
the PA; if the damp is not positioned deeply enough, the
sorts is insufficently making it impossible @
perform the operation or lesding to insuffident hesrt protec-
tion during the operation.

Felger et al [2001], presenting their experience of mini-

invasive valve repair with the Chitwood damp,
reported the oocurrence of | stroke in a series of 124 patients
(0.8%). This figure corresponds to the expected inddence of
stroke reported in the STS (Sodety of Thoradc Surgeons)
database. Specific complications have been recorded only as
case reports.

The shove-mentioned risks, coupled with s significant
cost increase and the need for the entire surgical team to
undergo 2 complex learning processes, have contributed to 2
relstively low sdoption of port access techniques. We there-
fore felt there was 2 need to develop an alternative damping
method that would be fast, safe, relishle, and cost-effective.
The guided feature of the PortaClamp avoids the risk of
dsmaging the vascular structures adjscent to the clamping
zome of the sorts (ie, the SVC, main PA, snd right PA), which
is not the case with the currently available technologies for
sortic occlusion. The PortaClamp beings the surgeca back o
the well known paradigm of extrsluminal crossclamping,
obwvisting the need for invasive monitoring of the right radial
srtery peessure and the necessity of continuous monitoring
snd specific attention paid to the clamping throughout the
operstion. The results of the present stidy using the Ports-
Clamp show that clamping is feasible, reproducible, and does

not generste undue mortslity or morbidity. We believe that it
greatly facilitates port scoess cardiac surgery by ensbling the
surgeon to focus on the objective of the intracardiac maneu-
ver. Only redo cases in which adhesions preclude the passage
d&:gmdmmumhdultvnhby&:mtbod.l"nr&er

clampéng ares throaghoat the cdsmping zone lesds to 2 lower
inddence of injury to the sortic wall.
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De facon concomitante, notre équipe a réalisée sous ma direction et dans le cadre de
I'unité INSERM E0226 du Pr Ovize, une étude expérimentale chez le porc afin d’analyser
les effets histologiques sur la paroi de 'aorte des trois techniques de clampage utilisées
en chirurgie mini-invasive: 'endo-clamp, le clamp métallique type Chitwood et le
Portaclamp. L’étude a porté sur 15 porcs. L'analyse histologique a révélé une atteinte
majeure de 'endothélium aortique induite par I’endo-clamp ; des lésions non spécifiques
de la média externe et de I'adventice ont été observées indépendamment du clamp
utilisé et de facon similaire. Comparison between 3 aortic clamps for video-assisted
cardiac surgery : A histological study in a pig model. Heart Surgery Forum 2006, 9:

E657-E660.

7A



The Heart Surgery Forum £2005-1101
9 {3), 2006 | Epub My 2006)
doi=10.1332/HSF98.2005-1101

Quline sddrese huip://cardenjenning. merapron.comflink asp?id=112496

Comparison between 3 Aortic Clamps for Video-Assisted
Cardiac Surgery: A Histological Study in a Pig Model

Fadi Farhat, MD,' Olivier Metton, MD,' Frangoise Thivoler, MD, PhD,*

Olivier Jegaden, MD'

Deparmments of 'Cardiovascular Surgery B, and *Pachology, Hépitsl Pradel, Université Clande Bernard,

Broa, France

Objectives. To sssess histological trsumatic effects of sor-
tic clamps used in video-sssisted surgery, an experimental
study was undertaken in 2 pig model, comparing the Porta-

, Endoclamp, and 2 metallic clamp.

an-lullMcdmtkln3mnfSplgsud1,tbe
descending sorta was exposed through 2 posterolsteral left
thoracotomy. External clamps (Portaclamp and metallic
clamp) were positioned at the middle of the sorta.
Endoclsmps were inserted st the top of the descending sorta
through s small purse and inflated lower. After 60 minutes of
damping, the damp was removed and the animal reperfused
for 60 minutes. It was then sacrificed and the descending
aorta was harvested for blind histological study using
hemotaxylin-easin stsining of 4 samples per animal: A, before
the clamping spot; B, at the cdlamping spot; C, after the
damping spot; D, 2 remote sample a5 control.

Results. In the Portaclamp snd metsllic dsmp groups,
there were no lesions of the intima in all soctic samples. In
the Endoclsmp group, severe lesions of the intims were
observed on the clamping spot: endothelium crushing with
flattening of cell nucleas (3/5) or endothelium stripping with
vanishing of cell nudews all gathered in | point (2/5). Only
spongy lesions (dearance between fibers) located on the
external third of the mediz and moderate inflammatory
lesions of the adventice were observed with a random distri-
bution in sortic samples without difference between groups.

Conclusions. This study reveals the impressive lesions of
the sortic intims due to the Endodsmp. The nonspecific
lesions observed in media or adventios may be related to the
surgical trauma of the procedure.

Receroed Sepeember €, 2005 ; recerved im revesed farm March 20, 2006;
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Since the mid 1990k, video-assisted cardisc surgery has
gained interest slong with the development of new car-
diopulmonary bypass (CPB) techniques and, more recently,
robotic sssistance. Mitrs| and septsl surgery, as well as coro-
nary surgery, became possible with the introduction of
endo-CPB systems that allow csrdisc sssistance and arrest,
owing endovasculsr sortic clamping to fluoroscopy- or
transesophagesl echocardiography (TEE)-guided balloons
[Galloway 1999].In parallel, standard femoro-femorsl CPB is
still used, and in this case, sortic clamping is performed with
2 solid body transthoradic clamp passed through a port [Chit-
wood 1997]. Although some stadies have already compared
the different damping techniques effect on postoperative
morbidity and mortality, there is no analysis of the direct
effect of the different damping techniques upon the sortic
tissue itself [Reichenspurner 2005

The aim of the present study wss to analyze the effect of 3
different vascular clamps used in video-asisted cardiac
surgery om the sorticwall in an experimental model in 2 pig.

MATERIAL AND METHODS

Antmals

Adult pigs weighing spproximately 35 kg were used. All
snimals received human care in compliance with the *Guide
for the Care and Use of Lahorstory Animals” published by
the US Nations! Instinstes of Health (NTH Publication No.
B5-23, revised 1996). The experimentstion did not receive
suppart from sny company.

General Surgical Preparation

Pigs were premedicated with 0.25 mL/kg intramuscular
2% xylasine (Rompun; Bayer HealthCare, West Haven, CT,
USA). Venous access was obtained through 2 24-gauge IV
cstheter placed in 2 marginal esr vein. Anesthesia was induced
snd maintsined using intravenows nesdonal (20 mg/kg and
20 mg/ky per hour, respectively). A continuous perfusion of
hydroxyethyl amidon (6%, 15 mL/h) was started snd main-
tsined throughout the experiment. After general hepariniza-
tion (300 UL/kg), the animals were ventilated throagh s stan-
dard trachesl intubation at a rate of 3.5 L/min and 60%
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Figere 1. View of the crocodiie-1ke [aws of the Chiwood dam.

axygen fraction. The expired partizl CO; was measured after
equilibration. A 20-gauge catheter was placed in the right
arotid artery sfter expasition for continuous monitoring of
systemic mean srterial pressare (MAP) and heart rate (BPM).
Another catheter was inserted through the internal jugular
vein for central venous pressure control. A posterolaters] left
thoracotomy was performed in the eighth intercostal space
and the ninth rib was removed for better exposure. The
descending aorta was dissected. A prosthetic 10-mm Dacron
shunt was placed between the proximal and the distal seg-
ments of the descending sorta to avoid hemodynamic insta-
bility during damping. These end-to-side sutures were made
under lateral clamping, wsing 4/0 polypropylene satures. The
damp was positioned between the 2 lsteral anastomosis of
the shunt in 2 no-touch sortic region, and the sorta was

wtally occhaded.

Expertmental Protocol
Pigs were randomized into 3 experimental groups of 5 ani-
mals each. In the metsllic damp group (TTC), pigs were

Figere 2. View of the Fortadamp. Nose the guide wire that aliows
a3y pastioning through the TaNsverse Snus.
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Figere 3. Viaw of the Endochmp. Two versions allowing direct or
femoral damping are valabic.

subjected to 60 minutes of sortic occlusion with 2 Chitwood
clamp (Scanlan, St. Paul, MN, USA; Figure 1), followed by
60 minutes of reperfusion. In the Portsclamp groap (PTC),
snimals had 60 minutes of sortic ccdusion using the endo-
scopic Portadamp (Cardiolife Res, Leuven, Belgiumn; Figure 2),
then 60 minutes of reperfusion. In the Endodamp group
(ENDOQ), an Endoclamp (Cardiovations, Somerville, NJ,
USA; Figure 3) was inserted at the top of the descending
sorts through 2 purse string. It was then inflated between the
2 laters| snastomosis with an inflation pressure maintained
between 280 and 350 mmHg. Occlusion and reperfusion
were comparsble to the 2 previous groups.

Histological Analysis

At the end of the reperfusion period, the snimals were sac-
rificed and the descending aorta was harvested for blind his-
tological anslysis, using hemastoxylin-cosin staining. The
snalyses concerned all the circumference of the sortic wall
and were made on 4 samples per animal: 1 cm before the
clamping place (A), at the clamping place (B), | an sfter the
clamping place (C) and 2 remote sample as control (D). His-
tological examinstions were focused on the sortic intima,
media, and adventice. Samples were dassified as normal,
stripping, or crushing for the endothelium, normasl or spongy
for the media, and normal or inflammatory for the sdventice.

RESULTS

No significant difference existed between the 3 groups
concerning the weight of the snimal and the dismeter of the
sorta. All the procedures were driven until the end of the
reperfusion period.

Inttma Lestons

We did not observe lesions of the intima in the TTC and
PTC groups. In the ENDO group, the intima was normal for
points A, C, and D in all animals. At point B, 3 animsls pre-
sented with endothelium crushing (Figure 4) and 2 had
endothelium stripping (Figure 5). We did not observe intims
rupture in any case.

Medla/Adventice Leslons
Spongy lesions, defined as clearance between fibers,
located on the external third of the medis, were observed

regardless of animal, damping technique, or locstion. Mod-
erate inflammation of the adventice was noted with random
distribution, without difference between groups and location.
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Figure 4. Microscoplc 250 of he andothalum b the ENDO group.
The endozhelal calls are siripped and gathared In 1 poin (ES lesions).

We did not observe media bresk or adventice hematoma.
Datg are reparted in Table |. The sverage of normal media in
every group is reported in Tsble 2.

DISCUSSION

Video-sssisted cardiac surgery has become a routine tach-
nique since the mid lmnllmngﬁrthedndnpumd
different types of interventions, coronary as well 25 valvolar.
Beumthemm!hgm&vuekurednd,ldﬂhm
strategies were adopted for sortic clamping, endovascular
ocdusion balloons (Endoclsmp; Cardiovations) or trsnstho-
racic solid damps [Chitwood 1997; Gallowsy
1999]. Yuu:hhdlmbulbmlnmm
of the Endodamp was sssociated with sortic dissection in the
beginning of the internstional experience, and solid transtho-
racic damps oblige the surgeon to perform cardioplegia in the
sortic root through the tiny sccess space [Chitwood 1997;

Figre 5. Crushing of the endothall colls in micrascopy. Cafl nudsd
appear o be fananed (EC lasions).
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Lesions*
Madhy/Adventics Samples
Arimak A 8 c D
TTC grocp
1 Y] s/ N N
2 NN N/N N 5/N
3 NN 5/N N1 /1
B NN 5/N S N/N
: -y N/N 51 N/N
FIC grow
€ YN N/N YN S/N
7 YN 51 i 5N
8 L N/N L7 5N
s ¥ 51 i/ 5/
10 YN N/N YN S/N
ENDO zrovp
n NN /1 N1 N/N
o L7 SN YN N/
B NI N/N 1 5N
" YN N/N N1 N/N
s NN 54 NN 5/

*Thare was no sfian dflerenc amaong animals, damping Rchnlgue, o
locaion of the oamined sgment. A Is 3 ample wien from 2 seakon 1 an
before tha camping zong; B, 2 the damping oo C, 1 om aher the camping
200, D, remowe smpie. TTC indicaes meik ranshordc damg; S, \porgy; L,
nfammmary, N, normat; FTC, Formcamp; ENDO, endovescular balioon damp.

Calloway 1999]. Some recent studies have compared the 2
different effect on morbidity [Reichenspumer
2005]. But to our knowledge, there is no reported study desl-
ing with the direct impact of these different damping tech-
niques on the sorta itself. This experimental study was ar-
ried out to snalyze the histological lesions on the sortic e
caused by the different

In our study, the use of the transthoescic camps (TTC
and PTC animals) did not promote endothelial injury. Far-

Table 2. Comparison of the Different Normal Samples
berween the 3 Groups, In Media and Adventice*

samples
A 8 [+ D

No. of normal media

TIC group ys s s s

PIC group ¥s s o5 o5

ENDO group ys s ys s

No. of normal adventke

TIC grop ys 45 s 3

PIC group ys s s s

ENDO group s s /5 bY.]

*A k2 ample 1 o before the damping 2ong; B, 31 tha camping 2005
C. * om aer the camping zong; D, remote sample. TTC ndicxes mealic
Ammhorc damg; FTC, Foradamp; ENDO, endovascutar taloon camp.
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thermore, the lesions of the external layers of the sorta were
not specific. The Chitwood damp is 2 “lobster pincer” clamp
that does not apply the same pressure equally over the jaws.
This could theoretically promote sortic wall injury at the
proximal segment of the clamping zone s the distal part of
the damp is less aggressive. Furthermore, the tip of the clamp
is responsible for pulmonary artery and left atrial sppendage
injuries when wsed in a blind technique [Felger 2001]. In
oppasition, the Portsdamp spplies the ssme pressure equally
over the jaws. It is 2 wire-guided clamp and clamping marks
on both jaws avoid collateral lesions during clamping [de
Canniere 2004]. In both groups, we did not observe major
lulmd&:muchyusmdlummsorkuldu-
sections. Furthermore, the lesions of the medis and the
adventice were not specific and were randomly ohserved in all
groups. This could be related to the manipulation of the aoe-
tic segments during the surgical procedure.

In the ENDO group, major modifications of the endothe-
lium were observed. We had either stripping or crushing
lesions at d)edmrpingmwilb no specific damage on the
ather sortic layers. The endo-sortic damping technique
requires a long lurnlng curve [Casselman 2003]. In the
beginning of the experience, some aortic dissec-
tions due to vncnkr injuries in associstion with retrograde
arterial perfusion were described [Galloway 199]. Reichen-
sparner et 3l have recently reported no difference upon moe-
tlity and marbidity between transthoracic clamping using a
Chitwood technique and endovasculsr clamping in 2 prospec-
tive study [Reichenspurner 2005]. Nevertheless, the endovas-
cular clamping technique is useful in case of tions that
limit the access to the sorta. Mueller et sl have anslyzed the
sortic endothelial lesions wsing an intra-sortic balloon pamp
in an experimentsl model in calves [Mueller 2000]. They
found that the endothelium was damaged at the inflation
zone facing the balloon. Yet endothelial regenerstion could
be obtained sfter 14 days with no sequel. This model is the

nesrest to the one we describe here, even if in our approach
the compression of the aortic wall by the balloon is perma-
nent during 60 minutes and not intermittent.

In condusion, sortic clamping for minimally invasive cardiac
surgery can be performed safely with a range of different
damps, external or endovascular. The lesions consecutive to the
damping are basically located at the endothdium in endovasce-
lar approach. An experimentsl study concerning long-term
lesions after damping could be interesting for analyzing the
recovery of the endothelium. Both transthoradic and endovas-
cular techniques can widen the operative armamentsrium.
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Ces deux études ont permis de valider le concept du Portaclamp et son efficacité sans
démontrer un bénéfice réel par rapport au clamp type Chitwood, bien que le clampage
symétrique et la largeur des mors plaident en sa faveur, en particulier dans les
réinterventions et les aortes fragiles, comme nous I'avons observé ultérieurement.

Une évolution a ensuite été développée avec la partie distale des deux baguettes souple

et flexible, associée a un mandrin en deux parties détachables; systeme

particulierement adapté a la chirurgie robot-assistée.
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Partie 2. Evaluation du « Portapleg ».

Le Portapleg est un dispositif auto-suturant de cardioplégie antérograde en chirurgie
cardiaque. Le but du systéme Portapleg est d’éviter une suture manuelle sur I'aorte pour
maintenir l'aiguille de cardioplégie puis assurer I'étanchéité au niveau du point de
ponction sur l'aorte. L’aiguille de cardioplégie est maintenue au contact de l'aorte
pendant toute la procédure par un systéme de ventouse externe ; en fin de procédure

lors du retrait de I'aiguille de cardioplégie, un clip auto-suturant en nitinol est libéré et

assure |'étanchéité du point de ponction.

Le systeme Portapleg est donc constitué principalement d’un clip de suture qui reste
implanté sur 'extérieur de I'aorte apres retrait de 'aiguille de cardioplégie. Ce clip en
Nitinol assure une compression des levres de la ponction laissée par 'aiguille et assure

un controle de ’hémorragie et la cicatrisation du site.
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Le Portapleg a été développé par la société CLR et nous avons participé aux études pré-
cliniques sur modele in vitro d’aorte de cadavre pressurisée et sur modele animal porcin
dans le cadre de I'école de chirurgie de I'université Claude Bernard Lyon 1. Nous avons
été investigateur principal de I'étude pilote multicentrique non comparative, non
aveugle et non randomisée intitulée « Performances in vivo du systéeme Portapleg » et
comprenant l'inclusion de 40 patients sur quatre centres européens afin d’évaluer la
sécurité et la fonctionnalité du dispositif. Le critere principal était le temps de
saignement du site de ponction apres injection de Protamine. Dans notre centre, une
étude par angio scanner de l'aorte avant décharge et a trois mois a été incluse au
protocole. Notre série personnelle de 20 patients a été rapportée de fagon indépendante
avec comme critére secondaire la position du clip en Nitinol sur 'aorte. Dans cette série,
le systeme Portapleg a été utilisé dans douze procédures de pontages coronaires par
sternotomie et dans huit procédures de chirurgie mitral video-assistée par mini-
thoracotomie. Le systeme a montré son efficacité hémostatique dans tous les cas sans
événement secondaire. L’étude par angio scanner a montré que le clip en Nitinol était

bien ancré sur 'aorte dans tous les cas avec cependant une position asymétrique dans 5
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cas. A trois mois, I'’étude radiologique a confirmé la stabilité du clip dans sa position
initiale.

Cette étude a validé le concept de clip auto-suturant sur 'aorte. Le systéme Portapleg
nous a semblé une bonne réponse pour rendre l'administration antérograde de la
cardioplégie plus simple et plus accessible pendant les procédures vidéo-assistées.
Self-sealing antegrade cardioplegia system for video-assisted cardiac surgery :

Preliminary results. Innovations 2007; 2:209-212.

Ultérieurement une évolution du systéeme a été proposée afin de le rendre moins
encombrant, plus maniable et d’optimiser sa stabilité sur 'aorte pendant la procédure,

avec une cloche d’aspiration concentrique et non plus latérale.

Nous avons réalisé sur cadavre les tests de conformité de cette nouvelle version qui est

malheureusement restée au stade de prototype.
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ORIGINAL ARTICLES

Self-Sealing Antegrade Cardioplegia System for
Video-Assisted Cardiac Surgery: Preliminary Results

Olivier Jegaden, Thomas Sassard, Loic Boussel, and Fadi Farhat

(Innovatsons 2007:2: 209-212)

ideo-assisted cardiac surgery has gained in interest along

with the development of new cardiopulmonary tech-
nigues and more recently, robotic assistance. However, their
rates of adoption remam low in the surgical community
becmsetbe)reqtmexpenmcundcmynhemmksmd
costs. The bypass (CPB) technigue,’”
standard femoro-femoral CPB, and direct aortic clamping
through a port with either a metallic clamp? or the atraumatic
Portaclamp (Cardio Life Research, sa, Louvain-la-neuve,
Belgium }** have facilitated video assisted cardiac operations.
However, cardioplegia delivery is made awkward by the
limited access to the ascending aorta and preparing purse-
strmg sutures and tying knots with shafied mstruments
through a small incision using video monitoring is difficult,
and any technical mishap may be difficult to control.

We have designed an antegrade cardioplegia delivery
system (Portapleg Cardio Life Research, s.a, Belgium). It
requires no sutures, and the aortic puncture is closed auto-
matically as it is removed. We report our preliminary climical
experience with this device.

METHODS

The objective of this stxdy was to assess the safety,
efficacy, and usability of the Portapleg system on patients
undergoing sternotomy and minimally invasive cardiac sur-
gery. It was an open-label, nonrandomized, unblinded pilot
study. All patients provided written informed consent
concordance with a protocol approved by the ethics commit-
tee of our mstitution (Hospices civils de Lyon, Claude Ber-
nard University).

Portapleg System

This system focuses on the material and the method of
administration, with no change to the cardioplegia solution
itself. Using a dedicated ancillary tooling, a dedicated can-
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nula is placed onto the aortic root with a surrounding
preconstrained device (AOSeal clip) that anchors itself by
using pins penetrating the aortic tissue, coaxially to the
canula puncture site. The cardioplegia solution is adminis-
tered i the usual way. A vacuum suction device (—400 mm
Hg) in the hub of the cannula maintains the assembly onto the
aorta during the course of surgery, allowing maintenance
injection of cardioplegia and venting of the aorta. There is a

ific handle-matching holder to help the remote implan-
tation of the Portapleg assembly and the removal of the
cannula (Figure 1). On retraction of the canula, the tooling is
releasing the radial constraints of the surrounding AOSeal
clip that closes itself and compresses the tissue circling the
puncture lefi by central cannula, achieving hemostasis. The
AOSeal clip is made of Nitinol. It acts as a staple and is left
implanted on the aortic wall (Figure 2).

Protocol

The Portapleg System was used for the administration
of antegrade cardioplegia solution during arrested heart car-
diac surpery performed using either stemotomy or mimi-
thoracotomy with video assistance. The main preoperative
exclusion criteria were aortic valve surgery, emergency sur-
gery, unstable clinical status, and short life expectancy. Dif-
fuse aortic calcification was a perioperative exclusion crite-
rion. The evaluation was focused on performances of the
Portapleg AOSeal clip and its occlusion function on cardio-
plegia cannula retrieval The primary end point was the
puncture site bleeding time after reversal of heparin by
protamine. Additional pursestring suture, AOSeal removal,
and early reoperation for aortic bleeding were considered as
device related adverse events. Before discharge from the
hospital, a thoracic and a CT scan were performed
to record the position of the AOSeal clip onto the aorta. Three
months after surgery, each patient had a medical control visit
and new thoracic h and CT scan were performed.
The secondary end pomt of the study was the AOSeal clip
position on the aorta.

Surglcal Procedures

Twenty patients were consecutively screened and en-
rolfled in the study: 13 men and 7 women: mean age, 68 * 7

years. Twelve patients underwent coronary artery bypass
gmnmg (CABG) procedures through sternotomy and 8 pa-
tients underwent video assisted mitral valve surgery through
mini-thoracotomy. In the CABG procedures, the Portapleg
was implanted before CPB and left in place during all the

209
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FIGURE 1. Porty assembly, constituted by the AOSeal
and Its dedicated the canula, and Its suction cup. It
1s loaded on Its specific handle holdear.

FIGURE 2. AOSeal Is released on the aorta, closing the
puncture sortic hole as a staple.

procadure to repeat cardioplegia and vent the sorta. The
Portapleg was removed, and the AOSeal clip was released
just after the aortic clamp removal and before completing the
proximal anastomosis of the vein grafts before weaning CPB
and using lateral aortic clamping. In mitral procedures, the
Portapleg was implanted under femoral CPB. It was left i
place for repeat cardioplegia and for antegrade low pressure
coronary reperfusion just before the Portaclamp removal and
after the Portaclamp removal, it was used for venting and
deairing of the heart and removed and the AOSeal clip
released just before weaning CPB.

RESULTS
In all cases, the mplantation of the device was successful,
allowing satisfactory antegrade cardioplegia admimistration. The

210

FIGURE 3. Portapleg holder assembly on the ascending
aorta during CABG procedure through stemotomy. The suc-
ton cup Is localized on the opposite of the assembly.

stability of the device upon the aorta and the efficacy of the
suction cup during the procedure were assessed.

During CABG procedures through sternotomy, the mo-
bilization of the heart to have access to coronary network
mvolved occasionally a lateral movement of the Portapleg
system, with a loss of the suction cub adhesion; the surgeon
was informed immediately by the noise of the air inlet, and
good adhesion was regained easily by manual repositioning.
In no case was a backward motion of the AOSeal or of the
canula observed (Figure 3). Aortic clamping time was 62 *
17 minutes and CBP time was 77 * 18 minutes. Distal
anastomoses were 3 = 0.7 per patient, most often with
arterial grafis. Repeat cardioplegia was done in 75% of cases
without problems, and aortic venting was efficient i all
cases. The release of the AOSeal was done properly i all
cases after aortic clamp removal; good anchonng of the pins
in the aortic wall and close contact of the AOSeal clip to the
aorta were obtained m all cases. Vein grafts were used for 3
patients; the proximal anastomosis was performed affer aortic
clamp removal and AOSeal release by using lateral aortic
clamping between the AOSeal clip and the aortic root; no
modification of the AOSeal clip stability was observed.

During video-assisted mitral valve surpery through
mini-thoracotomy, the Portapleg system was far from the
surgical field (Figure 4); the tubes of the system were local-
1zed at the upper part of the thoracotomy (Figure 5) and was
protected from risk of motion during surgery. No case of
displacement was observed. Aortic clamping time was 98 *
25 minutes, and CBP time was 120 * 45 minutes. Four
patients had mitral valve replacement, three patients had
mitral valve repair, and one patient had myxoma resection.
Repeal cardioplegia and low-pressure reperfusion were
achieved m all cases without problems; aortic venting for
deairing was efficient in all cases. Afier checking the deairing
efficiency by transesophageal echocardiography, the release
of the AOSeal was achieved properly in all cases. For three
patients, the AOSeal was asymmetrically implanted, with

Copyrigit © 2007 by the Iaternattonal Soctety for Mintmally Imvastve Cardiothoracic Surgery
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Aortic Seal for Cordioplegia

FIGURE 4. Portapleg holder assembly on the proximal
aorta duning video-assisted rmutral valve surgery through
mink-thoracotormy, with Portaclamp ready to be activated.

3 .

FIGURE 5. Portaclamp and Portapleg In place dunm video-
assisted mitral valve surgesy. The cardioplegia line and vacuum
Ine are kocalized at the upper part of the working Indsion.

close contact on one side and far contact on the other side but
with good anchoring of the pins in the aortic wall, and it was
not necessary to modify the position of the AOSeal.

In all cases, we observed the same sequence conceming
the efficacy of the AOSeal to close the aortic puncture site of
the cannulx: trivial bleeding just afier the release of the
AOSeal that stopped quickly and a recumrence of trivial
bleeding at the weaning of CPB related to the increase of the
arterial pressure that stopped again during the protamine
perfusion. In two patients, the bleeding time was prolonged
and stopped 13 and 5 minutes, respectively, after the end of
protamine perfusion: In one patient, it was related to a
platelets disorder known before surgery, and bleeding
stopped afier the transfusion of platelets concentrates planned
before surgery: in the second case there was no specific

FIGURE 6. CT scan control showing a symmetric position of the
ADSeal on the aorta, with pins penatrating Into the aortic wall.

reason identified, probably a delayed effect of the heparin
antagonization by protammme. This result was within the
acceptance window of the protocol for primary end point. It
is important to point out that 14 patients (70%) were given
aspirin before surgery. There were no deaths, and no early
reoperation was needed. Postoperative ventilation time was
§ = § hours, ICU stay was 1.5 * | day, and drain losses at
24 hours were 400 * 150 ml. There was no particular
postoperative event. Before discharge, all of the patients had
thoracic radiography and CT scan to assess the position of the
AOSeal chip and the aortic wall. In all cases, the AOSeal was
well anchored in the aorta with pins penetrating in the aortic
lumen (Figure 6); in five cases (CABG, 1; mitral valve
surgery, 4), the AOSeal was observed in a asymmetnc posi-
tion (Figure 7). The aspect of the aorta was normal without
any case of aortic hematoma or indirect sign of periaortic
blood effusion. Hospital stay was 10 = 4 days. All the
patients had a clinical visit control 3 months after surgery,
with a normal chnical examination; thoracic mdiography and
CT scan were performed again, and there was no modifica-
tion of the data observed on the first mdiologic controls,
confirming the stability of the AOSeal i its initial position

DISCUSSION

The concept of video-assisted mitral valve surgery
through a mini-thoracotomy approach has been described for
10 years,"? but it has not been widely accepted, possibly
because of its complexity. The first endo-CPB technical
concept was too complex, risky. and not cost-effective. The
introduction of direct thoracoscopic clamping mode with a
metallic aortic clamp was a good alternative.* With Porta-
clamp, the drawbacks of the metallic clamp have disappeared

Copyright © 2007 by the International Society for Mintmally Invastve Cardiothoracic Surgery 211
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n of the
anchored Into

FIGURE 7. CT scan showing an asymmetric
AOSeal on the aorta, with pins remaining wi
the aortic wall.

and asortic thoracoscopic clampmng has become atraumatic,
safe, fast, and reliable. * © Thanks to these evolutions in aortic
clamping mode, video-assisted cardiac surgery has gamed
interest and its adoption rate has increased.™ However,
antegrade cardioplegia is delivered through a regular cardio-
plegia needle inserted through the working mcision and
secured onto the aortic root by a pursestring suture and a
tourniquet as in conventional surgery, but the limited access
to the ascending aorta through the mini-thoracotomy working
incision makes it awkward and risky and remains a limitmg
factor for many surgeons.

The Portapleg system aims to make it easier and safer
to administer antegrade cardioplegia when exposure of the
ascending aorta is limited. The present pilot study shows that
specifications of Portapleg, namely, one-shol mmplantation,
good stabilization, and autosuturing closure, were achieved.
This clinical evaluation was focused on the safety and the
efficacy of the AOSeal, using both stemotomy and mini-
thoracotomy surgical approaches.

The implantation of the Portapleg assembly is fast and
easy and does not require a long leaming process. The
implantation was achieved before CPB in stemotomy pa-
tients, where it provided broad access to the ascending aorta.
With mini-thoracotomy, the implantation was done under
CPB as in our usual surgical protocol to mnprove the access
onto the proximal aorta, and it resulted in a more lateral and
proximal position, as shown by Figure 4 in comparison with
Figure 3. We have observed that pin penetration was easier
and deeper with systemic pressure than with CPB pressure.
The lateral suction cup provided good stabilization of the
Portapleg system, and when a lack of adhesion occurred

during coronary artery exposure, the pins of the AOSeal were
anchored enough to avoid a backward motion. The injection
and venting cannula functions operated properly in all cases.

The sequential steps for removal of the cannula and
release of the AOSeal required careful attention. The releass
of the AOSeal was obtained easily i all cases. In a few cases,
an asymmetric position of the clip was observed. This was
mainly observed in video-assisted cases, possibly because its
implantation under a lower CPB pressure resulted m less deep
anchoring of the pins. Nevertheless, there was no failure of
the Portapleg system, no additional suture was needed, and no
AOSeal was either repositionad or removed.

The closure of the puncture aortic hole was obtained in
all cases, with only trivial bleeding that stopped during
protamme perfusion in 90% of the cases. [n one case hemo-
stasis was delayed and in one other case it was obtained afier
correction of coagulation disorder. The primary end point
was obtained in 90% of cases and delayed in 10% without
failure. The procedure did not generate undue morbidity, and
there was no device-refated adverse event.

The analysis of CT scan achieved before discharge
demonstrated that there was no secondary risk of aortic
bleeding or hematoma around the AOSeal anchored onto the
aortic wall; the pins remained penetrating into the aortic
lumen even if some AOSeals were observed m an asymmetric
position. The analysis of the CT scan done 3 months afier
surgery demonstrated that the position of the clip remained
stable, and secondary end point was obtained in all cases.

It 1= difficult to evaluate the mcidence of surgical
problems related to cardioplegia cannula aortic implantation
in video-assisted cardiac surgery because it is rarely men-
tioned, but we know that it remains an obstacle for many
surgeons to adopt this surgical concept. According to this pilot
stucdy, the Portapleg system is safe and effective and seems to be
2 good answer to make the antegrade cardioplegia admnistra-
tion more convenient in video-assisted cardiac surpery. We hope
that when available, the Portapleg will contribute to improve the
adoption rate of this surpical approach.
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Partie 3. Evaluation du « MitraXs».

Le Mitrax’s a été développé en collaboration avec la société CLR a partir de notre idée
originale. L’objectif était de concevoir un dispositif a usage unique permettant d’ouvrir
la cavité de l'oreillette gauche sans exercer de traction sur les parois et sans support
extra thoracique afin de pallier aux inconvénients des rétracteurs atriaux pré existants.
Apres une phase de conception puis d’essais de prototypes sur le cadavre dans le cadre
de I’école de chirurgie de I'université Lyon 1, un produit définitif a usage clinique a été
proposé et décliné en trois tailles en fonction des diametres de l'oreillette gauche et de

I’anneau mitral.

Mitrax’s est un céne en plastique polymere auto ajustable et auto expansible, qui
introduit dans l'oreillette gauche par lorifice d’atriotomie, repousse de fagon
symétrique et concentrique les parois de l'oreillette ; il s’agit donc d’'un écarteur plus

que d’un rétracteur.
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Une étude prospective de son efficacité a été réalisée chez 62 patients opérés de
chirurgie mitrale vidéo-assistée dans notre équipe et de fagon consécutive. L’indice de
satisfaction (de 1 a 5) a été élevé (en moyenne 4.6), témoin d’une exposition optimale de
la valve mitrale avec une vision endoscopique ou directe de la valve mitrale jugée
excellente. Cette évaluation a montré les avantages du Mitrax’s : simplicité d’utilisation,
absence de distorsion de la valve mitrale et de déformation des parois de 'oreillette
gauche, absence de distorsion de la valve aortique permettant de répéter les bolus de
cardioplégie pendant la procédure sans modifier 'exposition de la valve mitrale. Elle a
montré également les limites du dispositif liées a la standardisation des tailles, avec une
exposition incomplete de la totalité de I'anatomie de la valve en cas d’inadéquation entre
la taille de l'oreillette (trop petite) et la taille de 'anneau mitral (trop large). La mobilité
du dispositif dans l'oreillette a permis de pallier a cet inconvénient en déplacant le
Mitrax’s de facon séquentielle en fonction des différentes étapes du geste chirurgical.
Evaluation of a new left atrial retractor for minimally invasive mitral valve surgery.
J Thorac Cardiovasc Surg 2011; 141: 297-299.

Ce dispositif a été adopté par de nombreuses équipes en Europe et est
systématiquement utilisé par notre équipe au cours des procédures mitrales video-

assistées.
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Brief Technique Reports

Evaluation of a new left atrial retractor for minimally invasive mitral

valve surgery

Olivier Jegaden, MD, Thomas Sassard, MD, Abdel Shafy, MD, Mouhcine Madani, MD, and

Fadi Farhat, MD, PhD, Bron, France

Exposure of the mitral valve is a key success factor in min-
imally mvasive mitral valvesurgery (MIMVS) and aprereqg-
wisile for sucoesdul mitral valve repuir We report the
concept of a new lefl stnial retractor (MiraXs, StJude Med-
ical Inc, Minnespolis, Minn) dedicated to MIMVS. The ef -
fectiveness of the device was evaluated in a prospective
series.

CLINICAL SUMMARY

The MitraXs retractor is a pattern-cut polymer sheet that
once deployed and secured by a pivoting rivel generstes
acomcal volume (Figure 1). The device is asell-expanding,
auto-adjusting, single-use lefl stral retractor that does not
requite a supporting amm. The retracior has 2 swzes (A and
B) according © valve dameter and 2 lengths (regular or **
+") sccarding 1o atrium depth © sccommodsie anatomic

The mtroduction and deployment of the MitraXs device
are key pomts. After the folding siep, the MitaXs device
i rolled and compressed from aconical shape © a cylinder
witha reduced diameter creating a protruding triangular tsbh
(Figure 1). By using a locking forceps, the MitraXsdeviceis
mntroduced viaa mmitoracolomy and an stnotomy, the tab
with the rivet at the wop losding the atrial seplum first; then,
with a clockwise rotation of a half tum, he device & pro-
gessively pushed into the lefl atium in a screwing move-
ment. When the MitraXs device is compleiely engaged in
the left strium, centered on the valve, with the rivet down
in the postenor posilion, the forceps © released and the re-
tractar deploys hack mioan optimal conical shape, working
asan “expander’’ and maintaming the lefl strum wide open
i Asymmetric manmer.

The effectiveness of the MitraXs device wasevalmiedin
62 patients who consecutively underwent MIMVS during
a 20-month period &t the louss Pradel Hosputal. There
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HIGURE L The MizaXs (St Jude Matical 1sc, Mimespalia, Miss) &
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wiad pivon o rives Sarsales o com cal dupesellexpand g aad o ad
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were 21 female and 41 male patients with 3 mean age of
61 + 17 years and 2 euroSCORE of 5.6 + 2.8. The operation
was aredo m 6cases, with greviows mitral valve surgeryind
patients and previous coronary artery bypass graflng in 2
patients. The origin of mitral valve lesons was theumatic
i 11 ptients, degenerative in 45 patients, endocarditis in
2 patients, and hoprosthesis dysfmction in 4 patients
The surgical procedre was based on the principles of
MIMVS with a transthoracic aortic clamp.® The MitraXs
device was used in all cases & the primary mdication for
mitral valve expasure. The following were analyzed for
exch procedure: introduction of the retractor, size
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FIGURE 2. bavapenuve view. A, The morad alve & scddy expoed
wihaut Gaaoenon, allowiag casy aad accusge amlyds of Be lesoa The

e ® avial muscle shomojeseouly midded providiag space fov sumustag
B, The minalvale & viesalizad b s eaeery witha lasge world g space,

malieg en bloc valve resec Oon prasdle Noe e sanguineous (pestve
field wih @r vest back The MimaXsdevice smy preventt e fmgueas

fiom fafling lato the paloumary veiss.

suitshility, conversion 1o hlade retractor, exposureof the mi-
tral valve, distortion of the anstomy, working space avail-
ahle around the valve, access for endascopic instruments,
need of repasitioning or additional stiches to improve ex-
posure, videoand direct vision, and extraction of the device.

At the end of the procedure, the surgeon proposed a global
satisfaction index from Oto 5.

RESULTS

Mival valve replacement was performed in 18 patients,
and mitral valve repair was perfarmed i 44 patients. Anas-
socisied procedure was perfamed i 8 patients myomec-
tomy in 2 patients, atnal septal defect closure in 4
patients, and tricuspid valve reparr in 2 patients. For mitral

FIGUREZ. boagemie view. A, The MinaX(s device i volugaaly ces-
tesed on e potes or leafles 10 make dlifing plasty cier Noge deocchuded
Aea on wteriy anankedat ik aceible by slidisg and repodtioning B,
The MiraXs device & vdmadly puded il ©e monl sauds ©
Inpeove e expoaue of papdiiery sescles o wufical chontas gl sy
e

valve repair, a posterior keallet resection was performed in
28 patients and artificial chordse were used in 19 patients
mainly onthe anterior kallet; an annuloplasty using a com-
plete semirigid ring was sssocisted m all cases.

The introduction of the MitraXs device was fast and easy,
with & mean placement time of 32 + 8 seconds. There was
a mumaich i 5 cases, and & smaller-sized MitraXs device
was used Size A was wad m 34 ptients (A, 21; A+ 13),
and sze B was used in 28 patients (B, 22, B+, 6). The Mi-
traXs device was used in all procedures without an addi-
tional retractar or conversion 10 a different retractor. The
exposure of themitral valve, inregard toboth leaflets and an-
nulus, was etimated 10 be good © perfect in 47 cases, with
the left stral muscle homogeneously unfolded sround the
valve (Figure 2). In 15 cases of mital valve repair, the

298 The Journal of Thoracic and Cardiovascular Surgery * January 2011
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anterior part of the anmulus was pantially hidden; in 9cases
the repair of the well-exposed mitral valve was perfarmed
first and repositioning was done for nng implantation in
the occluded area (Figure 3, A), and in 6 cases sutures for
rng implantstion were placed first using sequential reposi-
tomng (o downsize the valve dimeter enough 1o be in-
cluded in the inkemal diameter of the MiraXs device
Repositioning was easily performed withhooks in asliding
movement In all cases, there was no digortion of e valve
ansomy, which made the analyasof valve dysfunction essy
and relisble in repair procedures. In 8 patients, 10 improve
accessibility 1o the papillary muscles for artificial chordse
implantation, the MitraXs device was first pushed inade
the anmulus © throw back the posterior kallet (Figure 3,
£). The same technique was used in 2 patients for associated
myomectomy. In 4 patients, the MitraXs device (aze+) ship-
pedout of e left strium durning the procedure becauseof ex-
cesdvelraction on the snmulus dikches which progresively
epected the device; in 2 patients the device was successfully
reintroduced into the lefl atrium, and in2 patients the device
was removed and nng mplantation was fimshed without
aretractor. An ideal straght ine between the working pont
of the minitharacotomy and the plane of the mitral valve
was obtained in most cases viaa lateral tharacic approach;
however, in8 patients a “hayonet” effect was comeciad us-
mng a traction stiich In all patients, excellent direct vision
was provided by e device. The vent placed in the pulmo-
nary veins remained back without displace ment or conthict
Repeat cardioplegia was performed with the MitraXsdevice
m place, demonstrating no distortion of the sorx valve. In
caie of an sssocisted right atnum approach lor strial septal
defect or tncuspid surgery, the MitraXs device was used on
the right side without the nivet engaged, working s a tent
Removal of thedevice was perf amed in a compressed cylin-
dric shape (n=51) or a [kat hape after the nivet relesse (n =
11). The global sstisfaction index was 4.6 + (LS. All patients
hada good outcome and were discharged from e hospital

DISCUSSION

Optimal exposure of the mivral valve 1 a key pomt in
MIMVS. Since our program was started i 197, we have

wed the clasic 2-piece blade retractar dedicaied © such
aprocedure and cbserved its drawbacks related o the trac-
tion on the antkenor leallet with distortion of the mitral ap-
paratus, e creation of atrial folds with large occluded
areas, and the difficulty of not exposing the anterior annulus
for ring implantation’ The concept of the MirraXs device i
based not on lefl atnal retraction but on keft avrial expan-
son; thus, these drawbacks are not relevant. The asocia-
ton of a amall lefl strum with a dilsed snulus was
a dfficult siuation; the strium diameter ook the kead
and we had 1o sccept a covered area m 24% of cases, no
more than 10% on the anerior amulus. This drawback
was offset by the freedom of the MitraXs device insade
the left strium, and repositioning was easy tomaodify the ex-
posure according o the surgical gage. In the same manner,
il was possble 1o focus the exposure on a specific area, such
as the postierior annulus for siding plasty or the papillary
muscle for artificial chordae (Figure 3). In most cases, the
MitraXs device provided optimal exposure and excellent
direct vision. The global satisfaction index was high dem-
mstrating the effectivensss of the device; however, the Mi-
raXs device has a few drawbacks. Swe stndardization
may mvolve msmaich Dowmsized or in case of excessive
traction on annulus iches, he MivaXs device may ship
out of the left strum.

CONCLUSIONS

The MiraXs & easy 1o use with excellent effective-
ness. Smee esting the device, we have adopted its use.
According 1 our experience and the results of this series,
the MitraXs makes the echnique of MIMVS easier and
more reproducible.
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Partie 4. Analyse comparative des techniques mini-invasives de
revascularisation de I'IVA par pontage mammaire (Port Access,

MIDCAB, TECAB).

Depuis le développement et les succes de la cardiologie interventionnelle, les indications
de revascularisation chirurgicale isolée de I'artere inter ventriculaire antérieure (IVA)
sont rares, le plus souvent apreés échec primaire ou secondaire de la cardiologie
interventionnelle. Un effort important a été développé par la communauté chirurgicale
pour réduire le caractere invasif de la revascularisation chirurgicale dans ce groupe
spécifique de patient ou la voie d’abord par sternotomie médiane semblait
disproportionnée par rapport au geste de mono pontage coronaire par le pédicule
mammaire interne gauche. En fonction de la technologie disponible et de son évolution
notre approche chirurgicale mini-invasive dans ce groupe spécifique de patients a
évolué sur deux périodes :

- Avant 2003 et 'acquisition du robot chirurgical Da Vinci, la procédure de référence
était la technique Port-Access (PA-CABG) avec prélevement vidéo-assisté du pédicule
mammaire gauche et mini thoracotomie antérieure gauche pour une anastomose directe
sous CEC et cceur arrété avec clampage aortique par endoclamp. En cas de contre-
indication a la CEC port access, une procédure MIDCAB était réalisée avec prélevement
vidéo-assisté du pédicule mammaire gauche et mini thoracotomie antérieure gauche
pour une anastomose directe sans CEC a cceur battant, utilisant un stabilisateur
myocardique externe puis endoscopique et un shunt coronaire systématiquement.

- Apres 2003 et 'acquisition du robot chirurgical Da Vinci, la procédure de référence
était la technique TECAB avec prélevement robot-assisté du pédicule mammaire gauche
et anastomose robot-assistée a thorax fermé sans CEC a cceur battant, utilisant un

stabilisateur endoscopique et un shunt coronaire systématiquement. En cas de contre-
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indication a une anastomose robot-assistée avant la procédure ou en cours de
procédure, une procédure MIDCAB robot-assistée (RE-MIDCAB) était réalisée avec
préléevement robot-assisté du pédicule mammaire gauche et mini thoracotomie
antérieure gauche pour une anastomose directe sans CEC a cceur battant, utilisant un
stabilisateur myocardique endoscopique et un shunt coronaire systématiquement.

Une étude prospective sur 10 ans a été conduite dans ce groupe de patients afin
d’évaluer de facon comparative les résultats des trois techniques de revascularisation
chirurgicale mini-invasive utilisées et correspondantes a trois concepts différents :

- le PA-CABG, le plus invasif mais reproduisant le mieux la technique classique de
pontage coronaire avec anastomose sur coeur arrété,

- le TECAB, le moins invasif a thorax fermé sans CEC et a coeur battant,

- le MIDCAB, avec un caractere invasif intermédiaire puisque sans CEC et a cceur
battant, mais a thorax ouvert, aprés prélevement mammaire par vidéo ou robot -
assistance.

Malgré les limites de cette étude, non randomisée, sur des périodes d’inclusion
différentes, les résultats ont montré, a trois mois, un taux de réintervention sur I'IVA,
artere cible pontée, significativement plus élevé dans le groupe TECAB : PA-CABG, 0% ;
MIDCAB, 1.8% ; TECAB, 10% ; p<0.01.

Ces différences observées ont souligné et confirmé une intuition chirurgicale :

- la perméabilité précoce des anastomoses réalisées sur coeur arrété est meilleure que
celles réalisées sur coeur battant,

- la perméabilité précoce des anastomoses réalisées manuellement en vision directe est
meilleure que celles réalisées avec robot-assistance a thorax fermé.

Néanmoins, au début de notre expérience TECAB, la technique d’anastomose utilisée
était identique a la celle des procédures MIDCAB ; les premiers échecs de perméabilité
apres TECAB nous ont conduit a modifier cette technique d’anastomose et de passer du
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surjet continu Gortex 8/0 aux points séparés Uclip en Nitinol. Cette évolution technique,
au rythme de I’évolution technologique, a fait disparaitre les problemes anastomotiques
mais ne nous a pas mis a l'abri de trois cas d’occlusion fonctionnelle du pédicule
mammaire avec anastomose perméable, témoin de la difficulté d’orienter ou de vérifier
le pédicule mammaire dans un environnement thoracique fermé.

A trois ans, les taux actuariels de survie sans réintervention étaient : PA-CABG, 100% ;
MIDCAB, 9845 % ; TECAB, 88+8 % ; p<0.05. Cette différence observée était directement
liée aux échecs précoces de perméabilité.

Cette étude nous a conduit a considérer la procédure MIDCAB vidéo ou robot -assistée
comme technique chirurgicale de référence pour la revascularisation isolée de I'IVA,
compte tenu du surcofit induit par la technique PA-CABG et du taux plus élevé des
échecs primaires avec la technique TECAB.

Is there an optimal minimally invasive technique for left anterior descending

coronary artery bypass? | Cardiothorac Surg 2011; 6: 37.
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for left anterior descending coronary artery bypass?
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Abstract

CABG, 94 + 8%, 100%; espectvely)

solated LAD grafring and the laast cost efecrive

Background: The aim of this revospaciive study was 10 evaluae the dinical outcome of Twee difirent minimaly
rwashve surgical techniques for feft anterior descending (LAD) comnary anery bypass gafting (CABQ): Port-Access
sumery (PA-CARG), minimally ivasive diect CASG MIDCAB) and dff-pump prally endoscopic CABG (TECAB)
Methods: Over a dacade, 160 elighle patiens for gecnve LAD bypass were eered 10 one of he thee
Bchniques 48 PA-CARG, 53 MIDCAS and 59 TECAR In MIDCAS group, Bumoscore was higher and target vesse!
qualty was worse. In TECAS group, eary patency was systemarically evaluated using cosonary CT scan. During
Dliow-up (mean 27 + 01 yaars cumulated 438 years) sympom-based angiography was perormed

Results: There was no conversion fom of pump 1o onpump procedure or 1o stemotomy approach. n THCAS
goup, there was ore hospital candiac death (1.7%), reoperation for bieeding was higher B5% vs 37% in MIDCAR
and 2% in PA-CABG) and 3-month LAD reintervention was significantly higher (10% vs 18% in MIDCAS and 0% in
PALARG. There was no diference batween MIDCAS and PALCABG groups. During follow-wp, symptom-based
angiogapty in = 12) demonsrated a good patency of LAD bypass in all groups and 4 patients undenwent a no
LAD reintenention. At 3 yeas, Tee was no dfeence in sunival 3year angina-free sunvival and mintenention-
free survival were sgnificantly lower in TECAS group (TECAS, 85 + 1206, 88 + 8%; MIDCAS, 100% 98 + 3%, PA-

Conclusions: Our study confrmed that minmally imvasive LAD grafing was safe and efacrve. THCAS s associated
with a higher rate of eady bypass Gilure and minenention. MIDCAS 5 il e most elable sumyical technique for

Background

For several decades, left intemal thomacic artery (LITA)
bypass grafting has been recognised as the gold standard
for left anterior descending coronary antery (LAD) revas-
cularization and its beneficial impact was demonstrated
in conventional coronary artery bypass grafting (CABG).
During the past decade, minimally invasive (MI) CABG,
based on the lack of sternotomy approach, has been
developed acconding to the evolution of technology and
dedicated surgical tools, and it has been mainly per-
formed in isolated LAD bypass grafting. Nowadays, Ml-
CABG brings together different surgical concepts Port-
Access surgery (PA-CABG) based on on-pump CABG
with mini-thoracotomy and hand-sewn anastomosis,

* Comepondence: Oivier. poadengehulyont
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minimally invasive direct coronary antery bypass (MID-
CAB) based on off-pump CABG with mini-thoracotomy
and hand-sewn anastomosis, and totally endascopic cor-
omary artery bypass grafting (TECAB) based on on-
pump or off pump surgery with robotic asisted anasto-
mosis. These MI-CABG techniques have been compred
to conventional CABG according to observational
research because of the lack of randomized trial: the
expected clinical results must be at worst as good as
conventional CABG; the observational results are at best
the same [1-3]. In the same way, these different MI-
CABG techniques have never been compared together.
In this series, we report our experience in minimally
invasive LAD grafting with 2 comparative analysis
between PA-CABG, MIDCAB and off pump TECAB, in
order to answer the question: is there an optimal mini-
mally invasive technique for isobated LAD grafting?
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Methods

From January 1998 to December 2008, 160 eligible
mtients for elective LAD revascularization were referred
to minimally invasive CABG surgery. There were 135
males and 25 females, mean age was 58 £ 11 years and
Euroscore 1.7 £ 1.7. There were two surgical periods:
from Januaryl998 to September 2003, the intend-to-
treat surgical procedure was either PA-CABG or MID-
CAB depending on the mtient’s condition, and after the
purchase of standard Da Vinci robotic system in Sep-
tember 2003, the intend-to-treat surgical procedure was
either off-pump TECAB or robotic enhanced MIDCAB
depending on the patient’s condition. In this series, the
metients were categorized into three groups according to
the surgical procedure performed: PA-CABG (n = 48),
MIDCAB (n = 53), TECAB (n « 59).

Port-Access group

The surgical technique was previously reported [3]. The
video-assisted LITA harvesting was done through the
anterior left mini-thoracotomy. The femoral approach
for cardiopulmonary bypass was used and aortic clamp-
ing was done with the Endo-Aortic Clamp™ according
to the concept of Port Access™ EndoCPB system. The
coronary anastomosis was performed under direct vision
with 8/0 Prolene running suture. PA-CABG was the
intend-to-treat procedure in 48 mtients free of periph-
erial atherosclerotic disease and it was done in all cases.

TECAB group

Off-pump TECAB was the intend-to-treat procedure in
78 cases with an auspicious anatomic condition based
on preoperative angiography; however, 19 patients had a
conversion to MIDCAB during the procedure and a
complete TECAB surgery was performed in 59 patients
[4] and intra-coronary shunt was used in all cases.
Before January 2005, proximal and distal LAD occlu-
sions were perfformed using 4-0 ¢PTFE sutures (n = 11),
after only proximal LAD occlusion was done (n = 48).
Before July 2006, the anastomosis was done with 8.0
¢PTFE running suture (n « 22), after it was done with
nitinol Uclips™ as interrupted sutures (n = 37).

MIDCAB group

MIDCAB was the intend-to-treat procedure as an alter-
native to PA-CAB in 17 patients with peripherial athero-
sclerotic disease. Robotic enhanced MIDCAB was the
intend-to-treat procedure as an alternative to TECAB in
17 patients with an unfavorable anatomic condition and
in 19 patients it was performed as a conversion of an
intend-to-treat TECAB procedure (Table 1). In the finst
sub-group of 17 patients, the video-assisted LITA har-
vesting was done through the anterior left mini-
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Table 1 Indications for robotic enhanced MIDCAB
in = 36)

Intent 40 -tmat Convargion from
MIDCAB N = 17 TECABN =19
Qualty of LAD 9 2
Sequendal gaft 6
ndceion
remeyocadal 1 3
o
Feud adhedore . 3
Sabizer fQlue . 2
Limied arseror . 2
Pace
Seped back flow . 1
Urenbie agira 1
LAD, Left intwicr dncndng y wtey, MO, minimadly lov il

direct ooy atwy bypuns graftng; TECAR, sedly endbaogic coronay
vy bypuns gufing Note et il commnions wocept oo (wptd back flow)
werw ducided before the anntomols stege

thoracotomy; myocardial stabilization was obtained with
an Estech stabilizer; a proximal LAD occlusion was per-
formed using 4-0 ¢PTFE sutures; the anastomosis was
done under direct vision with intra-coronary shunt and
80 Prolene running suture. In patient with robotic
enhanced MIDCAB (n = 36), after endoscopic LIMA
harvesting, the pericardium was opened, the target ves-
sel was identified, and the left anterior mini-thoracot-
omy was perfformed in the ideal position in front of the
target anastomotic site. Myocardial stabilization was
done using an Octopus TE endoscopic stabilizer (Med-
tronic Inc.), placed either before or after the minithora-
cotomy, and the anastomosis was perfformed according
to the mme rules with proximal LAD occlusion, intra-
coronary shunt and running suture.

All the operations were perfformed with the patient’s
informed consent. Data was prospectively collected.
Early patency was evaluated by an angiography or CT
scan, systematically in the TECAB group, and only in
cases of sequential LIMA graft or post-operative tropo-
nin level rise in other groups. All the patients had a
stress ECG test during the 2-month post-operative per-
iod according to the rehabilitation protocol. Follow-up
was made by mail enquiries and completed for all
patients. During follow-up, only symptom-based coron-
ary angiography was performed Mean follow-up was 27
+ 0.1 years and cumulated follow-up was 438 years.

Data was accessed and analysed with statistical soft-
ware. Categorial variables are expressed as number and
percentage of patients and were analysed with the
Fischer exact test or 3* test. Continuous variables were
compared with a two-samples t-test. A log-rank test was
used to compare Kaplan-Meier curves of survival and
freedom from event.
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Results

Patient populations were almost similar in the three
groups (Table 2). However, in the MIDCAB group, the
Euroscore was significantly higher, related to the signifi-
cantly higher amount of females; in the TECAB group,
sequential LITA graft © LAD and diagonal artery was sig-
nificantly lower, related to the selection of the indications
in this group (Table 1). In any group, there was no conver-
sion from off-pump to on-pump procedure or to sternat-
omy approach. There was no difference in intervention
time and complete revascularization between groups
(Table 2). Intubation time was significantly lower after
TECAB without any differences between PA-CABG and
MIDCAB (Table 3). There was no difference between
groups regarding ICU stay, Troponin level and blood losc

Early postoper ative outcome

Reoperation for bleeding was needed in eight patients:
in one MIDCAB mtient it was related to the anastomo-
sis which was performed again as an eary reinterven-
tion; in all other cases, only thoracic wall hemostasis
was done and the bleeding source was not always found.
In the TECAB group, there was a higher rate of reo-
peration for bleeding (8.5%) and a mini-thoracotomy
was necessary to remove the blood clots in four patients
(Table 3).

Post-operative myocardial infarction occurred in one
PA-CABG patient, related to a septal antery occlusion
and in two TECAB patients, related to an anastomosis
dysfunction as demonstrated by angiography.

In the PA-CABG group, only two mtients had a post-
operative angiography control; in both cases, graft and
anastomosis were patent with an occluded septal artery

Table 2 Preoperative and intraoperative data
PACABG MIDC A8 TER
N=-48 N=-S N =59
Mean age (years) B9 61+8 9+ 1
Gender (W) 444 g5 36
fogira COSC (mean) 3+03 29+ 04 iz
Ve (8 53+ 59+8 7+8
Eunoncone 09+ 23+17% 13216
Prevous PO 0EY 10(9) 108
(8 gme (min) 52+ 15
foric chmp Sme (min) EF PR
raenerdon Sme (feg 12+06 31207  34:07
Sequendal LADYDg 709 10 (%) 19
Compiete revasadaizaion x50 B 420)

Numbur of petents wih (W) PACASG Pat-Aces cacnay ety bypus
gufting; MOCAS, minimuly Ioviev e direct coooiry atery bypns guiing
muymzumnqmmaxc.an
(= s Scxiuty Chafl 5 LVEF, luft dw wp

O%, cadiopd y bypag LAD,
Hn_mbnﬁqﬂxﬂqwh; p<oos
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Table 3 Early Pastoperative results
PACABGN - MIDCABN - TECABN -
43 53 L]
naton gme (e gx4 72256 46224
U 23y das) 17227 1213 0% + 08
Troporin (24 hes, 1) 17224 21=5 22+ 0
Dairage (M hes, m) M6 4082174 219
Ropemtion for 1 2an 5235
bieed
M 1 0 2(34)
Sroke 1 0 0
Reinservertion ] 1(18) 4068
Hospind sny (dwy9 723 65215 S52156°
D dy momly 0 0 107

Number of putnts with (W), PACRG, Port-Acces
gating MOCRE, minimudly lovadwe dir et cor m

TECAS, atuly endoacopic conmary ey bypus grafng; IO, Intersive caw
it M, myccadid ifecion *pc00S.

in 1 case. In the MIDCAB group, 13 patients had a
pastoperative control using either an angiography or CT
scan, showing a 100% patency of grafts and anasto-
moses. In the TECAB group, two patients with post-
operative myocardial infarction had angiography contrd
showing anastomosis or post-anastomosis high-grade
stenosis; all other patients had a CT scan contra before
discharge showing an asymptomatic LITA graft occlu-
sion with patent anastomosis in 2 patients, confirmed by
angiography. In these 4 patients a reintervention was
successfully performed, using stenting done through the
native coronary network or the LITA graft In the
TECAB group the patency rate was 93.2% (55/59) and
reintervention (6.8%) was significantly higher (Table 3).
One PA-CABG patient had a transient postoperative
stroke. One TECAB patient died from arythmia after
myocardial infarction despite reintervention. Hospital
stay was significantly shorter in the TECAB group
(Table 3).

Late postoperative outcome

There was a significant difference in follow-up between
the three groups, related to the two surgical periods
(Table 4).

In the PA-CABG group, there was no late death.
Inferior myocardial infarction occurred in one patient
and four patients had a recurrent angina (mean 4 + 14
years postoperatively). In these 5 patients, coronary
angiography demonstrated that the event was not
related to the LAD bypass and two of them underwent
a reintervention: 1 stenting on the right coronary artery
and 1 surgical bypass to marginal and posterior des-
cending coronary arteries At follow-up, the CCS func-
tional class was 11 £ 03
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Table 4 Late postoperative results

PACABG MICR8 TEAB
Mean Dliow up (years) 9+03 25+03 183+
Iyexr sl (%) m B3 =S
Iyexr angrafee sraal (99 H=E 0O B2
::)ezmwm&umm m B3 @BWeE*

PA-CASG, Poct-Acoms connary atery Bypina grafng; MIDCAS, minkmuly
nviclve dct commary 4y bypus ng; TECAS, soadly wndancopic
ooy atwy bypus gratng; * p < 008

In the MIDCAB group, there were two late deaths from
cancer (5 months and 8 years post-operatively). One
patient had recurrent angina at 7-year post-operatively;
coronary angiography demonstrated that the event was
nat related to the LAD bypass and the patient underwent
a surgical reintervention to the marginal and right
coronary arteries. At follow-up, the CCS functional chass
was 12+ 014

In the TECAB group, one patient committed suicide 6
months after surgery. Two patients had recurrent angina
during the rehabilitation period (1 and 2 months post-
openatively). Coronary angiography demonstrated that
the event was related to the LAD bypass ( 1 occlusion
of LITA, 1 post-anastomotic stenosis); both patients
underwent a stenting of LAD. Six other patients had
late recurrent angina (from 1 to 4 years post-opera-
tively); in all these cases, coronary angiography demon-
strated that the event was not related to the LAD
bypass and one patient had a stenting of the right cor-
onary artery. At follow-up, the CCS functional class was
L1 £ 03

At 3-year, there was no difference in survival between
the three groups. However, 3-year angina -free survival
and reintervention -free survival were significantly lower
in the TECAB group (Table 4).

Discussion
Our study confirms minimally invasive CABG, regard-
less the technique wed, is safe with 2 0.6% eardy mortal-
ity, and effective with a2 98 + 2% S-year survival 2 93 ¢
6% S-year freedom from reintervention and a 85 £ 9%
5-year freedom from angina. The early patency of LITA
to LAD (94%, 77/82) is comparable to those of conven-
tional on-pump CABG (91%) according to IMAGE trial
[5] or off-pump CABG (92%) according to randomized
trial [6]. All procedures were performed without conver-
sion from off-pump to on-pump procedure or to ster-
notomy approach, and all LAD bypass failures could be
treated by stenting,

We have analysed MI-CABG results between three
different techniques developed during the past decade.
PA-CABG is the most sophisticated procedure involving
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on-pump surgery and endo-aortic clamping technique.
In this group, we have observed very satisfactory eardy
and bate results, without any post-operative major event;
symptom-based angiography demonstrated good graft
and anastomasis patency in all cases. Results are com-
parable to thase previously reported with this technique
[7.8].

MIDCAB is the less demanding procedure and has
gained widespread acceptance according to excellent
results provided [9,10], which our series has confirmed.
Only one case of reintervention occurred, related to
early anastomosis bleeding. We have observed no differ-
ences in results between classical and robotic-enhanced
MIDCAB. In this study, there was no difference in
operative risks and mid-term results between PA-CABG
and MIDCAB.

TECAB is controversial [2]; off-pump TECAB is the
less invasive concept in LAD grafting, nevertheless
results are not as good as expected. De Canniere [11]
reported a 2.2% early mortality, a 92.1% eary patency
and a 4.1% reintervention rate at 30 days In our series,
early mortality was 1.7%, early patency was 93.2% and
the reintervention rate before discharge was 6.8% Two
more patients underwent reintervention of LAD, 1 and
2 months postoperatively, after symptom-related angio-
graphy which showed LAD bypass dysfunction unde-
tected by coronary CT scan before discharge. The
actuarial freedom from angina and from reintervention
were significantly lower in the TECAB group (Figure 1);
it was directly related to a primary bypass failure which
remains the main concern in the TECAB procedure. In
owr experience, modifications of the anastomasis techni-
que allowed to improve the patency: after the occur-
rence of post-anastomotic dysfunction cases, distal LAD
occlusion during anastomosis was abandoned and this
type of failure dimppeared; anastomotic dysfunction dis-
appeared akso when we changed from running suture to

222 EEE%

Rgure 1 Acurial rdnerentionfme sunvivd according to the
susgical echnique pedomnad. PACASG, Pom Acoess cononary
anery bypas gafing MIDCAS minimally imasive drect cononary
anery bypaes gafing, TECAS, waly endorcopic cononary amery
bypes gating p = 002 beween TECAS and ®e two offwy

wehriques

2N



qdm o ol _bumal of Cadbthorak Sugery 2011, 637
b/ vewe casdothor acic sungery ong ontent' & 1 37

wlips suture which provided a 100% patency. Neverthe-
less, we have observed three cases of LITA occlusion
with an opened LAD anastomosis: one seemed to be
related to a twist of the graft, the two others remained
unexplained. However, the rate of graft Gilure in the
TECAB procedure is acceptable in comparison with
chsical coronary surgery; routine intraoperative com-
pletion angiography in classical CABG demonstrated
that 7% of LAD-LITA grafts had a significant defect: 3%
in the conduit and 4% at the distal anastomosis [12]. In
our study, comparison of the patency between groups
was not relevant becawse systematic assessment was not
done in all groups but there is no question reganding
the end-point of LAD reintervention at 3 months (PAC-
CAB, 0%; MIDCAR, 18%; TECAB, 10% p = 0.01).
Nevertheless, there was no difference in mortality and
survival between the three groups

In all, reoperation for bleeding was high, specially in
the TECAB group, demonstrating hemaostasis is difficult
in a minimally invasive environment and more in a
closed chest procedure. In this series, from patients with
an intent-to-treat TECAB procedure (n = 78), 24% had
a conversion to MIDCAB procedure and from patients
who underwent a TECAB procedure (n « 58), 7% had a
thoracotomy during reoperation for bleeding Neverthe-
less, hospital stay was significantly shorter in TECAB
group.

There is no evidence in published data that on-pump
TECAB (or Port-Access TECAB) procedure provides
better results. In the multicenter European tral [11],
there was no difference in 6-month freedom from
MACE between on-pump and off-pump TECAB proce-
dures; in the on-pump TECAB multicenter US trial
[13], 3-month freedom from reintervention or angiogra-
phy failure was 91% versus 90% in our series. Better
results could be expected with the fourth arm Da Vind
system with the advantage of the robotic endostabilizer.

Our study has its limitations. Patients were not rando-
mized and they were referred to one of the three M1
techniques according to the evolution of the Ml surgical
concept in our team, to their condition and the quality
of the target vessel. Inclusion in the MIDCAB group of
conversions from an intent-to-treat TECAB procedure is
also open to criticisny it was reasonable because all con-
versions except one were decided before the anastomo-
sis stage and were mainly related to the quality of the
LAD. All these bias contributed to include in the MID-
CAB group the “wonst” cases regarding target vessel
quality, which did not have any impact on results, as
good as in PA-CABG group and better than in TECAB
group. An intention to treat analysis would provide the
same results. A systematic post-operative assesment of
LAD bypass was performed only after TECAB proce-
dure and patency comparison between groups was not
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relevant. In any case, the comelation between LAD
bypass bilure and recurrent angina is well known; in
this study, all patients with angina recurrence underwent
coronary angiography and comparison between groups
was focused on reintervention events.

In conclusion, our study has confirmed minimally
invasive CABG is mafe and effective. If PA-CABG and
MICAB provide results as good as conventional CABG,
TECAB procedure is associated with a higher eary rate
of bypass failure and reintervention. Beyond the post-
operative period, results are equivalent and stable
regardless the surgical technique peformed. According
to these results, PA-CABG was abandoned considering
its cost effectivenes (8] and patients for LAD grafting
are referred either to robatic-enhanced MIDCAB or off-
pump TECAB, mainly according to the quality of the
target; but in any case of doubt or technical difficulty
we don't hesitate to convert before the anastomosis
stage, an intent-to-treat TECAB procedure to a MID-
CAB procedure which remains the reference procedure
for minimally invasive LAD grafting.
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Commentaires.

La plateforme Port-Access développée par la société Heart-Port a permis de valider le
concept de chirurgie mitrale mini-invasive vidéo-assistée et c’est tout le mérite des
pionniers dans ce domaine, en particulier Hugo Vanermen, Fred Mohr, et Randy
Chitwood, compte tenu des volumes de patients opérés avec cette technique et des
publications princeps qu’ils ont réalisés (16-18); mais cette plateforme n’a pas permis
d’assurer la diffusion de cette technique du fait de sa complexité et de son cofit,
obstacles a son accessibilité et a sa reproductibilité.

Les travaux que nous avons réalisés dans ce domaine et rapportés dans ce document
avaient pour objectifs d’évaluer une plateforme alternative et / ou complémentaire afin
de simplifier la technique chirurgicale et de la rendre plus accessible et plus
reproductible. Ces travaux ont démontré la sécurité et I'efficacité des dispositifs étudiés.
L’absence d’étude clinique comparative ne nous a pas permis de montrer un bénéfice
réel et objectif apporté par leur utilisation, néanmoins notre expérience chirurgicale

nous a permis d’en souligné l'intérét.

Le Portaclamp nous a semblé une bonne alternative au clamp métallique type
Chitwood : moins dangereux du fait d'un clampage symétrique, d’extrémités plus larges
et d'une zone effective plus large ; plus maniable également dans les thorax courts ou
'articulation du clamp est encore dans la paroi lorsque le clamp atteint I'aorte, bloquant
ainsi son ouverture et son bon positionnement. Dans les réinterventions, I'extrémité
large et atraumatique du Portaclamp est utile pour libérer les adhérences péri-aortiques
juste nécessaire a un bon positionnement. Nous avons adopté le Portaclamp tres
rapidement comme d’autres chirurgiens (19) et nous n’avons jamais observé dans notre
expérience d’événement indésirable. Malheureusement la version initiale rigide a été

retirée en faveur de la version souple ou Portaclamp Flex, qui du fait de la perte de
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rigidité distale avait I'inconvénient d’induire un twist des deux parties proximales lors
du clampage aortique, ce qui nous a paru dangereux et nous avons cessé rapidement de
l'utiliser au profit du « bon » clamp de Chitwood malgré ses limites et inconvénients. Il
faut souligné que la Méta-analyse réalisée en 2010 (20, cf annexe) a montré une plus
faible fréquence des AVC et des complications vasculaires aortiques avec 'utilisation du

clamp trans-thoracique comparativement a I'endoclamp.

Il est difficile d’évaluer I'incidence des complications ou incidents liés a la I'implantation
de la canule de cardioplégie sur l'aorte, car cela est rarement voire jamais mentionné
dans les études, mais nous savons que cela reste un obstacle pour de nombreux
chirurgiens pour adopter la technique mini-invasive, du fait de la crainte d’'un accident
hémorragique sévere et difficile a controler par une voie d’abord limitée. L’étude pilote
sur le Portapleg et notre série personnelle ont montré l'intérét du systéme et de son clip
auto-suturant, conduisant a I'accord des autorités de santé pour sa mise sur le marché.
La version 2 du systeme a été testée et évaluée sur la cadavre mais n'a pas été

développée par la société CLR.

L’écarteur Mitrax’s a connu un grand intérét parmi les chirurgiens impliqués dans un
programme mini-invasif, du fait de sa simplicité et de I'exposition optimale de la valve
mitrale qu’il permet, comme 'a démontré notre étude. Il est utilisé par de nombreux
chirurgiens en Europe et représente un apport technique et instrumental indiscutable

pour la technique (21).

En 2008, la société CLR avec laquelle nous avions travaillé en collaboration étroite pour
I’évaluation des ces trois dispositifs dédiés a la chirurgie mitrale vidéo-assistée a été
achetée par la société St Jude Medical dont la politique marketing sous 1'égide des USA,

QA



n’a pas permis de maintenir sur le marché ces produits a la hauteur de leur intérét: la
commercialisation du Portaclamp a été arrété, le développement du Portapleg version 2
a été interrompu, seul le Mitrax’s reste accessible aux chirurgiens préalablement
utilisateurs du dispositif et il est vraisemblable que sa commercialisation sera arrété
dans les 12 ou 24 mois. Il n’en demeure pas moins que le Mitrax’s garde une plus value
d’efficience indiscutable, et pour confirmer l'intérét du dispositif si cela était besoin, la
société Medtronic vient de proposer un produit similaire, basé sur le méme concept bien
que plus complexe.

En définitive, cette collaboration étroite avec la société CLR et les travaux d’évaluation
présentés dans ce document ont constitué une expérience tres intéressante et nous ont
permis de contribuer a la simplification et a la diffusion de cette technique, en
complément du cours européen de chirurgie cardiaque mini-invasive (ECMICS) que
nous avons monté en 2004 avec le Dr Rémi HOUEL et un groupe de chirurgiens experts
européens (Dr De Canniere, Dr Munereto, Dr Birdi, Dr Diegeler) a Lyon dans le cadre de
la FMC et de I'école de chirurgie de 'université Lyon 1, et au cours duquel a raison de
deux seéances par an, plus de 200 chirurgiens du monde entier ont complété leur
formation pour cette technique qui est devenue avec le temps le nouveau standard pour
la chirurgie mitrale (22, cf annexe) comme I'a souligné la conférence de consensus de
I'ISMICS de 2010 (23, cf annexe). Les travaux et les recommandations de I'I[SMICS
(20,23) montrent que le bénéfice de la chirurgie mitrale mini-invasive par rapport a la
chirurgie conventionnelle, est observé au prix d'un risque accru d’AVC et de
complication vasculaire aortique qui disparait avec l'utilisation d’'un clamp trans-
thoracique, de complications phrénique et pariétale au scarpa qui sont évitables avec
certaines précautions techniques, et de temps opératoires plus longs qui se normalisent

avec I'expérience.

NN



In patients with MV disease, minimally-invasive surgery is an alternative to
conventional MVR/P [Class Il b], given that there was:

. Comparable short term and long term mortality [Level B]

e  Comparable in-hospital morbidity (renal, pulmonary, cardiac, pain
perception, readmission rates) [Level B]

. Reduced sternal complications, volume of blood product transfusion,
postop AF rate (18% vs 22%), ICU and hospital LOS, and time to return to
normal activity [Level B]

However, this should be considered against the increased risk of
e  Stroke (2.1% vs 1.2% for mini vs conv-MVR/P) [Level B],

e  Aortic dissection (0.2% vs 0% mini- vs Conv MVR) [Level B],

. Phrenic nerve palsy [Level B],

. Groin complications [Level B],

* Increased XCL, CPB, and procedure time [Level B]

Cette contribution importante de I'ISMICS tend a clore pres de 15 ans de controverses
sur le sujet, d’autant qu’une étude récente a montré une réduction significative des cofits

de procédure avec une approche mini-invasive (24).
$60,000.00
$50,000.00

$40,000.00

$30,000.00 s
I uSsT
$20,000.00 1 M
$10,000.00
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Total hospital costs  Total direct costs  Total indirect costs

Mean Cost (5)

Cost category
La controverse autour de la chirurgie cardiaque robot-assistée reste par contre
d’actualité en particulier dans la chirurgie des pontages coronaires. La technologie du
télémanipulateur Da Vinci, avec la vision endoscopique 3D et I'’endo-wrist instrumental
a beaucoup séduit les chirurgiens impliqués en techniques mini-invasives, car il ouvrait
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la voie a la chirurgie coronaire totalement endoscopique. Le concept et la faisabilité du
TECAB ont été rapidement validés au début des années 2000; mais les études
d’évaluation de la technique ont montré des résultats un peu décevant ou du moins pas
a la hauteur des espérances : qu'il s’agisse de I’étude multicentrique européenne (25, cf
annexe) avec une mortalité précoce de 2.2%, une perméabilité précoce de 92.1% et un
taux de réintervention a 1 mois de 4.1%, ou de I’'étude multicentrique nord américaine
(26, cf annexe) avec un taux de reintervention ou d’échec de perméabilité de 9% a 3
mois, sans différence entre les techniques avec ou sans CEC. Comparés aux résultats de
la chirurgie par sternotomie médiane de la STS data-base, ces résultats étaient
acceptables, mais il nous a semblé important de les comparer aux techniques mini-
invasives alternatives qui étaient largement utilisées et standardisées. Notre étude
comparant TECAB, MIDCAB et Port-Access CABG dans la revascularisation isolée de
I'IVA est la seule qui n’ait jamais été réalisée (27) et qui a eu le mérite malgré ses limites
de confirmer la technique MIDCAB / ou RE-MIDCAB comme technique de référence
pour ces indications. Cette étude nous a incité a ne pas hésiter a convertir une procédure
TECAB en RE-MIDCAB au moindre doute de difficulté d’anastomose. L’amélioration de la
technologie avec la derniere génération du Da Vinci, le quatrieme bras et son
stabilisateur endoscopique, a contribué sans doute a optimiser les résultats initiaux
(28,29) qui ont cependant découragés de nombreuses équipes impliquées dans cette
activité spécifique.

La possibilité de prélevement mammaire bilatéral constitue un atout indiscutable du
systéme Da Vinci et a ouvert la voie des procédures TECAB ou RE-MIDCAB avec multi-
pontages mammaires. Bien que nous ayons été la premiere équipe a rapporté un TECAB
bilatéral (15), notre expérience dans cette voie a été limitée du fait de la difficulté de la
procédure anastomotique avec le systeme Da Vinci de premiere génération. Les
résultats rapportés par | Bonatti (30) et R Dhawan (31, cf annexe) sont encourageants
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mais révelent néanmoins les limites de la technique avec un taux d’échecs primaires
encore significatif. Notre intérét pour la technique RE-MIDCAB avec multi-pontages
demeure et nous travaillons actuellement au développement et a I'évaluation d’'un
systéme alternatif au Da Vinci, associant vision endoscopique 3D et endo-wrist
instrumental pour le prélévement mammaire bilatéral suivi d’'une procédure RE-

MIDCAB.

Conclusion.

Ce travail résume une expérience et une période formidable, personnelle mais aussi
d’une équipe, sur plus de 10 ans, dans un domaine en évolution constante et dépendant
des progres technologiques et de la volonté de la communauté chirurgicale. La chirurgie
mitrale vidéo-assistée a atteint une phase de maturité apres 15 ans d’effort. La chirurgie
cardiaque robotique est encore en phase de maturation; son avenir dépend
probablement de systemes plus légers et moins onéreux, hybrides, associant colonne
vidéo 3D et instruments motorisés, domaine que nous explorons actuellement, et de

I'émergence de systéemes d’anastomose automatique performants (32).
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Summary

The mitra vabe hasbeen trad itonally approached through 2 madin sternctomy. Mowewver, significant adances 1n sugical optics, mstumanta.
tin, tizne telemanipulation, and perfuson technology have allowed for mitral valbwe surgery to be perforn ad using progressively smaller i rctsions
ncduding the minithomcotany and hemistemotomy. Due to reports of excelient msults, minimally invashe mitrd valve srrgery b become 2
stindard of care 2 certan spectalond contess woddwide. This metaanalysts quantifies the effects of minimally imashe mtral v we surgery on
maorbidi ty and martality cam pared with comentional mitral surgesy and demorstrates equivaent periqperathe mortaity 1641 patients, oddsratio
OR} 0.46, 95% cmnfidence ntenal 0.15-1.42, p «0.18, redund noed for moperation far bleading (1551 patients, OR 0156, 9% C 0.25-0.50,
p=0.Q2) and 2 trend towards sharter Fospital stays (340 patients, wetghted mean differerce (WMD) -0.73, 95C1 -1.52t0 Q.08, p « 0.07). These
benefits were evident despite longer cardiopuimonary bypass (WD 2581, 95( C11113-38.50, p < 0.001) and crom-clamp times (WWD 20.91, 93¢
QA79-31.04, p « 0.0007) i the minimally iwasve group. Cxe-caontrol studies show crsistently less pan and faster recovery campared tothose
haing 2 comentional appranch. Data for mmimimally fvashe mitral walve sugery after previous cardiac surgery am limited but
demontrate reduced bland lozs, fewer ransfusions and faster remvery mmpared  reopentive stemotamy Longterm bllowwp data from
muditiple cohart studies are also examined revealing equivalent survivd and frsedom from reoperation. Thes, curert dimical data sugest that
minimal ly mashe mited valve srgery & 2 sfe and 2 durable alternative to 2 comentional approach and & asaciated with less mori dity.
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1. Introduction

Minimally invasive mitral valve surgery (MIMVS) does not
refer 10 a single approach but rather 1o a collection of
new Lechniques and aperation-specific Lechnologies. These
include enhanced visualization and instrumentation systems
& well as modified perfusion methods, all directed toward
minimizing surgical trauma by reducing the incision size [1].
In the majority of cases, MIMVS has been performed through
either a right anterior minithoracotamy or a hemistemot-
amy. The belief that this results in less surgical trauma,
Bood loss, transfusion and pain, which translates into a
reduced haspital stay, faster retum to nommal activities,
less use of rehabilitation resources, and overall healthcare
savings, has driven this development. Scepticism surround-
ing MIMVS has focused on the patential 'trade-of ' of
incision size against the safety and exposure of established
tedniques with proven durabie long-term results. Degpite
criticiem over the last decade, variows institutions have

* Comasgondog athoc Adiress Eag Carolioa Hoant situte, East Canlion
Usversity, Bz County Mamodal Hogiual, 600 Moye Baulev ad, Graeaville, NC
TRM, USA. Tel.: o1 252744 402, fax +129 744 1051

Emal adivess bwoodwipeds adu (WA, Oviowead k).

asdopted MIMVS and have published favorable resulls &
single-center chservational and comparative studies. A
recent meta- analysis of minimal access aortic valve replace-
ment suggested only marginal benefits for intensive care
wunit stay (ICU) and hospital stay over conventional surgery,
despite longer aperative times [2]. As yet, no such meta-
analysis & available for MIMVS despite nearly 10 years of
investigational data,

Changes in surgical indications, largely due 10 a betler
understanding of the natural history of organic mitral regur-
gitation and the increased wse of repair techniques, have
increased the number of minimally symptomatic patients
with degener ative disease being ref ared for elective repair
[3,4). For MIMVS to become accepted widely, at least
equivalent, if not better, short- and long-teom outcames
must be demonstrated compared with sternotomy opena-
tiors. This evidence should ideally come from large, multi-
center praspective randomized controlled trials (RCT) that
campare minimally invasive with conventional stemotomy-
based milr al surgery. However, there are only Llwo small RCE,
one of which reports data combined with minimally invas ive
sortic valve replacament [5,6]. The ability to conduct an
effective RCT now would be compromised severely as pati-
ents and healthcare providers have preconceived notions
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about surgical approaches. This attitude would render
patients unlikely Lo participate in a trial where randomiza-
tion to stematomy as & control cohort would be possible.
Inthe atsence of large well-des igned RCTS, data regarding
ghort- and long-term outcomes are available from multiple
case-control studies and cbservational studies. The aim of
this report & to review the published randamizd and
nonvandamized comparat ive studies that compare minimally
invasive endoscopic mitral valve surgery, excluding tele-
manipulation, to conventional approaches. Moreover, we
integrate meta-analytical data to draw more useful conclu-
sions about important short- and mid-tem outcome metr ics.
Long-term outcomes are assessed using multiple large
cohorts, 1o compare these to published stemotomy data.

2 Overview of the evolution of minimally invasive
mitral valve surgery

In the mid-1990s, surgeons began Lo explore the potential
advantages of minimizing incision size during cardiacsurgery.
Cosgrove and Cohn independently showed that mitral valve
operations could be performed safely and efficiently wsing
either parasternal or hemistemotomy incisions. Complica-
tions includingslower healing, increased lung hemiation, and
less cosmetically appealing results led to the former being
shandoned [7,8]. Carpentier performed the first video-
s isted mitral valve repair through a minithoracotomy in
February of 1996 [9]. Soon after, the East Carolina University
group performed the first mitral valve replacement through a
minithoracotomy, using video-direction, a transthoracic
sortic clamp, and retrograde cardioplegia [10,11]. In 1997,
we presented our first experience with 31 video-assisted
mitral aperations, reporting a 30-day montality rate of 3.2%
and noma jor complications [12]. In 1998, Mol reported the
Leigeig University experience wing port-access (PA) technol-
oy, which was based on endo-aortic balloon occlusion
(EABO) rather than direct aortic clamping [13).

The next major development was the introduction of a
voice-controlled robotic camera anm (AESOP 3000, Camputer
Notion Inc., Santa Barbara, CA, USA) which allowed precise
tremor-free camera movements with less lens cleaning. This
technology tramslated into reduced cardiopulmanary bypass
(CPB) and cross-clamp (XC) times [14,15], and enabled even
smaller incisions with better valve and abvalvar visualiza-
tion. The next evolut ionary leap in endascapic mitral surgery
was the development of three-dimensional (3D) vision and
camputer-assisted telemanipulation that could tramspose
argical movements from outside the chest wall to deep
within cardisc chambers, Currently, the most widely wed
systemn is the Da Vinei® telemanipulation system (Intuitive
Surgical Inc., Mountain View, CA).

3, Patients and methods
3.1. Literature search
The MEDLINE search strategy combined "Cardiac surgical

procedure’ with the following MeSH terms: "Surgical proce-
dures, minimally invasive’, "Thoracic surgery, video-assisted”,

Endoscopy’ ANDwith "Mitral vatve insufficiency’, " Mitral valve
prolapse’, and 'Mitral vaive'. To reflect contemporary prac-
tice, the search was limited Lo the Last 10 years and additional
limits were English language citations and human subjects.
The bibliographies of retrieved articles were searched for
relevant articles. In addition, the "rélated articles’ function in
PubMed was wsed & a further check of rigor. Where multiple
cohort studies were published by a single institution, the
largest or most informative study was included.

3.2. Inclusion critesia for meta-analysis

Intra-operative study variables included CPB and XC times,
and postoperative ones were mortality, neurologic events
(CVA), reoperation for bieeding, new atrial fibrillation (AF),
intensive care unit (IQU) times, and hospital length of stay
(LOS). The guidelines of the Meta-Malysis of Otservational
Studies in Epidemiology group were followed [16]. Bath RCE
and case-control studies were wsed for the meta-analysis if
they included at least ane of the outcomes of interest, Reports
presenting data for minimally invasive aortic and mitral vaive
surgery were only included if the mitral valve data were
presented separ ately; studiesr eporting reoperative datawere
excluded from the meta-analysis. Studies in which data were
not presented as mean and standard deviation (SD) or if this
was not caiculable were excluded from the analysis.

3.3. Statistical analysis

Meta-analyses were performed either using odds ratios
(OR) or weighted mean differences (WMD) as the summary
statistic for binary or continuous variables, respectively. The
analyses were performed according Lo the recammendations
of the Cochrane Coll aboration and the Quatity of Reporting of
Meta-analyses guidelines [17]. An OR less than ane or WMD
less than ane favars MIMVS over stemotomy. Random effects
models were used as these sssume variation between studies
and are preferred for surgical data & selection criteris and
risk profiles for patients differ between centers, Statistical
significance was set at p< 0.05. Data were analysed wsing
Review Manager version 4.2.10 (The Coclr ane Collabor ation,
Oxford, England).

4. Results

We identified 43 published reports and of these there were
two RCTS, 17 case-control studies, and 24 cohort studies. Of
these studies, one RCT and ten case-control studies,
published between 1998 and 2005, met the inclusion eriteria
(Table 1). Cohort patients numbered 2827, with 1358 in the
MIMVS group and 1469 in the convent ional stemotomy growp.
One comparative series was excluded [12] as more recent
inclusive data from the same group were found [14]. One
report contained data from the Society of Thoracic Surgeons
(STS) database a5 the control arm and therefore was
excluded [18]. One report presented results for mitral valve
repair (MVP) and replacement (MVR) separately without
presenting a combined growp; the data for each were
therefore analysed as independent studies [19]). The only
randomized study included in the met a-analysis was by Dogan
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etal in which 20 patients in each anm were reported to have
equivalent findings of ability to repair the valve, CP8 and XC
times, markers of myocardial and cerebral damage sswellx
puimonary and neurapsychological tests [5]. Although the
mean values for ventilation time, ICU Lime, haspital stay, and
red blood el tramsfusion were all lower in the Ml group,
these values did not reach statistical significance.

4.1. Mortality

Of the 11 compar ative studies evaluating mortality, none
found a significant difference between the minimally invasive

and conventional agproaches [12,14,18-26]. In the largest
study by Mihaljevic et al. 474 minimally invasive mitral
operations (meastly lower stemotomy and right parasternal)
were compared with 337 median stemotomy procedures. The
perioperative mortality was 0.2% for the minimally invasive
grow and thiscompared favor ably with 0.3% in the stemotomy
cohort. However, the MIMVS patient s were found to be & lower
risk group (better ejection fraction, more repairs, less
symptomatic) and no attempt was made to adjust for these
differences [24]. Grossi et al. matched 88 patients undergoing
mvinimally invasive aortic and mitral valve surgery over a2.5-

yearperiod (through either a Znd ordth interspace incision) to
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patients having the same valve surgery via a stemotamy [25]
They demanstrated no significant difference in hospital mor-
tality (3.7% vs 34%, repectively) between groups, even
though mean CPB times were 30 min longerin the Mi growp. Six
studies met the inclusion criteria for our meta-analysis and
revealed no significant mortality difference between groups
(1641 patients, OR 0.46, 95% C1 0.15-1.42, p = 0.18) (Fig. 1,
Table 2).

4.2. Newrological events
Due to restricted acces with minimally ivasive cardiac

operations, there continues to be concem that inadequate
deairing can case ahigher incidence of neurological events. In

his early series, Moty reported an 183 incidence of post-
opérative confus ion; how ever, continuows CO; insufflation was
not wsed as inmore recent series [13]. Ten studies reported no
difference in the incidence of stroke [14,18-21,23-77], while
two showed a reduced incidence with a minimally invasive
spproach [12,22). There was no significant difference in
neurological events on meta-analyis of six aigible studie
(1801 patients, OR0.66,955C10.23-1.93, p = 0.45). Schneider
e al. used trans-cranial Dogpler Lo detect cerebral micro-
ambali in 21 MIMVS patients undergoing endosortic balioon
occlusion with continuows CO; chest cavity insufflation.
These were compared 1o 14 patients undergoing conven tional
mitral surgery [27]. They found no significant difference in
the cerebral microembalic rate between either tedhnique.
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4.3. Qperative times

There were consistent findings that CPB and XCtimes were
inger with a minimally invasive approach. There was
evidence suggesting that parity can be achieved with
experience while cenain high volume centers report shorter
aperative Limes with MIMVS [24]. Of the 16 studies reporting
cardiopulmonary bypass times, 10 described longer durations
for MIMVS. Seven of 14 groups reported longer aortic cross-
clamp times [6,8,12,14,18-30]. Meta-analysis of eligible
studies showed significantly longer CPB (871 patients, WMD
25.81, 95% CI 13.13-38.50, p < 0.0001) and XC times (671
patients, WMD 20.91, 95% C1 8.79-33.04, p= 0.0007) with
the minimally invasive approach,

4.4. Bleeding, transfusion and re-exploration

A reduction in pastoperative hemorrhage and transfusion
requirements has been suggested as a potential advantage of
minimally invasive valve surgery. This benefit is important
given Lhe significant morbidity and mor tality associated with
transfusions and re-exploration for bleeding [31]. Four
camparative studies blood loss volume with three
utiliZng a minithoracotomy [12,14,21] and one selecting a
parastemal aproach [26). Few of these series met the
inclusion criteria for the meta-analyss. Chitwood et al
demanstrated no difference in blood loss or blood product
transfusions in 31 videascopic mitral procedures compared
with a comventional stemotomy, despite fewer re-explora-
tiors for bleeding [12). The addition of a voice-activated
rabotic camera arm (ABSOP 3000, Computer Mation, Inc.,
Galeta, CA) led 1o a reduction in blood loss as well a5 CPB and
XC times, Nevertheless, there was no significant difference
either in the percentage of patients receiving transfusions
o the amount of blood products transfused [14]. I a
consecutive series of 41 patients undergoing either port
access (n=21) or stemotomy (n = 20) mitral surgery, Glower
& al. demomstrated no significant difference in chest tube
drainage or tramsfusion requirements despite longer CPB
times in the former [21).

Three of 10 studies shawed reduced transhsion require-
ments with a minimally invasive approach, compared to
conventional surgery [8,23,25] whilst the others showed no
difference [6,12,14,19 21,26 32]. Too few studies met the
inclusion criteria for meta-analysis (percent transfused, two
studies; units transfused, threestudies). In patients70years or
older, Grossi e al. repor ted reduced plasma transfusions with a
minimally invasive (n=111) compared Lo a coventional
(n=259) approach [23]. However, the minimally invasive
cohort had alower preoperative risk profile (e.g. fewer redo
operations), and there was no attenpt to adjust for this
basetine difference in the analysis. More convincing evidence
came froma subsequent study by the same group that showed
13% fewer Lotal transfusions with 1.8 fewer units of red blood
cells wsing & minithoracotomy compared 1o a stemotamy [25]
Similardata from Coln et al. confirm that patients undergoing
minimally invasive valve surgery are transfused 1.8 units less
compared to a comventional cohort [8].

Two of seven studies [12,14] demonstrated a reduced
need for reaperation for bleeding with a minimally invasive
approach [18,19,23,24,26]. Five studies met the inclusion

criteria for the meta-analyss that showed a signifcant
reduction in reoperation for bleeding with a Ml approach
(1553 patients, OR 0.56, 95% C1 0.35-0.90, p =0.02).

4.5. Atrial fibrillation (AF)

It has been suggested that a less traumatic surgical
apgr oach would be a less potent trigger of postoperative AF.
Five of six studies | however, demaonstrated this not tobe the
case [12,14,18,19,21,29], and on meta-analysis of fouwr
aligible studies, there was no significant difference between
minimally invasive and sternotomy approaches (539 patients,
OR0.86, 95% C10.59-1.27, p = 0.45). Adher et al. addressed
this question specifically in a cohort of 100 patients having
elective primary minimally invasive aortic or milral vatve
surgery and compared them to a matched control growp
undergoing a median stemotomy [29]. They found & similar
prevalence of pastaperative AF using either method, even
when stratified for valve type. However, the PARR registry
reported a 108 incidence of new onset atrial fibrillation with
the port access technique which i lower than that expected

for sternotomy [33].
4.6. Septic ompliaations

The incidence of septic wound camplications & ks with
thoracotomy than median stemotomy. Of the three studies of
mini-thoracotamy mitral valve surgery that réported wound
complications compared Lo median stemotomy, Grossi et al.
reported an incidence of 0.9% and 5.7% for mini-thoracotomy
and sternotamy cases, respectively (p=0.05) [25]. This
increased 1o 1.8% and 7.7%, repectively, in elderdy patients
(p=0.03) [23], whereas Felger et al. reported no significant
difference [14].

4.7. Rain and speed of recovery

Of all the potential benefits of MIMVS, & reduction in pain
and faster retum to nommal activity is the meast corsistent
finding. All four studies that measured postoperative pain
levels reported less compared to stemotomy [8,21,28,32]
andboth studies repor ting time Lo retum Lo nonmal activities
noted a significant advantage for a minimally invasive
apgroach [8,21]. In a nonvandamized study, Walther et al.
reported equivalent pain for the first two postoper ative days
when a minithoracolomy approach was compared o
stemotomy with a sulsequent significant reduc tion of pain
in the Ml group from day 3 onwards, a difference which
progressively widened with time [32). Better stability of the
bony thorax led Lo earlier mabilization and a faster retum to
activities of daily living. Glower reported that postoperat ive
pain tended to resolve more quickly with a minimally invasive
approach and that these patients retumed Lo nommal activity
5 weeks rore rapidly than those having a median
(43 2 weeks vs 94 1 weeks, p=0.01) [21]. Cohn's data i
concordant with less pain in hospital and after discharge, less
analgesic usage, grealer patient satisfaction and aretum to
nonmal activity 4.8 weeks ahead of stemotamy patients [8].
Vanermen reported that 3% of his patients report no of mild
postoperative pain, 99.3% feel they have an sesthetically
pleasing scar, 93% would choase the same procedur e again il
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they had 1o have redo surgery and 46% are back at wor kwithin
Iweeks [34]. However, perhaps the most insightful piece of
evidence for patient preference of MIMVS comes fram two
studies reporting that those who have had a Ml approach &
their second procedure all felt that their recovery was more
rapid and less painful than their original stemotomy [14,35].

4.8. Hospital stay, costs and discharge dispasition

Does a more rapid recovery translate into a dhorter stay
in haspital and therefore reduced costs? Eight of 14 studies
reported less time in hospital with a Ml approach (8,12,
14,19,21-29,32]. Only five studies were digible for meta-
analysis and although the trend indicated this tobe the case,
the result was not statistically significant (350 patients, WMD
~0.73, 958 €1 ~1.52 to 0.05, p =0.07) (Fig. 1). Chitwood,
Con and Cesgrove equated this to a 34%, 20% and 7% cost
saving, respectively [8,12,36]. Moreover, these patients had
fewer requirements for post-hospital rehabilitation, which
i a significant advantage in terms of healthcare savings

Tk 5
Sudes reporting Loy Lorm resudns of mismally bv xive miml valve wrgery

with 91% being discharged home compared to 67% with
a conventional approach [8,24].

4.9. Intermediate- and long-term results

Comparing a consecutive cohort of 100 minithoracotomy
mitr sl valve operat ions to the previous 100stemotormy mitral
valve procedures, Grossi et al. found comparable 1-year
freedom from reopecation (96.8% vs 944, p=0.38,
respectively) with similar net improvement in functional
class [20). Mihaljevic &t al. reported significantly better
actuarisl survival at 5 years for minimally invasive compared
lo stemotamy patients (95% vs 86%), but this may be
eplained by a lower risk profile [24]. Many of the cohont
studies are temporally updated results from a few select
high-volume centers such & the Cleveland Clinic, the
Brigham and Women's Hospital, New York University,
University of Leiprig, OV Clinic (Aalst, Belgium) and East
Carolina University. Therefore, anly the most recent data
fram 10 cohorts with 6479 patients are considered, herein
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(Table 3) [1,33,34,37-42). The crude unadjusted mor tality
rates for the entire cohort are 1.1% for mit ral valve repair and
4.9% for mitral vaive replacement. The corresponding data
fram the Saciety of Thoracic Surgeons (STS) Fall 2007 report
are 1.5% for MVP and 5.5% for MVR (Table 4). The neurological
event rates for the entire cohort are lower than STS data,
With regard to long-temm survival, we found seven studies
reporting from 100% survival at a mean of 2.3 years to 83%
at 6.8 years postoperatively (Table 5) [34,39-44]. This
campares favorably 1o S-year survivals of 86.4% reported by
the Mayo Clinic [45] and B2% reported by the Qeveland Clinic
[46). Five studies reparted freedam from reaper ation ranging
from 99.3% a1 3.2 years to91% at 4 years [34,40-42,44). The
ingest follow-up was 6.3 years with 96.2% freedom from
reoperation. Again this compares favorably to the Mayo Clinic
data which indicates a risk of reaperation of between 0.5%
per year for solated postenior leaflet prolapse to 1.64% per
year for solated anterior leaflet prolase [45].

5. Special situations
5.1. Recperative surgery

The greatest potential benefit of a right mini-thoracotomy
i the avoidance of stemal re-entry and limited dissection of
adhesions, avoiding the risk of injury Lo cardiac structures o
patent grafts, and limiting the amount of pastoperative
bleeding [47]. This consistently Lransiates into reduced blood
s, less tramsfusions and faster recovery. There are seven
important studies (three case-control and four caohort)
describing & right minithoracotomy approach for reoperat ive
valve surgery [35,48-53] and one describing a left postenior
approach [54] (Table 6).

The case-control studies all demonstrated supeciority
of the right mini-thoracotomy versus a regperative stemot-
amy. The largest series from Sharony & al. demanstrated
equal mortality (5% for solated mitral operations), fewer
wound infections, less Blood product utilization, decreased
hospital length of stay, and stightly more favorable mid-term

outcomes with a mini-thoracotomy approach for reoperat ive
mitral and aortic valve surgery [48]. In 71 reoperative
mitral valve operations of which 38 were done through a
minithoracotomy, Bolotin et al. noted no difference in
mortality or CPB times but significantly reduced intubation
times, blood transfusion and hospital stay with a minimally
invasive approach [49]. In a retrospective study from Duke
University, patients undergoing a right mini-thoracotomy for
redo mitral surgery had lower mortality, less blood loss and
fewer transfusions than via a redo sternotamy of an antero-
lateral thoracotomy [50].

Vanemen recently reported 50 adulls undergoing endo-
wopic MV and TV reoperative surgery with an operative
mortality of 3.8% [51]. There was one intra-operative and
two postoperative strokes. Survival at 1 and 4 years was
93.6+ 2.8% and 85.6 + 6.4% respectively, and there was one
late reoperation at five years. At the University of Michigan,
Bolling et al. wed a 5-10 an right anterior Sth interspace
thoracotomy in 22 patients for reoperative mitral and
triaspid valve srgery with no 30-dsy monality [35].
Patients were weaned fram ventilation at a mean of 5h
and received 1.3+ 1 wnits of blood. There were no re-
explorations for bleeding. The important message from this
Study was that all patients interviewed considered that their
recovery was more rapid and less painful than their original
stemotomy.

Onnasch & al. reported 39 patients undergoing redo
milral valve surgery through a right minithor acotomy with a
martality of 5.1% [53]. One patient experienced Lransient
hemiplegia due Lo migration of the sorticballoon endoclamp.
This group concluded that a M approach offers excelient
exposure and minimizes the need for mediastinal dissection
and optimizes patient comforl. Their wpdated series
deseribed 97 patients undergoing milral recperations since
1996 with an in-hospital mortality of 5.6% [52].

Finally, the New York University group have descrided
& left posterior minitharacotomy approach in 40 patients
in whom a right thoracotomy was precluded, eg. right
mastectomy/irradiation [54]. They concluded this approach
to be a valusble option in complicated reoperative mitral
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procedures with acceptable perioperative morbidity and
mortality.

5.2 Low ejection fraction

Previously considered by many as a contraindication toa
minimally invasive approach, Mohr has treated 68 patients
having a dilated cardiomyopathy (EF 21 + B%) with Ml mitral
valve repairand 11 with a replacement with anoverall8.8%
mortality [52]. Severe pulmonary hypertension was present
in 45.6%. Postaperatively, 6. 3% developed renal failure and
7.9%had low cardiac output. Despite successful mitral valve
repair, seven patients required transplantation during
fallow-up.

5.3. Elderly patients

Two studies have locked at the application of MI
techniques specifically to eldery patients. Grossi et al
reviewed 111 patients undergoing Mi valve surgery who were
at least 70 years old and compared these 1o 259 patients
having a stemotomy [23]. The MI group had a significantly
lower incidence of sepsis and wound complications, required
less frozn plasma transfusions, and had a shorter length of
hospital stay. They concluded that this approach can be wed
safely in opevations on the elderty population with excelient
resulls. Aso, Tabata et al. recently reported 123 cases of MI
mitral valve repair in patients agad 70 years and older with
1.6% operative mortality as well as5-year actuarial survival
of §7% and 5-year freedam from reoperation of 93% [55].

6. Endo-sortic balloon occlusion versus transtharacic
clamping

One of the most significant risks of endo-sortic balloan
occlusion (EABO) is aortic dissection, and & a consequence,
many surgeons have abandoned this technique. In the first
PAIR report, the incidence of aortic dissection was 1. 3% inthe
frsthalf of the study compared 100.2% in the second half, a
difference attributable to experience, betler techniques,
and improved technology [56]. In comparison Lo transthor-
acic camping (TTC), EABO is more expensive, and the clamp
position & less stable. Praximal balloon dislodgement can
cause imaminate artery occlusion with neurological injury.
Manitoring by transesophagesl echocardiograply and Lrans-
cranial Doppler should be dane routinely [57,58]. Balloan
polapse into the left ventricle can lead to inferior
myocardial protection, ventricular distension or aortic valve
injury.

There are three pertinent studies, all non-randamized
consecutive series from Gemany, demonstrating sauperiority
of TTC over EABO. Omasch et al. demomstrated a signi-
ficantly higher risk of newrological complications with EABO
(8.1% vs 1.8%, p < 0.05) and higher mortality (5.2% vs 3.1%,
respectively). Mohr sbsequently abandoned EABO for
primary mitral valve procedures [59]. In 58 patients, Aybek
e al. demonstrated similar results with faster operations,
fewer technical difficulties, less blood loss and lower costs
wsing the transthoracic clamg [60]. Reichenspurner &t al.
confrmed shorter operative times with TTC in 120 patients

and with fewer complications (reduced bleeding, wound
problems and fewer femoral antery recomstructions) and he
showed a reduction in costs of dispasables by 52800 [61).

7. Limitations of a minimally invasive approach

Clearly, there & a leaming curve for Lhe surgeon as well s
the aesthetists, perfusionists and nursing teams. Mohr
reported a high mortality (9.8%) in his early port acoess cases,
partially procedure-related with two of 51 patients suffering
an aortic dissection [13]. Alter simplification of the surgical
procedure the mortality decressed to 3% Vanenmen demon-
strated that U and hospital stays decresse with increasing
experience [62).

There are potential vascular risks with femoral cannula-
tion, especislly with the larger port access femoral cannula.
Groin seromas can be problemat ic but are kept to a minimum
by dissection only of the anterior surface of the vessels &
wellas clipping tymphatics. When the pericardium i opened
100 pasteriorly, phrenic nerve palsy has béen reported and
can be avoided by placing the pericardiotomy at least 3 em
anterior Lo it. Excesstension by pericar dial retraction sutures
should be avoided. Although some have suggested that a
snall anterior thoracotamy is associated with equal or
greater postopenative pain [63,64), there s good evidence &
detajled above that it actually reduces postoperative
discomfont and enhances recavery [21,25,65).

8. Conclusions

Over the last decade there has been a transformation in

the way cardiac surgeons, cardiologists and patients decide
the approach Lo cardiac therapies. Less invasive procedures
are demanded but at the same time proven safety, efficacy
and durability are expected. There i no prior level one
evidence to justify switching to minimally invasive mitral
valve surgery. All the reviewed evidence demorstrates that
minimally invasive mitral valve surgery is associated with
equal mortality and neurological events despite longer
cardiopulmonary bypass and aorntic cross-clamp Limes.,
However, there i less morbidity in temms of reduced need
for reaper ation for bleeding, a trend towar s shor ter haspital
stay, less pain and faster retum to pregperative function
levels than conventional stemolomy-based surgery. This
would be expected to transiaste into improved utilization of
limited healtheare resources. With follow-up now of almast 7
years it s clear that long-temm outcames are equivalent to
thase of conventional srgery. Data for minimally invasive
mitral valve surgery after previows cardiac surgery is limited
but consistently demonstrates reduced blood loss, fewer
transfusions and faster recovery compared Lo reoperative
stemotomy. Almost all patients who undéergo a minimally
invasive mitral valve operation as their second procedure
feel their recovery & more rapid and less painful than their
original stemotomy.

Asforthe future, minimally invasivecardiacsurgery i likely
1o become mor ew idely adopted asgrowth in thisniche market
and cardiac surgery & a whole isoftenpat ient-driven, much in
the same way that percut anéous intervention for multivessel
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disesse has been, That is, patients donot want a stemotony
andits important as asurgical community thatwe reatiz= this,
However, degpite enthusiasm, caution camot be overampha-
sized & traditional cardiac opevations still enjoy proven long-
Lerm succes and ever-decreasing morbidity and mortality and

remain our measre for comparison,
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ORIGINAL ARTICLE

Minimally Invasive Versus Conventional Open Mitral Valve
Surgery
A Meta-Analysis and Systematic Review

Davy C. H. Cheng, MD,* Janet Martin, PharmD, MSc (HTA&M),*} Avtar Lal, MD, PhD,*
Anno Diegeler, MD, PhD,} Thierry A. Folliguet, MD,§ L. Wiley Nifong, MD,} Patrick Perier, MD,}
Ehud Raanani, MD,§ J. Michael Smith, MD,# Joerg Seeburger, MD,** and Volkmar Falk, MD}1

Objective: This meta-znalysis sought to determine whether mini-
mally invasve mitral valve surgery (mini-MVS) improves clinical
outcomes and resource utilization compared with conventional open
mitral valve ssrgery (comv-MVS) in patients undergoing mitral
valve repair or replacement.

Methods: A comprehensive search of MEDLINE, Cochrane
Library, EMBASE, CTSnet, and databases of abstracts was under-
taken to identify all randomized and nonrandomized studies up to
March 2010 of mini-MV'S through thoracotomy versus conv-MVS
through median stemotomy for mitral valve repair or replacement.
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Outcomes of interest includad death, stroke, myocardial infarction,
aortic dissection, nead for reintervention, and any other reported
chinically relevant outcomes or indicator of resource utilization.
Relative risk and weighted mean differences and their 95% confi-
dence intervals were amalyzed as appropriate wsing the random
effects model. Heterogeneity was measurad using the I° statistic.
Results: Thirty-five studies met the inclusion criteria (two random-
ized controlled trials and 33 nonrandomized studies). The mortality
rate after mini-MV'S versus conv-MVS was similar at 30 days (1.2%
vs 1.5%), | year (0.9% vs 1.3%), 3 years (0.5% vs 0.5%), and 9
years (0% vs 3.7%). A number of climical cutcomes were signifi-
cantly improved with mini-MVS versus conv-MVS including atrial
fibnllation (18% vs 22%), chest tube drainage (578 vs 871 mL),
transfusions, sternal infection (0.04% vs 0.27%), time to retum fo
normal activity, and patient scar satisfaction. However, the 30-day
nisk of stroke (2.1% vs 1.2%), acetic dissection/mjury (0.2% vs %),
groin infection (2% vs (%), and phrenic nerve palsy (3% vs 0%)
were significantly increased for mins-MVS versus conv-MVS. Other
clinical outcomes were similar between groups. Crossclamp time,
cardiopulmonary bypass time, and procedure time were significantly
increased with mini-MV'S; however, ventilation time and length of
stay in intensive care unit and hospital were reduced.
Conclusions: Current evidence suggests that mini-MVS maybe
associated with decreased bleading, blood product transfusion, atrial
fibrillation, stermal wound infection, scar dissatisfaction, ventilation
time, intensive care unit stay, hospital length of stay, and reduced
time to retumn to normal activity, without detected adverse impact on
long-term need for valvular reintervention and survival beyond 1
year. However, these potential benefits for mini-MVS may come
with an increased nisk of stroke, zortic dissection or zortic injury,
phrenic nerve palsy, groin infections/complications, and increased
cross-clamp, cardiopulmonary bypass, and procedure time. Avail-
able evidence is largely himited to retrospective companisons of
small cohorts comparing mini-MVS versus conv-MVS that provide
only short-ferm outcomes. Given these hmitations, randomized
controlled trials with adequate power and duration of follow-up to
measure clinically relevant outcomes are recommended to determine
the balance of benefits and risks.

Key Words: Systematic review, Meta-analysis, Mitral valve sur-
gery, Mimimally invasive surgery.
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Minimally Invasive Mitral Valve Surgery Meta-Analysis

RATIONALE

Interest in minimally invasive cardiac surgery continues to
grow rapidly. Although conventionally mitral valve surgery has
been performed via a full incision through the stemum, a variety
of technologies and techniques have enabled minimally invasive
mitral valve surgery (mini-MVS) to be performed through one
or more small incisions in the thorax with assisted vision using
cameras. In some cases, robotic surgery may be used for mini-
MVS. The goal of mini-MVS is to reduce the surgical trauma to
the patient (presumably to reduce pain, scaming, and inflamma-
tory response) while maintaining the proven surgical efficacy of
the conventional open approach.

Some, but not all, studies suggest that favorable out-
comes are achieved using the minimally invasive approach to
mitral valve surgery. A comprehensive meta-analysis of
available comparative studies (randomized and nonrandom-
ized) is needed to better assess the risks versus benefits of
mini-MVS versus conventional open mitral valve surgery
(conv-MVS) through median sternotomy. Ome previous
meta-analysis of mini-MVS by Modi et al' has been pub-
lished. However, a number of relevant studies were not
identified, and only some outcomes of interest were analyzed
in the article. Therefore, we conducted a systematic review
with meta-analysis to address the available evidence to date
which compares mini-MVS via thoracotomy or parastemal
approach with conv-MVS through median stemotomy.

OBJECTIVES

The objective of this systematic review with meta-
analysis was to determine whether, in patients undergoing
mitral valve surgery, mini-MVS improves postoperative
complications and provides comparable or improved long-
term clinical outcomes, quality of life, and cost-effectiveness
compared with conv-MVS.

To answer this primary objective, the following sub-
questions were prespecified to guide the systematic review:

1. Does mini-MVS reduce risk of death compared with
conv-MVS?

2. Does mini-MVS reduce perioperative complications
compared with conv-MVS?

3. Does mini-MVS improve quality of life, functionality,
or other patient-reported outcomes?

4. Does mini-MVS reduce total costs, intensive care unit
(ICU) and hospital length of stay, nead for repeat
cardiac surgery, readmissions, and is it cost-effective?

METHODS

This systematic review with meta-analysis of comparative
stixdies was performed in accordance with state-of-the-art meth-
odological recommendations for randomized and cbservational
studies (e, npadn“innydRepmsofMAnalyses md
“Meta- of Observational Studies of
QUOROM and MOOSE guidelines, respectively)>* and accord
ing to a protocol that prespecified outcomes, search strategies,
inclusion criteria, and statistical analyses.

Endpolints

Clinical endpoints of interest included postoperative
all-cause mortality, stroke, myocardial infarction, atrial fibril-
lation, Jow cardiac output syndrome, need for antiarrhythmic
drugs, nead for pacemaker, reexploration for bleeding, major
bleeding, transfusions, renal failure, heart failure, New York
Heart Association (NYHA) class, reintervention for bleeding,
reintervention for valvular repair or replacement, patient
satisfaction, functionality, quality of life, cross-clamp time,
duration of surgery, ICU length of stay, total hospital length
of stay, costs, and cost-effectiveness.

Literature Search

A comprehensive literature search of MEDLINE,
EMBASE, Cochrane CENTRAL, CTSnet, and datahases of
conference abstracts using and vanants was per-
formed from the earfiest available date to March 2010. Search
terms included variants of “surgical procedures.” “minimally
invasive,” “mitral valve,” ic,” and “robotic.” No limits
were placed on date, study design, or lnguage. This was supple-
mented with hand search from the selected articles and review
aticlks. Fxperts were contacted to solict additional reports of
publishad or unpublished clinical studies of mini-MVS.

Inclusion Criterla

To be eligibke for inclusion in the systematic review
and meta-analysis, studies had to be randomized or nonran-
domized comparative studies comparing mini-MVS (per-
formed via thoracotomy through port-access or keyhole, with
either direct visualization or with camera or robotic assistance
through lateral, parastemal, or xiphoid approaches) versus
conv-MVS (performed via median stemotomy or parasternal
approach). Published and unpublished studies were eligible in
any language.

Data Extraction

Two authors extracted and verified by consensus the
following data points: baseline demographics, surgical pro-
cedure details, and all clinically relevant or resource-related
outcomes.

Data Analysls

Risk ratios (RRs) and their 95% confidence intervals
(Cls) were calculated for discrete data. Weighted mean dif-
ferences (WMD; 95% CI) were calculated for continuous
data. Heterogeneity was explored through the Q-statistic and
by calculating the heterogeneity (°). RR and WMD were
uhxhedmgthemmmeffeasmo&lmpmvdea
conservative analysis in the case of heterogeneity. When
statistical heterogeneity was high (I* > 75%), potential rea-
sons for heterogeneity were explored. Because data from
randomized trials were of greatest interest, subanalysis was
planned for randomized controlled trials (RCTs) versus ob-
servational studies.

When possible, intention-to-treat was data analyzed Sta-
tistical significance for overall effect was defined as P << 0.05 or
a confidence that excluded the value 1.00 for RR and 0 for
WMD. Data analysis was performed using Review Manager
(REVMAN) 5 COCHRANE Collaboration software.
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FIGURE 1. Study identification.
RESULTS For studies that reported more than once on an identical
or overlapping population, attempts were made to inchude
Study Identification only the most recent or most complete results. In many cases,

Of over 1159 citations identified, 208 were identified as
potentially relevant and were retrieved for full review. An
additional two studies were identified by experts as poten-
tially eligible studies. Of these, 35 studies met the inclusion
criteria for the primary analysis of mini-MVS versus conv-
MVS.** Two of the included studies were RCTs'>" and the
remainder were nonrandomized studies (Fig. 1). Most of the
non-RCTs were retrospective studies. Thirty-four of the stud-
ies were published between 1997 and 2010. One™ of the two
unpublished studies™.* suggested by the experts was subse-
quently published before this manuscript was sent to press.
Most of the studies were from the United States (n = 17),
followed by Germany (n = 6), France (n = 2), Israel (n = 2),
and one each from Austria, Yugoslavia, Slovenia, Japan,
China, India, Egypt, and Turkey.

Eighteen studies used primarily endoaortic ball-
oon clamping,s7.12.17-2022,23,227,29,30.32,33,35.36. 3 whereas
13 studies used direct/transthoracic aortic clamping* "
13-1521.24283134 and four studies used both endoaortic and
transthoracic clamping.&142637 Three studies reported that

wor mitral valve repair was performed: 77% versus
T3%.t¢ 75% versus 8072 and 81% versus 80%° for mini-
MVS versus conv-MVS, respectively. No study provided
separate data for anterior mitral valve repair versus posterior
mitral valve repair. Three studies included only redo mini-
MVS versus conv-MVS,%42* whereas the remainder were of
first-time, mixed redo or first-time, or did not report this
information.

it was difficult to determine whether series from the same
cem(a'hvolvilgmhpp'ngmﬂus.hnﬁomdifﬁrhg
centers) distinct data or whether there was overlap
between studies. In many nonrandomized studies, patient
attrition was inadequately described, and crossover from
intended mini-MVS to conv-MVS was rarely described. This
does not guarantee that crossovers did not occur.

Patlent Characteristics
Baseline characteristics are listed in Table 1. The patients
mlmeVSmumymermwmbyM( 27
to —0.4) years compared with conventional open mitral valve
repair/replacement (MVR) (540 = 124 years vs 558 * 126
years, respectively). The percentage of females was similar for
both groups (4294). The mini-MVS group had less baseline renal
failure (1% vs 2%), less chronic obstructive pulmonary disease
(11% vs 12%), and lower pulmonary artery pressures (42 vs 45
mm Hg) compared with the conv-MVS group. For other base-
line charactenistics, there were no statistically significant differ-
ences detected between mini-MVS and conv-MVS for most
reported baseline characteristics; however, some characteristics
were reporied in only a few studies, and there was significant
heterogeneity among the studies for a number of baseline chamc-
teristics. Although baseline patient charactenistics were similar for
randomized and nonrandomized studies, the small number and swe
of the randomized studies and the inconsistent reporting of baseline
chamactenistics i nonrandomized studies prechuded adequate power
to confidently rule out whether potential differences exist
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TABLE 1. Patients’ Characteristics Before Mitral Valve Repalr or Replacement: Minimally Invasive Versus Conventional MVR
Mean = SD/Ancidence
Outcome Minl-MVS Conv-MV§ n(N WMD (95% CT) or RR (95% CT) P
Age (y1) 540+ 124 553 126 2 (14677) -1.57(-272, -042) 0.007
Female are A 26 (14,595) 1.01 (0.92, 1.09) NS
LVEF (%) 543+ 103 5542115 21 (12,3M) ~1.56 (~350,038) NS
Mitral regurgitation 9% 95% 14 (11,081) 1.00 (0.99, 1.02) NS
Mitral stencsis 1™ 2% 3(1,329) 0.85 (0.62, 1.15) NS
Body weight (kg) 634+ 149 681171 4(776) ~0.17(-246,212) NS
Dinbetes ™ ™ 12 (11,326) 1.03 (0.84, 1.28) NS
Heart failure 3% 3% %(10,348) 1.02 (0.85, 1.22) NS
Hypercholestermia 21% 21% 4(635) 1.04 (0.77, 1.40) NS
Myocardial infarction % L 5 (951) 0.67 (0.26, 1.73) NS
Stroke/CVA % kY 5 (9,523) 0.88 (0.69, 1.12) NS
Hypertension are S0% 9(10,469) 0.91 (0.80, 1.03) NS
Atrial fballation 21% 2% 4(10,761) 0.79 (0.54, 1.16) NS
PVD 7% % 4(1073) 1.05 (0.68, 1.61) NS
Rezal filure 1% % 6(28,348) 0.47 (0.33, 0.67) <0.0001
COPD 1% 12% 4(9653) 0.57 (0.33, 0.98) 0.04
Pulmonary artery pressure (mm Hg) Qs 45120 2(283) ~4.65 (~3.31, —0.43) 0.3
Cl ndicstes confidence memal; Comv-MVS, conversicral cpes mitnl vabve ; COPD, chromic obstractive pulmonary disass; CVA, cerdbrovascube acodant; I,
b e LVEF, it epction fra mdymunﬂdﬂmﬂﬂdvﬁqh—k’tg—hi*l-ﬂ-

of patints; NS, net sigzificant; PV, periph

All-Cause Mortallty

Allcase mortality did not differ between minimally inva-
sive and conventional open MVR (1.2% vs 1.5%; RR 1.03,05% Cl
0.75-142; 20 studies) *ARIZINS BAXBIIEH-W Ty RCTs
mvolving 140 patients reported no mortality in minimally
mvasive and conventional open MVR.'>"* Subanalysis by
endoaortic or transthoracic clamping also showed no signif-
icant difference for all-cause mortality between minimally
nvasive and conventional open MVR. There was no signif-
icant heterogeneity among the studies for this outcome (Fig.
2; Table 2).

Neurologlc Outcomes Up to 30 Days

Stroke

Risk of stroke was significantly increased for mini-
MVS compared with conv-MVS (2.1% vs 1.2%, RR 1.79,
05% CI 1.35-2.38; 11 studies) 541.1617.1921323¢-3 No R(CTs
reported stroke; however, subanalysis of two propensity com-
parison studies also showed significant increase of stroke in
minimally mvasive compared with conventional open MVR
(1.9% vs 0.9%, RR 2.02, 95% CI 1.40-2.94; two studies).
Themmltsoftbeseh@aquahty propensity-adjusted studies
were consistent with the remainder of the cohort studies
reporting on this outcome (Fig. 3; Table 2).

Subgroup analysis by endoaortic or transthoracic clamp
suggested a consistent trend toward increasad risk of stroke in
the mini-MVS patients of the endoartic clamp subgroup (RR
1.72, 95% CI1 0.91-3.23; P = 0.09; five studies)'™1%32363%
and significantly increased risk of stroke in the studies re-
porting mixed use of endoaortic and transthoracic clamp (RR
1.84, 05% C1 1.33-2.55; three studies) 137 whereas no such
trend toward increased stroke existed in the studies using only

wphenal vasceler dosxns; R, nisk ratic; WMD), wegghted man diforence.

transthoracic clamp (RR 0.80, 95% CI 0.07-8.92; three
studies).x1421 However, these results are constrained by the
usual caveats associated with subanalysis of retrospective
data. There was no significant heterogeneity among the stud-
ies for the overall as well as all the subgroup analyses (Fig. 4).

Transient Neuropathy

Transient neuropathy was not significantly different
between mini-MVS and conv-MVS (RR 5.09, 95% CI 0.54-
48.11; two studies).*14 There was no significant heterogene-
ity among the studies, and no RCTs reported on this outcome.

Permanent Neurologic Deficit

Permanent neurologic deficit was not significantly dif-
ferent for mini- versus conv-MVS; however, only one obser-
vational study including 200 patients reported on this out-
come and was underpowered to rule out the potential for
clinically relevant difference.

Pain

Available outcomes for pain included Visual Analog
Scale (VAS) and use of analgesics. Meta-analysis of five obser-
vational studies involving 576 patients showed no significant
difference in the VAS for pain between mini- and conv-MVS
(WMD —007 points, 95% CI —025 to +0.11 points; five
studies) 1 @34% There was no significant heterogeneity
among the studies. Another observational study mvolving 41
except that pan tended to resolve more quickly in mmmally
invasive than conventional open MVR.™ In addition, mmimally
invasive patients had Jess difficulty m coughing and getting out of
the bed than patients who underwent conventional open MVR.
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An observational study involving 128 patients of trans-  Transfuslons Up to 30 Days
thoracic clamping reported the use of analgesics and found RBC Units Transfused
that the total intake of acetaminophen/oxycodone (in milli-

for the first 3 postoperative was sli less in the Units of red blood cells (RBCs) transfused m the mini-
ﬁ'ﬁ&wmmmﬁm&%—wm MVS groups were significantly Jess than in the conv-MVS
05% C1 —5.74 to —0.96 mg).* However, there was no differ- group (15 = 18 Uvs 35+ 200U, WMD —1.85 U, 95% CI
ence in the use of morphine in the first 3 postoperative days -248b-122U 10 studies) *&A12343716223435. However,
between mini- and conv-MVS in this study there was significant heterogeneity among the studies. The one

TABLE 2. All-Cause Mortality, Stroke up to 30 Days Postoperative

Incidence

Outcome Mint-MVS Conv-MVS n (N WMD (95% CT) or RR (95% CI) P P (%)
All-cause mortality

Ovenll 12% 1.5% 20 (13, 066) 1.03 (0.75, 1.42) NS %
RCT 2] [ 29 2(140) NE NE NA
Stroke

Ovenll 1% L% 11(12, 655) 1.79(1.35,238) «0.0001 (2]
1 mdicaten combidence wtarval; Come-MVS, comvericmal cpen et vabve srpery; P, temagemety. Mo MVS, mirerrally mvasive metnl vabve serpery, a, sumber of
stdiex; N, sumber of paticats; NA, not appicable; NE, st estimable; NS, not signibicart; RCT, randoerizusd oostrolled triak; RR, risk ratis; WMD), weighled maan & frence.
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FIGURE 3. Stroke, up to 30 days postoperatively. Conv-MVS, conventional open mitral valve surgery; Minl-MVS, minimally

Invasive mitral valve surgery.

RCT that reported this outcome found no significant difference
in the amount of RBCs transfused between groups (WMD
—0.55 U, 95% C1 =121 to +0.11 U) (Table 3).12

Patients Transfused RBCs

The percentage of patients receiving blood was similar
for mini-MV'S and conv-MV'S groups (39% vs 42%, RR 0.97,
05% CI 0.81-1.17; seven studies).x12.14.1532373% There was
no significant heterogeneity among the studies (Table 3).

Units of Fresh Frozen Plasma Transfused

Significantly fewer units of fresh frozen plasma were
transfused for mini-MVS compared with conv-MVS (03 =
14U vs 07 = 150U, WMD —0.44 U, 95% CI —0.81 to
—0.08 U; two studies).'2 There was no significant hetero-
geneity among the studies. One RCT reported the percent-
age of patient receiving fresh frozen plasma and found no
significant difference between mini-MVS versus conv-
MVS (20% vs 25%, RR 0.80, 95% CI 0.25-2.55; one
RCT) (Table 3).12

Platelet Transfusion and Cryoprecipitate
Transfusion

A single study reported platelet units transfused and
showed a tendency toward lesser units of platelets transfused for
mini-MVS versus conv-MVS (WMD 1.10 U, 95% CI -2.28 to
0.08 U; one study).' This study also reported a tendency toward
fewer units of cryoprecipitate transfused (WMD —1.10 U, 95%
CI —-021 to +0.01 U; one study) (Table 3).

The percentage of patients receiving platelets transfu-
sion was significantly less with mini-MVS compared with

conv-MVS (16% vs 19%, RR 0.80, 95% CI 0.73-0.88; two
studies).””3* There was no significant heterogeneity between
the studies. The percentage of patients receiving cryoprecip-
itate did not differ between groups (RR 3.0, 95% CI 0.12-
72.8; one study) (Table 3).3*

Hemorrhagic or Chest Tube Dralnage

Chest tube drainage was significantly decreased with
mini-MVS versus conv-MVS (mean 578 + 406 mL vs 871 *
711 mL, WMD —266 mL, 95% CI —437 to —95 mL; 14
studies) S48 IAITIRIM4ILH The studies generally did not re-
port whether chest tube drainage was serous or sanguineous. The
two RCTs reporting this outcome together suggested no signif-
icant reduction in total drainage.’>" There was significant het-
erogeneity among the studies for the overall as well for the
RCTs and non-RCT subgroups considered alone (Table 3).

Reoperation for Bleeding

Reoperation for bleeding was not significantly different be-
tween min-MVS and conv-MVS groups (3.5% vs 2.0 RR 091
95% C1 0.59-1.41; 14 studies) A4 2HISN20302 13 Therp was
no significant heterogeneity among the studies (Fig. 5; Table 3).

Cardlac Arrhythmla

Atrial fibnillation was significantly reduced with mini-
MVS versus conv-MVS (18% vs 22%; RR 0.87, 95% CI
0.77-0.99; eight studies).”41%323¢ 3% There was no signif-
icant heterogeneity among the studies for this outcome. No
randomized studies reported this outcome. Need for pace-
maker implantation was not significantly different between
mini-MVS and conv-MVS (RR 0.47, 95% CI 0.05-4.09; two
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mﬂ\mdcorendoaomcclan'plmpmsodlyspostopenw Conv-MVS, conven-

tional open mitral valve surgery; Minl-MVS, minimally Invasive mitral

studies).™'* Only one study, a RCT involving 40 patients,
mpmedonvenmlarﬁlnlhnmmdﬁmdmmmally
significant difference between mini- and conv-MVS (RR
0.33. 95% CI 0.01-7.72; Table 4).2

Aortlc Dissection and Injury

Risk of aortic dissection was significantly increased for
mini-MVS versus conv-MVS (0.2% vs 0%, RR 6.04, 95% CI
1.06-34.47; seven studies).*'%*224323637 There was no sig-
nificant heterogeneity among the studies for this outcome. No
RCTs reported this outcome. When aortic dissection and
aortic injury (iatrogenic injury) were considered together,
there was a significant risk of either dissection or injury for
mini-MVS versus conv-MVS (RR 5.68, 95% CI 1.23-26.17;
nine studies; Fig. 6; Table 4).ss1002628323657

Cardlac Events In 30 Days

Perioperative Myocardial Infarction

Perioperative myocardial infarction was not signifi-
cantly different between groups (0.5% vs 2.0%, RR 039,
05% CI 0.06-2.46; three studies).'>*42¢ The one RCT that
reported this outcome did not find a difference for myocardial
infarction between groups.'? There was no significant heter-
ogeneity among the studies (Table 4).

9%

Mitral Insufficiency

The proportion of patients with mitral insufficiency
postoperatively was not significantly different between mini-
MVS and conv-MVS groups (2.4% vs 2%, RR 1.16, 95% CI
0.38-3.57; five studies).'215212533 One of the studies was an
RCT, and it showed no significant difference between groups
for mitral regurgitation.’2 There was no significant heteroge-
neity among the studies (Table 4).

Thromboembolic Events and Vascular
Complications

There was no significant difference in the percentage of
patients experiencing thromboembolic events or vascular com-
plications between mmni-MVS versus conv-MVS (0.3% vs
0.2%, RR 1.78, 95% C10.82-3.87; seven studies), and there was
no significant heterogeneity among the stdies, x34.15.15203437 No
RCT reported this outcome (Table 4).

Other Cardiovascular Outcomes

There was no difference in other cardiac outcomes
including low cardiac output syndrome, cardiac tamponade,
pericardial effusion, ventricular rupture, pericardiotomy syn-
dom.needfotmﬂnpes.mdneedfurnln—mhcballoon

pump implantation between groups; however, in most cases,
only one or two studies reported these outcomes (Table 4).
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TABLE 3. Transfusion of Blood and Plasma and Hemorrhage up to 30 Days Postoperative

Mean = SDVincidence

WMD (95% CT) or

Outcome MiakMVS  Conv-MVS n(N) RR (95% CT) P P (%)
Blood/RBC (U)

Ovenll 15413 35+29 10(1,732) ~1.85 (-248, -1.22) <0.00001 9%

RCT 05 +0s L1213 1(40) ~0.55 (-121,0.11) NS NA
Blood/RBC (paticsts)

Ovenll 3% % 7(10,019) 097 (0.81, 1.17) NS 4%

RCT 40% i 1(40) 1.00 (0.47, 2.14) NS NA
Fresh frozen plasma (U)

Ovenall 0314 07+ 15 2(267) ~0.44 (—0.3, —0.08) 002 0%

RCT 04+ 10 07+ 14 1(40) -027(-1.0,047) NS NA
Fresh frozen plasma (patients)

Overall, RCT caly 0% 2% 1(40) 0.80 (0.25, 2.55) NS NA
Platelet (U)

Ovenall 01 +458 1245 1(227) ~1.10 (~2.28, 0.08) NS 0%
Pltelet (patiests)

Ovenall 16% 19% 2(3,8%) 0.80 (0.73, 0.88) 0.00001 0%
Cryoprecipitate (U)

Ovenll 00 * 041 0.1 % 041 1(227) ~0.10 (-0.221, 0.01) NS 0%

- -

Overall % (7 1212) 3.00 (0.12, 72.82) NS 0%
Hemomhage, chest tube dramage

Overall 578 + 406 871+ 711 14(1,703) ~265.97 (-436.62, —95.33) 0.002 100%

RCT 464 + 259 688 + 335 2(140) ~234.46 (- 674.04, 205.12) NS 93%
Recperaticn for bleeding

Overall 15% 29% 14 (11,440) 091 (0.59, 1.41) NS 5%

RCT % L 1{40) 0.33 (0.01,7.72) NS NA
Recperaticn for any cause
Ovenall, mon-RCT 6.6% 5.5% 1(3,64) 120 (1.01, 1.41) 0.03 NA

Cl indicaten confidence intervals; Cormv-MVS, convertional open mitral valve 7, h Mini-MVS, n, susmber of
suadic; N, zumiber of patients; NA, 2ot applicable; N8, net xignificast; RBC, rod d-.ucr..a...auu—tu’_mwn.-;.'il"
Renal Events clinical impact was limited to phrenic nerve elevation or was
No significant difference was found between mini- ot described (Fig. 7; Table 5).

MVS versus conv-MVS for patients experiencing postoper-
ative renal failure or insufficiency (RR 1.08, 95% CI 0.81-

1.43; five studies), and there was no significant heterogeneity
among the studies x1422637

Pulmonary Events

There was no significant difference between groups for
pneumonia, pleural effusion, pneumothorax, pneumonitis, or
overall pulmonary complications, and these outcomes were
g;:hr?llsylmpomdbymlymem’twommdomimdmdies
(

Phrenic Nerve Palsy

Although the proportion of patients experiencing
phrenic nerve palsy was significantly increased for mini-
MVS compared with conv-MVS (3% vs 0%, RR 7.61, 95%
Cl 1.30-44.70; three studies, no heterogeneity among the
studies), this result was limited by few studies reporting on
the outcome, and presumably number of these studies had
ero events.*143¢ In some cases, there was prolonged impact
on ventilation time and ICU stay, whereas in other cases the

Gastrolntestinal Events

There was no significant difference in gastrointesti-
nal events between mini-MVS versus conv-MVS (1.3% vs
3%, RR 0.54, 95% CI 0.12-232; two studies).x* There
was d::: statistically significant heterogeneity among the
studies.

Infectlons and Medlastinitls

Sternal Infection

As expected, significantly fewer patients experienced
sternal infections with mini-MVS compared with conv-MVS
(0.04% vs 0.27%, RR 0.34, 95% CI 0.12-0.95; seven stud-
ies), and there was no heterogeneity across studies. Of the
seven studies reporting this outcome,'? 43134355 two were
RCTs and together they suggested a trend toward reduction
(Table 6).217 Although it seems counterintuitive that sternal
wound infections could occur in mini-MVS, a total of two
cases of sternal wound infections were reported in two studies
involving 4377 patients.'**” In both of these studies, robotic
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FIGURE 5. Reoperation for bleeding. Conv-MVS, conventional open mitral valve surgery; Minl-MVS, minimally Invasive

mitral valve surgery; RCT, randomized control trial.

assistance was usad in at least a proportion of the patients in
the mini-MVS group.

Mediastinitis

There was no significant difference in the risk of
mediastinitis between mini-MVS and conv-MVS (2% vs
1%, RR 1.85, 95% CI 0.15-23.07; two studies). There was
no statistically significant heterogeneity among the studies
(Table 6).62

Groin Infections, Hematoma, or Hydrocele

Groin infections, hematoma, and hydrocele were con-
fined to mini-MVS, and none of these occurrad in conv-MVS
(2% vs 0%, RR 562, 95% CI 1.26-25.13; five stud-
1es).1214.15.263¢ There was no statistically significant hetero-
geneity among the studies (Table 6).

Deep Infection and Wound Dehiscence

There was no significant difference between mini-MVS
and conv-MVS for deep infection and wound dehiscence
(0.7% vs 1.3%, RR= 1.0, 95% CI 0.12-10.20; three stud-
1es). There was statistically significant heterogeneity among
the studies for the overall comparison (Table 6).'%¥2

Superficial Infection and Keloid Formation

One observational study reported no significant dif-
ference in superficial infections (0% vs 5.8%, RR 0.14,
95% CI10.01-2.70) and keloid formation (0% vs 3.8%, RR
0.20, 95% CI 0.01-4.07) between mini-MVS and conv-
MVS (Table 6)."

Incislon Length and Scar Dissatisfaction

Mean length of incision in the mini-MVS group was
63 = 1.5 cm (reported in nine studies).saxinia253436
However, one of these studies reported a disproportion-
ately longer length of incision in mini-MVS (115 = 0.7
cm), which does not reflect usual practice for mini-MVS."
Only two studies reported the length of incision in both
groups, and together they suggested that the mean incision
length was signi reduced for mini-MVS versus conv-
MVS by =16 cm (84 vs 24.8 cm for mini- vs conv-MVS;
WMD —16.35 cm, 95% C1 —19.48 to —13.21 cm)."** There
was a significant heterogeneity among the studies.
Patient Dissatisfaction With Scar

Significantly fewer patients were dissatisfied with their
scar with mini-MVS versus conv-MVS (0% vs 19.2%, RR
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TABLE 4. Cardlac, Aortic, and Thromboembolic Events Up to 30 Days Postoperative

Incidence
WMD (95% C1y

Outcome Mi-MVS  Conv-MVS 0 (N) RR (95% CT) P P

Ovenll 15% % 3(10437) 087(077,099) 003  25%
Ventrniczhyr fibrllation

Ovenll, RCT % o 1(40) 0.33 (0.01,7.72) NS NA
Pacemaker implintation

Ovenll [ 25%  2(1m) 047(0.05,409) NS %

RCT [ % 1(40) 033(001,772) NS NA
Acetic dissection

Ovenll 02% ™ 7(10248) 604(1.06,345) 004 0%
Acetic dissection or mjury

Ovenll 02% L2 3(10484) 5068 (I.ZJ, 2&17) 0.03 s

; . Sal infarcti

Ovenll 05% % 3(410) 0.39 (0.06, 2.46) NS s

RCT % [ 1(a0) NE NE  NA

Ovenll 24% 2% 5(am) 116(038,357) NS %

RCT (] b 1(40) 0.33 (0.01,7.72) NS NA
Pencardial effesion

Ovenll 4.1% 20% 2(113) 121(001,1328) NS 20%

RCT [ b 1(40) 033 (0.01,7.72) NS NA
Carthac tampomade

Ovenall 05% 20% 1(415) 033(0.05,212) NS %
Pencardiotomy syndrome

Ovenll 115% 24% 1(143) 470(1.01,21.86) 005  NA
Ventricshr napture

Ovenall % [ 1(83) 1.64(0.07,3594) NS NA
Total Gromboembolic events, 1schemia and vasculer complications

Ovenall 03% % 9(9 m) 178(082,387) NS 0%

Cl mdicaten confidence mtarvaby; Conv-MVS, conventional open metral valve srpery; F, heteagencty ) mvasive meinl valve senaery; o, sumber of

sadicr, N, zumber of paticets; NA, not spplicable; NE, 2ot extimable; NS, not sgnifcart; RCT, randeerized “—tn.dmm-.,u_“-m
0.03, 95% CI0-0.79; one study) in the one observation study  Readmlssion Within 30 Days

that reported this outcome (Table 6).%

Overall Complications

There was no significant difference between mmni-MVS and
conv-MVS for the percentage of patients who experienced no
wmmw&BtRROQZQS%GOGS—IJS
two stdies) (Table 6). There was s heteropeneity among
h!ﬁandmkﬂsmtedﬂnsmmluWMmmﬂ
complications were defmed as STS complications, there was no
significant difference between mini-MV'S versus conv-MVS for the
percentage of patients with Society of Thoracic Surpeons (STS)
defined complications (8.5% vs 9.4%, RR 0.90, 95% C10.38, 2.13;
002 study).®
Quallty of Life

One observational study reported that quality of life
tended to improve similarly after mini-MVS and conv-MVS,
with no significant difference between groups.»
Repeat Procedure

There was no significant difference in the percentage of
patients having repeat procadure between mini-MVS and conv-
MVS (RR 0.61, 95% CI 0.12-3.25; one study) (Table 6).%

Copyright © 2011 by the International Soctety for Mintmally Invastve Cardiothoractc Surgery

There was no significant difference in the percentage of
patients readmitted within 30 days between mini-MVS and
conv-MVS (4.7% vs 9.0%, RR 053, 95% C1 0.24-1.15; one
study) (Table 6).%

Converslon to Sternotomy

Ten studies involving 866 patients undergoing mini-
mally invasive MVR reported that 3.7% of the patients
undergoing minimally invasive patients were converted to
open stemotomy. >3 I4ISINI0IIE In one RCT reporting
this outcome, there was no incidence of conversion from
planned mini-MVS to conv-MVS."2

Resource-Related Outcomes

Cross-Clamp Time

Cross-clamp time was significantly increased with
mini-MVS versus conv-MVS (95 * 39 minutes vs 74 * 36
minutes, WMD 21.41 minutes, 95% CI 10.14 to 32.69 min-
utes; 24 studies) A7A1-15170821.2235-203132.56-38 - Another
study™ reported that in the beginning of the leaming curve,
mdmrpmnwasﬁmmhngermtbemmrws
group compared with conv-MVS. However, with experience
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FIGURE 6. Aortic dissection. Conv-MVS, conventional open mitral valve surgery; Mini-MVS, minimally invasive mitral valve

surgery.

cross-clamp time improved in their center but still remained
15% longer in the minimally invasive group. However, suba-
nalysis of RCTs showed shorter cross-clamp time with mini-
MVS versus conv-MVS (56 = 16 minutes vs 60 * 19
minutes, WMD —4.0 minutes, 95% CI —=7.2 to —0.7 min-
utes; two RCTs), which is opposite to what the nonrandom-
ized studies reported (Fig. 8; Table 7).'%"

Cardiopulmonary Bypass Time

Cardiopulmonary bypass (CPB) time was significantly
increased with mini-MVS versus conv-MVS (144 vs 111

minutes, WMD 33.0 minutes, 95% CI 18.9 to 47.1 minutes;
27 mes)_4 511-15,17-1021,.22.25-29,31,32.34 - 38 M was simif_
icant ity across studies for this outcome. When
subanalyzed, the two RCTSs that reported this outcome also
showed significantly increased CPB time with mini-MVS
versus conv-MVS (Table 7).1213

Procedure Time

There was a significant increase in procedure time
for mini-MVS compared with conv-MVS (4.5 vs 3.7
hours, WMD 0.79 hours, 95% CI 0.41 to 1.16 hours; 13

TABLE 5. Pulmonary Events Up to 30 Days Postoperative

Incidence WMD (5% C1y
Outcome Minl-MVS Conv-MVS n(N RR (95% CT) P P (%)
Pneumona

Ovenll 1% 25% 4(439) 0.62 (0.16, 2.39) NS %

RCT NR NR NA NA NA NA

Ovenll % % 3(s01) 7.61(1.30,44.7) 002 %

RCT NR NR NA NA NA NA

Ovenll % 1% 2(358) 1.85(0.15, 23.07) NS 2%
Pleunal effusion

Ovenll 1% ) 2(262) 0.37(0.01, 21.7) NS %
Prokaged vertilation

Ovenll T % 1(8644) 1.17(1.00, 1.37) NS NA
Pneumontis

Ovenll % % 1(104) 2.00(0.19, 21.38) NS NA
Pneumothomax

Ovenall % % 1(40) 0.33 (0.01, 7.72) NS NA
Pulmomary comphcations

Ovenall % 2% 1(143) 3.16(061 16.75) NS NA

€l micaten comfidence ssarvab; Comr-MVS, camvericnal open mtral vabve srpery, P, hetemagemety. Mees-MVS, mmvasive mtnl valve serpery; n, sumber of
studieg; N, sumber of pus NA, not applicable; NR, not seported; NS, not sgnif RCT, andoerszed i dlldum*—ih
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FIGURE 7. Phrenic nesve palsy/diaphragm elevation. Conv-MVS, conventional open mitral valve surgery; Mink-MVS, mini-

mally Invasive mitral valve surgery.

studios) 3412415162135 7437 The single RCT that reported this
outcome showed no significant difference in procedure time be-
tween groups (WMD 0.24 hours, 95% C1 —0.31 to +0.79
hours; one study).’ There was significant heterogeneity
among the studies for this outcome (Fig. 9; Table 7).

Length of Ventilation

Ventilation time was significantly reduced for mini-
MVS compared with conv-MVS (12.6 vs 19.9 hours, WMD
=207 hours, 95% CI —339 to —0.75 hours; 18 stud-
'ns)_s.v,l.u.u,u.u.n.lm 2031323437 There was SW het-

erogeneity across studies for this outcome. The one RCT that
reported this outcome showed no difference in the length of
ventilation between mini- and conv-MVS (WMD -3.0
hours, 95% CI 7.4 to +1.4 hours) (Table 7).12

Length of Stay in ICU

Length of stay in ICU was significantly reduced for
mini-MVS  versus  conv-MVS (1.6 vs 24 days,
WMD —050 days, 95% CI —068 to —032 days; 18
studies) STAILIL41517,21.2427-2031,33,35-57 There was signifi-
cant heterogeneity for this outcome. The one RCT that reported

TABLE 6. Infection and Miscellaneous Events Up to 30 Days Postoperative

Incidence
WMD (95% CIy

Outcome Mink-MVS Conv-MVS a (N RR (95% C1) P r (%)
Stemal infections or instzhility

Ovenll 004% 027% 7(95%) 0.34 (0.12, 0.95) 004 %

RCT [ 29% 2 (140) 0.33 (0.04, 3.11) NS %
Groin infection, hematoma, hydrocele

Ovenll b3 [ 5 (900) 5.62 (1.26,25.13) 0o %

RCT 15% ([ 1 (40) 7.00 (038, 127.32) NS NA
Deep miection, wound dehiscence

Ovenll (5 13% 3 (2420) 109 (0.12, 1020) NS %

RCT NR NR NA NA NA NA
Superficial infacton

Ovenll () 53% 1(109) 0.14 (0.01, 2.70) NS NA

Ovenll [ 19.2% 1(109) 0.05 (0.00, 0.79) 003 NA
Kelod formation

Ovenll ™ 35% 1(109) 0.20 (0.01, 4.07) NS NA
Major haspital morbadity or mortality

Ovenll 1™ % 1 (3644) 117 (108, 1.31) 0007 NA
Freedom from all hospital morbidity

Ovenll ™ 3% 2 (343) 0.92 (0.65, 1.28) NS 2%
Freedom from major hospital morbedity

Ovenll 852% 7T 1(143) 0.92 (032, 1.04) NS NA
Repeat procedure

Ovenll 23% 45% 1 (440) 0.61 (0.12, 3.25) NS 4%
Readmssion within 30 days

Ovenll AT% 2.0% 1(392) 0.53 (024, 1.15) NS %

Cl indicaten confidence intervals; Corme- MV, convertion] cpen mitral valve smrpery; T, b Mini MVS, mirssrally imvasive mitnal vabve serpery; n, sumber of

studicx; N, sumber of patients; NA, not applicible; NS, not sgificnt; RCT, mhldmoukﬂuﬂmqm—jﬂ—ﬂ—.
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FIGURE 8. Cross-clamp time (minutes). Conv-MVS, conventional open mitral valve surgery; Minl-MVS, minimally Invasive

mitral valve surgery; RCT, randomized control trial.

this outcome showed no significant difference in the length of
stay in ICU between mini- and conv-MVS (WMD —0.30 hours,
05% CI —92 to +0.32 hours) (Table 7).

Length of Stay in Hospital

Length of hospital stay was reduced
with mini-MVS versus conv-MVS (mean 6.9 vs 89 days,
WMD —1.60 days, 95% CI -2.09 to 111 days; 26
M“)'d,s.‘l,Llo 15,17,1K21,24,26-20,31- 38 Mss of uﬁ
two RCTs reporting this outcome showed no difference in
the length of stay in hospital between groups (WMD
—0.04 days, 95% CI —0.8 to +0.7 days; two studies).*"
There was significant heterogeneity among the studies for
this outcome (Fig. 10; Table 7).

Cost

A study from the United States reported that compared
with patients undergoing conv-MVS, patients undergoing
mini-MVS had lower mean hospital charges (WMD
—$11,430, 95% CI —§12,420 to —§10,440; one study), and
lower mean hospital costs (WMD —$9,160, 95% CI —9,870

to —8.460; one study).* Operating room charges in this study
were procedure based, and this may not have accounted for the
time-dependent costs. This is an important consideration, be-
cause operating room time for mini-MVS was approximately
1.6 hours Jonger than conv-MVS in this study. This could have
masked the time-dependent cost variances. Another study from
Slovenia reported that patients undergoing mini-MV'S had lower
mean costs than patients undergoing conv-MVS (WMD —664
Slovenia tolars, 95% C1 —664 to —663 Slovenia tolars)
(Table §)'” None of the studies provided a comprehensive
cost-effectiveness analysis of the incremental costs and benefits
of mmi-MVS versus conv-MVS.

Long-Term Outcomes

All-Cause Mortality

Longer term risk of all-cause mortality was reported
in few trials, and it did not show a significant difference
between mini-MVS and conv-MVS at 1 year (0.9% vs
1.3%, RR 1.07, 95% C1 0.19 to 6.05; two studies),** at 3
years (0.5% vs 0.5%, RR 1.06, 95% CI10.07 to 16.79; one
study)™ and up to 9 years (0% vs 3.7%, RR 0.19,95% C10.01

96 Copyright © 2011 by the Internatsonal Soctety for Minimally Invastve Cardiothoracic Surgery

Qg



Innovations « Volume 6, Number 2, March/April 2011

Minmally Invasve Mral Valve Surgery Meta-Analysis

TABLE 7. Different Procedures-Related Timings and Stay

Meaan = SD
WMD (95% CT) or

Outcome Minl-MVS Conv-MVS N RR (95% CT) P P (%)
Cross clamp time (min)

Ovenll BEW M M(12,727) 2141 (10,04, 32.69) 0.0002 %%

RCT 56+ 16 w19 2(140) —40(-72,-0.7) o %
Casthopulmorary bypass time (min)

Ovenll 1452 mz=s2 27(13213) 33.0(189,47.1) «0.00001 9%

RCT 103+ 2 9%+ 2(140) 52(0.8,9.6) o %
Procedure time (k)

Ovenll 45t 18 T3 13(10.284) 0.7 (0.41, 1.16) «0.0001 %%

RCT 42+08 4009 1(40) 0.24 (-0.31,0.79) NS NA
Lenggh of ventilation (h)

Ovenll 126 + 177 199 * 363 13 (11.434) ~207 (~3.39, -0.75) 0.002 %

RCT 89+ 38 119+ 94 1(40) ~3.00 (~7.44, 1.44) NS NA
Lengh of tay in ICU (d)

Ovenll 617 2424 12 (10435) ~0.50(-0.38, -0.32) «<0.0001 s

RCT L3209 1611 1(40) -0.30 (-0.92,032) NS NA
Haspita lesgth of stay (&

Ovenll 69*42 g9 51 26(12,249) =160 (-2.09, -1.11) «0.00001 s

RCT 75431 R1152 2(140) ~0.04 (-0, 0.7) NS %

1 indicates cosfidence interval; Conv-MVS, cosverticnal spen mirad valve magery; F, heteropecity; 10U, intermive care unit; Miri- MV, minimally imvasive mital valve
sargery; =, sumber of sudia; N, sumber of pationts; NA, nat spphicable; NS, net sigeificant; RCT, randoemiad costrolied trak; iR, risk ratio; WMD), weghiad mean difference.

to 3.64; one study)** There was no significant heterogeneity ~ Mitral Valve Leak or Insufficiency
No significant difference was found for the risk of
long-term mitral valve leak between mini-MVS and conv-

among the studies, and no RCTSs reported long-term mortality

(Table 9).
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FIGURE 10. Length of stay In hmcidap). gnt:;ws conventional open mitral valve surgery; Minl-MVS, minimally Inva-

sive mitral valve surgery; RCT, ra con

MVS (RR 9.5, 95% C1 0.4 to 226.7).%*"* There was signif-
icant heterogeneity among the studies, and no RCT reported
long-term mitral valve outcomes. In addition, there was no
significant difference in the grade of mitral msufficiency be-
tween mini-MVS and open-MVS (WMD 0.04, 95% CI —0.15
to +0.2).'%*4* There was no significant heterogeneity among
all these studies, and no RCT reported this outcome (Table 9)

Infective Endocarditis
There was no significant difference in the percentage of
patients developing infective endocarditis between mini-
MVS and open-MVS (0.5% vs 0.7%, RR 0.94, 95% CI
0.31-2.86; four studies).x16192¢ There was no significant
ity among the studies, and no RCT reported this
outcome (Table 9).

NYHA Classification

There was a small but significant decrease in NYHA class
after 1 year for mini-MVS compared with conv-
MVS (mean class 1.32 vs 1.52, WMD -0.26, 95% (I
—=0.27 to —0.25)."%%¢ There was no significant heteroge-

neity among the studies, and no RCTs reported this out-
come (Table 9).

Freedom From Valve-Related Reoperation

There was no significant difference in freedom from
reoperation between groups at |1 year (RR 1.03, 95% CI 0.97
to 1.10; one study).’® However, at 8 years, there was signif-
icant improvement in freedom from reoperation for mini-
MVS compared with conv-MVS (RR 1.04, 95% CI 1.01 to
1.08; one study).'¢ Freedom from valve-related reoperation
was significantly improved when all studies evaluating this
outcome at 1 to & years follow-up were combined (RR
1.04, 95% C1 1.01 to 1.06; three studies); however, differ-
ences in follow-up between groups challenge the validity
of this finding.'6192¢ There was no significant heterogene-
ity among the studies, and no RCT reported this outcome
(Table 9).

Return to Normal Activity
Return to normal activity was significantly faster for
mini-MVS versus conv-MVS (6.3 vs 12.3 weeks, WMD
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TABLE 8. Cost of MInl-MVS Versus Conv-MVS

Mean = SD

WMD (95% C1) or
Outcome Minl-MVS Conv-MVS n(N RR (95% CT) P P (%)
Hospital cost per patient (x 1000)

Ovenll 309 * 241 4241 =259 1(13) ~1143(-1242, -10.44) <0.00001 NA
Hospital cost (x 1000)

Ovenll 1788 £ 1.7 2706 = 191 1(131) ~0.16(-9.87, —8.46) <0.00001 NA
Average total patient cost (X 1000)

Ovenll 01714 09314 1(215) ~063.60 (- 66397, -663.23) «0.00001 NA

€l indicaten confidence imtarvaly; Cormv-MVS, convertional open mitral valve smrgery; F, hetemapencty; Mini-MVS, miramally mmvasive mitnal vabve serpery; o, sumiber of

studiex; N, sumber of patients; NA, not appiicable; RR, nsk ratio; WMD), weghted man &fference.

—4.96 weeks, 95% CI —639 to —3.52 weeks; three stud-
1es).4"* There was significant heterogeneity across the
studies for this outcome (Table 9).

Quality of Life

Quality of life was reported in only one observational
study, and no significant difference was found in the
change in quality of life between mini- and conv-MVS
(Table 9).

Resource-Related Outcomes
No study provided the cost or cost-effectiveness of
mini-MVS versus conv-MVS over the long-term period.

DISCUSSION

This systematic review with meta-analysis suggests that
mini-MVS is associated with decreasad hemorrhage, blood
ventilation time, ICU stay, hospital length of stay, and reduced
time to retum to nommal activity, without detected adverse
impact on long-term need for valvular remtervention and sur-
vival (though this meta-analysis was underpowerad for long-
term outcomes). However, an increased risk of stroke,
aortic dissection or aortic injury, phrenic nerve palsy,
groin infections, and increased CPB, cross-clamp, and
procedure time was found.

TABLE 9. Long-Term Outcomes

Mean = SIVIncidence

Outcome MInMVS  Coav-MVS  a(N)  WMD (95% CI) or RR (95% CI) P P (%)
Motality 2 1 yr

Ovenll s L% 2(520) 1.07 (0.19, 6.05) NS s
Mortalty 2 3 yr

Ovenll 05% 0s%  1(m) 1.06 (0.07, 16.79) NS NA
Montalty 22 9 yr

Ovenll ([ ™ 1(1a) 0.19 (0.01, 3.64) NS NA
Mitral valve leak

Ovenll 04% % 3 (609) 9.5 (0.4, 226.7) NS NA®
Mitral msufficiency (scale of 0-3 or 0-4)

Ovenll 082+ 047 075+ 052 3(38) 0.04 (~0.15, 0.2) NS 53%

RCT NR NR NA NA NA NA

Ovenll 05% 0™ 4(2075) 0.94 (031, 2.86) NS %

RCT NR NR NA NA NA NA
NYHA classification

Ovenll L2403 152+041 2(M3) ~026 (-027, -0.25) <000001 0%

RCT NR NR NA NA NA NA
Freedom from valve related complications at 3 yr

Ovenll A W% 1(1,601) 1.05 (1.01, 1.05) 00 NA
Freedom from recpeation

Ovenll %% % 3(1.944) 1.04 (1.01, 1.08) 0.003 "%

RCT NR NR NA NA NA NA
Cemzbral hemorthage

Ovenll 0% (2 1(395) 317 (013, 77.37) NS NA

Cl mdicaten confidence mtarvaly; Comv-MVYS, conventsonal open metral valve ; F, heterogenaty; Mini-MVS, mirsrally svasive metnl valve ssnpery; n, sumber of

suadicx; N, sumiber of paticsts; NA, zot applicable; NYHA, New York Heat A NR, zct reperted; N, net sigificant; RCT, mndominad controlied s, R, risk ratis;
WMD), weghiod mean &fferance.
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Perloperative Outcomes interpretation of this result is limited by the small number of
Death studies reporting on this outcome.

No significant differences in mortality were found in
this meta-analysis. This result is similar to another systematic
review,' which also found no difference in the overall mor-
tality between mini- MVS and conv- MVS (odds ratio 0.46,
05% CI 0.15-1.42). Of note, an analysis of a large propen-
sity-matched comparison study involving 8644 patients re-
ported significant increase in the composite of major hospital
morbidity or mortality with mini-MVS with conv-
MVS (RR 1.17,95% CI 1.05-1.32),7 raising the potential for
concern about the safety of the minimally invasive approach.
Unfortunately, other studies did not report death and major
complications as a composite outcome, and we were unable
to provide a synthesis for this outcome across all studies.
Given that the above-mentioned study is large and propensity
matched (in comparison to many of the studies in this
analysis being unmatched retrospective comparisons), it is
important to keep this potential for increased overall adverse
events in mind. On the other hand, some centers contributing
data to this propensity-matched comparison study were low-
volume centers. Further contemporary comparative studies
should be conducted to measure the overall risk of death and
complications.

Neurologic Events

Our meta-analysis showed increase in stroke in mini-
MVS compared with conv-MVS (RR 1.79, 95% CI 1.35 to
2.38). In contrast, Modi et al' reported no difference in stroke
between mini-MV'S and conv-MVS (odds ratio 0.66, 95% Cl
0.23-1.93). However, Modi included fewer studies in his
meta-analysis and also included mini-sternotomy studies
within the definition of mini-MVS. The cause of increased
stroke with mini-MVS is not known and is beyond the scope
of this meta-analysis. Potential hypotheses may be related to
the restricted assess and technically challenging de-airing
and/or the increase in procedure time and CPB time. In our
subgroup analysis of aortic clamping approach, we found that
the majority of increased strokes occurred in the studies using
endoaortic cross-clamping. In the studies using primarily trans-
thoracic clamping, there was no excess of strokes. This raises the
hypothesis that mini-MVS using the endoaortic clamp may pose
greater risk for patients compared with the transthoracic
approach. However, it must be stressed that there may be
other unexplored factors that could contribute to the increased
risk of stroke, and this hypothesis needs further testing in
well-conducted, adequately powered comparative trials be-
fore the true association can be concluded.

Phrenic Nerve Palsy

Our meta-analysis showed significant increase i the nisk
of phrenic nerve palsy/diaphragm elevation for mini-MVS ver-
sus conv-MVS (3% vs 0%). This may be a potentially serious
adverse effect; however, the details of the clinical significance
and duration of the palsy were incomplete.*# In addition, it is
important to note that a number of the studies failing to report
specifically on this outcome may have had zero events, although
we could not assume this for the meta-analysis. Therefore, the
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Pain and Functionality

It was anticipated that mini-MVS would be shown to
induce less postoperative pain compared with conv-MVS.
However, our meta-analysis found no significant difference
in the VAS for postoperative pain between groups. Although
the trend was toward reduction, the difference was very small
with less than 1 point reduction on the VAS (WMD —0.07,
—0.25 to 0.11 points on & 10-point VAS).21.2333. Similarly,
although mtake of acetaminophen/oxycodone (in milligrams)
was significantly less for mini-MVS compared with conv-
MVS, the overall mean difference of 3 mg over the study
period was very small and of questionable clinical relevance
(WMD —3.35 mg, 95% CI-5.74 to —0.96 mg). There was no
significant reduction in the use of morphine in the postoper-
ative period 4 Therefore, although reduction in pain remains
one of the key rationales for mini-M VS, it remains unproven
by the current evidence base. Of all the studies published on
mini-MVS versus conv-MVS, very few have reported on
pain-related outcomes, and this should be an important part of
any future research agenda. Meta-analysis of three studies
showed faster return to normal activity of ~5 to 6 weeks
(6.3 = 4.8 weeks vs 12.3 + 3.8 weeks) for mini-MVS versus
conv-MVS. 415

Bleeding and Reoperation Outcomes

It is anticipated that the smaller incision of mini-MVS
would lead to less hemorrhage; although there is concem that
this could be counteracted by the longer procedure time
required. Our meta-analysis showed a decrease in overall
hemorrhage and chest tube drainage of ~-300 mL for mini-
MVS compared with conv-MVS. This translated into signif-
icantly less patients receiving RBC and platelet transfusions.
However, there was no statistically significant difference in
the percentage of patients undergoing reoperation for bleed-
ing between minimally m\u\emdconvumalopmmml
Vahe mmu.xzuu,zxmu ll]n mm
for any cause (bleeding or any other reason) was significantly
increased by ~-1% for mini-M VS versus conv-MVS (6.6% vs
55%, RR 1.20, 95% CI 1.01-1.41), although this was re-
ported in just one study (propensity-matched comparison
study involving 8644 patients).™

Cardiac Outcomes
Our meta-analysis found a significant reduction i atrial
fibrillation with mini-MVS with conv-MVS (abso-

lute risk reduction 4%). This reduced risk of arrhythmia may
be related to the less traumatic surgical approach used during
mini-MVS resulting in lesser inducement of mflammatory
mediators. Although atrial fibrillation was significantly re-
duced in our meta-analysis, there was no significant reduction
in pacemaker implantation; however, this outcome was less
commonly reported in the studies. Other cardiac outcomes of
interest in our meta-analysis did not reach significant differ-
ences between groups, mcluding myocardial infarction, left
heart decompensation, hypotension, need for inotropes, in-
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traaortic balloon pump implantation, ventricular rupture, car-
diac tamponade, pericardial effusion, venous thromboembo-
lism, arterial embolism, and in-hospital mitral insufficiency.

Aortic Events

Our meta-analyses showed a significant increased risk
of aortic dissection or iatrogenic aortic injury; however, the
absolute risk increase of 0.2% was small (0.2% vs 0% for
mini- vs conv-MVS, RR 6.04, 95% CI 1.06 to 34.47) The
reason for the increased risk of aortic dissection and aortic
injury remains unclear (ie, differences in clamping or added
difficulties in manipulating the aorta during minimally mva-
sive surgery).

Other Clinical Complications

Our meta-analysis showed no significant difference
for postoperative renal failure or renal dysfunction be-
tween groups. Because few studies measured the incidence
of renal failure, the current evidence remains underpow-
ered to safely rule out whether important differences may
exist between mini-MVS and conv-MVS for this clinically
relevant outcome.

Pulmonary events were not significantly different be-
tween groups, including pneumonia, pneumothorax, pneumo-
nitis, mediastinitis, and pleural effusion. Similarly, gastroin-
testinal complications did not differ between groups.

Infections and Scar Length

As expected, our meta-analysis found a significant
decrease in stemal infections and dehiscence, but an increase
in groin infections, hematoma, or hydrocele. Incision length
was significantly reduced by ~16 cm between groups, al-
though these data were rarely provided for both groups in the
studies and may not be reflective of the average practice
difference between mini-MVS and conv-MVS. Only one
study examined patient satisfaction with the scar and reported
an improvement in satisfaction in patients undergoing mini-
MVS compared with conv-MVS.

Overall Complications and Readmissions

Our meta-analyses showed no significance in the free-
dom from all hospital morbidity, quality of life, requirement
of repeat procedure, and readmission within 30 days of
postoperative period
Conversions

Conversion to open stemotomy was reported in 3.7% of
patients; however, relatively few studies reported this out-
come (12 studies, including 866 patients). The absence of
reporting on this outcome does not guarantee that no conver-
sions occurred, and the concern remains that retrospective
studies are less likely to ascertain this information because it
would be difficult to determine retrospectively from patient
charts whether patients who received open stemotomy were
originally intended to receive mini-MVS. The inadvertent
inclusion of converted patients in the conventional open MVS
arm may unfairly bias the results of this meta-analysis toward
favoring mini-MVS because converted patients tend to have

Copyright © 2011 by the International Soctety for Mintmally Invastve Cardiothoracic Surgery

worse outcomes than patients undergoing their originally
intended surgery.

Resource-Related Outcomes

Our meta-analyses found significantly increased cross-
clamp time of ~-20 minutes, (95 = 39 minutes vs 74 * 36
minutes), increased CPB time of ~33 minutes (144 = 52
minutes vs 111 * 52 minutes), and increased time
of close to | hour (4.5 = 1.8 hours vs 3.7 = 1.7 hours) for
mini-MVS versus conv-MVS. Ventilation time was reduced
by 2 hours (12.6 *+ 17.7 hours vs 19.0 + 36.3 hours). Length
of stay i [CU was reduced by 0.5 days (1.6 * 1.7 days vs
24 = 24 days), and hospital stay was significantly reduced
by ~2 days (6.9 = 4.2 days vs 8.9 * 5.1 days) for mini-MVS
versus conv-MVS. These results were of similar direction as
in the systematic review by Modi et al." although the analysis
by Modi et al had insufficient power to detect the difference
for some of these outcomes. There was significant heteroge-
neity for each of these outcomes, which is likely due to the
different leaming curves across the different centers.

It is notable that in the randomized trials, the differ-
ences between groups for procedure-related outcomes and
length of stay were less stellar than in the observational
studies. For example, the randomized trials suggested that
cross-clamp time was slightly decreased by 4 minutes (rather
than increased by 23 minutes as in the observational studies),
procedure time did not differ significantly, and length of stay
in ICU and hospital were not reduced significantly for mini-
MVS versus conv-MVS. The differences between random-
ized trials (with comparable groups at baseline) and nonran-
domized trals (with potentially important differences
between groups at baseline) may be related to the differences
in surgeon experience with mini-MV'S, different settings, and
patient selection criteria (which may unfairly bias the results
of observational studies if different criteria are used for mini-
vs conv-MVS). The lack of differences in the randomized
trials may also be related to their small sample sizes (n = 140
in total).

Few studies reported on the relative cost of mini-MVS
versus conv-MVS. One study each from the United States
and Slovenia suggested that mini-MVS was associated with
significantly lesser costs than conv-MVS. However, the rel-
evance of these findings to other settings in other countries
remains uncertain. In addition, these studies were cost anal-
yses only and did not attempt to calculate the incremental
cost-effectiveness of mini-MVS versus conv-MVS over the
time horizon of a patient lifetime, or even over the midterm,
by including follow-up costs during the midterm.*"”

Longer Term Outcomes

Few studies provided long-term outcomes, and conclu-
sions remain uncertain based on the results provided due to
the paucity of data provided on completeness of follow-up in
these studies. Of the studies that reported longer term out-
comes (1 to 9 years of follow-up), there was no significant
difference between groups for long-term mortality, quality of
life, presence of mitral valve leak, grade of mitral insuffi-
ciency, risk of infective endocarditis, and need for reopera-
tion. There was a small but significant decrease in NYHA
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class (WMD —0.26 class, 95% CI =027 to —0.25 class) and
decreased need for reoperation for mini- versus conv-MVS;
however, the clinical relevance and generalizability are un-
certain given that the reductions were small and were based
on a single study.

Strengths and Limitations

This meta-analysis is based on a comprehensive search
of several databases to identify all relevant comparative data,
mditmplieswithmehestmetbod)bgicmmnma-
tions for comprehensive systematic reviews of observational
and randomized studies. In addition, this meta-analysis re-
ports on all available clinically relevant and resource-related
outcomes, rather than selectively reporting only a few out-
comes. However, this meta-analysis is limited by the type of
studies and the quality of the data provided in those studies.
Most studies in this meta-analysis were retrospective series
that compared minimally invasive experience at one center
with their own (or others’) experience with conv-MVS. In
some studies, the series for mini- and conv-MVS were non-
contemporaneous series, and the more historic nature of the
conventional group may bias the results toward favoring
mini-MVS if more contemporary settings provide better out-
comes in general (regardless of which procedure would have
been provided). In addition, in many series the surgeons who
performed mni-MVS were different than the surgeons who
provided conv-MVS. Differences in skill sets and differences
m progression through the leamning curve could bias the
results for or against mini-mitral. Improved characterization
of the learning curve is ako needed. Documentation of the
improved procedure-related outcomes over time due to the
learning curve effect has been reported in at least one study.*
High-volume centers should perform comparative trials to
determine whether better outcomes can be attaimed with
expenience.

Several outcomes were reported inconsistently across
studies, mcluding some of the most basic outcomes which would
provide the rationale for mini-MVS including differences in
pain, functionality, patient satisfaction, and quality of life. Also
of key concem, most studies failed to provide data on outcomes
beyond the patient’s discharge from hospital.

Another significant limitation was the potential for
overlap among the studies, which was difficult to ascertain in
a number of cases due to insufficient reporting of dates of
patient recruitment and repeated publications from the same
authors or institutions. This issue requires further exploration
to elucidate the independence among these patient sets. In
addition, the largest data set comes from the STS database
analysis by Gammie et al, and it may overlap significantly
with some of the most recent studies from U.S. centers.
Removing the smaller U.S. center studies from the graphs in
the cases where both the study by Gammie et al and the
potentially overlapping studies have reported on the same
outcome did not have any matenial impact on the conclusions
(because the weight of the study by Gammie et al was large,
and the weight of the other singular studies was small). There
are a number of U.S. studies that clearly did not overlap the
study by Gammie et al because their date of recruitment was
earlier than that covered by Gammie et al.
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Implication for Practice and Further Research
Required

Given the results of this imperfect evidence base, de-
finitive conclusions regarding the overall benefit versus risk
of mini-MVS versus conv-MVS are not possible. It seems
that mini-MVS improves some important outcomes, but may
increase the risk of other serious outcomes. Future studies
should assess the volume-outcome relationship for mini-
MVS versus conv-MVS. Further research should be encour-
aged To ensure that any true differences between mini-MVS
and conv-MVS can be detected, and that the magnitude of
benefit versus risk can be measured objectively, adequately
powered randomized trials should be undertaken to measure
stroke, pain, patient satisfaction, overall major complications,
nead for reoperation, retum to normal activity, and quality of
life while in hospital and over the longer term. In addition,
any future nonrandomized studies should increase validity
through prospective and long-term follow-up for clinically
important outcomes.

The authors are aware that recruitment for such a
randomized trial may be perceived to be difficult in institu-
tions where mini-MVS have been adopted before compara-
tive evidence being available; however, this was equally true
for other precedents in surgery, including the eventual con-
duct of randomized trials to test the widely accepted extracra-
nial to intracranial (EC/IC) bypass to prevent ischemic stroke,
even after it had been chosen as standard of care by many
centres. Importantly, the eventual fair testing through ran-
domized studies showed that EC/IC bypass surgery actually
increased the risk of stroke compared with medical manage-
ment4° Although some centers report excellent short- and
long-term results, these reports are usually noncomparative
case series with regarding consecutive recruit-
ment. On the other hand, the studies in this meta-analysis
include a mixture of new and older studies, and the early parts
of the learning curve may have contributed to the results.
Future study should evaluate the volume-outcome relation-
ship for mini-MVS.*

CONCLUSIONS

Current evidence suggests that mini-MVS may be as-
sociated with decreased bleeding, blood product transfusion,
atrial fibrillation, stemal wound infection, scar dissatisfac-
tion, ventilation time, ICU stay, hospital length of stay, and
reduced time to retum to normal activity, without detected
adverse impact on long-term need for valvular reintervention
and survival beyond 1 year (although few studies reported
long-term outcomes). However, these potential benefits for
mini-MVS may come with an increased risk of stroke, aortic
dissection or aortic injury, phrenic nerve palsy, groin infec-
tions/complications, and increased cross-clamp, CPB, and
procedure time. Available evidence is largely limited to

ive small cohort comparisons of mini-MVS versus
conv-MVS that provide only short-term outcomes. Given
these limitations, randomized controlled trials with adequate
power and duration of follow-up to measure clinically rele-
vant outcomes are recommended to determine the balance of
benefits and risks.

Copyright © 2011 by the International Soctety for Minimally Invastve Cardiothoracic Surgery
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CONSENSUS STATEMENT

Minimally Invasive Versus Open Mitral Valve Surgery

A Consensus Statement of the International Society of Minimally
Invasive Coronary Surgery (ISMICS) 2010

Volkmar Falk, MD,* Davy C. H. Cheng, MD, Janet Martin, PharmD, MSc (HTA&M),}'}
Anno Diegeler, MD,§ Thierry A. Folliguet, MD,| L. Wiley Nifong, MD.,§ Patrick Perier, MD,§
Ehud Raanani, MD # J. Michael Smith, MD,** and Joerg Seeburger, MD1}

Objective: The purpose of this consensus conference was to delib-
erate the evidence reganding whether minimally imvasive mitral
valve surgery via thoracotomy improves clinical and resource owt-
median sternotomy in adults who require surgical intervention for
mitral valve discase.

Methods: Before the consensus conference, the consensus panel
reviewed the best available evidence wp to March 2010, whereby
systematic reviews, randomized trials, and nomrandomized trials
were considered in descending order of validity and importance. The
accompanying metz-analysis article in this issue of the Jounal
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provides the systematic review of the evidence. Based on this
systematic review, evidence-based statements were created for pre-
specified clinical questions, and consensus processes were used to
denive recommendations. The American Heart Association/Ameri-
can College of Cardiology system was used to label the level of
evidence and class of cach recommendation.

Results and Conclusions: Considenng the underlying level of
(retrospective studies with important differences in baseline patient
characteristics, which may produce bias in results of the evidence

syntheses), the consensus panel provided the following evidence-
basad statements and overall recommendation:

In patients with mitral valve disease, minimally invasive
surgery may be an alternative to conventional mitral valve surgery
(Class [Ib), given that there was comparable short-term and long-
term mortality (level B), comparable in-hospital morbidity (renal,
sions) (level B), rediced stermal complications, transfusions, post-
operative atrial fibrillation, duration of ventilation, and intensive
care unit and haspital length of stay (level B). However, this should
be considered against the increased risk of stroke (2.1% vs 1.2%)
(level B), 2ortic dissection (0.2% vs 0%) (level B), phrenic nerve
palsy (3% vs 0%) (level B), groin infections‘complications (2% vs
0%) (level B), and, prolonged crossclamp time, cardiopulmonary
bypass time, and procedure time (level B). The available evidence
consists almost entirely of observational studies and must not be
considered definitive until future adequately controlled randomized
trials further address the risk of troke, aortic complications, phrenic
nerve complications, pain, long-term survival, need for reinterven-
tion, quality of kife, and cost-effectiveness.

Key Words: Minimally invasive, Mitral valve surgery, Consensus
statement.

(Imnovations 2011:6:66-76)

Up'ﬁe of minimally invasive cardiac continues to
grow. The potential benefits of minimally invasive sur-
gery include reduced pain and perioperative clinical compli-
cations, reduced length of stay, along with improved cosmetic
results and patient satisfaction.™*
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Given the progression in popularity of minimally mva-
sive mitral valve surgery (mini-MVS), and the increasing
expenience with the technique, mini-MVS has been adopted
as standard of care by some, but not all, centers. Whether the
purported benefits of mini-MVS translate mto clinically im-
portant outcomes remains controversial, and there are con-
flicting opinions about whether minimally invasive surgery is
ready for routine uptake in place of conventional open mitral
valve surgery (conv-MVS) in selected patients or in the
majority of patients who require surgical intervention for
mitral valve disease. This article is intended to be read in light
of the evidence provided in the accompanying systematic
review published in this issue of the Journal.

METHODS

Purpose of the Consensus Conference

This consensus conference was held to clanfy, for
clinical iti and health care planners or administra-
tors, the role of mini-MVS relative to conv-MVS in adults
requiring surgical intervention for mitral valve disease. The
growing practice of performing mitral valve surgery through
the minimally invasive approach confirms the need for evi-
dence-based recommendations, with careful deliberation of
the balance of benefits versus risks. A secondary objective of
this consensus conference was to identify the gaps in the
evidence and suggest a future research agenda for mini-MVS.

Funding

Support for this consensus conference was provided by
the International Society for Minimally Invasive Cardiotho-
racic Surgery (ISMICS), which has received unrestricted
educational grants from industries that produce surgical tech-
nologies. Although ISMICS receives mdustry funding, no
specific industry was linked with this consensus conference
and did not involve direct funding from any device manufac-
turers. As in previous ISMICS consensus conferences, adito-
rial independence was granted to the members of the expert
panel, and the expectation was that the resulting consensus
statements would be based on the best available evidence,
with explicit acknowledgment of which recommendations
were informed by evidence versus where opmion was re-
quired to create statements (when evidence was lacking).

Selectlon of Panel Members

Members of the consensus panel were invited to par-
ticipate by the chair (V.F.) and facilitators of the consensus
process. Members included representation from eight coun-
tries: eight cardiovascular surgeons (ome from Israel, one
from Switzerland, two from German, two from France, and
two from the United States), one cardiac anesthesiologist, and
one methodologist with expertise in health technology assess-
ment and meta-analysis (Canada).
Defining the Clinical Question

Before the consensus conference, the consensus panel
was asked to specify the clinical question, which involved
defining each of the following considerations: patient popu-
lation of interest, intervention of interest, valid comparator

groupy(s), and outcomes of interest 4 The clinical question was
developed collaboratively with input from all consensus
panel members and was finally stated as follows:

“Does minimally invasive mitral valve surgery via
thoracotomy (mini-MVS) improve clinical and resource out-
comes compared with conventional open mitral valve surgery
through median stemotomy (conv-MVS) in adults requining
intervention for mitral valve disease”” Specifically, does
mini-MVS compared with conv-MVS improve:

1. Perioperative and Jong-term morbidity and mortality
2. Pain, functionality, and quality of life (QOL)
3. Perioperative and long-term resource utilization.

Identifying Relevant Evidence

After the clinical questions had been defmed, all published
and unpublished evidence (presented at major meetings) with
prespecified acceptable study designs was sought to inform this
clinical question. Acceptable study designs included any ran-
domized or nonrandomized comparative trial providing clinical
or resource information for mini-MVS versus conv-MVS in
adults requiring surgical intervention for mitral valve disease.
Because there was no available comprehensive systematic re-
view that included all relevant evidence to answer our clinical
question, we conducted a full systematic review and meta-
analysis of the evidence before the conference. The complete
methodology and results of the systematic review has been
described in another article in this issue of the Joumal and
should be consulted before reading the consensus statements
provided here.* In shoet, before the consensus conference, com-
prehensive searches of Cochrane, MEDLINE, EMBASE, and
abstract databases were conducted to dentify all mndomized
and nonrandomized comparative trials comparing mini-MVS
with conv-MVS, and which reported clinical- or resource-re-
lated outcomes. Potentially relevant studies were circulated to
the consensus panel for review and to assess agreement with the
prespecified inclusion criteria and to determine whether any
relevant trials were missed Information related to baseline
chamcteristics and outcomes was extracted by one author and
verified by a second author. When appropriate, data were syn-
thesized by valid meta-analytic techniques to provide more
precise aggregate outcome estimates across multiple studies
reporting the same outcome. Data that were not appropriate for
statistical synthesis across trials were summarized qualitatively
in tables and text to ensure all relevant data were addressed in
the systematic review. The results of the systematic review and

meta-analysis were usad to evidence tables and forest
plots to form the basis for discussions and support decision
making for the consensus panel

Reviewing and Presenting the Evidence

Before the comsensus conference, each member of the
consensus panel reviewed the selected randomized and nonran-
domized studies related to the clinical questions. During the
consensus conference meeting, the panelists were asked to
address the following subquestions with the best available
evidence:

1. When compared with conv-MVS, does mini-MVS reduce
perioperative morbadity (stroke, myocardial mfarction, ar-
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rhythmias, regurgitation, heart filure, transfusion, bleed-
ing, reoperation for bleeding, renal filure, and infection)
and mortality over the short term and long term?

2. When compared with conv-MVS, does mini-MVS im-
prove functionality, satisfaction, and QOL?

3. When compared with conv-MVS, does mini-MVS af-
fect overall resource utilization (procedure time, length
of stay, and overall costs)?

Applying the Evidence to Create
Recommendations

Levels of Evidence and Grade of
Recommendations

The methods were similar to previous consensus con-
ferences hosted by ISMICS, (6-11) and the methodologic
details are provided here for reader convenience. The evi-
dence used to inform each clinical subquestion was classified
according to the taxonomy suggested by AHA (American
Heart Association)/American College of Cardiology (ACC),
as outlined in Table 1. This classification categorizes the
evidence based on study design and susceptibility to bias,
wheremn higher levels of evidence and grades are labeled to
highlight their Jesser likelihood for bias and increasad confi-
dence m “closeness to the truth.™.1215 Several systems of
grading recommendations and labeling strength of the evidence
exist. The AHAJACC system was chosen for consistency with
other guidelines (http:/‘www.acc.org/clinical/manual'manual
index htm; accessed Apnil 19, 2004) (Tables 1 and 2). As
recommened by guidelines, ' classification of the evidence and
labeling recommendations should involve a group panel using
a democratic voting process after adequate group discussion
of the strength of the evidence.

Members of the panel considered the highest possible
level of evidence to inform the clinical subquestions. Sys-
tematic reviews, meta-analyses, and randomized trials (level
A evidence, Table 1) were considered preferentially to non-
randomized clinical trials (level B evidence). When evidence
from published or unpublished studies (from major meetings)
to address the question was not available, expert opinion from
the consensus panel members was required (level C evi-
dence). In each case, the best available level of evidence was
explicitly stated and subsequently interpreted in light of
strengths and weaknesses before a statement of recommen-
dation was made. It was generally agreed that recommenda-
tions with higher levels of evidence without heterogeneity
should be interpreted with more confidence than recommen-
dations based on lower levels of evidence or with heteroge-
neity, and that recommendations should be explicitly classi-

fied as per the ACC/AHA system (Table 2).

TABLE 1. Levels of Evidence

Level A Data derived from multple mndomuzed clinical triaks

Level B Data derived from a smgle mndomized trial, or
non-randomized studies

Level C Consensus opinion of experts

TABLE 2. Classes of Recommendations

Chss 1 Conditions for which there is evadence andlor
agreement that a given procedure o trestment is
useful and effective
Condtions for which there is confixcting evidence andlor a
T of opimon ahout the usefulness/'efiicacy of a
procedure or trestment
lla Weght of evidencelopinion is in fivor of usefulness/efficacy
ib Usefulness/efficacy is less well established by
evidencelopinion
em-hMMnerdxempﬂﬂ

J mybeh'mﬁll

Chss 1t

Chass 1

Consensus Process and the Role of Evidence
Versus Opinion

After reviewing the available evidence during the con-
sensus meeting, the consensus panel created drafi statements
for the subquestions. Further discussion of the strength,
consistency, clinical significance, and relevance of the evi-
dence occurred before fmal revisions and final agreement was
made to the consensus statement (along with its appropriate
Level of Evidence and Class of Recommendation) for each of
the subquestions.

When limited evidence was found to inform a clinical
subquestion, it was explicitly recognized that scientific infor-
mation would nead to be supplemented by the interpretations
and opinions of the experts. Legitimate conflicts over differ-
ences in interpretation and value were resolved by discussion
and majority consensus. Therefore, it s important to note that
consensus was not always unanimous per se. This is partic-
ularly true for subquestions informed only by lower levels of
evidence or heterogeneous evidence, where controversy was
not allayed by clear evidence and where expert opinion was
required to make a judgment.

After each subquestion had been addressed, the entire
consensus panel reviewed the recommendations and their
assigned grades of recommendations and proposed levels of
evidence to address the overarching question of whether
mini-MVS should be recommended as an alternative to conv-
MVS in today's practice environment.

In summary, this consensus process sought to be evi-
denced based whenever evidence was available, while allow-
ing for opinions to inform the j when the evidence
was incomplete. The basis for the statement was labeled by a
declarative level of evidence in order to understand whether
the basis was evidence or opinion. Bringing experts together
for a consensus process based as far as possible on evidence
allowed for a carefully considered judgment of the evidence-
based recommendations along with their certainties and un-
certainties, but still remains imperfect given the limitations of
the evidence and the need for filling in the paps.

RESULTS
A systematic review and meta-analysis of the evidence
performed by members of the consensus panel was used as
the basis for the discussion of the evidence and formation of
the recommendations. All available randomized and nonran-
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domized comparative tnals of isolated mini- versus conv-
MVS were included in the systematic review.®

The systematic review with meta-analysis identified
two randomized trials and 33 nonrandomized studies for
a total of 35 studies comparing mini-MVS versus conv-
MVS."t There was broad representation from a variety of
countries in the meluded studies. Averape age of patients al
baseline was 55 years, 42% of whom were women. At
baseline, mean ejection fraction was 55%, and approximately
7% of patients had diabetes, 22% had atrial fiballation, 4%
had previous myocardial infarction, and 3% had previous
stroke. On average, 3.7% of patients required conversion
from plannad mini-MVS to conv-MVS, and it was not clear
whether the individual studses excluded converted patients. We
were unable to consider the mmpact of converted patients because
of the lack of mfoemation about their cutcomes in the studies.

There were some differences i baseline characteristics
between groups when the studies were combined. Mini-MVS
patients were slightly younger by 1.6 years than conv-MVS
patients, and this difference was statistically significant
[weighted mean difference (WMD) —1.57, 95% confidence
mterval (CT) —2.72 to —0.42 years]. In addition, mini-MVS
patients were less likely to have renal dysfunction, chronic
obstructive pulmonary disease, or elevated pulmonary artery
pressures at baseline. These differences were generally driven
by patient selection in the nomrandomized studies in this
meta-analysis.'" Please refer (o the accompanying systematic
review in this issue of the Joumnal for the baseline charcter-
istics table.

For the following outcomes, heterogeneity across stud-
ies was observed in the meta-analysis for chest tube drainage,
deep infection or dehiscence, bypass time, cross-clamp time,
ventilation time, procedure time, length of stay, and time to
return to normal activity. Nevertheless, much of the hetero-
geneity was Jess conceming because it was driven by uncer-
tainty about the size of effect and not the direction of effect
and therefore did not put o question the presence of
significant benefit (when detected). The presence of hetero-
geneity was considered for each respective outcome during
the consensus conference. The discussion and resulting evi-
dence-based statements with assignment of levels of evidence
and class of recommendation are given below for each
clinical subquestion and for the overarching clinical question.
The results from mets-analysis of mandomized
controlled tnials (RCTs, level A) would have been preferred;
however, because randomized trials were generally unavail-
able, results from nonrandomized evidence (non-
RCTs, level B) were therefore required for most outcomes.
Redmmaycoumhlwongmlpnblmmfweomdm—
sive reporting of both randomized and nonrandomized trials
for all endpoints. For discrete outcomes, risk ratios (RRs) and
their 95% Cls are reported. For continuous outcomes, the
WMD (95% CI) is reported.

Question 1: Does Minl-MVS Compared With
Conv-MVS Improve Perloperative Morbidity
and Mortallty?

Postoperative all-cause mortality was not significantly
different between mini-MVS and conv-MVS i hospital or at

30 days (1.2% vs 1.5%, RR 103, 95% C1 0.75-142; 20
studies, level B). There was no difference between the RCTs
and non-RCTs for this outcome, given that there were no
deaths reported in either of the two RCTs.

Clinical outcomes that were improved with mini-MVS
compared with conv-MVS inclded bleeding, units of red
blood cells (RBCs), platelets and fresh frozen plasma trans-
fused, postoperative atrial fibrillation, and (of course) sternal
wound complications. Volume of bleeding, generally mea-
sured by chest tube dramage, was reduced with min-MVS
compared with conv-MVS by ~300 mL (WMD —255 mL,
95% CI —437 to —95 mL; 12 studies; level B). Volume of
RBCs transfusad was reduced by nearly two units (WMD 1.9
units, 95% C1 —2.5 to —1.2 units, level B) for mini-MVS
versus conv-MVS. However, the number of patients trans-
fused RBCs was not significantly reduced. The volume of
fresh frozen plasma transfusad was reduced with mini-MVS
versus conv-MVS, although the reduction was <05 unit
(WMD —0.4 units, 95% C1 —0.8 to —0.08 units, level B).
The number of patients receiving platelet transfusion was
reduced with mini-MVS versus conv-MVS, although the
absolute reduction was small (16% vs 19%; RR 0.80, 95% CI
0.73-0.88; two studies, level B). The reasons for reduced
bleeding are most likely associated with a smaller mcision
and less dissection of tissue and thus a smaller wound
surface. Diffuse should therefore be less. There
may, however, be a potential bias in that patients were also
younger, and the threshold for transfusion may thus be
different as lower hematocnit levels may have been accepted
in younger patients. Transfusion data by age were unfortu-
nately not available to test this hypothesis.

Mini-MVS was associated with a reduction in postop-
erative atnal fiballation compared with conv-MVS (absolute
risk reduction 4%). Whether this may be due to the reduced
systemic inflammatory approach associated with the less
traumatic minimally invasive approach remains to be proven.
Reduction in atrial fibnllation with minimally invasive car-
diac surgery has also been shown for other minimally inva-
sive procedures including ofi-pump bypass surgery compared
with on-pump bypass surgery.!?" The reason for this differ-
ence in the new onset of atrial fibrillation remains uncertain.
Perhaps, femoral vem cannulation is Jess likely to trigger
fibrillation than direct right atrial cannulation, which is asso-
ciated with more atrial ion. Limited dissection and
manipulation of the heart and limited pericardiotomy may
also play a role. Size of the lefi atium as well as age
differences may also be confounding factors. In addition, the
stdies did not clearly denote the number of patients who
received concomitant surpical ablation for atrial fibrillation,
and it is possible that this was performed more commonly in
the conv-MVS group.

Although atrial fibrillation was significantly reduced
(absolute risk reduction 4%) with mini-MVS compared with
conv-MVS (RR 0.87; 95% CI 0.77 to 0.99; eight studies,
level B), it is important to note that no reduction in pace-
maker insertion was found (perhaps due to low power, as few
studies consistently reported this outcome). It is also impor-
tant to note that the finding of lesser postoperative atrial
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fibrillation seems counterintuitive to the finding of increased
risk of stroke in the mini-MVS group (see below).

Some adverse clinical outcomes were increased with
mini-MVS compared with conv-MVS, including stroke (de-
fined as neurologic deficits =24 hours), aortic dissection,
phrenic nerve palsy, and groin wound vasculature complica-
tions. The absolute risk increase of stroke for mini-MVS
versus conv-MVS was 0.9% overall (2.1% vs 1.2%, RR 1.79,
95% CI 1.35-2.38: 13 studies, level B). In the two RCTs in
the meta-analysis, stroke was not measured (or not reported).
To select for higher quality nonrandomized studies to explore
whether study design impacted the estimate of stroke risk,
subanalysis of propensity-matched studies was performed.
Subanalysis of two propensity ison studies also
showed significant increase of stroke of 1% with mini-MVS
compared with conv-MVS (1.9% vs 0.9%, RR 2.02, 95% CI
1.40-2.94; two studies, level B). The results of these higher
quality propensity-adjusted studies were consistent with the
remainder of the retrospective unmatched cohort studies re-
porting on this outcome. Further exploration of the potential
reasons for increasad risk of stroke was performed by suba-
nalyzing studies that reported using endoaortic clamp sepa-
rately from those that reported using exclusively the trans-
thoracic clamp.

The increased risk of stroke in the mini-MVS group
compared with conv-MVS was numerically greater in the

up of mini-MVS studies that used endoaortic clamp
exclusively (RR 1.72, 95% CI 0.91-3.23; P = 0.09; five
studies, level B) or in studies that reported using endoaortic
clamping in a proportion of included patients (RR 1.84, 95%
Cl 1.33-255; P = 0.0002; three studies, level B). In those
studies in which transthoracic clamping was used exclu-
sively, the risk was not increased, although this subgroup was
underpowered (RR 0.80, 95% C1 0.07-8.92; P = 0.9; four
studies, level B). In the studies using exclusively transtho-
racic clamping, there were only two strokes reported (one in
each group). Because there was no heterogeneity across the
trials for the outcome of stroke (I = 0%), we camnot
conclude from these data that the difference in risk of stroke
is related to the use of the endoaortic approach for clamping.
More importantly, because these results are derived from
observational studies, a causal link between mini-MVS and
stroke cannot be definitively determined because important
differences between patients in each group at baseline and/or
differences in their treatment other than the type of surgery
received may have biased the results. Clearly, this finding of
potential for mcreased risk of stroke remains an important
result to be explored further through trial designs adequate in
size and duration to answer the question.

Potential reasons for the increased risk of stroke remain
unknown, and have not been specifically studied. Some
opinions (not yet supported by evidence) that may be impor-
tant to consider for future hypothesis generation to guide
future studies might include the following:

¢ Incomplete de-airing associated with the minimally in-
vasive approach.

* Retrograde aortic flow with the potential of retrograde
embolism from a calcified thoracic aorta or aortic arch.

« Use of CO, insuffiation during mini-MVS to reduce the
amount of detectable bubbles using transcranial Doppler.

 Failure to use an aortic root vent may potentially in-
crease the risk of air emboli, leading some to recom-
mend leaving the aortic root vent until the heart is fully
beating and no more bubbles are seen on transesopha-
geal echocardiography (TEE).

* To prevent retrograde embolism, it has been suggested
that retrograde flow should be avoided in patients with
an athermanous aorta or arterial cannulation may be
performed via the axillary artery.

* Perhaps, prolonged cross-clamp time and cardiopulmo-
nary bypass (CPB) time associated with mini-MVS
contributes to the increased risk of stroke.

None of these factors has yet been proven to be the
reason for increased risk of stroke, and these hypotheses
require appropriate study.

Aortic dissections and iatrogenic aortic injuries were
both increased with mini-MVS versus conv-MVS. Risk of
aortic dissection, considerad alone, was 0.2% versus 0% for
the two groups, respectively (RR 6.04, 95% CI 1.06 to 34.47;
six studies, level B). Similarly, when aortic dissections and
injuries were considered as a composite endpoint, there was
a significant increased risk with mini-MVS versus conv-
MVS, although the absolute event rate was small (0.4% vs
09, 5.68,95% CI 1.23 to 26.17; eight studies, level B). It was
not possible to determine the reasons for aortic dissections
and iatrogenic aortic injuries from the information provided
in the studies. No studies have been done to specifically
inform this risk. Perhaps, increased incidence of aortic injury
can be attributed to the leaming curve associated with a change
in aortic clamping techniques. If not monitored well, the endo-
aortic balloon can obstruct the truncus and Jead to temporary
malperfusion of the brain, and for this reason, it has been
recommended to monitor both right and left radial artery
pressures. Perhaps, retrograde cannulation of the femoral
artery leads to increased risk of aortic injury which, with
retrograde aortic flow, can predispose to aortic dissection.
Some have suggested, therefore, that meticulous use of the
Seldinger technique is important, and if there is any
resistance for the guide wire, subclavian artery access
should be chosen. These suggestions remain to be studied.

Risk of phrenic nerve palsy was higher with mini-MVS
versus conv-MVS by an absolute increase of 3% (3% vs 0%,
RR 7.6, 95% CI 1.3 to 44.7; three studies, level B). Some of
the patients in the studies that reported phrenic nerve palsy
experienced respiratory compromise and prolonged ventila-
tion,'*2° whereas other patients experienced only diaphragm
elevation' and'or were not described in sufficient detail to
determine the clinical significance of the nerve palsy. It has
been supgested that phrenic nerve palsy may result from
extensive pull on the pericardial retraction sutures that are
sometimes used for enhancing exposure of the left atrium. As
aresult, some have suggested that it is important to (1) cut the
pericardium not too close to the phrenic nerve (=3 cm away)
and (2) not to place the retraction sutures close to the nerve
and avoid excessive pull. Another potential source of phrenic
nerve injury may be the use of a cryoprobe for concomitant
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ablation therapy, as the probe can come in close proximity to
the nerve and cause temporary palsy. Again, studies are
needed to clarify these hypotheses.

Not surprisingly, stemal wound infections were signif-
icantly decreased with mini-MVS versus conv-MVS (0% vs
0.3%: RR 0.34, 95% CI 0.12 to 0.95; seven studies, level B).
This is a result that is consistent with expectations, as the
mini-MVS approach was by definition via a thoracotomy
rather than via sternotomy, whereas the conv-MVS approach
was by definition only via median sternotomy in this meta-
analysis. As a corollary, the conv-MVS approach resulted in
an absolute increase in the risk of groin infections/complica-
tions by 2% compared with conv-MVS (2% vs 0%, RR 5.62,
95% CI 1.26 to 25.135 studies, level B).

Other ive clinical outcomes did not differ
between mini-MVS and conv-MVS, mcltuing renal compli-

and pneumothorax), cardiac outcomes (acute myocardial in-
farction, ventricular arrhythmias, mitral mnsufficiency, tam-
ponade, pericardial effusion, heart failure, and thromboem-
bolic events), reoperation for bleeding.

Statement

1. No difference was found in mortality (12% vs 1.5%)
between mini-MV'S and conv-MVS during the perioper-
ative period and up to 30 days postoperatively (level B).

2. Risk of stroke was increased (2.1% vs 1.2%, number
needed to harm = 111) with mini-MVS versus conv-
MVS (level B).

3. Risk of aortic dissection was increased (0.2% vs (%)
with mini-MVS versus conv-MVS (level B).

4. Risk of phrenic nerve palsy was increasad (3% vs 0%)
with mini-MVS versus conv-MVS (level B).

5. Risk of groin infecti ications was increased
(2% vs 0%%) with mini-MVS versus conv-MVS (level B).

6. Risk of stemal complications was decreased (0% vs
0.3%) with mini-MVS versus conv-MVS (level B).

7. Volume of blood product transfusion was reduced (1.5
vs 3.5 RBC units) with mini-MVS versus conv-MVS
(level B), but reoperation for bleeding was not differ-
ent between groups (level B).

8. Risk of postoperative atrial fibrillation was reduced
(18% vs 22%) with mini-MVS versus conv-MVS
(level B).

9. There was comparable risk of other m-hospital mor-
bidities (renal, pulmonary, cardiac, and readmission
rates) for mini-MVS and conv-MVS (level B).

10. Longer term outcomes, including readmissions, need
for reoperation, and survival at | to 8 years, were
similar between mini-MVS and conv-MVS (level B);
however, very few studies reported these outcomes.

Questlon 2: Does MiInl-MVS Reduce Paln and
Improve Functionallity, Satisfaction, and QOL
Compared With Conv-MVS?

Pain measured via VAS was not significantly reduced for
mini-MVS versus conv-MVS (WMD —0.07 points, 95% Cl

=025 to +0.11 points; five studies, Jevel B) when measured
postoperatively on day 1 through to discharge. Use of analgesics
also did not differ between groups. However, few studies re-
ported any outcomes related to pain and failure to find a
difference may be due to ing. Nonetheless, it is
interesting to note that in the studies where VAS was reported,
the difference between groups (mean difference) and range of
plausible differences (95% CI) was very small.

New York Heart Association class was slightly im-
proved after | year for mini-MVS compared with conv-MVS
(mean class 1.32 vs 1.52, WMD —0.26, 95% CI —027 to
—0.25; two studies, level B), but the difference was small and
based on two studies. The clinical relevance of this small
incremental improvement between groups is uncertain.

There was no significant difference in freedom from
reoperation between groups at 1 year (RR 1.03, 95% CI 0.97
to 1.10; 1 study, level B) based on one study only. However,
at 8 years, there was significant i t in freedom
from ion for mini-MVS with conv-MVS
(RR 1.04, 95% CI 1.01 to 1.08; one study, level B) based on
one study only.

Return to normal activity was significantly faster for
mini-MVS versus conv-MVS (6.3 vs 12.3 weeks, WMD
—4.96 weeks, 95% CI —6.39 to —3.52 weeks; three studies,
level B). There was significant heterogeneity across the
studies for this outcome.

Time to retum to nommal activity was significantly

improved with mini-MVS versus conv-MVS (WMD -3
wedts.OS%Cl —6.4 to —3.5 weeks: three studies, level B).
QOL was reported in only one observational study and
showed no differences in the degree of improvement in QOL
postoperatively between groups.

Mean incision length was 6.3 cm, and it was 16 cm
shorter, on average, in the mini-MVS group compared with
conv-MVS in the few studies that reported comparative data
for this outcome (WMD —16 cm, 95% CI —19 to —13 cm,
level B). One study measured patient dissatisfaction with the
scar postoperatively and showed that significantly fewer pa-
tients were dissatisfied with the scar in the mini-MVS group
versus conv-MVS (0% vs 19%, RR 0.05, 95% CI 0 to 0.79;
1 study, level B).

Statement

1. There was no difference in reported pain perception
between mini-MVS and conv-MVS during the periop-
erative period and up to 30 days (level B).

2. Patient dissatisfaction with the scar postoperatively was
reduced (0% ws 19%) with mini-MVS versus conv-
MVS (level B); however, only one study reported this
outcome.

3. New York Heart Association class improvement at |
year was similar (mean class 1.32 vs 1.52) with mini-
MVS and conv-MVS (level B).

4. Time to retum to nommal activity was significantly
improved (6 vs 12 weeks) with mini-MVS compared
with conv-MVS (level B).
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5. There was a similar need for reoperation at | year
between mini-MVS and conv-MVS (level B); however,
few studies reported this outcome.

6. No difference was found for QOL between mini-MVS
and conv-MVS (level B), however, only one study
reported this outcome.

Question 3: When Com, With Conv-MVS,
Does Minl-MVS Affect all Resource
Utllizatlon (Operating Room Time, Length of
Stay, and Overall Costs)?

Although cross-clamp time, CPB time, and procedure
time were increased with mini-MVS compared with conv-
MVS, the ventilation time, and intensive care unit (ICU) and
hospital length of stay were reduced. Cross-clamp time was
mcreased by 21 minutes (WMD 21.41, 95% CI 10.14 to
32.69 minutes, level B), when all studies were considered m
aggregale. In exploratory subanalyses, the increased cross-
clamp time among observational studies was found mainly
for repair but not for replacement. At least one study has
reported a leaming curve effect with earlier expenence in
mini-MVS requiring longer than later experience with mini-
MVS, although in later experience, they still required a longer
procedure time with the minimally mvasive approach com-
pared with conventional surgery.?' However, subanalysis of
RCTs showed shorter cross-clamp time with mini-MVS ver-
sus conv-MVS (56 * 16 minutes vs 60 = 19 minates, WMD
—4.0 minutes, 95% Cl =72 to —0.7 mimutes), which is
opposite to what the observational studies suggested. Cross-
clamp time may be related directly to the experience of the
centres. However, this hypothesis was not tested in our
meta-analysis.

CPB time was significantly increased with mini-MVS
versus conv-MVS (WMD 33.0, 95% C1 18.9 to 47.1 minutes;
27 studies, level B), when all studies were considered in
aggregate. Mwmngmﬁumhewoguutymmﬂns
of the two RCTs showed
significantly reduced CPB time with mini-MV'S versus conv-
MVS (WMD —4 minutes, 95% C1 —7 to — | minutes), which
is opposite to what the nonrandomized studies reported. The
reasons for the discrepancy between randomized and nonran-
domized studies remain uncertain. Often, the patient is put on
CPB immediately after femoral cannulation even before the
thoracotomy 1s made. This of course adds to the overall CPB
time m mini-MVS.

Procedure time was significantly increased for mini-
MVS with conv-MVS (WMD 0.79 hours, 95% CI
0.41 to 1.16 hours; 13 studies, level B) when all studies were
considered together. There was significant heterogeneity
among the stixhies for this outcome, but the heterogeneity was
mostly due to the degree of increased procedure time rather
than to differences in direction of effect. The single RCT that
reported this outcome showed no significant difference
procedure time between groups (WMD 0.24, 95% CI —0.31
to +0.79 hours, one RCT, level B), although the trend was in
the same direction and the study was likely underpowered.

Ventilation time was significantly reduced for mini-
MVS compared with conv-MVS (12.6 vs 19.9 hours, WMD
—2.07 hours, 95% CI —3.30 to —0.75 hours, 18 studses, level

B). The one RCT that reported this outcome showed no
difference in the length of ventilation between mini- and
conv-MVS (WMD —3.0, 95% CI =74 to +1.4 hours, level
B)humyhvebeenm&lpwmdtndem;aynﬁm

mgthofmymlCUmngmﬁmﬂymdnedfa
mini-MVS versus conv-MVS (WMD —0.50 days, 95% CI
—0.68 to —0.32 days, 18 studies, level B). No RCTs reported
this outcome, and the among observational
studies was generally not of concem given that the direction
of effect was similar for most studies. Similarly, length of
stay was reduced with mini-MVS versus conv-MVS
(WMD —1.60 days, 95% C1 —2.09 to —1.11 days, 26
studies, level B). There was significant heterogeneity among
the studies for this outcome, but the direction of effect was
similar for most studies. Differences in patient discharge
protocols and bed availability may account for differences in
degree of reduction in length of stay. Subanalysis of the two
RCTs reporting this outcome showed only a small numeric
reduction in hospital length of stay that did not reach sigmif-
icance (WMD —0.04 days, 95% Cl —0.8 to +0.7 days).
The overall impact on total costs remams uncertain.
Although some centers have sugpested cost savings with
mini-MVS, this finding was not universal. It was not possible
to combine costs reportad in various studies across disparate
countries, and synthesis of cost estimates was not possible
because of heterogeneity. The incremental cost-effectiveness
for mini- versus conv-MVS remains imstudied.

Statements

I. Cross-clamp time was longer (95 vs 74 minutes) for
mini-MVS compared with conv-MVS (level B).

2. Cardiopulmonary bypass time was longer (144 vs 112
minutes) for mini-MVS compared with conv-MVS
(level B).

3. Procedure time was longer (4.5 vs 3.7 hours) for mini-
MVS versus conv-MVS (level B).

4. Ventilation time was shorter (13 vs 20 hours) for mini-
MVS versus conv-MVS (level B).

5. Postoperative ICU stay (1.6 vs 2.4 days) and hospital
stay (7 vs 9 days) were shorter for mini-MVS versus
conv-MVS (level B).

6. Costs were reported i few studies, but with varied
definitions and settings, generalizable conclusions re-
garding costs or cost-effectiveness were not possible.

Consensus Summary for Overarching Question

After discussion of each of the substatements for the
three subquestions, the consensus penel discussed what
should be the overall role of mini-MVS compared with
conv-MVS in the current practice environment, to address the
overarching question: does mini-MVS improve clinical and
resource outcomes compared with conv-MVS? Because there
are no studies that have examined a policy of routing mini-
MVS versus conv-MVS as standard of care. the maximal
level of evidence for this recommendation is Jevel B. But,
because the evidence was less well established for key clin-
ical outcomes, and because there was some inconsistency of
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opinion across the consensus panel, the recommendation was
designated as Class I1b. In addition, there was much discus-
sion about the lmitations of the evidence and the fact that
there have been no prospective randomized trials to establ-
ish the comparative effectiveness of the mini- versus conv-
MVS. The current evidence base relies on retrospective
reviews of experiences from a vaniety of centers, with varied
levels of expertise, and there may be significant risk of
publication bias as authors will be less likely to publish
adverse outcomes when publishing their center’s experience
(and many centers have not published their experience at all).
Notwithstanding these limitations, the panel discussad the
fact that the review of the evidence was comprehensive and
attempted to be objective in ascertaining all outcomes from
all studies. The current evidence should guide our decision
making, with full acknowledgment of the limitations and the
need for future research to guide consensus updates in the
future. Given this discussion, the panel suggested the follow-
ing overarching recommendation:

Recommendation

In patients with mitral valve disease, minimally mva-
sive surgery may be an altermative to conventional mitral
valve surgery (Class IIb), given that there was:

1. Comparable short-ferm and Jong-term mortality (level B)

2. Comparable in-hospital morbldny (renal, pulmonary,
cardiac complications, pain perception, and readmis-
sions) (level B)

3. Avoidance of stemal complications (0 vs 0.3%), units
transfused (1.5 vs 3.5 RBC units), postoperative atrial
fibrillation (18% vs 22%), duration of ventilation, and
ICU and hospital length of stay (level B).

However, this should be considered against the
increased risk of:
4. Stroke (2.1% vs 1.2%) (level B)
5. Aortic dissection (0.2% vs 0%) (level B)
6. Phrenic nerve palsy (3% vs (%) (level B)
7. Groin infections/complications (‘2% vs %) (level B)
8. Prolonged cross-clamp time,
time, and procedure time (level B).

DISCUSSION
Overall, the recommendations suggest that mini-MVS
may have advantages with respect to reduced risk of blead-
ing, atrial fibrillation, and sternal infection but may increase
the risk of stroke and grom infections/complications. For
most other endpoints, no difference was found for either
technique. However, the reliance on retrospective studies
reduces the confidence in our findings, and some of the
results may represent conservative estimates (especially if
complicated patients crossed over to and were accounted for
as conv-MVS, which is more likely to happen in retrospective
studies where the original intent of the intended procedure
may not be documented).
Statement on Future Research
This consensus statement must be interpreted in light of
the fact that all recommendations were level B. Because only

two small randomized trials of mini-MVS have been pub-
lished, and because there were msufficient events i these
randomized trials determine whether any differences might
exist, none of the recommendations is based on level A
evidence. Future evidence may change or further refine the
statements within this consensus statement. Based on discus-
sion of the limitations of the evidence base and key gaps in
the available literature, the following areas were suggested by
the consensus panel as priority areas for future research.

Trial Design

Future trials should be designed to compare mini-MVS
versus conv-MVS rather than focusing on noncomparative
case series only. Without a comparison to conventional open
surgery, it is difficult to know whether mini-MVS is better,
same, or worse than standard open mitral valve surgery with
regard to the endpoints discussed here. Rates of repair versus
replacement were inadequately studied in the existing stud-
ies and should be clarified in future comparative studies.
Some series from experienced centers have shown repair
rates exceeding 90% with minimally invasive techniques.
However, these were noncomparative case series and pro-
vide insufficient proof of comparative outcomes and have
been singularly underpowered to assess uncommon risks
such as stroke.

Because of the potential implications of increased nisk
of stroke and because the retrospective nature of current
studies raise questions of bias (which may change the results
for worse or for better, and the balance of effect of bias
remains unknown), adequately powered randomized trials are
required to determine whether the risk of stroke truly differs
homogeneity in patient characteristics between groups, it will
not be known whether this finding is real or whether it may
be an artifact of differential patient selection and different
intensities of reporting or follow-up in the observational
studies included in the meta-analysis. Such a serious outcome
requires a fair evaluation through randomized trials to defin-
itively answer the question for future patients. The authors
are aware that mini-M VS has been adopted as the standard of
care in many centers and is akso driven by patient desire that
may provide a challenging environment for recruitment.
Nonetheless, a randomized trial is possible despite these
challenges and has been overcome in other areas of surgery
where procedures have been adopted before developing an
adequate evidence base.

In designing future randomized trials, careful attention
to study design should be given. The process of randomiza-
tion should be objective and concealed so that patients in each
arm will be comparable and decisions to enroll patients are
made under equipoise rather than having control over which
patients are included in each arm of the study. Primary
analysis of randomized studies, or any comparative analysis,
should be made by intention-to-treat, with subsequent suba-
nalysis of patients who crossover. This is equally important
for prospective randomized studies as it is for nonrandomized
retrospective studies, because patients who are intended to
undergo mini-MVS and who are subsaquently crossed over to
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open surgery tend to have worse outcomes when compared
with patients who were originally intended to undergo open
surgery (without crossover). If these crossover patients are
analyzed i the open surgery group, their results will unfairly
bias the open surgical group. Therefore, for retrospective
studies, extra effort should be applied to ascertaining whether
patients in the open surgery group wrongly include patients
who were originally intended to undergo minimally invasive
surgery but were crossed over.

Future studies should also be of adequate duration to
measure the most clinically relevant outcomes—Jlong-term
survival, patient functionality and QOL, and freedom from
residual mitral insufficiency, and reoperation. Future studies
from centers reporting their experience should ensure that any
overlap with previous publications is declared.

Definitions

Efforts should be made to standardize definitions of
mini-MVS. A variety of techniues have been used under the
name of mini-MVS ranging from thoracotomy with small
incision and videoscope used to assist vision, to thoracotomy
with large incision and direct vision, and to mini-median
stemotomy. Some mini-MVS ha\vmedtoullyrobooctzdl-
niques, whereas others use robot-assisted . There-
fore, all future studies should explicitly define the mini-MVS
procedure so that reviewers can understand what was done.
Clear explanation of the access, cannulation site, occlusion
technique, de-airing technique, and level of experience of the
operators should be provided.

Outcomes

Because there is i power in the existing small
randomized trials (each with short-term follow-up), the ma-
jority of outcomes have not been adequately addressed
Although the balance of the evidence suggests that there may
be some reduced risk of certain perioperative morbidities
(transfusion, atrial fibrillation, mediastinitis, ventilation time,
lengthofsuy mdreunnhonomlmny)mdme

increased cross-clamp and cardiopulmonary bypass time, and
increased procedure time), these are based on nonrandomized
trials with measurable selection bias. Therefore, all clinically
relevant outcomes remain to be definitively proven in future
adequately powered randomized trials that control for selec-
tion biases. In particular, outcomes that should be given high
priority in future randomized trials include pain, QOL, func-
tionality, retum to normal function, survival, reoperation,
long-term valvular function (with echo follow-up year by
year), major adverse coronary events and overall resource
utilizai

Strengths and Limitations

This consensus statement is based on a curmrent and
comprehensive systematic review of the evidence, with for-
mal consensus processes that limited the role of opmion
secondary to that of the evidence base. Care was taken to
explicitly label the recommendations with the evidence avail-
able to mform it, and when evidence was unavailable, to

apply considered expert judgment to provide perspective for
potential users of the statement. With this explicit evidence-
based consensus process, it should be clear to the user how
the recommendations were derived. The panel acknowledges
that many large single center studies that report positive
results with mini-MVS were excluded from this analysis
because they were noncomparative case series without the
ability to inform comparative efficacy versus conventional
surgery. Thus, this analysis may not reflect contemporary
practice because many experienced centers did not report
comparative studies. Only two randomized trials have been
published, and both of these date back to the earlier history of
mini-MVS. Updated randomized trials involving experienced
centers are necessary to elucidate the issue of stroke.

A notable strength of this consensus statement is its
reliance on the evidence base, with comprehensive consider-
ation of benefits, risks, and resource-related issues. The
methodology undertaken and recommendations provided by
this consensus conference are in agreement with current
recommendations for developing consensus statementsz=223
and guidelines* To self-appraise our consensus statement
apainst current standards for valid guidelines, we subjected
our consensus process and recommendations to quality as-
sessment checklists and found that most indicators of high-
quality were met or exceeded.z22¢ This is in contrast to the
majority of existing guidelines, which rarely meet all of these
reco criteria. 4

Although a range of health care professionals and
methodological expertise was represented on the consensus
panel, some stakeholders were not represented. In particular,
patients, administrators, and policymakers, were not invited
to participate; however, patient-related outcomes including
satisfaction and QOL were sought from published trials to
address this perspective. It is unfortunate that patient satis-
faction was infrequently reported in the studies. In addition,
stakeholders from the manufacturing sector (ie, producers of
technologies related to endoscopic and open surgery) were
not included in the consensus and review process, to reduce
the risk of bias that may result from direct manufacturer
involvement.

Clinicians tend to overestimate the effectiveness of new
interventions, especially if the intervention in question rests
within the realm of their expertise.>* In addition, there is a
tendency for group decision-making processes to converge
with compromises made to please all members, even for
issues that are greatly polarized. To reduce this problem,
experts in evidence-based decision-making and health tech-
nology assessment were invited to facilitate the discussion
and to promote that the best available evidence should be the
focus for discussion. Nonetheless, a key limitation was the
ahsence of other surgeons on the consensus panel who are not
strong proponents of mini-MVS. Most members were expert
surgeons who perform mini-MVS, and this represents a
significant limitation of breadth and balance of perspectives.

A further limitation of the evidence base on which these
recommendations were made is the inconsistent management
of patients who crossed over from mini-MVS to conv-MVS
because of difficult morphology, intraoperative bleeding, he-

74 Copyright © 2011 by the International Soctety for Minimally Imvastve Cardiothoracic Surgery

1N1



Innovations e Violume 6, Number 2, March/April 2011

Minimally invasive Mitral Valve Surgery Consensus Statements

modynamic collapse, or other complications. In some studies,
patients who crossad over were either excluded or accounted
for in the conventional group. In many studies, no mention
was made of how crossover patients were handled in the
analysis. Studies that analyzed crossover patients may pro-
vide overestimations of benefit because the risk of crossover
to conventional open surgery might not have been accounted
for in the mini-MVS group (crossover patients tend to do
worse, on average, than all other patients). Of trials that
reported crossovers, there was an average of 3.4% of patients
who required conversion to open surgery. The outcomes of
patients who required conversion were not reported in the
studies, and it was therefore not possible to ly ana-
lyze these patients. Most of the studies did not clarify how the
converted patients were handled in the data analysis, and it is
likely that many studies excluded converted patients from

Finally, the lack of randomized trials to inform any of
the consensus statements is a limitation that deserves discus-
sion here. Although this limitation is common in surgery and
is true of many consensus statements,? it does not provide
reason o abandon the consensus statement. Rather, it should
serve the purpose of explicitly defining the best available
evidence to inform each statement. Even without the avail-
ability of an ideal evidence base, decisions must be made. In
this case, the decisions need to be weighed with both the
potential benefits and risks of mini-MVS. Because the studies
were nonrandomized, usually retrospective series, there will
be inherent biases in the patient selection. In particular,
selection bias may increase the likelihood that patients with
differing prognoses will be systematically chosen for mini-
MVS rather than conv-MVS. Some of the significant differ-
ences found i the meta-analysis may be due to this selection
bias. Because the magnitude of impact of this bias cannot be
known, readers should bear in mind that the evidence base for
statements labeled with level B may be an overestimation or
underestimation of the overall magnitude of benefit The
consensus panel incorporated this uncertainty into their dis-
cussions and assigned the Class of Recommendation to reflect
this uncertainty. It is hoped that future trials will be con-
ducted to address these areas where only lower levels of
evidence are available.

Feaslbllity and Tralning

Judgments about whether the affordability, feasibility,
and uptake of mini-MVS (as a clinical or research program)
depend on the local context and setting. Feasibility issues
worth considering include time, skills, staff, trainmg and
equipment necessary to adhere to the recommendations, and
the ability of local systems of care to implement them. [ssues
to consider when localizing these recommendations to spe-
cific settings include skills development programs, certifica-
tion programs for mitral valve surgery, and local availability
of equipment and supporting technologies. The leaming
curve for minimally invasive surgery is steep, and it should
not be presumed that these evidence-based recommendations
should be applied without consideration of individual skills
development.

SUMMARY AND CONCLUSIONS
After review and discussion of the best available evi-
dence, the following summary consensus recommendations
were delineated.
In patients with mitral valve disease, minimally inva-
sive surgery may be an altemative to conventional mitral
valve surgery (Class IIb), given that there was

1. Comparable short-term and long-term mortality (level B)
2. Comparable in-hospital morbidity (renal, pulmonary,

3. Reduced stemal complications (0% vs 0.3%), transfu-
sions (1.5 vs 3.5 RBC units), postoperative atrial fibril-
lation (18% vs 22%), duration of ventilation, and ICU
and hospital length of stay (level B).

However, this should be considered against the
increased risk of:
Stroke (2.1% vs 1.2%) (level B)
Aortic dissection (0.2% vs 0%) (level B)
Phrenic nerve palsy (3% vs 09) (level B)
Groin infections/complications (2% vs 09) (level B)
. Prolonged cross-clamp time, cardiopulmonary bypass
time, and procedure time (level B).

The available evidence consists almost entirely of ob-
servational studies and should not be considered definitive
address the risk of stroke, aortic complications, phrenic nerve
complications, pain, long-term survival, need for reinterven-
tion, QOL, and cost-effectiveness.
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Objective: The mvention of robotic systems has begun a new era of endoscopic car-
diac surgery. Reports on totally endoscopic coronary artery bypass grafting are limited,
however, and data regarding feasibility, safety, and efficacy are neaded to determine this
technique’s position in the therapeutic armamentarium. This study describes the largest
multicenter experience in the literature with robotic totally endoscopic coronary artery
bypass grafting specifically addressing procedural feasibility, safety, and efficacy.

Methods: Between September 1998 and November 2002, a total of 228 patients with
coronary artery disease were scheduled for totally endoscopic coronary artery
bypass grafting with the da Vinci Surgical System (Intuitive Surgical Inc, Sunny-
vale, Calif)) at five European institutions. Patients underwent totally endoscopic
coronary artery bypass grafting with either an on-pump (group A, n = 117) or an
off-pump approach (group B, n = 111). Patients underwent postoperative angiog-
raphy or stress electrocardiography and were followed up for 6 months.

Results: Procedural feasibility was demonstrated through the completion of 164
successful totally endoscopic cases. Sixty-four patieats (group C, 28%) had con-
version to nonrobotic procedures. Conversion rates decreased with time. The overall
procedural efficacy, as defined by angiographic patency or lack of ischemic signs on
stress electrocardiography, was 97%. The incidence of major adverse cardiac events
within 6 months was 5%.

Conclusion: Both on- and off-pump totally endoscopic coronary artery bypass
grafting are feasible, with a conversion rate that diminishes with increasing expe-
rience. Conversion does not adversely affect outcome and thus constitutes a safe
alternative. Although target vessel reintervention may be slightly higher than that
reported for open coronary artery bypass grafting, graft patency and major adverse
cardiac events for both approaches are comparable to those reported in the Society
of Thoracic Surgeons database, demoastrating the safety and efficacy of the totally
endoscopic coronary artery bypass grafting procedure.

to a mature and efficient procedure that provides excellent long-term results
for selected patients, with low mortality."* Standard CABG, however, is
associated with significant invasiveness and large social, direct, and indirect costs.?
These limitations mandate further improvement. A novel procedure that uses robotic
technology has been recently introduced into the operating room, enabling the
performance of endoscopic coronary surgery.* This procedure potentially offers the

wegmlgosc%’c surm: Q'M"m aggressive chest incision, minimal

T he coatinuous refinement of coronary artery bypass grafting (CABG) has led
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Abbreviations and Acromyms

CABG = coronary artery bypass grfting

CPB = cardiopulmonary bypass

HOG = electrocardiography

MACE = major adverse candiac event

STS = Seciety of Thomcic Surgeons

TECAB = totally endoscopic coronary artery bypass
grafling

blood-air interface, and minimal risk of infection, with a
better cosmetic result and faster recovery and retum to
routine activity. Robotic surgery represents a major para-
digm shift and challenge for the operative team.” It requires
the development of new techaical skills, communication
patterns, and conversion and contingency modalities, as
well as overall changes in operative planaing.** Since the
world’s first procedure at the end of 1998, only limited
patient numbers have been reported from single-center
series.

This report describes the largest multicenter experience
to date with robotic totally endoscopic CABG (TECAB). It
specifically addresses feasibility, safety, and efficacy while
discussing the potential value and limitations of TECAB.

Materials and Methods

Between Seplember 1998 and November 2002, 2 total of 228
patients aged 18 to 80 years (59.2 = 10.]1 years) with significant
symplomatic coronary artery discase were seleciad to undergo
TECAB with the da Vinci Surgical System (Intuitive Surgical Inc,
Sunnayvale, Calif) at five Furopean institutions. The patients were
categorized into three groups: on-pump TECAB (group A, 1.9 =
0.8), aff-pump TECAB (groep B, 1.9 = 0.8), and coaversicns
(growp C, 2.0 = 0.8). A conversion was definad as the need for an
incision (sternolomy or minithoracotomy) before the completion
of the endoscopic anastomosis. A reintervention, even during the
same operative session, afler the completion of the anastomoasis
has been regarded as a major adverse candiac event (MACE). All
patients underwent 6-month postoperative follow wp. In consider-
ing patients suitable for 2 robotic operation, the following exclu-
sion critenia were applied: evidence of severely calcified Jeft an-
terior descending coronary artery, contraindications for peripheral
cannulation (group A), morbid obesity, decompensaled congestive
heart failure, and acule renal failure.

Ovenll, the vast majority (90%) had single-vessel disease, with
the tarpet vessel for revasculanization being the left anterior de-
scending coronary artery in 86%, a diagonal branch in 3%, and the
right coronary artery in 1%. The remaining patients received either
a sequential left intemal thoracic graft o the diagonal and left
anterior descending arteries (6%) or 2 double thoracic graft to the
left anlerior descending artery and the circumflex artery, diagonal,
or right coronary arlery (4%). Sixty percent had 2 history of
perculancous intervention o the lefl anterior descending antery
before THCAB, whereas 15% underwent THCAB as a part of a
hybrid procedure. All institutions completed the majority of their

on-pump TECAB experience (group A) before proceeding to their
off-pump THCAB experience (group B) and performed at least 30
cases. In group A, the left intemnal thoracic artery was harvested,
the pericardium was opened, and the target vessel was identified
before femoral cardiopulmonary bypass was instituted. The oper-
ative technigues have been described previously.®' In group A,
the CABG was performed under endoaartic balloon clamping and
cardioplegic arrest, with a running sulure to anastomose the tho-
racic conduil o the target vessel. In group B, an endoscopic
stabilizer was inserted through a subxyphoid port afer the thomcic
harvesting and pericardial opening for stabilization of the target
vessel and performance of the anastomosis on the beating heart.
All the operations were performed afier obtaining writlen in-
formed consent from the patient, in accordance with the ethics
commitiees of cach participating institution.

Feasibility, Efficacy, and Safety Assessment

The feasibility of the procedune was assessed by the ability to
successfully complete THCAB without the need for conversion to
any kind of open-chest procedure. The rale, reasoas, and evolution
of conversions are described in Tables 1 and 2 and in Figure 1. The
efficacy of the procedure was measured by postoperative angiog-
raphy, stress electrocandiogruphy (HCG), or both. Angiogmphic
efficacy was defined with 2 modified FitzGibbon criteria of less
than 50% stenosis of the distal anastomoasis for a patent graft. A
clinically negative stress test result for ECG, defined by the ab-
sence of angina and ST-wave chanpes, was used as a surrogate
measure for grafl patency. Procedunl safety was measured by the
incidence of MACEs within a 6-moath postoperative period.
MACE variables included all-cause mortality, myocardial infarc-
tion, and target vessel reinlervention. Perioperative incidence of
MACE was compared with that in 2 maiched cobort from the
Society of Thomcic Surgecas (STS) National Database for open
chest procedures performed for isolaled single-vessel disease be-
tween 2000 and 2002 To assess longer term recurrence of
MACESs, a random sample of 100 patients was contacted during
the reviewing period of the article, at an average follow-up of 3.5
years.

Data Collection, Entry, and Analysis

Data were shstmcted from medical charts and covered 2 6-month
follow-up period for completion of the study. Clinical information
was verified against medical records by three independent moai-
tors. Once entered in a database and verified for accuracy, the data
were accessed and analyzed with SAS (SAS Institute, Cary, North

Statistical Methods

The study was designed and powered t0 achieve an overall pro-
cedural efficacy of M4%, with a lower limit of the 95 percent
confidence interval of at Jeast 90%. All analyses were conducted
acconding o an intent-lo-treat principle. The data provided from
the STS National Database used for perioperative comparisons of
MACE froquency were based on a custom query of 2 patient
population undergoing stemotomy CABG for isolated single-ves-
sel disease. Patients were maiched on the basis of age, sex, and
peeoperative risk factors. Although this comparison is provided as
2 baseline reference, it is not passible to draw meaningful statis-
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TABLE 1. Intended totally endoscopic coronary artery bypass grafting procedures and conversions to alternate surgical
modes and incisions

Comversioa mode
Thoracoteary Stemotomy
Beoting heart  Arrested beart  Beating heant
lstended total procedures  Noncoaverted (TECAB)  Total converted  Arrested heart (MIDCAB) |CABG) (OPCAB)
EGroup A (n = 117) 90 (171%) 7 (B%") 6(5.1%1) 14 (12%1) 4(3.4%1) 3(25%f)
Group B (n = M) 74 (66.7%) 37 (33%" — 34 (30.6%%) 3(27%%) —
TECAB (n = 228) 164 (72%) 64 (28%) — - — -

All dat2 ropresent numbers and percentages of pasents. TECAB, Totally endoscopic coromary artery bypass grafting; MVDCAB, minimally invasve direct

coronary artary bypass grafting. CABE, on-pump coronery artery bypass grafting; OPCAS, off-pump coronary artery bypass grafting. *No statistically
significant diference was seen in conversion rates betasen grosp A and groep B (P = 08). 1This is the percentage of sttsmpted procedures among

group A. $This is $e percentage of sttempted procsdures among group B.

tical comparisons because of demographic differences of the two
populations. Patients who did not undergo postoperative angiog-
mphy or stress ECG were excloded from the efficacy analysis.
Categorical variables are expressed as number and percentage of
patients and were analyzed with the Fisher exact test or y° test for
association, with or withoul continuity correction.

Continuous varishles were compared with a two-sample -test.

A log—mank lest was used to compare Kaplan-Meier curves of
freedoen from MACIL

TABLE 2. Conversion reasons by procedure type

Comversicas

Reasoa for conversion Group A Groep B Total
Total conversions o 3 6¢
Cannulation 15 —  15(23.4%)

Balloon fadure (rupture or 9 — %)

migration)

liofemoral condition 6 —  6(94%)
Patient condttions 3 2

Inability to locate and dissect 3 8 nnrzk)

LAD

Ventricular tachycardia - 1 n%)

Inadequate LITA flow - 1 1007%)

Hemodynamic instability 3 3(48%)

Calcified LAD - 7 TM%)

Body habitus 2 1017%)
Bleeding 6 8

Anastomotic site 6 6 12(18.8%)

LITA - 1 10017%)

Right ventricle - 1 1007%)
Inadequate stabilzation - 6 6(94%)
da Vinci System failure 1 1 2(34%)
Threshold of time on CP8 reached 1 - 1017%)
Wrong target vessel 1 s 1007%)

All data represent numbars and percentages of pationts. LAL left anterior
descending coronary artery; UTA, loit intemal thoracic artery; CPB, car-
diopaimenary bypass.

Results

A total of 228 subjects were intended to undergo TECAB.
One hundred sixty-four patients underwent completion of a
totally endoscopic operation, whereas 64 patients (28%),
denoted as group C, had intraoperative conversion to an
alternate (nonrobotic) technique for completion of the pro-
cedure. The total numbers of patients, stratified by group
and conversion mode, are shown in Table 1. There were no
significant differences in conversion rate between groups A
and B. The individual reasons for conversion among pa-
tients in group A and B are explained in Table 2. Most
coaversions in group A were due to cannulation, whereas
coaversion in group B occurred as the result of inadequate
stabilization, inappropriate patient conditions, or bleeding at
the anastomosis. The evolution of the conversion rates
through discrete 6-month time intervals for the study period
is shown in Figure 1. Twelve patients were unavailable for
follow-up within the 6 month period.

Conwmion (%)

csssEBae

Figure 1. Operation period represents 6 discrete 8-month inter-
vals in which on-pump (group A) and ofi-pump (group B} conver-
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TABLE 3. Procedure efficacy as measured by angiography and stress electrocardiography
Efficacy

Patieats with asgiography Per bath angiography and Patients sot
Patient grosp or stress test Per angiography Per stress test stress test assessed
Group A (n = 90) 78 61/62 (98.4%)* 2323 (100%) B4/BS (838%) 12
Growp B (n = 7¢4) 63 35/38 (a2.1)f 24/25 (96) 563 (936) n
Overall (A + B) 141 100 &8 148 z
Group C (n = 84) “ 15117 (88.2)¢ 28/28 (100%) 4384 (977%) 2

*Ameng 55 pationts, £2 grafts were assessod. TAmong 38 pationts, 38 grafts wore assassed. $Among 15 pationts, 17 grafts wore assessad. Mean CCSC

score among 15 group A patients: procp 19 = 0B poswop

002 + 02 Moan CCSC score among 15 group B patients: procperatve, 19 =

0.8 postoparative, 0.05 + 02 Mean CCSC score ameng 15 group B pasents: procperative 20 + 0.8, postoperatve 0.06 = 03

The efficacy of the TECAB procedure, as measured by
the FitzGibbon definition of patency (<<50% stenosis), was
6%, described in Table 3 for patieats without conversion.
Postoperative angiographic controls were not systematically
performed except in the case of hybrid procedures. One
hundred grafts were assessad in 93 patients who did not
have coaversion; 17 grafts were assessed in 15 patients who
had coaversion (group C). Amoag patients who did not
undergo angiography. 48 had completed a stress ECG test.
The overall efficacy of TECAB as assessed by stress test
alone was 98%. The combined procedural efficacy, as de-
fined for patients having had either test, was 97% for all
patients undergoing TECARB. In patients who had conver-
sion, the combined procedural efficacy was 97.7%. There
were no statistically significant differences in procedural
efficacy across the three groups.

The safety of the TECAB procedure is depicted in a
series of Kaplan-Meier curves in Figure 2 for on- and
off-pump procedures. There was no statistical differences in
the 6-month freedom from MACE between groups A and B
(P = 64), groups A and C (P = .09), and groups B and C
(P = .26). The same was true when group B was compared
with group C (P = .26). Perioperative safety of the proce-

Sawont Freedan from NACE
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Figure 2. Kaplan-Meier carves for 6-month freedom from major
adverse cardiac events (MACEs) Log—rank test shows no differ-
ence between groups A and B (P = 64), nor groups Aand C (P =
226), nor growps B and C (P = .09).
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dure was further compared with open chest procedures from
the STS National Database for isolated single-vessel disease
between 2000 and 2002. This comparison was stratified by
on- and off-pump procedures. Nine of 164 patients without
conversion (5%) had a MACE within the 6-moath postop-
entive period. Four of these events happened in group A
(4%) and 5 in group B (7%). Among patients who had
conversion, 3 of 64 had a MACE (5%). The rates of peri-
operative target vessel reintervention appear to be higher for
all TECAB groups relative to those for open CABG as
published in the STS National Database (Table 4): however,
statistically meaningful coaclusions cannot be drawn.

Overall, 3 patients without conversion (2%) died in the
perioperative period. In group A, mortality was 1%. One
patient died approximately 10 moaths after the operation
from immunosuppressive therapy complications after kid-
ney transplantation. In group B, mortality was 3%. One
patient scheduled for a hybrid procedure died of an acute
infarction in the territory of the circumflex artery before the
planned percutaneous intervention could be performed. The
cause of death and the patency of the left anterior descend-
ing artery bypass were confirmed at necropsy. One patient
died of major, acute gastrointestinal bleading with shock
and cardiac arrest that led to postanoxic coma after cardio-
pulmonary resuscitation. Among patients who did not have
conversion, mortality was 3%. The overall mortality of the
three groups combined was 2.1%, versus a rate of 2.4% for
open CABG.

Two patients (1%, 1 in group A and | in group B) had a
myocardial infarction within 7 days after the operation.
Myocardial infarction rates did not statistically differ across
groups A and B and did not exceed the rates found with
open CABG. Six patients underwent target vessel reinter-
vention in the 6-moath postoperative period. Five under-
went surgical reintervention; the remaining patient under-
went stent placement. Of the reintervenations, 2 occurred in
group A, 3 in group B, and 1 in group C (2%, 4%, and 1%,
respectively). There was no statistically significant differ-
ence in the incidence of target vessel reintervention. At a
mean follow up of 3.5 years of 100 randomly selected
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TABLE 4. Major adverse cardiac events by procedure type
Overall Group A Growp B Growp C

Patient group

No. 228 90 I )

Total/STS National Datshase® 20:48 11382 9108 NA
Al cause mortality

Study, 2l causes 5(21%) 101.1%) 2(22%) 2(231%)

STS National Database 494 (24%) 79 (24%) 215(2.8%) —
Perioperative (<7 d) myocardial

Study 2 (09%) 1(0.1%) 1(1.2%) —

STS National Database 162 (0.5%) 92 (08%) 92 (08%) —
Target-vessel reintervention (<30 d)

Study 6(26%) 2(22%) 3la%) —

STS National Database 60 (0.3%) 26 (02%) 34 (04%) —
NA Not availeble; STS, Seciaty of Thoracic Surgeons. *Society of Thoracic Surgeons National Database 2000 through 202 for single-vessal coronary

artory bypass grafting on pump (vs A) and off-pump {vs B) with matched risk statification.

patients, 4 had MACEs: 2 underwent percutaneous coronary
intervention of a nontarget vessel, | had a myocardial in-
farction, and |1 had died from an unknown cause. No patient
had undergone surgical target vessel reintervention.

Discussion

This study is limited by its retrospective nature and provi-
sion of oaly a 6-moath follow up. It represents a multicenter
collaboration in which 228 patients underwent TECAB. Its
purpose was to demonstrate feasibility, efficacy, and safety
of the endoscopic procedure on both the arrested and beat-
ing heart. A significant leaming curve was observed. Pa-
tency rates and 6-month freedom from MACE revealed
acceptable results which were comparable to those from the
STS National Database. Although the institutions continue
to perform TECAB. the period of September 1998 through
November 2002 represents that in which the study took
place and a sufficient sample size was obtained to study
graft patency and safety of the procedure, as requested by
the regulatory approval. Although patients in this study may
in fact have had longer follow up available, the 6-moath
time frame was chosen as a reasonable point within which
MACEs and graft patency would be assessed.

TECAB represents a new challenge, requiring develop-
ment of technical ability to work in an endoscopic environ-
ment. A conversion strategy and contingency plan therefore
must be choreographed to bring the operation back to the
surgical standards in case of need."!

In the on-pump group (group A), which required femoral
cannulation and endoaortic ballooa clamping, 55% of the
conversions were related to cannulation issues and were
related to neither the da Vinci system nor the endoscopic
nature of the operation itself. The management and moni-
toring of the endoaortic balloon clamp were made awkward
in the presence of the da Vinci system and generated sig-
nificant "strategic” issues, such as the sequence of cannula

T4 m:—muwum
.org on

insertion and anticoagulation with regard to the robotic
steps of the procedure. This coatributed to an unexpectedly
high rate of conversion for snﬁicalleamwill significant
endoscopic CABG experience."" Such conversions might
have been categorized as intraoperative exclusions, never
destined to be completed robotically, resulting in a signifi-
cantly lower conversion rate; however, they are reported as
coaversions per our intent-to-treat principle and represent
an evolutionary process.

In group B. 3 of 4 conversions were related to the target
vessel (wall calcification, intramyocardial course, bleeding
from the arteriotomy, and inadequate stabilization). It is
likely that the small percentage of hemodynamic intolerance
in group B (48%) was due to a combination of factors
specific to this procedure: the coexistence of carbon dioxide
insufflation and stabilization, coupled with some degree of
hypoxeméa in the event of single-lung ventilation with insuf-
ficient compensation, and a potentially longer period of target
vessel ooclusion.' With the exception of hemodynamic insta-
bility, which may be present in a fixed percentage of cases,
other reasons for coaversion can be specifically addressed. A
significantly improved endoscopic stabilizer has been a con-
siderable asset for the global success of the procedure. Target
vessel localization is improving with time with the develop-
ment of endoscopic skills, and specific navigation software is
Mwmtwwmmmmlm
fication.™ Special silicone elastomer snares have been de-
signed to minimize bleeding at the arterictomy site. Conver-
sion modalities were different in groups A and B (Table 1).
Fourteen of 27 coaversions in group A were performed off-
pump through a lateral thoracotomy, whereas 34 of 37 patients
in group B had conversion to a lateral thoracotomy off-pump
procadure. This coaversion modality, known as robotically
enhanced ménimally invasive direct coronary artery bypass
grafting, is regarded by some authors as the best ion for
single left anterior descending revascularization.'” It is note-
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worthy that 54 of the 64 patients with conversioas (84%)
received a minimally invasive operation. Although the partic-
procedure was later abandooad in favor of off-pump TECAB
in the case of single-vessel revascularization.

The efficacy of surgical revasculanzation can be ad-
dressad in different ways. The crterion standard is the
angiogram demoastrating graft patency, eventually com-
bined with a surrogate assessment of the functional com-
pleteness of revascularization confirming the adequacy of
the therapeutic plan."” The overall rate of TECAB proce-
dural efficacy was 97%. It did not vary significantly be-
tween groups A and B, confirming that it is effective and
within the expected range for a thoracic to left anterior
descending praft "7 Furthermore, the postoperative outcomes
of the patients are unchanged regardless of whether the proce-
dure is endoscopic or converted to an alternate technique.

The specific skills that are required to perform an endo-
scopéc anastomosis on an arrested heart can easily be de-
veloped on isolated animal hearts. Training on such models
has taken place at each institution. On the other hand,
theoretic concemns have been raised about the efficacy of
off-pump TECAB. ™ The interposition of the robotic system
introduces a delay between the surgical gesture and the
motion of the telemanipulated instrument. This delay theo-
retically affects the precision of tasks performed on the
beating heart, such as suture placement, so that even with an
adequate visualization of the suture line, the quality of the
anastomosis might be in question. This theoretic drawback
cannot be solved unless perfect stabilization is achieved. It
may also be overcome with the venue of anastomotic conpec-
tors that are currently under clinical development. The results
of off-pump TECAB, however, as addressed through angio-
graphic controls, have been shown to be satisfactory and to fall
within the expected range for thoracic grafting."™"™ With con-
fidence limits of combined efficacy ranging from 91% to
100%, off-pump TECARB is a viable therapeutic option.

The assessment of procedural safety shows that the in-
cidence of MACE was similar between groups. Direct com-
parison of the overall incidence of MACE with that in the
STS database is difficult because of the unknown multiplic-
ity of coexisting adverse events among patients in the STS
database. This comparison is for information purposes until
prospective, randomized procedures are available. It needs
to be mentioned that it takes place in the leaming curve of
TECARB, that the STS cohort is matched for the on and of
pump cases but includes only single bypasses and that the
patients of the TECAB cobort may have been followed up
more closely, so that the comparison may be the worse case
scenario for TECAB. Mortality and myocardial infarction
are not affected by the endoscopic approach versus the STS
database. On the other hand, concerns regarding a poten-
tially higher incidence of target vessel reintervention for

Dowalsodid it i engscrid o o

endoscopic procedures must be weighed against the benefits
of a minimally invasive approach. In the longer term, the
place of the totally endoscopic procedures in the therapeutic
armamentarium against coronary artery disease will also
require comparison to the existing alternatives of CABG
such as the robotic-enhanced minimally invasive direct
CABG or ACAB.'

Conclusions

Although endoscopic CABG represents a major paradigm
change, leading to difficulties that must not be underesti-
mated, the results of this study demonstrate that oa-pump
and off-pump TECAB are feasible, with a conversion rate
that diminishes with increasing experience. Coaversion
does not adversely affect outcome and thus constitutes a
safe alternative. Although the rate of target vessel reinter-
vention may be slightly higher than that reported for open
CABG, graft patency and major adverse cardiac events for

both approaches are comparable to those reported in the
STS database and demonstrate that TECAB is a safe and

effective procedure. Future prospective studies and longer
follow-up may address the benefits of successful TECAB
with respect to conventional CABG.

Dr de Canniére thanks the Fonds pour la Chirurgie Candiague
and LIVE for supporting the robotic program at Erasme Hospital.
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Results of the Prospective Multicenter Trial of
Robotically Assisted Totally Endoscopic Coronary

Artery Bypass Grafting
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Background. Robotic technology has been proven safe
and efficacious in the performance of mitral valve repair
and atrial septal defect repair. This report describes a
Food and Drug Administration-sanctioned multicenter
study of the safety and efficacy of the da Vinci system
(Intuitive Surgical, Inc, Mountain View, CA) for totally
endoscopic coronary artery bypass (TECAB) surgery.

Methods. Patients requiring left anterior descending
(LAD) coronary artery revascularization were eligible.
The procedure was performed with femoro-femoral car-
diopulmonary bypass (CPB), endoaortic balloon occlu-
sion, and thoracoscopy. All aspects of the procedure were
performed with the robotic system, from internal mam-
mary artery harvest to coronary anastomosis.

Results. Ninety-cight patients requiring single-vessel
LAD revascularization were enrolled at 12 centers. Thir-
teen patients (13%) were excduded intraoperatively (eg,
failed femonal cannulation, inadequate working space).
In 85 patients (69 men, age 58 = 10 years) who underwent

Computcr (robotic) enhancement has emerged as a
potential facilitator of minimally invasive surgical
procedures. Initial applications of this technology were
limited to providing enhanced (including voice-
activated) endoscopic camera control [1] during minimal
access procedures. A more advanced #teration of this
technology is represented by the da Vind surgical system
(Intuitive Surgical, Sunnyvale, CA), a computerized
telemicromanipulator that allows a surgeon to control
two or three “wristed” endoscopic instruments from an
operating console, while viewing the operative field
through a three-dimensional endoscopic camera. Two
Food and Drug Administration (FDA)-sanctioned Inves-

TECAB, CPB time was 117 = 44 minutes, cross-damp
time was 71 = 26 minutes, and hospital length of stay was
5.1 = 3.4 days. There were five (6%) conversions to open
techniques. There were no deaths or strokes, one early
reintervention, and one myocardial infarction (1.5%).
Three-month angiography was performed in 76 patients,
revealing significant anastomotic stenoses (> 50%) or
occlusions in 6 patients. Overall freedom from reinter-
vention or angiographic failure was 91%.

Conclusions. Robotic TECAB was accomplished with
no mortality, low morbidity, and angiographic patency
and reintervention rates comparable with published
data. Although the use of CPB was a limitation of the
technique, this experience represents a step toward more
advanced procedures, such as multivessel or off-pump
TECAB.

(Ann Thorac Surg 2006;81:1666-75)
© 2006 by The Society of Thoracic Surgeons

tigational Device Exemption (IDE) trials have validated
the safety and efficacy of this device for mitral valve
repair |2] and atrial septal defect closure [3].
Loulmet and colleagues [4] and Falk and colleagues [5]
have described the technique of totally endoscopic coro-
nary artery bypass (TECAB), in which the da Vina
robotic surgical system is used to perform an entire
coronary bypass procedure (including coronary anasto-
mosis) in a dosed chest environment. Notwithstanding
the feasibility demonstrated by these and other pioneer-
ing investigators [6-8], the TECAB operation has not
been subjected to evaluation in a dinical trial. This report
describes the results of a multicenter, FDA-sanctioned
1DE trial investigating the safety and efficacy of arrested-
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Table 1. Indusion Criteria
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1. Suitable candidate for nonemergent, first time single vessel LIMA to LAD

ial revascularization. Eligibility will be

determined through preoperative corcnary angiography conducted prior to enrollment of each patient

or
Suitable candidate for undergoing a combénation of stent placement or percutancous transluminal coronary angioplsty (FTCA)
and LIMA to LAD myocardial revascularization (hybrid appeaach)

2. Subjects batween the ages of 18 and 80 years (inclusive)

3. Wilkingness and ability to provide informed consent, and undergo the prescribed follow-up regimen

LAD = left anterior descending; ~ LIMA = left internal snammuary artery.

Material and Methods

Trial Design

Patients with single-vessel coronary artery disease
involving the left anterior descending (LAD) coronary
artery referred for surgical revascularization were eli-
gible for this study. The study protocol was approved
by the FDA as IDE #G010011 in December 2001, and the
multicenter trial began enrolling patients in January
2002. The protocol was also approved by the Institu-
tional Review Board of each participating institution.
Between January 2002 and July 2004, 98 patients were
enrolled at 12 institutions. All patients gave informed
consent for totally endoscopic coronary artery bypass
surgery using the da Vinci robotic surgical system.
Training Protocol

All investigators participating in the trial were re-
quired to undergo a stepwise training program before
enrolling patients in the trial. By requiring the demon-
stration of proficiency at each training level before
allowing continuation to the next level, the minimum
level of technical proficiency was standardized. The
stages of the TECAB training requirements were the
following: stage 1 - basic da Vinci surgical system
training; stage 2 - robotically assisted IMA mobiliza-
tion; stage 3 - minimally invasive cardiopulmonary
bypass (CPB) experience: stage 4 - TECAB specific
training; stage 5 -TECAB training cases.

Inclusion and Exclusion Criteria

Patients were considered eligible for enrollment in the
trial if deemed appropriate candidates for nonemer-
gent, first time single-vessel left internal mammary
artery (LIMA) to left internal descending (LAD) myo-
cardial revascularization. Complete inclusion and ex-
clusion criteria are listed in Tables 1 and 2.

Procedure Details

General anesthesia is established with double-lumen
intubation, to allow for selective lung ventilation. Ex-
ternal defibrillator patches are placed on the chest, and
the patient positioned supine with the left chest ele-
vated 30 degrees with the aid of a small bolster under
the left chest. The femoral vessels are exposed. After
establishment of single left lung ventilation, the three
trocars of the da Vinci robotic system are inserted into
the left hemithorax, with carbon dioxide (CO,) insuf-

flation to a pressure of 6-14 mm Hg. The robotic
system is used to harvest the LIMA from the subcla-
vian vein to the internal mammary artery (IMA) bifur-
cation, and to open the pericardium and identify the
target vessel. After systemic heparinization, the distal
LIMA is skeletonized and clipped distally. The LIMA is
divided, spatulated, and prepared. Next, the femoral
artery is cannulated with an endoaortic balloon can-
nula system, and the balloon is positioned in the
ascending aorta with transesophageal echocardio-
graphic guidance. The femoral vein is cannulated with
a long venous cannula that is directed into the right
atrium. At this point, the endoaortic balloon system is
deployed to cross-clamp the aorta and to deliver ante-
grade cardioplegia. Once cardiac arrest is confirmed,
the robotic system is used to perform the coronary
arteriotomy and the LIMA to LAD anastomosis. The
endoaortic balloon clamp is removed, with external
defibrillation if necessary. The robotic system is re-
moved, the patient is weaned from cardiopulmonary
bypass, and after protamine administration, the femo-
ral vessels decannulated and closed. Chest tubes and
pacing wires are placed, and all wounds are closed. A
schematic representation of the flow of the TECAB
operation is provided in Figure 1.

Intraoperative Exclusion Versus Conversion

Once enrolled patients were taken to the operating
room, an additional set of intraoperative criteria were
utilized to exclude patients from robotic TECAB for
technical or anatomic reasons that were not identifi-
able preoperatively. Examples of these exclusionary
criteria include dense pleural adhesions, hemody-
namic intolerance of CO; insufflation, or intramyocar-
dial coronary target. A complete listing of intraopera-
tive exclusion criteria are listed in Table 3. In contrast,
intraoperative conversions were defined as cases in
which a TECAB procedure in progress had to be
abandoned and converted to an altemative approach
because the surgeon could not proceed endoscopically,
for reasons such as patient instability, LIMA injury,
unsatisfactory anastomosis, excessive bleeding, or ro-
botic system malfunction.

The primary efficacy endpoint of the study was the
composite endpoint of LIMA-LAD graft patency and
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Table 2. Preoperative Exclusion Critenia

1. Body mass index > 35.0 kg/m’
2. Left ventricular ejection fraction < 0.30

3. Decompensated congestive heart failure (NYHA class 11 or IV)

4. Acute pulmaonary edema
5. Severe uncontrolled hypertensicn

6. Severe peri vascular disease Emiting vascular access (g, femoral, iliac, or sortic anel dissection or cccdusive
r«m‘ml 8 3, urysm,

7. Acute stroke

8. Aartic valve endocarditis

9. Severe coagulopathy (bleeding diathesis)
10. Digitalis intoxication

11. Severe anemia

12. Severe symptomatic electrolyte imbalance

13. Documented anaphylactic reaction to angiographic contrast media

14. Acute renal failare
15. Chronic renal faifure secondary to disbetes

16. Active gastrointestinal bleading

17. Unexplsined fever, which may be due to infoction
18. Untrested active infoction

19. Severe lack of cooperation by patient due to psychologic or severe systemic illness

20. Severe concomitant illness that drastically shortens life expectancy or increases risk of therapeutic interventions

21. Acute myocardial infarction requiring emergent CABC or postinfarction angina or early angina after noa-(Q wave infarction
22. History of acute myocardial infarction in preceding 30 days prior to proposad coronary artery surgery

23. Moderate to severe ortic and mitral valve disease

u.mmm&ﬁq(aﬁopﬁmmmwm<me&LW>mm}me<uu

25. Severe ascending andfor aortic arch calcfication as determined by radiographic or echocardiographic studies
26. Severe cercbrovascular disease including a histary of prioe stroke (within 1 month) and/or stenosis (>>70%) of either internal

carctid artery
27. Connective tissue discase

28. Anatomy unsuitable for endescopic visualization of the thorax (eg, morbid obesity with remarkable axillary adiposity ar
physical deformities of or efiecting the thorax; eg, scoliosis, kyphosis)

29. History of median sternotoeny, left thoracotoeny, or radical mastectoeny

30. Undergone previous radiation therapy of the mediastinum or thorax

31. History of severe asthma, emphysema, chronic obstructive pulmonary disease, or pulmaonary fibrosis

32. Pleural adhesions ar symphysis visible an the chest x-ray

33. Uncontrolled diabates mellitus (=2 serum glucose concentrations of =350 mg/dL within 7 days)

34. Pregnancy
35. Participating in another competing investigational protocol

36. Patient unwilling ar unable to comply with any protocol requirements (including return for follow-up visit)

37. Use of gastroepiploic artery bypass grafts

LVEDP = left

teirnslar emd i astnli

NYHA = New York Heart Association.

CABC = coromary artery bypass grafting:

freedom from target vessel reintervention during the
period of observation. For the purposes of this evalu-
ation, a patent graft was defined as a graft with 50% or
less stenosis of the distal anastomosis as determined
by 3-month postoperative follow-up coronary angiog-
raphy [9]. The primary safety endpoints of the study
were freedom from major adverse cardiac events, in-
cluding mortality, target vessel reintervention, and
myocardial infarction.

These and other clinical endpaints, including intraoper-
ative conversion rates and other adverse events, were
compared with a historical cohort of patients who under-

¥

went conventional single-vessel, amested heart coronary
artery bypass grafting (CABG) surgery. This comparison
was based on data obtained from a specific query of the
Society of Thoracic Surgeons (STS) National Database for
the years 2000-2002 [STS Adult Cardiac National Database;
Care Data Elements Summary, Custom Query version 241,
Adult Coronary Artery Bypass Procedures 2000-2002].

Follow-up and Data Collection

PREOPERATIVE ASSESSMENT. Patients referred for coronary
artery bypass surgery had a preoperative visit consist-
ing of a medical history, physical examination, and
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Fig 1. Typical flow of tetaily endoscopic coromary artery bypass
(TECAE) procedure. (CPB = candiopulmonsry bypass; IMA = inter-
nal mammery artery; LAD = lgft anterior descending.)

diagnostic tests, including but not limited to coronary
angiography, transthoracic echocardiography, stress
electrocardiogram (ECG), resting 12-lead ECG and
chest x-ray. Based on this information and the estab-
lished inclusion-exclusion criteria, the investigator de-
termined the need for surgical revascularization and
the appropriateness of the patient for robotically as-
sisted TECAB.

INTRAOPERATIVE AND INTENSIVE CARE UNIT (ICU) ASSESSMENT. For
each case, intrapperative times were determined based
on perfusion, anesthesia, and operative records or were
explicitly recorded during the operation. The details of
the surgical procedure, including revascularization
scheme, steps of the surgical procedure that were com-
pleted robotically, conversion to altermate techniques,
time to conversion and reason for conversion, were
documented in the operative case report forms.
IMMEIIATE POSTOPERATIVE ASSESSMENT. Immediate postsurgi-
cal clinical information was recorded per standard hos-
pital practice and as indicated by the investigator as a
part of routine postoperative cardiac care. A postopera-
tive resting 12-lead ECG, chest x-ray, and cardiac en-
zymes were obtammed per standard of care at that
FOLLOW-UP POSTOPERATIVE ASSESSMENT. Patients had a fol-
low-up visit approximately 3 months postoperatively, at
which point angiograms were obtained. Supplemental
postoperative studies, such as a stress ECG, transthoracic

Table 3. IntraOperative Exclusion Critenia

ARGENZIANOET AL 1669
ROBOTIC TECAE TRIAL

echo, resting 12-lead ECG, and physical exam were
obtained in order to complete the dinical assessment of

the patient.

A primary core laboratory at the Hoag Heart Institute
reviewed all preoperative and postoperative angio-
graphic studies. The core hboratory reviewer was
masked to the individual institution’s assessment of graft
patency.

Data Collection, Entry, and Verification

Clinical information for patients enrolled in the study
was collected at all participating institutions and verified
against the patients’ medical records by qualified person-
nel designated by the study sponsor. All applicable
information from the medical charts was recorded onto
standardized case report forms and entered into a
database.

Statistical Methods

All continuous variables were analyzed using a nonpara-
metric, Wikoxon rank sum test for two group compari-
sons. Categorical data were analyzed using x° tests for
association with or without continuity correction. In the
case of small cell comparisons a Fisher's exact test was
used. In all cases 2-tailed p values of less than 0.05 are
considered significant. The binomial distribution was
used for the assessment of binary outcomes (ie, patency)
with Agresti's formula used for the computation of one-
sided 95% confidence intervals. Conversion rate compar-
sons were made with those seen in a literature survey of
operations of comparable complexity. Comparisons of
the incidence of significant adverse events were made
between da Vina TECAB and coronary artery bypass as
reported in a customized query from the STS National
Database (2000-2002) for single-vessel arrested heart
sternotomy CABG. For these comparisons, a normal
approximation to the da Vinc arrested heart TECAB
summary statistic was used. Genenalized estimating
equations were used for analyzing the learning curve
effects associated with times to complete various tasks
associated with CABGs. This method takes into consid-
eration the underlying correlation structure of repeated

1. Blocd pressure drop of greater than 20% of baseline or less than 80 mm Hg (systolic) for greater than 15 minutes at insufflation

pressure of <10 mm Hg
2. Adhesions between

and chest wall severely Emiting visibility (=3 cm between anterior surface of pericardium and
duw:ﬂmumm:.Wuml{gpm ¢ o =

3. Working space 3 cm between anterior surface of pericardium and chest wall

4. Intraoperative complications pertaining to cardiopulmonary bypass (catheter positioning, excessive bleeding at cannulation site,
defective cannulation equipment, complications associated with aortic ocdusion or cardioplegia delivery)

5. Intramyocardial LAD previously not identified on coronary angiogram or target LAD diameter less than 15 mm

LAD = left ior S di

g y artery).
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No. 8

Age (yrs)

Maan 584

SD 95

Range 43771
BMI (kg/m?)

Maan 276

SD 37

Range 195-39.1
Cender n (%)

Female 16 (188)

Male 69 (812)

EMI = body mam index.

measurements (ie, a given surgeon’s case experience
over time).

Data Safety Monitoring Board Review of Clinical
TrialSa% " v

Data from the study were reviewed by a cardiac surgeon
who was not an investigator in the study. All adverse
events, induding all conversions and reinterventions in
this study were reviewed. The reviewer was blinded to
the institution at which each case was performed and to
the surgeon who performed each case.

Results

Training Phase

A total of 18 institutions entered the training program
with the intention of participating in the multicenter
TECAB trial. All 18 sites completed stages 1 and 2 of the
training program, and 12 of these completed all 5 stages
and were allowed to proceed to enrollment of TECAB
patients. At the twelve sites completing stage 5 of the
protocol, 21 training cases (stage 5) were performed, with
anastomosis times averaging 24 * 9 minutes (range,
14-49 minutes).

Demographics

A total of 98 patients were enrolled in the trial (not
including stage 5 training cases) at 12 centers (see Ap-
pendix). Of these, 13 were excluded intraoperatively and
did not undergo TECAB. The reasons for these exclusions
will be discussed in the next section. Demographics and
baseline characteristics of the remaining cohort of 85
patients undergoing TECAB are summarized in Tables 4
and 5.

Intraoperative Exclusions and Conversions

Thirteen of 98 enrolled patients (13%) were excluded
from the trial intraoperatively. Ten patients were ex-
cluded for inability to establish effective peripheral can-
nulation (6 patients with prohibitive peripheral vascular
disease, 2 with poor venous cannula position and inade-
quate drainage, and 2 with endoaortic balloon migra-

N ntiss R

tion). Two others were excluded for deeply intramyocar-
dial coronary targets that could not be visualized
epicardially, and one was exduded for dense pleuroperi-
cardial adhesions. Of the 13 excluded patients, 10 under-
went coronary bypass surgery by left minithoracotomy
(arrested or beating heart minimally invasive direct cor-
onary artery bypass [MIDCABJ), and 3 underwent ster-
notomy. Five of the remaining 85 patients (5.9%) under-
going TECAB required intraoperative conversion to
another approach. In these cases, conversion was
prompted by damage of the LIMA graft (2 patients) or
madeguacy of the coronary anastomosis (bleeding in 1
case, poor graft flow in 2 cases), and these patients were
converted to sternotomy.

Operative and ICU Data

In the 85 patients undergoing TECAB, total operative
time was 353 * 89 minutes (mean * SD), with a range of
200 to 600 minutes. Notable subcomponents of this op-
erative time induded intemal mammary artery harvest
time (60 * 24 minutes; range, 26-187 minutes), cardio-
pulmonary bypass time (117 * 44 minutes; range, 41-254
minutes), aortic cross-clamp time (71 * 26 minutes;
range, 30-140 minutes), and coronary anastomosss time
(28 * 11 minutes; range, 14-82 minutes). Postoperative
ventilation time was 14 * 28 hours (range, 0-217 hours),
ICU length of stay was 35 * 37 hours (range, 4-288
hours), and hospital length of stay was 5.1 = 34 days
(range, 1.2-255 days). Twenty-six of 85 patients (31%)
received blood products perioperatively.

Completeness of Follow-Up

Of the 85 patients undergoing TECAB, all were followed
through to study completion. One patient underwent

Table 5. Preoperative Characteristics

Characteristics No. (%)
8

Senoking 57(67.1)
Hypertension 47(57.3)
Diabetes 18(219)
Family history of CAD 41(503)
Dyslipidemia &8 (80.9)
Myocardial infarction 32(37.6)
Arrhythmia 9(119)
Cercbrovascular disease 3(3s)
Peripheral vascular disease 2(25)
Chronic renal failure 1(11)
Angina 67(797)
Dyspnea 18(217)
Ve, o
Mean 562
S0 102
Range (30-85)
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Fig 2 Postoperative angiogram 3 months sfter totally endoscopic
coromary artery bypass. (LAD = left anterior descending: LIMA =
left imiernal mammery artery.)

target vessel reintervention for graft occlusion. Three-
month postoperative angiography was performed in 76 of
the 8 patients (89%), echocardiography in 72 (8%), and
stress testing in 58 (68%). A frame from a representative
3-month angiogram is shown in Figure 2.

Efficacy Endpoints

Of the 85 patients undergoing TECAB, 5 (6%) were
converted to other techniques. One patient (1%) required
reintervention of the target vessel on the first postoper-
ative day, for graft occlusion. Three-month angiography
was performed in 76 patients, and revealed anastomotic

Table 6. Adverse Events

ARCENZIANOET AL 1671
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occlusion in 2 cases and significant anastomotic stenosis
(= 50%) in 4 others. Of these 6 patients, only one (who
was symptomatic) underwent reintervention after the
three-month angiogram. Thus, a total of 7 of 80 patients
having TECAB had either target vessel reintervention or
angiographic documentation of graft failure. Because 5
patients had neither a reintervention nor an angiogram,
this corresponds to a freedom from graft failure or a
reintervention rate of 68/75, or 91%.

Safety Endpoints

Major adverse cardiac events (MACE) were defined as
all-cause mortality, myocardial infarction, or target
vessel reintervention. There were no deaths from any
cause in the cohort during the study period. There was
one perioperative myocardial infarction, and 4 target
vessel reinterventions (as described above), corre-
sponding to 5 MACE events in 85 patients (5.9%). The
incidence of these and other adverse events in the
study group is listed in Table 6, along with correspond-
ing incidences from a query of the STS database for
similar patients undergoing single-vessel coronary by-
pass on the arrested heart by sternotomy in 2000-2002.
The comparison indicates that our study cohort com-
pared favorably with the STS database cohort. There
were 5 groin infections, which did not result in major
morbidity but were a TECAB-specific complication not
usually associated with conventional approaches,
which only infrequently utilize femoral cannulation.
Finally, the transfusion rate of 31% was higher than
expected, and may reflect the effects of longer cardio-
pulmonary bypass times in some patients.

Description of Event TECAB Trial STS Database (2000-2002) p Value*
No. (%) 85 11,382
Mortality - all causes 0 (25) 00
Myocardial infarction 1{11) (82) <06
Target vessel reintervention 447 (26) NS
Cardiac arrest 1(12) (12) NS
Heart failure 112 52(86) <005
Postop AFIB (new anset) 112) 1,909 (16.8) <05
Ventricular tachycardia 112 - -
Ilac/femoral artery dissection o(o) 14(0.12) NS
Pleural effusions requiring thoracentesis 3(33) - -
Reop for bleading 3(33) 197 (1.7) NS
Postcardiotomy syndrome 2(3.1) - -
Respiratoey failure (48 hours) 2(30) 542 (48) NS
Postop renal failure 1(1.2) 25 (2.0 NS
Castrointestinal complications 2(30) 187 (16) NS
Pulmonary embolus 1{(1.2) 185(1.7) NS
Croin infection 5(5.9) - -

*5TS datab point extimates were
cach rate.

AFE = strial fibrillstion; STS = Society of Thoracic Surgecns.

v

d againat study group extmmates based on second-ceder approvimation to the 3% confidence interval of
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Leamning Curve Analysis

The “learning curve” refers to the phenomenon of im-
proved performance with increasing experience. By plot-
ting each surgeon's individual operative time data
against his level of experience (ie, case number), scatter
plots were generated, from which best-fit equations were
generated. The results of this analysis are depicted
graphically in Figure 3. The mean reduction of time with
increasing experience was statistically significant for total
operative time, cardiopulmonary bypass time, cross-
clamp time, and anastomosis time, but not for IMA
harvest time.

Comment

Enthusiasm for minimally invasive cardiac surgery has
recently been bolstered by the introduction of a new
category of technologic achievement: the computerized
telemicromanipulator. In 1997 the first intracardiac pro-
cedures (mitral valve repairs) were performed using a
prototype of the current da Vinci system [10]. These
operations were performed through small thoracotomy
incisions, since the “micro-wrists” allowed the surgeons
to complete complex maneuvers without placing their
hands within the chest. Over subsequent years, the da
Vinci system was tested in FDA IDE trials of robotically
assisted mitral valve repair [2] and atrial septal defect
repair [3].

The technical dexterity and three-dimensional visual-
ization afforded by robotic technology has also been
applied to CABG. In 1999, Loulmet and colleagues re-
ported the first use of the da Vind system for coronary
bypass surgery [4]. According to this pioneering report,
the robotic system was used to harvest internal mam-
mary artery grafts in four patients, and to complete the
remainder of the CABG operation in two of these pa-
tients by a totally endoscopic approach (TECAB). A year
later, Falk and colleagues [5] reported a much larger
experience of robotically assisted CABG surgery, which
included 22 patients undergoing TECAB. Subsequent
reports of similar experiences by Kappert and colleagues
[11] and Dogan and colleagues [8] have supported the
feasibility of robotically assisted TECAB. Notwithstand-

ing the achievements of these and other pioneering
surgeons, early outcome data were available only in the
form of anecdotal single-center reports, and selection
criteria for TECAB, as well as technical details of the
procedures (on-pump versus of-pump, arrested versus
beating heart, target vessel and conduit selection, etc),
were not standardized. Therefore, prior to granting ap-
proval of TECAB as an indication for use of the da Vina
evaluation of this new operation in a controlled clinical
safety and eficacy trial.

The present study demonstrated that TECAB can be
performed with acceptable safety. In 85 patients, there
were no deaths, and only one postoperative myocardial
infarction. Other adverse events, such as target vessel
reintervention, renal failure, and reoperation for bleed-
ing occurred with equal or lesser frequency than in
patients undergoing similar coronary bypass procedures
by conventional approaches.

Efficacy in this study was defined as freedom from the
composite endpoint of target vessel reintervention or
angiographic graft failure after three months. By this
definition, after excluding 5 intraoperative conversions
and 5 patients without angiographic follow-up data, 68 of
75 evaluable patients, or 91%, had effective procedures.
Three of the intraoperative conversions were due to
mammary artery damage or anastomotic bleeding, while
two were from poor graft flow as assessed by intraoper-
ative angiography.

These results compare reasonably with available data
from studies of coronary bypass surgery by minimally
mvasive and conventional approaches. In a study by
Diegeler and colleagues [12], in which a cohort of 271
patients underwent LIMA-LAD bypass by a minithora-
cotomy, beating heart approach (MIDCAB), angiography
revealed a graft patency rate of 88.2% at hospital dis-
charge and of 91.5% at 6 months. In a similar study by
Mack and colleagues [13], the graft patency rate after
MIDCAB was 91%. Jatene and colleagues [14] reported
the angiographic follow-up of 120 patients who had
off-pump coronary artery bypass (OPCAB) by stemot-
omy or minithoracotomy (MIDCAB). In cases performed
without a cardiac stabilization device, early (predis-
charge) graft patency was only 79%; when a stabilizer
was used, the patency rate improved to %0%. In a sub-
study of the International Multicenter Aprotinin Graft
Experience (IMAGE) trial [15], in which all patients
underwent on-pump CABG by stemotomy, Berger and
colleagues found that early angiographic LIMA-LAD
patency was 90.9%. Finally, in a recent randomized study
by Khan and colleagues [16] published in the New
England Journal of Medicine in 2004, of-pump CABG
resulted in an observed 3-month angiographic patency
rate of 92% for IMA grafts and for grafts to the left
anterior descending artery. Although these grafts in
patients undergoing conventional, on-pump CABG had a
patency rate of 100%, the authors concede that “our rate
... in the on-pump group is at the high end of the
reported range,” citing the paper by Nathoe and col-
leagues [17], published a year earlier in the same journal,
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in which the angiographic graft patency rate after on-
pump CABG was 93%.

There were five conversions in the trial, corresponding
to a rate of 6%. These were cases in which intraoperative
difficulties prompted the choice of an altemnative ap-
proach in order to complete the coronary bypass opera-
tion. All converted patients had three-month angiogra-
phy documenting graft patency, and none underwent
reintervention of the target vessel postoperatively. This
conversion rate compares favorably with studies of other
novel minimal access operations, such as MIDCAB [18,
19}, minimally invasive aortic valve replacement [20], and
thoracoscopic IMA harvest [21], in which conversion
rates ranged from 3.9% to 83%.

A unique component of our trial was the mandatory,
stepwise training program that required prospective
investigators to achieve minimum standards of profi-
ciency in specific tasks in order to “graduate” to the
full TECAB operation. The enforcement of this pro-
gram achieved several goals. First, surgeons unable or
unwilling to master basic but important components of
the TECAB operation, such as robotic IMA harvesting
and peripheral perfusion with endoaortic balloon
clamping, never entered the trial, minimizing technical
failures. Second, the leaming curves for certain tasks
were established prior to trial entry; as an example, our
analysis confirms that IMA harvest times for surgeons
in the trial had reached a plateau before the first
TECAB was ever performed. Finally, in the face of the
recent FDA approval of robotically assisted CABG
(which was attained on the basis of data from this
study), our stepwise training plan will serve as a
prototype in the development of a larger scale training
program.

Our study has its limitations. Patients were not
randomized to different minimally invasive tech-
niques, such as OPCAB and MIDCAB, so that compar-
ative evaluation of TECAB safety and efficacy data is
dependent on intrinsically imperfect historical data.
Furthermore, although TECAB is often proposed as a
less invasive altemnative to OPCAB and MIDCAB, two
“off-pump” procedures, safety concerns led to the
decision that the trial would study TECAB in the
“on-pump,” arrested heart setting. This fact somewhat
limits the extrapolation of our results to other “more
desirable” descendants of arrested heart single-vessel
TECAB, such as beating heart TECAB and multivessel
TECAB. This is unfortunate, since it is difficult to
support the concept of an “on-pump” operation for
single-vessel coronary disease as anything more than a
steppingstone to beating heart or multivessel TECAB.
Finally, although complication rates in our trial com-
pare favorably with those reported to the STS database
for patients undergoing single-vessel CABG, we must
be cautious in deriving strong conclusions from this
comparison, as the two patient cohorts were not pro-
spectively randomized or retrospectively matched.
Notwithstanding these limitations, the experience ob-
tained in this trial is certain to further the development
of other TECAB variants. Early proof of this is the fact

ARGENZIANOET AL 1673
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that several of our trial investigators have already
accumulated a significant experience in multivessel
and beating heart TECAB since the trial’s end.

In conclusion, our multicenter, prospective evalua-
tion of robotically assisted, totally endoscopic coronary
bypass surgery demonstrated that this operation can
be performed with acceptable safety and eficacy by
surgeons who undertake a structured and rigorous
training program. Although TECAB will make its
greatest impact when applied in an off-pump setting
and/or for multivessel disease, this trial confirms the
feasibility of coronary bypass surgery by robotic means
and suggests a continued role for robotic technology in
the pursuit of ideal procedures that will deliver maxi-
mal efficacy and safety in the treatment of cardiovas-
cular disease with minimal invasiveness.
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Columbia University Medical Center
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Sacred Heart Medical Center
Spokane, Washington

Hospital University of Pennsylvania
Philadelphia, Pennsylvania

DISCUSSION

DR FRANK SELLKE (HBoston, MA): You take young patients
with good LV (left ventricular) function and give them an 88%
graft patency at six moaths, all in six hours of operating. Do you
think this has 2 future?

DR ARCENZIANO-: That is a very good question. There really is
2 two-part answer. The first question is do we think that 2
six-hour operation which requires cardiopulmonary bypass and
femoral cannulation has a future for sngle vessel discase, and |
think the answer is no, because in fct there are very fow people
who have had to do that after the trial. The stipulation was that
we had to prove that this was safe in 2 more comfortable
on-pump setting. There is no question that this i really 2
steppingstone in that the MIDCAB (minimally invasive direct
coronary artery bypass) or the mini ThoraCAE, whatever you

With respect to your question about the success rate or the
eficacy end point, again, if you ask any cardiac surgeon, well,
what is your LIMA (left internal mammary astery) to LAD (left
anterior descending) patency rate, they will say, oh, it is 100% or
99%. There was Mrs. Nussbaum. The problem is we doa't know
what mammary patency rates are, and if you lock at the
literature, if you Jook at every study, including the large aproti-
nin study, which Jooked at angiographic patency rates, and some
of the MIDCAB trials and some of the OPCAB (ofi-pump
coronary artery bypass) trials, any study that has ever looked at
vein or rates has found the rates, in
reality, to be much less than people think. So do I think that 88%
is 2 good success rate? [ don't, but [ suspect that if we took our
patients in our practices and did routine three-month angio-
grams we might be surprised at what would be found.

DR SUDHIR P. SRIVASTAVA (Odessa, TX): | have 2 comment
on your earlier question, and [ think it is a very relevant
question. Of course the trial, as Mike has pointed out, was really
a springboard to get to the next stage, and I think since then the
beating heart and da Vinci coronary revascularization is being
done, and in fact in many centers those timings have really come
down. We have done about 50 cases since July since the FDA
mosis, and our single vessel timings are down to arcund two to
two and 2 half hours, and these patients, many of them go home
the next day, and we have 100% graft patency. So | think it was
an evolutionary step for 2 later purpose.

DR ARCENZIANO: Sudair should be really congratulated. Dr
Srivastava was ane of the investigatoes in our study, and he and
a fow others have really kind of taken the lead that of course was
established by our European colleagues, some of whoemn were in
the trial, soene of whom weren't, in moving to the next step, and
of course, beating heart TECAB is being performed in Europe
and at several centers here in the United States. And frankly,
there are leaming curves associated with all these procedures.
Of the 12 centers that were involved, cight of the surgeans in the
center did at least five cases, but there were some who did loss.
So cbviously learning carve is important.

DR OMAR M. LATTOUF (Atlanta, CA): Dr. Argenziana, | have
a couple of comments for you. Six patients in your group were
converted cat of the planned TECAB because of peripheral
vascular disease. id you perform femoral ultrasound in ad-
vance, preoperatively, for those patients and would you do that
now based oa your experience? The second peént, you had 2 10%
stenosis or ccclusion rate. Did you use 2 shunt in the LAD, ar
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would you use 2 shunt in the LAD to keep that patent and give
you a better chance of graft patency?

DR ARCENZIANO: With respect to the femoral cannalation, all
patients did not receive ultrasounds bat in fact there was a
peripheral vascular mam involving pulses and Dopplers and
history. As you know, patients with coronary disease do have
some incidence of significant peripheral vascular discase of the
iliofemoral system. There was no specific criterion for that, and
1 think that was something that we did learn. There was
significant incidence of this. This is really a problem that doesn't
need too much of 2 solution because, of course, the goal is to do
this without cannulation.

You were talking about intracoromary shunts. We didn't
because this was an arrested heart trial, and so it was cardiople-
gic arrest and it was a still heart. Cortainly, for the surgeons that
are performing beating heart TECAB, the shunt has been help-
ful, as it s in other forms of OPCAB.

DR INDERJIT S. CILL (Cloveland, OH): The angiograms that

you had in the study, were they analyzed in a single core lab or
were they done in individual hospitals?

DR ARCENZIANO: All angiograms were sent to 2 primary core
laboratory which rendered an independent blinded assessment,
but they were abo evaluated by the individual cath labs in the
member hospitals, and if there was a disagreement batween the
primary core bb and the institutional lab, then those studies
were referred to a secondary care lab for adjudication.

DR CILL: And 2 second question. How many of these patients
had hybrid diseases?

DR ARCENZIANO: Approximately 30% to 40% of the patients
in the study were participants in some form of hybrid scheme.

ARCENZIANOET AL 1675
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DR DIMITRI NOVITZKY (Tampa, FL): | have concerns about
the study becawse of such a long ischemic and bypass time. My
first question, is it ethical to continue with the study? If you
yourself will require coronary bypass sargery, which way would

you prefer? For myself, 1 would choose a standard midline
mlhlwdmmnndhbemwwimndum
changes in surgical procedures. The driving force for the patient
care shoald be the surgeca and not the industry. You should not
allow yourself to be pushed and therefore compromise the
patient outcome.

DR ARCENZIANO: Thank you for your comments. Your ques-
tions are all questions that run through our minds any time we
engage in innovative work. Without question, from the first use
of the bypass machine to what we are doing
today, there is 3 certain amount of trepidation that is involved in
the changing of a standard. However, without that sort of
thinking, innovation certainly has no chance. But [ would have to
agree with you that from an ethical standpoint we were very
careful We had a data safety monitoring board, which was
chaired by a very experienced, minimally invasive surgeon from
Europe who was not involved in the trial, and every adverse
event was reviewnd, and there was specific criteria for halting
the trial or modifying the numbers, and those were not achieved.

With respect to whether | would have this operation done,
again, as | say, the healthy patient with a good ventride certainly
has 2 low risk of complications, but this trial was a steppingstoae
trial, and based on what we have learned, we have already
moved ahead to the next step. So the answer to your question, i
1 had a single vemsel that needad to be revascularized, [ would
not have trouble having 2 beating heart TECAB performad by a
surgecn with experience in that arca. But again, the trick is
getting the experience.
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Summary

lbcngnmmmeslgnmanmmmmmmhmmmmumunmnmemni:erofmmmuy

Invastve (MI) cardiac surgical procedures
technology have fackitated routine totally

coronasy artery bypass gratting (TECAE), aulowing the surgeon

advances In optics, Instrumentation and

pertormed. Synchronousty, pertusion
mboocczducsnmmm daVinc® telemaniputation system (Intutive Surgical
mc).mmogtnsbmmiedmmywuxmp;mwg in

, mitral vaive repair (MVP) and totally endoscopic
5 mm port sttes rather than a tradttional median

. In this rapicly evolving field, we review the climical results of robotic cardiac surgery.
blampmAmnonmrc:dbﬂnnuc&qeq AlL rights reserved.

Keywords: Surmical procodures; Minimally imvastve; Thorack: surgory; Vidoo 2mistod: Rrbotics: Telemedicing, nstrumentation

1. Introduction

During the past decade, recognition of the significant
advantages of minimizing surgical trauma by reducing inct-
sion stze and eliminating rib-spreading have resulted in a
substanttal Increase in the number of mintmally tvasive
(M) cardiac surgical procedures being performed. These
benefits have included less pamn, shorter hospital stays,
faster return to normal activities and improved cosmests
[1]. At the same time, improvements In surgical instrumen-
tation, perfusion technology and visioning platforms have
facilitated these advances such that MI approaches have
now become the standard of care at certain Institutions
worldwide due to excellent results. Endoscopic instru-
mentation, with only four degrees of freedom, significantly
reduces the dexterity needed for delicate cardiac surgical
procedures, and the loss of depth perception by using two-
dimensional video monftors further increases operative
dirfculty. Robotic surgery provides a solution to these
problems and represents a paradigm shift in the delvery
of healthcare for both the patient and the surgeon.

Robotic systems consist of telemanipulators where end-
effectors, or micro-instruments, are controlled remotely
from a console. The da Vind® S system (Intutive Surgical,
Mountain View, CA, USA) is the most widely used and ts
comprised of a surgeon console, an strument cart and a
visioning platform. The cperattve console allows the sur-
geon to Immerse himself into the operative field through
high-dafinition three-dimensional imaging. Finger and wrist
movements are registered through sensors and transtated
into motion-scaled tremor-free movements avoiding the

*Corresponding author. Tol.: 41 252 744 4822; fax: +1 252 744 3051,
E-moll address: chitwoodwi#acu.ods (W.R. Chitwood Jr.).
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fulcrum effect and Instrument shaft shear forces commen
to long-sharted endoscopic Instruments. Wrist-ise articu-
latsons at the ends of micro-instruments bring the ptvoting
action of the instrument to the plane of the cperative fleld
improving dexterity in tight spaces and aliowing truty
ambédextrous suture placement.

The greatest growth In robotic procedures has been In
the field of urology with rapld dissemmation of robot-
assisted radical prostatectomy woridwide. Currentty, over
1700 robotsc cardiac operations are performed In the USA
per year but with a yearly Increase of about 400 cases, or
about 25% growth per year [2]. The most common applica-
tions In cardiac surgery are for mitral valve repair (MVP)
and endoscopic coronary artery bypass grafting (CABG).
The last 15 months have, however, seen two critical edi-
tortals in the Journal of Thoracic and Cardiovascular Surgery
questioning the clinical value of robotics tn cardiac surgery
[2, 3]. This article will review the published evidence,
assess the limitatfons of robotic technology and look at
lkedy future directions.

2. Mitral vaive repair

The first robotic MVP was performed in May 1998 by
Carpentier using an earty prototype of the da Vind™ artic-
ulated Intracardiac ‘wrist’ robotic device [4]. A week later,
Mohr performed the first coronary anastomosts and repatred
five mitral vatves (MVs) with the device [5]. Grosst et al.
of New York University partially repaired a MV using the
Zeus™ system (Computer Motion Inc, Goleta, CA, USA) but
no annuioplasty ring was inserted. Four days later, in May
2000, Chitwood performead the first complete da Vincd™
mitral repair in North America. Two Food and Drug Admint-
stration (FDA) trials subsequently led to approval in Novem-
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ber 2002 of the da Vinci™ system for MV surgery [6, 7].
Although a small (3-4 cm) utility inciston 1s still pacessary
for the patient-side surgeon to pass sutures and need-
les In and out of the chest, advances in 3D visualization
and Instrumentation, particutarly the development of the
robotic left atrial Endowrtst® retractor, have progressed to
a point where totally endoscopic mitral procedwres using
the full spectrum of Carpentier's repawr techniques are
routinely practiced.

There are no randomized studies comparing robotic to
elther video-assisted or sternotomy MV surgery. However,
in 3@ non-randomtzed study, Woo et al. demonstrated that
robotic surgery patients had a significant reduction 1n blood
transfusion and length of stay compared to sternotomy
patients [g], whereas the only difference that Folliguet et
al. noted was a shorter hospital stay (7 days vs. 9 days,
P=0.05) [9]. The largest reported single canter experience
15 300 cases with 0.7% and 2.0% 30-day and late mortalities,
respectively [10]. No stemotomy conversions or MV replace-
ments were required. Immediate post-repair echocardio-
grams showed 98% had efther no or trivial residual mitral
regurgitation (MR). Complications included 2 (0.7%) strokes,
2 (0.7%) transient Ischemic attacks, 3 (1.0%) myocardtal
Infarctions and 7 (2.3%) re-cperations for bieeding. The
mean haspital stay was 5.244.2 (5.D.) days and 16 (5.3%)

patients required a re-operation at a mean of 3194

377 days from the original operation. Mean postoperative
echocardiographic follow-up at 815+ 459 (5.D.) days dem-
onstrated that 7.6% had moderate or severe recurrent MR.
Five-year Kaplan-Meler survival was equivalent to conven-
tional surgery at 96.6 4 1.5% with 93.8 £ 1.6% freedom from
re-operation.

Murphy et al. reported thelr experience in 127 patients
of which five were converted to median sternotomy [11].
Seven patients underwent mitral valve replacement (MVR)
and 114 had MvPs, Complications Included one In-haspital
and one late mortality aswell as a 1.6% Incidence of stroke
and 17% new onset of atrial fibrillation (AF). Post-discharge
echocardiogram results were available In 98 patients with
a mean follow-up of 8.4 months. There was no more than
1+ residual MR in 96.2%. These two serfes demonstrate
that robotsc MV surgery Is safe with excellent short-term
results and 1s associated with good mid-term durability. As
mare experience has been gamned with the use of robotic
technigues, surgeons are tackling more complex MV disease
such as anterfor and bileaflet repalrs with results compa-
rable to published natfonal data using conventional tech-
niques [12]. Nevertheless, long-term follow-up s needed
to determine whether these results will be comparable to
the 10- and 20-year data reported by others. As technology
continues to iImprove, these procedures will become easter
and more reproducible and better results will tkely follow.
Comparative data on patn, speed of recovery, quatity of
life and return towork are necessary to assess the benefits
that have been demonstrated for other MI and robotic

cardiac procedures [13].
3. Coronary revasculartzation

The range of robotic coronary operations ranges from
internal mammary artery (IMA) harvest with a hand-sewn

anastomosis, performed efther on- or off-pump through a
mini-thoracotomy or median stemotomy, to totally endo-
scopic coronary artery bypass grafting (TECAB). Anastomo-
ses in all coronary territortes have been successfully per-
formed even In saquential configuration and using anasto-
matic couplers [14]. Earty reports demonstrated the feast-
bitfty and safety of harvesting the IMA with the da Vinc®
system with harvest times <30 min achievable once the
learning curve had been negotiated [15].

In 1998, Loulmet demonstrated the feasibility of TECAB
on an arrested heart by using da Vinci® to harvest the left
IMA (LIMA) and to perform a LIMA to left antertor descend-
Ing (LAD) coronary anastomosts In two patients [16].
In 2000, Falk reported TECAB on 22 patients of which
four were converted to mint-thoracotomy for anastomatic
bleeding or graft tssues [17]. In the remaining 18 patients,
grafts were widety patent at three months with no major
complications. The same group subsequently reported the
first off-pump TECAE using an endoscopic stablitzing device
[18]. Dogan reportad 45 arrested heart TECAB procedures
In 2002, of which eight patients underwent double-vessel
revasculartzatson with both IMAs [19]. The Initial conversion
rate of 22% dropped to 5% in the last 20 patients, a trend
which s mirrored In other studies [20]. The procedural
time for single-vessel TECAB was 4.240.4 h, cardiopulmo-
nary bypass (CPB) time was 136+ 11 min and aortic cross-
clamp (XC) time was 6145 min,

Subramantan achleved multi-vessel revascularization
(mean number of grafts, 2.6) in 30 patients using roboti-
cally-harvested IMAs [21]. Depending on the specific target,
efther a mint-thoracotomy or transabdominal approach was
employed. Twenty-nine (97%) patients were extubated on
the operating table, 77% were discharged within 48 h and
only two patients needed readmission. In addition, only
one patient needed conversion to sternotomy and there
was no mortality. However, the largest single institution
series comes from Srivastava with 150 patsents undergoing
robotic-assisted bilateral IMA harvesting and off-pump CABG
via a minl-thoracotomy [22]. Two patients presented with
chest pain after discharge secondary to graft ccclusion; in
both cases, treatment using percutaneous tervention was
successful. In 55 patients undergoing computed tomography
anglography at 3 months, all 136 grafts were patent.

A multicenter Investigational Device Exemption trial was
reported by Argenziano 1n 2006 [23]. Ninety-eight patients
requiring single-vessel LAD revascularization were enrolled
at 12 centers; 13 patients (13%) were excluded Intraoper-
atively (e.g. falled femoral cannutation, work-
ing space). In the remaining 85 patients who underwent
TECAE, CPB time was 117 +44 min, XC timewas71+26 min
and hospital length of stay was 5.14 3.4 days. There were
5 (6%) conversions to open techniques. There were no
deaths or strokes, one early reintervention and one myo-
cardial infarction. Three-maonth angsography was performed
in 76 patients, revealing significant anastomotic stenoses
(>50%) or occlusions In stx patients (7.1%). Overall free-
dom from reintervention or anglographic fallure was 91%
at three months. US FDA approval of use of da Vind*® for
coronary revasculartzation was largety based on this study.

The largest multicenter experience was reported by de
Canntére et al. in 2007 and involved five European institu-
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tiors with 228 pattents undergoing TECAB (on-pump,
n=117; off-pump, n=111) [20]. The overall mortality was
2.1% and the conversion rate of 28% decreased with time
and did not adversely affect outcome. The overall proce-
dural efficacy, as defined by anglographic patency or lack
of tschemic stgns on stress electrocardiography, was 97% at
six months. The Incidence of major adverse cardiac events
within stx months was 5%. The rate of target vessel reinter-
vention was stightly higher for both on- and off-pump pro-
cedures compared to that reported for open procedures In
the Soclety of Thoraci Surgeons national database.
In summary, these reports of robotically-assisted coronary
surgery have mastly invoived highly-selected patsent popu-
lattons requiring limited revascularization wsually of the
anterior wall. In these circumstances, surgeons have been
able to achleve totally endoscopic LIMA-LAD grafting with
high success rates albelt after the inftial leaming curve. It
1s still not clear whether TECAB or roboticalty-enhanced MI
direct CABG providas superior outcomes. Hybrid or Inte-
revasculartzation effecttvely combines the survival
benefits of LIMA-LAD grafting as a Ml procedure with PCI of
a second or third coronary target. Integrating these two
procedures into one therapeutic modality aims to provide
the patient with the beneficial aspects of each successive
technique 1n the least vastve way possible. It 1s Ikely to
become utiitized more frequently particularty with advances
In robotic mnstrumentation. Recent work by Katz has dem-
onstrated that this approach can be accomplished with no
mortality, low peri-operative morbidity and excedlent 3-
month anglographic LIMA patency (96.3%) [24]. Katf et al.
recently reported 91% LIMA-LAD patency at 9 months for
simultaneous Integrated coronary revasculartzation using a
roboticalty-enhanced technique [25]. Five-year freedom
from reintervention of the LAD after robotic TECAB 15 87.2%
which leaves room for improvement but ts reflective of the
early experience typicaily assoclated with new techniques
[26]. Refinements In anastomatic technology, endoscopic
stabiltzation and target vessel identification systems will
all facilitate routine TECAB.

4. AF surgery

The Cox-Maze Ill procedure 1s an effactive surgical treat-
ment for AF. However, 1t 1s not widely applied due to its
complextty, Increased operative times, and the risk of
bleeding. Various energy sources have been introduced to
ssmplify the traditional “‘cut and sew' approach and also to
allow the development of less invasive theraples. There

have been a few case reports of patients undergoing
combined robotic MV and AF (MV/AF) surgery demonstrat-

Ing that these procedures are safe [27-29]. One small
(n=16) seres of patients undergotng robotic MV /AF surgery
using the Flex-10 microwave catheter (Gusdant, Indtanap-
olfs, IN) from our own Institution has been reported [30].
The ablative procedure added 42+ 16 min to the MV repair
and 1.3 days to hospitalization. At stx months follow-up,
73% were in sinus rhythm, 20% were paced and 7% were in
AF. In our overall robotic experience, about 18% of patients
undergoing MV surgery have a concomitant procedure for
AF, usually a cryomaze [10].

Robotically-assisted surgery for lone AF s In Its Infancy
being first reported fn an animal model tn 2002 {31] and
later i humans in 2004 [28, 32, 33] to achieve pulmonary
veln tsolation. An on-pump endocardial has been
reported by ourselves and others [34] using cryoablation to
repiicate the Cox-Maze 11l lesion set and further results are
awaited.

5. Left ventricular lead placement

Numerous prospective studies have demonstrated that
cardiac resynchrontzation therapy with or without implant-
able cardioverter-defibrillator capability improves ventric-
ular function, exercise capacity and quality of (ife, aswell
as reducing mortality and heart fatlure hospitaitzations in
patients with symptomatic heart fallure and delayed mtra-
ventricular conduction despite optimal medical therapy
[35]. Left ventricular lead placement 1s usually accom-
plished percutaneously through coronary stnus cannulation,
advancing the lead iInto @ major cardtac vein. This tech-
nique ts assoctated with long fluoroscopy times and 15 not
applicable to all patients bacause of anatomical Umitations
in coronary venous anatomy. Earty and late faflures occur
n ~12% and 10% of procedures, respectively [36). Surgical
epicardial lead placement 1s often a rescue therapy for
these patients.

Early reports by Derose et al. demonstrated the efficacy
of robot-asststed LV lead tmplantation [37]. They reported
results for 13 patients, stx of whom had previous CABG,
with no complications or technical fafiures. Navia's serfes
of mint-thoracotomy or robatic/endoscopéc LV lead place-
ment included 41 patients without mortality, intra
complications or Implantatson fafiures [38]. A MI surgical
approach 1s very attractive as it allows surgeons to deter-
mine the best epicardial site for implantation by mapped
stimulation and may, therefore, entall greater success rates
than transvenous implantation. A randomized study com-
paring both technigues 1s in progress.

6. Intra-cardiac tumor resection

Cardiac tumars, although relatively uncomman and mostly
benign, should almost always be resected to prevent throm-
boembolic complications. Murphy et al. recently reported
robotic excision of three left atrial myxomas using efther a
left atriotomy or right atriotomy with trans-septal
approach. Autologous pericardial patches were used to
repalr saptal defects following exciston [39]. The mean CPB
and XC times were 103 £40 min and 6442 min, respectively.
Impressive results were reported with all patients being
discharged on day 4 and resuming normal activity three
weeks after surgery. Stmilarly, Woo et al. used robotic
techniques to excise an aortic valve papiilary fibroelastoma
with the patient being discharged on the 3rd postoperative
day and back to work within cne month [40].

7. Congenttal surgery

A few congenital cardiac conditions in both chidren and
adults tend themselves to a MI approach. Torracca et al.
and Wimmer-Gretnecker et al. were the first to report
small series of patsents undergoing robotic atrial septal
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defect (ASD) repair i Europe [41, 42]. In a US FDA Inves-
tigational Device Exemption trial, Argenziano et al. dem-
onstrated that ASDs in adults can be closed safely and
effectively using totally endoscopic robotic approacheswith
a median XC time of 32 min [43]. One of 17 patients had a
residual shunt across the atrial septum which was repatred
via mini-thoracotomy on postoperative day 5. The reoper-
attve Ninding was that the atrial septal primary suture line
was Intact but there was a tear medial to 1t. This fafiure
was therefore Itkely related to use of a direct closure
technique rather than using a patch repair and therefore
not a faflure of the robotic technique per se. Bonaros et
al. showed that the learning curve 1 steep and assodated
with @ rapid decrease in operative times [44]. Maorgan
subsequentty demonstrated that robotic ASD closure has-
tens postoperative recovery and improves quality of lire
compared to efther a3 mini-thoracotomy or median stemo-
tomy approach [13].
Del Nido's group from the Boston Children's Hospital
published thetr 2-year experience with 15 patients under-
going patent ductus artertosus (PDA) closure (n=9) or
vascular ring repair (n=6) utilizing the da Vind™ system
[45]. The patients were aged 3-18 years and only one was
converted to a thoracotomy because of pleural adhesions.
The total operative times were a little prolonged at
170446 min (PDA) and 167 +48 min (vascular ring). Never-
theless, all were extubated in the operating room and were
discharged after a medfan of 1.5 days. Le Bret et al
compared operative times for robotically-assisted PDA
closure using the Zeus System (Computer Matson, Inc,
Goleta, CA) vs. videothoracoscopic surgery and noted sim-
flar operative times to Del Nido's group (162 min) for the
robotic cohort but much sharter durations for the video-
cohort (83.5min), with equivalent
dinical outcomes [46].

8. Limitations

Limitations specifically related to the use of robotic

techniques In cardiac surgery include:

1. Incomplete and delayed motion tracking — while tele-
manipulation systems may eventually ephance endo-
scopic surgical performance by eliminating some human
deficits such as tremor, such systems not only add a
second Information processing system but also cause
mertta by additional electronic and mechanical parts.
This was elegantty demonstrated by Jacobs et al. in 20
subjects using an endoscopic trainer designed to simu-
late beating-heart conditions [47]. The subjects were
asked to touch targets manuzlly or robotically with the
da vind® system with different pattems of Increasing
tndex of difficulty (resting mode! and moving at fre-
quencies of 35, 60 and 90 bpm). Robotic assistance
slowed task completion by 2.9 times and Increased the
error rate. At a frequency of 90 bpm, robotsc tracking
became much more difficult. However, these data must
be interpreted in the context that the subjects had no
prior robatic experience and, aswe have seen, there s
a clear learning curve. These limitations might negative-
ly affact dexterity and the quality of an anastomosis In
beating-heart surgery. Therefore, future progress must

be diracted to ensuring better quality stabfitzatson,
development of algorithms for virtual Immobsiization,
Increased bandwith and different hardware design that
will allow for 2 faster response.

2. Lack of tactile feedback - in our experience, visual
clues such as tissue deformation provide adequate
Information. Refley et al. demonstrated that visual force
feedback primarily benefits novice robot-assisted
surgeons with diminishing benefits among experfenced
surgeons [48).

3. Cost - inftial capital outlay, tnstruments and mainte-
nance. These will come down with time and may be
Justined by a reduction in hospital stay, patient morbid-
ity, ivastvenass and speed of recovery. Morgan et al.
spacifically addressed this tssue and found an increase
in hospital costs of $3444 for robotic MVP compared to
a stemotomy approach when factoring iIn the inftial
capital investment of the system [49].

4. Learning curve due to the Inherent complexity of the
system. Training programs are conducted in formal train-
ing centers and constst of didactics, familiartzation with
the system and then practice on inanimate objects,
cadavers and Iive animats [50].

5. Additional operative time to position the robotic system
and for Instrument changes.

9. Conclusion

Robotic cardiac surgery 1s an evolutionary process and we
are simply at one point on a contsnuum. If “time were told'
on robotic cardiac surgery as Dr Robicsek’s editortal in the
February 2008 tssue of the Journal of Tharacic and Cardio-
vascular Surgery would have us believe, then why ts there
a 25% yearly Increase In the number of robotic operations
beling performed 1n the US? Statsstics he presents such as
‘65% of US cardiac surgical institutions that own a da
Vinct*® do not use it" are not surprising when the uptake of
robotic technology has grown to 25% of all US cardiac
surgical programs. Clearly many centers have hopped on
the ‘robotic bandwagon' only to be disappointed. It 1s
unitkely that this growth i robotic technology 1s being
mirrored #n Europe. This expensive technology Is now
becoming concentrated In a few reference centers where
the cost of robotic technology can be offset against a high
institutional volume and where the necessary surgical
expertise and experience exist. This Is also necessary from
a research and development perspecttve If we are to
avercome some of the current limstations of this approach.
Although the surgical robot allows unprecedentad closed
chest surgical access to the heart, 1t 1s only one of many
new tools that are prerequisite for successful Ml cardfac
surgery. Further development of new adjunctive technolo-
gles such as retraction and stabfiization systems, sutureless
anastomotic devices and image guidance systems 1s vital.
Mintaturization of technology will enable us to progress to
routine totally endoscopic cardiac surgery through incisions
of only a few mAlimeters in diameter. This will require a
combined effort of physicians with our industry partners to

filt in the technological gaps that are present in our current
armamentarium of M tools.
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It ts vital to ensure success that formal training in these
MI and robotic tachniques 1s obtatned. It s Iskely that In
the future surgical vision and training systems will be able
to model most surgical procedures through immerstve tech-
nology, much ke a ‘flight simulator’, where one may be
able to simutate, practice and perform the operation with-
out a patient. Surgical scientists must continue to critically
evaluate this technology. Despite enthustasm, caution can-
not be overemphastzed as traditional cardiac operations

still enjoy proven long-term success and ever-decreasing
morbsdity and mortality and remain ow measure for

comparison,
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Acquired Cardiovascular Disease

Dhawan et al

Multivessel beating heart robotic myocardial revascularization

increases morbidity and mortality

Richa Dhawan, MD,* Joseph Devin Roberts, MD,* Kristen Wroblewski, Ms,” Jeffrey A. Katz, MD."

Jai Raman, MD, PhD," and Mark A. Chaney, MD*

Objective: The vast majority of reports describing beating heart robatic myocardial revascularzation (total
endascopic coronary artery bypass) contain very small numbers of patients undergoing simgle-vessel bypass.
We present a large series of patients under going multivessel total endoscopic coronary ariery bypass.

Methods: We performed a retrospective climcal review of 106 patients under going total endoscopic coronary
artery bypass (72% multivessel) &t 1 institution by 1 experienced cardiac surgeonfphysician sssistant team.
These results were compared with the expected clinical outcomes from conventional coronary artery bypass
grafling calculsted wsing the Society of Thoracic Surgeons sk cakulator.

Results: Of the 106 patients, 1% underwent quadruple total endoscopic coronary artery bypass, 8% trple, 63%
double, and 28% single. The emergent conversion rate for hemodynamic instability was 6.6%. The postoper-
ative renal failure rate (doubling of baseline serum creatinine or dialysis required) was 7.5%. Overall, 23 pa-
tients (21.7%) exhibited at lesst 1 major morbidity/mortality (4 desths). The number of vessels bypased
(smgledouble/trplefuadruple) carelated positively with the surgical/operating room time, the lung separation
time, vasoactive madication use, blood wse, a postoperative ventilation time longer than 24 hours, inkensive care
unit length of stay, and hospital length of stay. Anincressed surgical time was significantly asssocisted with major
morbidity (P = 011) and montality (P =.043). A comparson with the Society for Thoracic Surgeons expected
outcomes revealed a smilar hospital length of stay but an incressed mcidence of prolonged ventilation
(P =.(MB), renal failure (P < 001), marbidity (P = (M5), and mortality (P = (M9).

Conclusions: Our results suggest that addressing multivessel coronary artery disesse using total endoscopic cor-
onary arkery bypass offers no obviows clinical bene fits and might imcresse the marbidity and montality. () Thorae

Cardiovase Surg 2012;143:1056-61)

Minimally invasive surgery has potential benefits (facili-
tated rehabilitation/discharge) but also has potential nisks
(increased complexity)." Total endoscopic coronary arkery
bypass (TECAB) is performed using a robotic system that
allows the surgeon 1o operate through a series of small tho-
racic mncisions. Such surgery was first performed i humans
in 1998, whering in 3 new era in cardiothoracic surgery.™

Most reports using robatic echnology during cardiac sur-
gery have done so with some form of minithorscotomy and/
or cardiopulmonary bypass (CPB), withor without myocar-
dial arrest. " The few reports describing TECAB (without
mmithoracolomy/CPB) have contained small numbers of
patients undergomng smgle-vessel coronary artery bypass
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grafting (CABG).'™™ We repart our expenience with
multivesse]l TECAB and compared the outcomes with the
expected oukcomes from conventional CABG calculated
using the Society of Thoracic Surgeons (STS) ruk
calculstor. The we of robalic ssstance i cardise
surgery remsins controversial "% Our analysis has
helped to clarify the potential benefits and risks ssocisted
with this technology.

METHODS

The Usiversiy of (hicago b ng ionalreview bonad apgroned the pres-
et saudy and informad consent win waned We mtwagectively reviewad
the eocads of all 106 pagicass who had uwadegoae TECAB fiom July
2007 w Felbruary 2009 atour istingion. Onecard ac sargeod/ fhysicas &
szant (CSPA) eam pedamad every TECAB, with 1 of 6 experieaced
cada medeiologen. All wae scheduled for off pump beati g heat
1- 04w TECAB wing the da Viaci rodotic system (laosiive Susgical,
Swaywale Calf). Csically impomast right cocaary wtry dicne
thouglt amendble 10 paroutneus Comady ifaveaton was scheddad
forseen piacement after TECAB (before hospindl dischasge).

After apgili ol on of standiard meoc 0, ascudeiia win i aduced with in-
temvenous midaolam, syl peopofol, aad veouoaium aad de patie s
win noabaged with 2 left-dded double-hses eadormciedl nude. A ratal
amedal Moe and 2 dght eemal jugular veis Boodocer were erad
A pulmoady wtery catheter and ranseiopha geal ochoc wdogmplic pecbe
were wed mallpasiesss. Exieraal de fidelllasion pasches wee apgrogrigely
plical Surgery win parbemed wih single iy vesslitos (whes
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Abbreviations and Acronyms

CABG =coronary artery bypass grafling

CrB =cardiopulmonary bypass

CS/PA = cardiac surgeon/physician
assistant

euraSCORE = European System for Cardiac
Operative Risk Evaluation

HLOS =hospital length of day

ICU =inkmsive care unil

LAD =left antenor descending

LIMA =lefl mtemal mammary anery

pRBCs =packed red blood celk

RIMA =right intemnal mammary artery

STS =Socity of Thoracic Surgeons

TECAB = total endascopic coronary arery
bypas

equested by he susgeoa for e xpodre), asd e patient was poditionad -
pae. baoravesous siroglyceds (5 upfmin) and Ndocaine (1 mg/min) wee
adsiskserad 10 Weauge ComaRy Flery spaim and prevest reperfsiion
arbydmiag.

&qa_’ was pedfomead as previowd y decsdad by Srhadaa ad ool
legguen ' After single- by veasileion was achieved, intyooatal inciaioas
were made (vl aoas dete muiaad from revnoulass gioa schemes) Cas
boa diodde win wedto inafflge de chest (ussally 10-15 s Hy), and
e robotc s were plical Witk e CS & the console and the PA
soubbad and s the fichd comrolling he bt ic | sarumentigion, the leftis
terml masenry atery (LIMA) aad if seeded the sght iremal mamaary
atery (RIMA) were hanesaad. Pescadiotonny was pedommad, the trget
s were dessfied aad 2 cmashi was el deough 2 adbcoml
POOL S yate s datem e 0w e pustaiz aion (100 1V1g) wias achiewed (Lrget
ativiead doming tme, 250 secoads). A myocadial subdeer was wad ©
o meize movemeat of e tget el Whes all asatomotic 408 ap-
pearad skl tory, monwesus pootimiee (10 myiy) was atsisiaerad
A Dogpler grode win wsald (0 sess fe flow meaqwemenss A chest
e drais was inse e d bebiad the oft kg, ollowad by geadle e inflson
of e lef hng. The dharacic ncidons were hes susgically chosed.

The pagiests were buspodted 1o the inteadive care uakt (ICU), wanlly
wih a siagle-humes eadorachen] ube or spoatmecusly veaslating after
cxubation s e opemting room (OR) The goal was exubaion 2w 4
houss aftey ICU ardival. Mobili gon by pysical dempiats oocurrad oa
e secoad poatoperagive day (POD), and the Baes were removed The pa-
et were askesl © e ehbilogo floo whes disically
appeopeiate.

The preogemtne recards (aseuheiin, saxgery) werereviewad foe demo.
Faphic daga, comsarbid conditions, aumber of diie il veels, aad sever-
iy of veassod ar dysfusction. The OR wecoeds (srgery, susing perfusion)
evealad e sumder of grafspedomad, argcd dee, ad OR tme The
weuhesia wooeds providad e ot hiag separation tme, wefaomuse of
asprenrs (Comtauos nfsics of dodutumine, epinepirine, eody-
sepivine, aoeepiacpheine, andl or visogresain), urise ourpue, and avy dis
ol pecibless. The poatoperagive recoads (1CUL flooe acees) wee reviewad
o the lnterval o exabagion, ICU legh of stay (ILOS), hospizal leagh of
stay (HLOS), moebudiny, and seornalicy.

The logiac version of e Eusopeas System S Cardiac Operagive Risk
Evadu ko (ewoSOORE) was usad 1o caloulate the praficee d perioge mthe
sty for cach paiest *' Possopeatine ] fidue wis defisedas de
doubling of e preopemiive semum Coatiniae or aew requieme for

potoperagive & alysis. Bleating was coasiderad “excesive”™ if tmasfision
of 6 or more waiss of packad rad bload cells (pRBCS) cocumad withia 24
Roursafer e susgical incion. Major moeks doy wins deflaad & weanscs
b e, cmergent convesion, exceiaive Meating, resal Dudwe acue

el fadure, incomplet erevanouler zation (all ity o perform s gicd by-
P, inability 10 indert 4 comoadry Teat, or usadde e d deae Souad by
potoperagive asgiogmply), of goss ke

The demographic, dewe, aad srgical chamoednes and ouiomes
e e d wing e mean, Tadind deviation, and range or Fequency
cousts and peaceatiges. Comparions a00ds e o weae male sisg
e Wilooxos rank-sum (e oo cootl mous virkbles or ol aquase s
(or Fuders exax @, & dppeopeate) oo cregarial vasables. Whes
compat oy e 2 sevies of pagieats, 2 sample 110 were wsad for coatias
O v bles because e raw @t fiom Srhagaa -dmla.ca"-at
v kadle. The comrelations betwee s the contisuous or ord ml (e, aum
Der of vesse ki bypasied)were asieiiad using Speamun rank cane ligioa co-
effice s The Cochran-Amuitgge pead 104 waswed 0 cxami e whedher
he peopartion of patieass with modidiny, moaliry, pREC e, visoactive
madication we, or poolosged we ot llaion nceasad with a e diing s
Der of veels dypasad. Logeac rege s models were fif 0 ake s he
lreldood of cemain oucomes (g, pRBOCS or vasoactive medicat ion use)
seaufind by e srgicd tme 1a aldisos, | degee of Fendom goodass
of fit chi-aguare s were pedfarmad 0 compare Be aumber of patieass
Wi apamicd & oucone in the preient s e s with thar expeciad accoading
W te STS sk calcdanoe A 2aided P < (06 win comademd statsncally
sgafices No afjpsomesss o multiple comparins were made. Al
wmalyies wee pedomsad usiyg Sum, vesioa 11 (SusaCogp, Calege
Sugion, Tex).

RESULTS

From July 2007 o February 2009, 106 patients under-
wenl TECAB. The preoperative demographic and intrso-
perative dats are listed in Tabke 1.

A total of 39 patients (36.8%) experienced marbidity or
mortality (Table 2). Some patients were counted more than
once in Table 2 (eg, emergent conversion with postoperative
meumothorax). One intraoperative RIMA-obluse marginal
ar resulted i cardiac arrest and emergent thoracolomy
(with CPB) for revision. The patient then retumed to the
OR the next day for additional revision (median skernot-
omy). A patient with nght venincular raums retumed ©
the OR for repair of bleeding from the LIMA-left anterior
descending (LAD) ansstomoss and right ventncular tear
site. Left venincular traums i 1 patient was caused by
the myocardial stabilzer and required emergent sternot-
omy. Four patients underwent elective mirsoperative con-
verson by way of a thoacotomy (not considered
amaorbdity). All required elective conversion because of
surgical kechmcal difficully. Seven patients underwent
emergent perioperative conversion becawse of hemaody-
nanuc instabihity. Five required semotomy (2 intraopera-
tve, 3 requinng & retum to the OR) and 2 required
thoracotomy (both mirsoperative). Of the 3 mirsoperative
CPB mitistions, 2 were emergent. The 1 elective CPB initi-
ation (closed chest) was required for hemodynamic instabil-
ily (the patient ako experienced postoperative stroke).
Eight patients developed postoperative renal failure, of
whom, 3 required dialysis. Seven patients had meomplete
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TABLE 1. Preoperative demographicvintraoperatve data (n — 106)  TABLE 2. Morbidity/mertality
Vartabie Valoe Periad Patents(n)

Agly) lssacpesene
Mew = SD 66115 RIMA tausa 1
Range 3537 Veastculy taua 2

Femade geater (a) 27(2%5.5) Cardiac avest 1

Body s lndex (kg/e’) Enegeat comerdm 4
Meaw = SD 04=62 CPB initation 3

17.6-58.0 Deah 1

Hypexholegemlenia (s T (T3.6) Posopergive

Hypesesion (2) 98 (5) New-onset and d fdeillsion 17

Disbetes mellt (2) 36(3.0) Pacussodharax 2

Histoey of smokisg (3) 29(T 4) Resad fidue s

Pedpheral viscd a die e (8) 5(47) New-onset dalyss 3

Cemelrad vicd Gsexe (8) 10(94) lacomplee revasculer zation 7

Preoperagive creaginine >2.0 mgdl. (a) 2(22) Acuse gm® fadure 3

Ejaction fation <50% (a) 24(B3) IABP insertion 3

Previous myocantial interctioa () 30(:3) Cardiae avese 1

Teiple vessed comany asery ducase (2) T6(T.7) Rensoubagaoa 2

Left vennd culer ejection faction (%) Szole 2
Mew = SD 539=130 Exweive bleedag 7
Range 16-76 Renura 10 operagi g room K

Repea comady atery bypass graftag (a) 2(19) Deah 3

ewoSOORE RIMA, Bght nirmd muermoey stery; (FB, cndopdmmary bymox UAP, ntrs-
Mea = SD 32235 wexchalommmp
Rasge 09244

“Low-d4&" csoSOORE(<3)(a) 69 (65.1)

“Moderge ¢l s OORE (3-5) (9 24(2.6) Seven patients were extubaied i the OR. Of the remain-

“High vk ewoSOORE (26) (2) 13(n3) ing 99, 86 were exubated within 24 hours of ICU amival,

Fous-vessel TECAB () 1(09) and 13 were extubated more than 24 hours after ICU amival

Theeevesel THCAB (a) 5(15) The mean [LOS was 2.3 days (range, 0-22), and the mean

Twovess TECAB (a) 67(8.2) HLOS was 52 d‘ys (range, 2.24).

Osc-vease] TECAB (a) 30(=3) Of the 106 patients, 23 (21.7%) exhibited msjor morbid-

LMARMA(s) EI iy, The surgical time for the patients with msjor morbidity

Toeal msgical e (i) ignificantly longer than that for the patients without
Mess = SD nes1yp WS significantly longer than | e
Rusge 125.8% major morbidity (414 £ 191 munutes vs302 £ 111 mmuies,

Tocal Mg se pamtion timme (s s) respectively, P= 011). The decresse m the msjor morbid-
Mews = SD 29=123  Aly/monalily rales over tme (ie, with more expenence ) was
Rasge 0660 not datidtically significant. The rale was 35% among the

Total ogemting rocm time (sis) first 26 patients, 19% among the next 27 patients, 2%
Mew = SD 451=142  among the next 27 patients, and 12% among the st 26 pa-
Rasge 2404007 tients (Cochran-Armitage trend test, P = 071).

Toeal usae cutput (sl iy'hx) Four patients died The firt was a 69-year-old woman
Mem 2 SD 07=04  (epection fraction, 51%; euroSCORE, 3.79) scheduled for
Roge ) oyt 2.vessel THCAB. Elective conversion (tharacolomy) was

Vaopeesor iion mpuket ) 3@ required. A LIMA-LAD grafl was performed; however,

e T —— icixol » dochal by Nahel , .

e 27 §1) Stedddevatnn amSCOR E, Bmpon Spionfo Gaba (pesve L€ 7ight cOtonary artery was nol revascularized Postoper-

Risk Evalinion:; TECAB, total end y stery bype: LIMARIMA, it ative infarction (right coronary artery terrilory) required

nter ol masmToey sty bight ol ;-'ymy(ﬁum-)

revascularization, and 3 expenienced grafl fxilure during the
postoperative period (me 80% RIMA graft stenosis as-
sessed trough angiography; 2 required LIMA-LAD stent).
Four retumed to the OR for excessive bleeding (3 temoto-
mies and 1 horacolomy).

intra-sortic balloon pump insertion, and renal failure (dial-
ysis) preceded desth on POD 4. The second was a 58-year-
old woman (epection fraction, 40%; euroSCORE, 185)
scheduled for 2-vessel THCAB. LIMA-obluse marginal
and RIMA-LAD grafis were performed. Ventnicular fibnlls-
tion immediaiely after surgery led 1o emergent stematomy/
iniigtion of CPB. Additonal revasculanzation was per-
formed; however, ths patient was unable to be weaned
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TABLE 1 Comparisan of revascnbarization groups (n ~ 106)

Vartabie One-vessd TECAB Tweo-vessed TECAR Three/four-vesel TECAB P vaue
Toral pagie sss (a) 0(:) 67 (63) 90
SunSOORE 33226 33239 17=14 a8
Luag separation time (mis) 174=73* %3I=9% 464 =136 <00
Susgical time (mis) 220 = 102* MH2=10 564 = 150 <001
Operaing mwom time (mis) 346 = 107* 6= 100 5 = 160 <00
Vasanctive madic agions (3) (%67 37552 7(775) on
REC we (2) 1(33) 145) 3(33) o
Resal fadure (5) 3(0.0) 505) 0@0) as
Poacperagive vealagion >34 b (5) 1(33) 9(13.4 3@33) om
LS (d) 17=13 24=30 =15 on
HLOS () 42=17% 53=34 72=33 o0
Major modbidity (a) T(B3) 12079 444.4) sz
Moetality (5} 1(33) 23.0) 1(1L.1) An

mapnd---h:dpwﬁm- e thoe, or mon + 50D I'v&nﬁ-!»p-_utmuh:u madyes forcontimanw veabio: xad Codra-

ot fr dich bk TECAR, Totad ek

-

e ot (or Faho's = h vrshlo

TEr

from CPB secondary 1o myocardial dysfunction The third
patient was an 8S-year-old man (gjection fraction, 62%;
eurdSCORE, 4M) scheduled for 2-vessel THCAB. Elec-
tive conversion (horacotomy) allowed surgery to be per-
formed uneventfully (LIMA-LAD, vein graft-diagonal).
However, postoperative myocardial failure (postoperative
epection fraction 10% ), and renal failure (dialyss) preceded
death on POD 6 The fourth was a 71 yearold female
(gjection fraction, 55%; ewoSCORE, 2.68) scheduled for
4vessel TECAB, which was performed uneventfully
(LIMA-obuse marginalramus, RIMA-LAD, vemn grafl-
diagonal). However, the patient retumed to the OR because
of excessive bleading (emergent stematomy) after cardiac
arrest in the ICU. Subsequent stroke preceded death on
POD 8. The swgical time in patients with mortality was
sgnificantly longer than mn patients withou montality
(506 + 190 muinutes vs 319 £+ 132 muinutes, respectively,
P= (M3).

The comparison of the revaculanzation groups is given
mn Table 3. An increasing number of vessel bypassed was
significantly associaied with incressed vasoactive medica-
ton use (P = 019), pRBC use (P = 021), the occurrence
of postoperative ventilation tmes longer than 24 hours
(P=.018), and [LOS (P= 002). The number of vessels by-
passed ako comrelated pasitively with lung separation time
(r=10615; P < 001), surgical time (r = 0.686; P < 001),
OR tme (r = 0660, P < .001), and HLOS (r = 029,
P=_00M). Compared with patients undergoing 1-vessel TE-
CAB, patients undergoing multivessel TECAB had signifi-
cantly prolonged surgical and OR times (P < 001 for bath)
and HLOS (P = 027). An incressed surgical time was sig-
mficantly sssociaied with mcreased lung separation time
(r=10782; P < 001), HLOS (r= 0332 P < 001), an in-
cressed likelthood of vasoactive madication wse (odds ratio,
1.80 per standard devistion mcrease in surgical tme; 95%

.
4 “l!ﬁ so

PRBC
h.ﬁdn;ﬂmhnﬂmdm) < Dswﬁpd*;n&ﬂmﬂqL e

xkodmod Boododix 105 -t
ot for varah b aad de-
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confidence interval, 1.14-284; P = 011), pRBC use (odds
ratio, 2.68 per tandard devistion mcrease in surgical time;
9% confidence inkerval, 1.34-535; P = (5), and pro-
longed postoperative ventilation time (odds ratio, 1.80 per
dandard devistion meresse i surgical tme; 95% confi-
denceinienal 1.07-3.04; P = 028).

The cbserved oukcomes in our patients compared with the
expecied outcomes from conventional CABG using the STS
nsk calculstor (availsble from wwwsts.org) are listed in
Table 4. Our patients had a significantly grester mcidence

TABLE 4 Obserwed versus expeciod aukomes

Oukcane Olserved (n)  Expected (n)*  Pyalee!
Poloaged weaslicoa 13 5 003
Shartlegh of sy mn 6336 30
Loag leageh of seay 2 35 398
Reaad fallwe 3 255 <001
Swrcke 2 0ss 209
Revpemtoa 4 385 939
Moehidiry 16 9.96 045
Moetaday 4 156 049
*Expect] cutome caibaltnd fom Saccty of Thomce Sunema rik ot

dnbie vy w e — \ cakof
tackty :nd ‘,n.u: s moetes the Sociey of Thrac Sur-

pomx mok modely, whih ax dognad 0 wrve o statatad took o scoant for
the el oct of patsent mok facton on opestsve moriad ty aad ity STS
defimtnm mnchade pologed vetheon (mchod cuubstson >4 hun), hat
lengh of sty (howatal dachunge <6 dap), g loygh of gy hopl daduege
14 dup ) remd Selime (urum cestmne ncwee o Y20 mgdl, dadiag of re-

o new M fir dislyea ) ke (oonfiemad nombpe
Hﬂd*g.ﬂ&l“nnﬂwﬂhﬁlh-tqﬂu&bu-
ngaapoade, vivae dpk it occh ahe cnbac o anconka
nnm) ; mor bty (@apo P o oper dty, por ot stk €, -
md {alure, pobaged ven st 24 hars dogp d wound info ad mp-
entaon; mortalty (death durng hosptaboatom, cven of ader 3 days o deths e
hapid dachge: bt wilsa 3 deyxof procadie unles the cese of dath wa
clarly wrisod o the opeaton). {From | degree of foodom deagare goahics
of Bt
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of prolonged ventilation, renal falure, morbadity, and
maortality.

DISCUSSION

THCAB for multivesse] disease has been described &
“uncharied termitory ! Qur series represents the largest re-
ported pool of patients undergoing multivessel THCAB. We
found thatincressing the number of vesse ks bypassed signif-
icantly incressed the surgical/OR tme, lung separation
lime, vasoactive medication use, pRBC use, postoperative
ventilation tme, [LOS, and HLOS. Furthermore, the in-
cressed surgical time was significantly associaied with ma-
Jor marbidity and maortality. Finally, a companson wath the
STS expecied outcomes revealed asimilar HLOS but asig-
nificantly mereased incidence of prolonged ventilation, re-
nal failure, morbidity, and mortality. Ouwr results suggest
that addressing multivessel disesse by way of TECAB of-
fers noobyious clinical bene fits and mightincresse the mor-
bidity and maortality.

The vast majority of reports using robotic technology
during cardiac surgery have done so withsome form of min-
ithoracotomy and/or CPB (with/without myocardial arest)
and usually desenbe smgle-wvessel revasculsrzation
(LIMA-LAD). > All have reported prolonged surgical/
OR tmes—perhaps the “payoll necessary to avoid
stemotomy or tharacolomy!™  However, elective
conversion rales (0 stemotomy/full horacotomy) hover
around 20%.%** Porential benefits include enhanced
postoperstive recovery” and decreased postoperative strial
fitrillstion” Perioperative blood use might be decressed”
or increased.” Unresolved issues include increased costs”
and incressed technical difficulty.™® All have described
a substantial lesrning curve®

The few reports describing TECAB (without minithors-
colomy/CPB) involve small numbers of patients undergo-
ing single-vessel revascularization”"® We ako found
many of the same concems listed previously. Falk and
colleagues'® described 12 patients (all with single
LIMA-LAD) and the “substantial lesming curve." Kaw
and colleagues™ and Gao and colleagues™ reported on
27 patients and 4 patients (all with single LIMA-LAD), re-
spectively, undergomg combmed TECAB and percutane-
ous cormary miervention for mullivessel dsesse. Gao
and colleagues’ reported that TECAB “is very demand-
ing'" All reported long operation tmes and a substantial
learning curve and believed this technology should be re-
served for single-vessel revasculsrzation in healthy pa-
tients.'" de Canniere and collesgues ™ in & multicenter
report (5 centers, 74 patients, 90% single- vessel disesse),
found that target vessel remtervention was greater than
that reporied for conventional CABG and stated that TE-
CAB had “difficulties that must not be underestimated.”
Others have questionad the ssue of grafl patency. Bonati
and colleagues™ detsiled 40 patients undergoing single-

TABLE 5. Compurisen of stofies by Srivastava ot al'’ and present
stady

Vartable Srivastiva et d'’ Present stdy
Total pagie 5 wpoetad (2) L) 106
Soudy period Jul 2004-Dec 2005 Jud 2007-Feb 109
Meas age(y) 674=123 B6=115"
Nusberof weselit
One-vesed TECAB (8) M4(%) 30(23)
Two-wessed THCAB (3) 35(x) 67(63)
Three-veised TECAB (a) 49 (%)
Fouswesel THCAB (3) LI ) 1
Mulivesel TECAB (8) 9 () 76 (2t
LIMA/RIMA (2) (4 35(52)
Ped qperigive Temotoany (3) oo 3(%)
Eamerjeat coovesion (2) o qr
CPB equired (3) LI ) Q)
Meas cpemuing room oe Mm=123 451 = 142t
(o)
Sooke (%) LI ) @)
Reoum o opemating wom (3) on 44)
Ia-hosg tl moealey () LI ) 44
Meas hosgi el leaghs of sy (d) 34=20 22=34
Dot pr d o men + staaded d data in panthoe xre p
TECAB, lﬁuhﬁqﬂ:u-, wtery bypmos; unwuu Hlllﬂl-
y setery dimectioe C P, oe diopu lmcrsey by .
P iR <L

vessel (LIMA-LAD) robatic revasculanzation (CPB, ar-
reded heart), of whom 50% experienced “‘undesirsble
technical events” and 2% experienced “‘anassiomotic
problems”’ Kappert and collesgues™ described S-year
follow-up data for 33 patients who underwent TECAB
(95%, sngle; 5%, double) and found an unacceptsbly
high (13%) LAD reintervention rake. They concluded
that “clinical outcomes and need for reintervention of
the target vessel leave room for improvement '™

Two edibonals have summed up the controversy sur-
rounding TECAB.™ One & fairly optimistic: ““The reality
15, al present, no one can predict whether robotic
technology 1s or & not gaing to play a major role in the
future of cardisc surguy.”‘ The other is not: “It & tme to
recognize that robotics are no bonger a promising new kech-
nology but instead atechnology that has been tried and has
failed to demonstrate any clinical value, outside of 1t ques-
tionable we for marketing "

A companison of our results with those of Snivastava and
colleagues'” provides additional unique insight. These 2 se-
ries (Table 5) represent the Largest reporied number of pa-
tients undergoing mullivessel TECAB and the same
expenienced CS/PA am performed all the surgeries (st 2
different institutions). This previous expenence likely led
10 our mability o find strong evidence of & kaming curve.
Our patient populstion was quike different from that of Sni-
vastava and collesgues’” (72% multivessel vs 2% multi-
vessel TECAB, P < (01). Frthermare, Srivastava and
colleagues'” reporied 3 138% exclusiononversion rake

1060 The Journal of Thoracic and Cardiovascular Surgery « May 2012
Dowmloaded from jtes ctsnetjournals arp ca June 3, 2012

11



Dhawan et a

Acquired Cardiovascular Disease

(allelective horacotomy ), no episodes of emergent conver-
s0n or a need for demotomy andlor CPB, and 18 patients
(19.4%) underwent planned hybnd revaculanzation (no
failures reporied).” A comparison of these 2 series suppaorts
the notion that addressing multivesse| coronary artery dis-
exse wing TECAB might incresse the morbidity and mor-
lity. However, for & wide vanety of ressons (different
penods, different mstitutions, different perioperative per-
sonnel, and so forth), 8 comparson of these 2 studies might
be ingpproprisie.

Intrsoperative hemodynamic instability 1s & challenging
clinical relity of TECAB.""™ ™™ Cabon dioxide
msufllation (essentially & pneumothorax) kads to cardiac
displacement and decressed venous return, when coupled
with potential hypoxemiahypercarina (prolonged sigle-
lung ventilation), might lead © incressed central venous
ressure, incressed pulmonary artery pressure, decressed
cardise output, and hypatension.” ™" Right ventricular
dysfunction (single-lung ventilstion-initisted akelectsis
hypoxic vasoconstriction) andfor left ventncular dysfunc-
tion (compliance changes) might also contribute."™ Such he-
modynamic instability necessilates preload sugmentation
andlor the use of motropes/vasocomstrcionrs. We hypothe-
sazed hat incressing the number of vessels bypassed (thus
mereasing the smgle-lung ventilation time/surgical tme)
romaotes grester hemodynamic insdability (ncressmng va-
soactive medication use) and might be the underlying etiol-
ogy of the meressed morbidity and mortality observed
Because of this procedure-induced hemodynamic mstabnl-
ily, many have recommended TECAB only for sigle-
vessel disesse m patients with reassonable cardiopulmonary
reserve, | MAH

Our study had all the inherent limitstions sssociated with
a retrospective analyss. Furthermore, one must remember
that the predicied outcomes using the STS nsk cakulstor
are only an estimate. However, we specifically defined all
major morhidities ssessed. Additonally, the morbidites
we believed were mare along the lmes of “climcal chal-
lenges" (elective conversion, new-onset atrial fibnllation)
were nol considered major morbidities. Also, 10 best com-
pare the oulcomes from THCAB verssuss conventional
CABG, a randomized controlled trial would be wdeal

In conclusion, we have reported the largest senes 1o date
of patients undergaing multivessel TECAB by 1 CS/PA
am & a single msttwion and compared the findings
with expected oulcomes from conventionsl CABG and
with the ssme CS/PA team's experience sl another institu-
ton. Our analysis supported the concemns voiced by others,
that addressing multvessel coronary artery disesse with
TECAB offers no obviows clinical benefits and might in-
cresse the morbidity and mortality. At present, until efficacy
& proven through proper clinical triaks, TECAB myocardial
revasculanzation should be reserved for relstively healthy

patients (reasonable cardiopulmonary reserve) undergoing
sangle-vessel revasculsrzation
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