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MepiAnyn

Eicaywyn/Zkotmég: H xprion Tng TEXVOAOYiag Kal Twv EQAPHOYWY TNG POMTTOTIKAG
XEIPOUPYIKNG OTNV KAPDIOXEIPOUPYIKA €XOUV KATOOTACEI €QIKTH TNV TTpdofacn oTtnv
BwPaKIKH KOIAOTNTA PE TNV ATTOPUYH OTEPVOTOUNG. AedouEVNG TNG TTOAAG UTTOOXOUEVNG
uttTadpyxoucag BiIAIoypagiag, TTPAYMOTOTIOINCANE Hia OUOTNUATIKA avaokoTnon Tng
BIBAIOYpa@iag OXETIKA PE TNV ATTOTEAECPATIKOTNTA, TIG EQAPUOYEG KAl TRV BvNTOTATA TTOU

OXETICOVTAI PE Tr POMUTTOTIKY) KAPOIOXEIPOUPYIKI).

Me@odoAoyia: [MpaypartorroiBnke evOeAeEXNG £peuva Twv OKOAOUBWYV pNXavwv
avalntnong: Pubmed kai Cochrane pe tnv xprion Twv €€NS OPOAOYIWV: «POUTTOTIKAY,
«KAPOIOXEIPOUPYIKN» KAl  «XEIpoUupyeio  KapdIag». MOvo PEAETEG  POUTIOTIKAG
KapdIOXEIPOUPYIKAG ME TOUAAXIoTOoV 10 aoBeveic Kal TTou avé@epav aTTOTEAEOPATA YIa

TTEPIEYXEIPNTIKI BvNTOTNTA CUPTTEPIEARPONCAV OTNV €V AOYW avaAuon.

ATtroteAéopaTa: ZUvoAiKa 28 peAéTeg oupTTEPIEARPONCAV Kal TTapouaidlouv dedouéva
yia 5.993 aoBeveic pe péon nAikia Ta 59,8 £€1n. Zxeddv évag oTou duo aoBeveig (49,2%)
uTTEBANBN O€ POUTTOTIK QOPTOOTEQAVIAIa TTAPAKANWN, EVW OXEOOV TO GAAO HICO TWV
aoBevwyv (49,9%) utreBANON O POUTTIOTIKN AVTIKATAOTACN MITPOEIdOUG BaABidag. H péon
BvnréTnTa KaTd TIG TTPWTEG 30 PEPEG pETEYXEIPNTIKA ATav 0,7% kai kupaivoTav atmd 0%
MEXPI 0,8% avegapTTwG TUTTOU XEIPOUPYEIOU, €VW N BvnroTnTa KAl TNV TTEPIOdO
TTapakoAoUBNoNG Twv acBevwyv PETA TO TTEPAG TG VOONAEIQg TOug Tav KAatd PECO 6po

0,8% ka1 kupaivotav atmo 0% £wg 1% yia péoo xpovo rapakoAouBnong 40.1 prjveg.

Zupmrepdopara: Ta eupApOTd pag Ocixvouv OTI Ol EQAPUOYEG TNG POMTTOTIKAG
KAPOIOXEIPOUPYIKAG €XEI TTPOOPEPEI Hid AOQAAR KAl OTTOTEAECUATIKI EVOAAAKTIKA OTIG
TTOPAOOCIOKEG TEXVIKEG XEIPOUPYIKAG. QOTOOCO, XPEIAloVTal TTEPETAIPW HEAETEG yIa va

dIAPWTIOTOUV OAEG OI TITUXEG TNG.

AESeig KA181A: POUTTOTIKN KOPOIOXEIPOUPYIKK, POUTTOTIKA UTToonBoupevn,

€VOOOKOTTIKA



Abstract

Background: The application of robotic technologies in cardiac surgery has provided the
possibility for minimally invasive access inside the thorax and avoidance of a median
sternotomy. Given that current evidence seems promising, we sought to systematically
review the existing literature regarding the efficacy, feasibility and mortality rate

associated with robotic cardiac surgery.

Methods: The PubMed and Cochrane bibliographical databases were thoroughly
searched for the following MeSH terms: "robotic", "cardiac surgery" and “heart surgery”.
Original studies on robotic cardiac surgery in more than ten cases and reporting on the

associated peri- or post-operative mortality were deemed eligible.

Results: Twenty-eight studies were included and provided data for 5,993 patients with a
mean age of 59.8 years. Approximately one out of two patients (49.2%) underwent robotic
CABG, while the other half (49.9%) underwent robotic MVR. Robotic atrial septal defect
repair and atrial tumor resection was performed in a small proportion (0.9%) of the
patients. Mean 30-day mortality was 0.7% ranging from 0 to 0.8% among the different
types of surgery, while late mortality was 0.8% ranging from 0 to 1% with a mean follow-
up period of 40.1 months.

Conclusions: Our findings demonstrate that the application of robotics in cardiac surgery
has provided a safe and efficacious alternative to the traditional techniques. However,

more trials are necessary to elucidate all of its aspects.

Keywords: robotic cardiac surgery; robotically-assisted; endoscopic



EuxapioTieg

2€ auTd TO onueio, Ba ABeAa va euxapioTw Bepud dAoug Toug KaBnyNnTES, BIOACKOVTEG Kal
TTPOOWTTIKO Tou MN.M.%. “EAdxioTa €TTEPBATIKI) XEIPOUPYIKI), POMTIOTIKI XEIPOUPYIKN KOl
TNAEXEIPOUPYIKA™ yIa TNV EUKalpia va dIEUpUVW TOUG OPICOVTEG JOU KAl VO ATTOKTACW €va

IKavo uttéabpo yvwaong.

MpwrTioTwg, Ba BeAa va euxapioTAow 1IB1IAITEPWGS Tov KaBnyntr Xeipoupyikns K. Nik6Aao
NiknTéa 1TOU pou £dwaoe TN duvaTdTNTA VA Yivw PHEAOG QUTAG TN OUVANIKAG OAdag Kal va
MGBw OITTAa TOUu OXI MOVO YIO Tn POMTTIOTIKN XEIPOUPYIKA OAAG BacIKEC apx€C TNG
XEIPOUPYIKNG KABWG Kal TIG NOIKES Kal akadnPAiKES agieg Tou TTEPIBAAAOUY TOV TITAO TOU

«XEIPOUPYOU».

‘Eva peydho euxapiotw otov AvamAnpwTth Kabnyntm K. AnuATtpio AnunTtpouAn, o
OTTOIOG TTEPA ATTO HEVTOPAG OTA TTPOTITUXIOKA HOU £TN WG OITNTAG AAAG KAl WG EPEUVNTAG
OUVEBAAE KOBOPIOTIKA OTAV TTEPAITEPW EKTTAIOEUCT POU OTNV XEIPOUPYIKH OTa TTAQioIa

QUTOU TOU PETATITUXIAKOU TTPOYPAUMATOG.

Euxapiotw emiong tov ETmikoupo Kabnynt) k. lepdoipo Tooupou@An yia Tnv

kaBodriynon kai ifAewn Tou Kab’ 6An Tng dIdpKEIa TOU TTPOYPA N HATOG.

Eival peydAn mign kai TUxn yia egéva va Bpiokopal otTnv BEan va euxapioTw Tov Xeipoupyo
Kal Akadnuaiko YTétpo@o K. EAguBépio ZmrdpTaAn. H cupoAn Tou Atav Bapuocriuavtn
Kal adia@iAovikntn. Tov €uxapioTw yia TNV apépioTn Pondecia, Kabwg Kal Tn ouvexn
UTTOOTAPIEA TOU KaB' OAN Tnv TTopEia TNG MEAETNG. 'HTav TTdvTa TTpéBuuog Kal Auecog va

TTPOOoPEPEI TN BONBEIG TOU O€ OTTOI0ONTTOTE AVAKUTITOV BEua.

Aev Ba ptTopouca va TrapaAsipyw 1N Ka. Mapia MavayiwTtakotrouAou, Mpapuatéa Tou
METATITUXIAKOU TTPOYPAMMATOS XWPIC TN forBeia, aTrpién Kal Aueon avTatrokpion TG Oev
Ba nArav duvaril n oAokAApwon TNG e&v AOyw TITUXIOKAG epyaoiag. H  ka.

MavayiwTakomoUAou @AvnNKeE avTadia Twv TIEPIOTACEWY Kal TTapd TIC ATTPOOUEVES



OUOKOAIEG TTOU TTPOoEKUYaV AOyw Tou Covid-19 KaTaQepe He JEYAAN ETTITUXIA VO QEPEI EIG

TTEPAG OAEG TIC ATTAPAITATEG DIEPYATIES YIA TNV OPAAN AEITOUPYIQ TOU TTPOYPAUHATOG.

TENOG, EUXOPIOTW 1BIAITEPA TNV OIKOYEVEIQ POU Yia Tn dlaxpovikr Borbeia, uttopovh Kai

oTRPIEN TOUG.
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Introduction
Conventional open cardiac surgery carries an increased operation risk and requires a

large incision, long hospitalization and recovery time[1]. Minimally invasive approaches
applied in cardiac surgery have been shown to significantly merit patients in terms of
minimized surgical trauma, reduced need for analgesia and faster recovery[1]. Since its
introduction in the late 90’s, robotic cardiac surgery has gained increased acceptance in
a number of cardiac surgical procedures including coronary artery bypass grafting
(CABG), mitral valve repair/replacement (MVR), cardiac tumor resection and atrial septal
defect (ASD) closure[2].

Several studies have aimed to evaluate the safety and efficacy of robotic cardiac surgery.
A recently published meta-analysis of 16 studies, which compared totally endoscopic
coronary artery bypass (TECAB) and robotically assisted coronary artery bypass
(RACAB) with conventional CABG showed that both minimally invasive techniques are
safe and feasible[3]. Another systematic review of robotic mitral valve surgery by Seco et
al[4], concluded that the application of robotics is a viable option for every type of mitral
valve surgery and that it is associated with acceptable mortality rates (0-3%).
Furthermore, a review of the robotic cardiac operations performed in Europe suggested
a long-year experience with robotic CABG and a much shorter with robotic MVR, but with

low peri-operative complications][2].

Cumulative evidence on the mortality rates associated with robotic cardiac surgery is still
inconclusive. To that end, the objective of our study was to systematically review the
existing literature for all types of robotic cardiac surgery and establish a comprehensive

overview of the post-operative mortality associated with these novel surgical approaches.



Methods

Search strategy and Eligibility of Studies
The present systematic review was conducted in accordance with the Preferred Reporting

Items for Systematic Reviews and Meta Analyses (PRISMA) guidelines and in line with
the protocol agreed by all authors. PubMed and Cochrane bibliographic databases were
thoroughly searched from January 1986 to February 2018 (last search: March 4, 2018).
Two investigators (I.D and E.S.) worked independently and executed the search using
the following MeSH terms: "robotic", "cardiac surgery" and “heart surgery”. A manual
search of additional articles was conducted using references from relevant articles and
review papers. Any discrepancies were resolved by consensus agreement by a third

reviewer (M.S.).

Original clinical studies written in English on the applications of robotic surgery in cardiac
surgery in more than 10 cases and reporting on the associated peri- or post-operative
mortality were included in the present study. Excluded studies met at least one of the
following criteria: 1) papers published in a language other than English, 2) studies not
showing mortality data explicitly for patients undergone robotic cardiac surgery 3) studies
which included patients that solely underwent robotic ablation or resynchronization, 4)
case-reports, 5) experimental studies in animals, 6) studies in non-adults, 7) studies
reporting on data from large-scale databases, 8) reviews and meta-analyses, 9) editorials
and letters to the editor and 10) papers with irrelevant to our study data, such as

epidemiological data, anesthesia techniques, etc.

Ethical approval
This article does not contain any studies with human participants or animals performed

by any of the authors.

Data Extraction
Data were extracted regarding type of operation, robotic technique and surgical system

used, country of origin, Newcastle Ottawa Scale (NOS), study timeframe, number of
patients who underwent cardiac robotic surgery, patient demographics (gender, age,

body mass index (BMI)), patient co-morbidities (such as known hypertension, diabetes



mellitus, dyslipidemia) presence of angina, smoking status, history of myocardial
infarction (MlI), cerebrovascular disease, peripheral vascular disease, chronic obstructive
pulmonary disease (COPD), percutaneous primary coronary intervention (PCI),
euroSCORE, presence of single or multi-vessel disease and pre-operative ejection
fraction (EF). Peri-operative data such as urgency for operation, total operative time,
ventilation time, cardiopulmonary bypass (CPB) time, cross-clamp (XC) time, on-pump
time, intensive care unit (ICU) stay and length of stay (LoS) were also extracted. Post-
operative complications (conversion, myocardial infarction (Ml), cerebrovascular accident
(CVA), atrial fibrillation (AF), bleeding, pneumonia, renal failure, infection, anastomotic
stenosis, re-operation, late re-intervention and major adverse cardiac and
cerebrovascular events (MACCE) were also noted down. Short-term mortality was
defined as the mortality rate in the first 30 days after the operation, whereas long-term

mortality referred to a period over 30 days after surgery.

Statistical Analysis
The extracted data were incorporated into tables and analyzed regarding the type of

operation, namely CABG (TECAB and non-TECAB), MVR and other (ASD repair and
atrial myxoma resection). A cumulative analysis of the extracted data was also performed
and a descriptive approach was adopted in all parameters. No further statistical analysis

was attempted.



Results

Article selection algorithm and study characteristics
The literature search of both databases generated 1,546 articles. The trial flow diagram,

according to PRISMA guidelines, is presented in Figure 1.

Figure 1. Flowchart of the included studies according to PRISMA Statement.
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Study characteristics and patient demographics are summarized in Table 1. In total, 28
studies were deemed eligible and provided data for 5,993 patients who had undergone
robotic cardiac surgery between 1996 and 2016. References of the studies are
summarized in Supplemental Table 1. Ten studies[5—14] were conducted in Europe, Six
in the US[15-20], three in China[21-23], two in Canada[24, 25] and the rest in four other
countries. DaVinci robot (included S and Si versions) was utilized in all cases except for
the study of Giambruno et al[25], in which Zeus and Automated Endoscopic System for
Optical Positioning (AESOP) robotic surgical systems were also used. The data extracted
are presented with respect to the type of surgery performed. Major comorbidities per type
of surgery are summarized in Table 2, peri-operative data in Table 3 and mortality data
in Table 4.

CABG

Major comorbidities
Cumulatively, 2,947 patients underwent robotic CABG, of which, 1,482 underwent

TECAB and 1,465 underwent non-TECAB. The majority of the patients were male
(75.2%). Overall mean age was 59.5 years and BMI was 26.9 k/m2. Angina was present
in 65.9% (621/943), dyslipidemia in 64.8% (902/1,391), hypertension in 59.6%
(1,075/1,803) and diabetes in 40.7% (981/2,408) and of the patients. History of Ml was
presentin 25.4% (359/1,413), while 26% (486/1,869) of the patients had undergone PCI.
Mean euroSCORE was 2.3, while data on Society of Thoracic Surgeons (STS) score,
New York Heart Association (NYHA) score, Canadian Cardiovascular Society (CCS)
grading of angina and left ventricular grade were insufficient. 75.7% (1,039/1,373) of the

patients underwent CABG for single vessel disease and their EF was 61.3%.

Peri-operative data and clinical outcomes
Approximately, one out of two (58.3%, 508/872) operations was on-pump with a total

operating time of 249.9 minutes, CPB time of 87.3 minutes, XC time of 61.3 minutes and
ventilation time of 9.9 hours. Mean ICU stay and LoS were 28.5 hours and 5.2 days,
respectively. Conversion to open surgery was the most common complication (7%,
173/2,442) followed by atrial fibrillation (5.5%, 134/2,437) and bleeding (2.3%, 42/1,826),

while the rate of MI, CVA, pneumonia, renal failure, infection, anastomotic stricture and



re-operation was below 2%. 30-day mortality of the whole population was 0.6%, while
late-mortality (data drawn from 2,041 patients) was 2.2%. In the subpopulation of the
patients undergone TECAB, 30-day mortality was 0.9% (14/1,504) and late mortality was
2.4% (33/1,403). As far as the non-TECAB patients are concerned, 30-day and late
mortality was 0.3% (3/1,065) and 3.2% (12/370), respectively. Need for late re-
intervention was prevalent in 1% (26/2,410) of the patients, while the rate of MACCE was
12.2% (181/1,484), in a mean follow-up period of 36.6 months.

MVR

Major comorbidities
In total, 2,993 patients underwent robotic MVR. Of them, 65.6% (1,964/2,993) were male,

aged averagely 56.8 years and with a mean BMI of 25.8 kg/m2. Most common
comorbidities were hypertension (47.4%, 1380/2,911) and dyslipidemia (22.7%, 46/203),
while one out of three patients was a smoker (30.8%, 21/68). NYHA score was higher
than Il in 33.9% (892/2,631) of the patients and the mean euroSCORE was 2.7. Mean
pre-operative EF was 60.7%. Data retrieved from 1,636 patients showed that 77.8% of
them had severe (grade 4) mitral regurgitation.

Peri-operative data and clinical outcomes
Total operative, CPB, XC and ventilation time was 256.9 minutes, 133.3 minutes, 90.5

minutes and 32.1 hours, respectively. Average ICU stay was 29.8 hours, while mean LoS
was 6.5 days. Atrial fibrillation was the most common post-operative complication (12.5%,
373/2,984), followed by conversion to open surgery (4.7%, 58/1,234) and bleeding (1.7%,
50/2,941). All other complications had a rate lower than 1%. 76 out of 2,923 (2.6%)
patients required re-operation, while late re-intervention was necessary in 3.2%
(62/1,938) of the cases. 30-day and late mortality were 0.8% (13/2,993) and 0.4%
(6/1,659), respectively, while the incidence of MACCE during a follow-up period of 43.5
months, was 9.4% (36/383).

Atrial myxoma resection and atrial septal defect repair
Nineteen patients underwent robotic atrial tumor resection and 34 underwent robotic ASD

repair. Cumulatively, 17.6% were male and the mean age was 40.8 years. All three



studies reported on operative data exhibiting an average CPB time of 120.5 minutes and
XC time of 48.5 minutes. ICU stay was 23hours and LoS was 8 days. There was no
conversion to open surgery and no post-operative complication. No death was noted
intra-operatively or within the first 30 days post-surgery in any of the studies, while only

study[23] with 100% survival rate reported on late mortality.



Comment
Cardiac surgery represents a field of surgery with technically demanding surgical

procedures performed on high risk patients. The need for minimizing the burden of the
operation per se on the patient is imperative. The application of robotics may be promising
in achieving enhanced results alongside with improved anesthetic monitoring and
utilization of novel technologies[5]. Since the introduction of minimally invasive surgery to
open heart procedures in 1995[26], the use of robotic systems has gained acceptance
from the surgical society[2]. According to the available data, robotic cardiac surgeries are
most commonly performed in the case of CABG, MVR and in a much lower frequency for
the resection of LA tumors and the repair of ASD, while cumulatively presenting both 30-

day and late mortality rate lower than 1% with a mean follow-up period of 40.1 months.

A study by Yanagawa et al[1], which reported on data obtained from the Nationalwide
Impatient Sample (NIS) database, showed significantly reduced LoS, complications and
mortality (1% in the case of robotically assisted cardiac surgery) in 5,199 patients who
underwent robotically assisted cardiac surgery compared with 10,331 propensity-
matched patients who underwent nonrobotic cardiac surgery. In another study by Deeba
et al[27], a European single-center experience in robotic surgery exhibited zero mortality

in a registry of 102 cases.

CABG
Ever since the first TECAB performed by Loulmet et al[28] using the first da Vinci® robotic

system in 1998, the use of minimally invasive techniques has been widely spread as
proposed by Whellan et al[29]. In this study of the Society of Thoracic Surgeons Adult
Cardiac Surgery Database (STS-ACSD) from 2006 to 2012, the authors have observed
an increase in the volume of robotically assisted CABG while no difference in peri-
operative mortality was noted when compared with non-robotic CABG[29]. Additionally, a
meta-analysis of 16 studies by Wang et al[3], concluded that the utilization of robotics in
CABG does not lead to increase in mortality, MACCE or need for re-intervention. Our
results exhibit a 30-day mortality rate of 0.3% and 0.9% for non-TECAB and TECAB,

respectively. However, as far as late mortality is concerned, the rate was 3.2% and 2.4%



for non-TECAB and TECAB, respectively. It may be assumed that the observed
difference in the early mortality between the two techniques, albeit subtle, may be owed
to the more space provided for surgical maneuvers in the case of non-TECAB technique.
However, it is important to highlight that this difference was diminished long-term,
supporting the fact that both robotic techniques are feasible and efficacious. Only two
studies|5, 8] reported 30-day mortality higher than 2%. In the first study, the participants
were octogenarians with a mean age of 82.9 years, a fact that can merely justify the
increased observed mortality[8]. Moreover, this was the study with the highest late
mortality[8]. The authors of the second study reported a high conversion rate (28%) in
their patient series, which may reflect their high risk profile and the subsequent increased
risk for mortality[5]. As far as MACCE are concerned, the two studies that reported the

highest incidence were also the two with the longest follow-up period (5 years)[30, 31].

Apart from decreased mortality rates, application of robotic systems in CABG provides
certain benefits. Thanks to its less invasive nature, robotic CABG is associated with a low
rate of infection (0.3%) which is even more promising taken into consideration the fact
that the mean BMI in all studies was higher than 25 kg/m2 and that 40.7% of the included
patients had diabetes, since these two parameters are known to be risk factors for wound
infection post-operatively in traditional CABG[32]. The majority of the patients had single
vessel disease, while only 24.3% of them had multiple vessel disease. In the study of
Wiedeman et al, 33.2% of the patients had multiple vessel disease, however the early
mortality was as low as 1%[31]. Study timeframe was similar among studies and it ranged
from 1998 to 2016, as such, differentiations in mortality in terms of the “age” of the studies

were not detectable.

At this point it should also be mentioned that the patients had a low risk profile since both
their EF and euroSCORE were not deteriorated. When comparing intraoperative data
between TECAB and non-TECAB, an increased operating, ventilation and XC time as
well as rate of conversion to open surgery is noted in the case of TECAB, most probably

due to the more challenging nature of this procedure. Yet, ICU stay and LoS did not seem



to differ between the two surgical approaches, indicating that these intraoperative

deviations did not alter the outcome.

MVR
Two decades after the first reported robotically-assisted MVR[26, 33], a number of studies

reporting on data of single-center experiences and national databases have established
the efficacy and feasibility of this procedure[12, 34, 35]. Specifically, our results manifest
that 30-day and late mortality were 0.8% and 0.4%, respectively. Only one of the eligible
studies recruited patients before 2000, however the reported mortality was zero[13]. Two
studies included more than 1,000 patients and both exhibited a 30-day mortality rate lower
that 1%, while only one of them presented data for late long-term mortality which was
zero in a follow-up period of 38.3 months[16, 17]. Similar results were yielded by a
systematic review of 16 studies including more than 50 patients undergoing robotic
cardiac surgery, which showed that early mortality ranged between 0-3% while most of
the included case series reported a mortality rate lower than 1%[4]. The introduction of
da Vinci Si did not seem to ameliorate the surgical outcomes in terms of morbidity and
mortality compared with the previous version of da Vinci, suggesting that latter has still a
place in robotic surgical procedures for MVR. All studies that presented data for MACCE
showed zero incidence[12, 19, 22] except for the study of Murphy et al[17], in which a
rate of 0.9% was noted. However, there are two main differentiations in this study
compared with the others and these are the utilization of lateral endoscopic approach with
robotics (LEAR) technique and the fact that the majority of the patients had IlI-IV NYHA
score, while the reverse was noted in the rest of the studies. Moreover, it should be also

mentioned that both CPB and XC time seemed to be much lower in this study[17].

Mean conversion to open surgery rate was less than 5% -even lower than that of robotic
CABG- while the most common complication was AF. Incidence of post-operative AF was
12.5%, which is comparable with that of open surgery[36, 37], since the association of
valve pathology and risk for AF is well-established[38]. Need for re-operation was present
in 2.6% and bleeding in 1.7% of the cases. All other complications had a rate lower than

1%. Given that four out of five patients (77.8%) had severe MR, the cumulative survival



was much greater than that observed in the literature in patients with severe ischemic MR
undergoing open MV repair or replacement[39]. Peri-operative data such as CPB and XC
time as well as ICU stay and LoS suggest the feasibility of this robotic procedure and the
satisfying recovery of the patients. It should be mentioned though, that despite the
increased severity of MR, two out of three (66.1%) patients had a I-1l NYHA score, while

the mean euroSCORE was relatively low (2.7, yet calculated only from two studies).

Other robotic procedures
Available data on robotic cardiac procedures, other than CABG and MVR, are limited and

they come from case-series. In our study, we present data from robotic atrial myxoma
resection and ASD repair which advocate zero early mortality and post-operative
complications. Data on late mortality and patients’ comorbidities were not available in any
of the studies. A retrospective analysis of the STS database conducted by Moss et al[40]
concluded that the utilization of robotics is feasible for LA cardiac tumor resection and it
is accompanied by lower blood loss and shorter ventilation time, ICU stay and LoS
compared with non-robotic approach. We included one study[23] of LA myxoma robotic
resection in our analysis, which exhibited similar ICU stay and LoS with those of the non-
robotic arm of the study by Moss et al[40]. Yet, in this study[23], 30-day mortality and
surgical complications (including the need for conversion to open surgery) were zero.

The two other eligible studies referred to robotic ASD repair[14, 20]. Both studies reported
on totally endoscopic robotic technique, however CPB and XC time was much shorter in
the study of Argenziano et al[20]. Yet, it should be taken into account that the aim of the
study by Bonaros et al[14] was to evaluate the learning curve of the technique and its
association with peri-operative outcomes. Thus said, the CPB and XC time noted towards
the plateau of the learning curve are similar to those reported by Argenziano et al[14, 20].

Both studies had similar ICU stay and LoS.

There are certain intrinsic limitations of our study that need to be considered prior to
drawing conclusions. The presented data have been retrieved from a relatively large
number of studies but no data from randomized control trials (RCTs) are available. In

addition, the surgeons’ fellowship training and the learning curve for robotic cardiac



surgery was not separately evaluated in our analysis. Moreover, data concerning the

general cost for application of robotic technology in cardiac surgery was not analyzed.

Although it is beyond the scope of this systematic review, it should be mentioned that the
aforementioned cost derives from the price of the robotic system, the cost for its
maintenance and its consumables parts and the cost for the training of the surgeonsl[1].
On the other hand, the optimal results offered by this method lead to decreased mortality
and morbidity, a fact that should be also taken into consideration in terms of cost-
effectiveness. The initial high cost for obtaining a robotic system in combination with the
need for expertise in this technique are the two main reasons why the data shown mainly

shrine from large centers specialized in this surgical technology.

The application of robotics in cardiac surgery is associated with low mortality and
complication rates regardless of the type of the surgery, which are comparable or even
lower than those of open surgery. There seems to be fertile ground for the utilization of
robotic technology in the field of cardiac surgery (CABG, MVR, tumor resection and ASD
repair) since it can offer the well-documented advantages of minimally invasive surgery
with no extra “health cost” for the patient. However, further multicenter RCTs are needed

to indisputably prove its efficacy and feasibility.
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Author

Tarola

Yang

Wiedeman
de Canniere

Dogan

Kappert

Giambruno

Kofler
Roubelakis

Hemli

Bonatti

Jegaden

Sagbas

Study Origin

Canada

China

Austria/USA
Belgium/Germany

Germany

Germany

Canada

Austria/United Arab
Emirates
Belgium

USA

Austria/USA

France

Turkey

Study Period

12/2006-
08/2015

2007-2014

2001-2011

09/1998-
11/2002
06/1999-
02/2001

05/1999-
03/2000

02/1998-
02/2016

07/2002-
09/20015
01/2010-
01/2011

06/2001-
06/2011

01/1998-
12/2008

Operation, n(%0)

Primary

CABG

CABG

CABG
CABG

CABG

CABG

CABG

CABG
CABG

CABG

CABG

CABG

CABG

Secondary

PCI (151/605)

PCI (11/44)

PCI (226/226)

Method Used

MINICAB

TECAB
MINICAB
TECAB
TECAB

TECAB

MIDCAB
TECAB

REDCAB
RADCAB

TECAB
REMIDCAB

MIDCAB
(90/110),
TEACB
(20/110)
TECAB

PACAB
MIDCAB
TECAB

SVST/MVST
(Mini-
thoracotomy)

Robotic
surgical
system
used
da Vinci

da Vinci
da Vinci
da Vinci
da Vinci

da Vinci

da Vinci
da Vinci
da Vinci

AESOP,
Zeus, da
Vinci

da Vinci

da Vinci
Si
da Vinci

da Vinci

da Vinci
da Vinci
da Vinci
da Vinci

No of
Patients, n

90
100
140

500
228

45

60
10

25
605

280
44

110

226

48
53
59
56

Male

66

84
103
364

32

42

19
455

217

31

75

173

Gender, n

Female
24
16

37
136

13

18

150

63
13

35

53



Mishra

Kesavuori

Gillinov

Navarra

Kim
Murphy

Poffo

Folliguet

Gao

Bhamidipati

Tatooles

7

India

Finland

USA

Belgium

Korea
USA

Brazil

France

China

USA

USA

12/2002-
09/2006

05/2011-
12/2015

01/2006-
11/2013

02/2012-
06/2016

08/2007-
12/2015
01/2006-
12/2013
03/2010-
12/2015

02/2004-
09/2005
01/2007-
03/2011

08/2004-
04/2008

10/2001-
10/2002

CABG

Roboticly
asisted
MVR
Roboticly
asisted
MVR
Roboticly
asisted
MVR
Robotic
MVR
Robotic
MVR
Robotic
MVR

Robotic
MVR
Roboticly
asisted
MVR
Roboticly
asisted
MVR
Roboticly
asisted
MVR

Annuloplasty
(14/20), PFO
Closure (4/20)

TECAB
(14/268),
MIDCAB
(193/268),
THORACAB
(61/268)
Sub-total

non TECAB
TECAB

LEAR

da Vinci

daVinci
Si

daVinci
Si

daVinci
Si

da Vinci
da Vinci
S

da Vinci
da Vinci

da Vinci

da Vinci

da Vinci

268

2947
1465/2947
1482/2947
142

1000

134

310

1257

20

25

22

43

25

213

1883
716/965
879/1161
115

770

108

201

675

16

16

9

29

18

55

620
248/965
282/1161
27

230

126

109

582

13

14



Autschbach 6 Germany 06/1996-

12/1999
Gao 6 China 01/2007-

06/2009
Boanros 6 Austria 03/2003-

12/2005

Argenziano 6 USA -

Roboticly
asisted
MVR

Atrial
myxoma
resection
TEASD-R

ASD/PFO

Sub-total

Sub-total
Total

da Vinci

da Vinci
S

daVinci

daVinci

15

2993
19

17

17
83
5993

1964

3
3850

Table 1. Study characteristics and patient demographics of the included studies according to type of surgery (CABG, MVR, other) as well as cumulative

presentation of the data.

*NOS: Newcastle-Ottawa Scale; CABG: Coronary artery bypass; MINICAB: Mini-thoracotomy CABG; TECAB: Total endoscopic CABG; MIDCAB:
Minimally invasive CABG; REDCAB: Robotically enhanced CABG; PCI: Percutaneous coronary intervention; RADCAB: Robotically assisted CABG;
AESOP: Automated Endoscopic System for Optical Positioning; REMIDCAB: Robotic-enhanced minimally invasive direct; PACAB: Port-Access CABG;
SVST: Single vessel small thoracotomy; MVST: Multiple vessel small thoracotomy; THORACAB: Thoracotomy CABG; MVR: Mitral valve replacement;
LEAR: Lateral endoscopic approach with robotics; PFO: Patent foramen ovale; LA: Left atrial; TEASD-R: Totally endoscopic ASP repair; ASD: Atrial

septal defect.

1129

14

14
1763



Comorbidities, CABG
n(%) or Mean(SD) non-TECAB  TECAB Total MVR Other Total
Angina 114/140 340/425 (80%)  621/943 (65.9%) - - 621/943 (65.9%)
(81.4%)
Hypertension 107/274 861/1,151 1,075/1,803 1,380/2,911 (47.4%) - 2,455/4,714
(39%) (74.8%) (59.6%) (52.1%)
Diabetes mellitus  565/879 294/1,151 981/2,408 164/2,929 (5.6%) - 1,144/5,337
(64.3%) (25.5%) (40.7%) (21.4%)
Dyslipidemia 63/274 (23%) 839/1,117 902/1,391 46/203 (22.7%) - 948/1,594
(75.1%) (64.8%) (59.5%)
Smoking 70/184 (38%)  399/1,151 536/1,603 21/68 (30.8%) - 557/1,671
(34.7%) (33.4%) (33.3%)
CVD 86/879 (9.8%) 49/880 (5.6%)  151/1,869 (8%) 109/2,795 (3.9%) g 260/4,664 (5.6%)
PVD 59/739 (8%)  37/1,051(3.5%) 117/1,887 (6.2%)  16/1,231 (1.3%) - 133/2,418 (5.5%)
COPD 39/739 (5.3%) 122/825 197/1,942 92/2,556 (3.6%) - 289/4,498 (6.4%)
(14.8%) (10.1%)
euroSCORE 3.2 1.9 2.3 2.7 0.8 2.5
Pre-operative EF 64.9 66.6 61.3 60.7 - 61
(%)
History of Ml 44/274 (16%)  274/871 359/1,413 17/1,133 (1.5%) - 375/2,516
(31.5%) (25,4%) (14.9%)
Previous PCI 27/380 (7.1%) 421/1,379 486/1,869 (26%)  5/417 (1.2%) - 491/2,286
(30.5%) (21.5%)
Single vessel 245/274 794/1,099 1,039/1,373 - - 1,039/1,373
disease (89.4%) (72.3%) (75.7%) (75.7%)

Table 2. Comorbidities of the eligible patients according to the type of surgery.

*SD: Standard deviation; CABG: Coronary artery bypass; TECAB: Totally endoscopic CABG; MVR: Mitral valve repair; CVD: Cerebrovascular
disease; PVD: Peripheral vascular disease; COPD: Chronic obstructive pulmonary disease; EF: Ejection fraction; MI: Myocardial infarction; PCI:
Percutaneous coronary intervention



Peri-operative data

Total operating time
(min)

Ventilation time (h)
CPB time (min)

XC time (min)
On-pump, n(%)

Conversion to open,
n(%)

ICU Stay (h)

LoS (d)

Bleeding
Mmi
AF

CVA

Pneumonia
Renal failure
Infection
Re-operation
30-day Mortality

non-TECAB

218

10.1

38
1/44 (2.3%)

63/980 (6.4%)

30.2
5.1

15/980 (1.5%)
9/925 (1%)

54/824 (6.6%)

11/925 (1.2%)
7/925 (0.8%)
0/925 (0)
1/925 (0.1%)
13/925 (1.4%)
3/1,065 (0.3%)

CABG
TECAB

Total

Intra-operative data, n(%)

291.7

12.9
94.9
67.5

507/828 (61.2%)

97/1,099 (8.8%)

27
5.5

249.9

9.9
87.3
61.3

508/872 (58.3%)

173/2,442 (7%)

28.5
5.2

Post-operative data, n(%)

17/994 (1.7%)
21/1394 (1.5%)

80/1,345 (5.9%)

14/1,404 (1%)
29/1,404 (2%)
10/1,404 (0.7%)
5/1,404 (0.4%)
11/1,404 (0.8%)
14/1,504 (0.9%)

38/2,352 (1.6%)
30/2,587 (1.2%)

134/2,437 (5.5%)

25/2,597 (1%)
36/2,707 (1.3%)
11/2,707 (0.4%)
7/2,707 (0.3%)

27/2,707 (1%)
18/2,947 (0.6%)

MVR

256.9

321
133.3
90.5

58/1,234 (4.7%)

29.8
6.5

50/2,940 (1.7%)
9/2,973 (0.3%)
373/2,973
(12.5%)
29/2,950 (0.9%)
3/2,930 (0.1%)
22/2,930 (0.8%)
17/2,950 (0.6%)
76/2,950 (2.6%)
26/2,993 (0.8%)

Other

120.5
48.5

0

24.5
5.6

0/33 (0)
0/33 (0)

0/33 (0)

0/33 (0)
0/33 (0)
0/33 (0)
0/33 (0)
0/33 (0)
0/53 (0)

Total

253.4

21.1
110.7
75.7
1,009/1,700
(59.4%)

231/3,676 (6.3%)

29.1
5.9

88/5,328 (1.7%)
39/5,596 (0.7%)

507/5,446 (9.3%)

54/5,613 (1%)
39/5,703 (0.7%)
33/5,703 (0.6%)
24/5,723 (0.4%)
103/5,723 (1.8%)
44/5,933 (0.7%)

Table 3. Intra-operative and post-operative data and 30-day mortality of the included patients that underwent either type of robotic cardiac surgery.

*CABG: Coronary artery bypass; TECAB: Totally endoscopic CABG; MVR: Mitral valve repair; CPB: Cardiopulmonary bypass; XC: Crossclamp;
ICU: Intensive care unit; LoS: Length of stay; MI: Myocardial infarction; AF: Atrial fibrillation; CVA: Cerebrovascular accident



Follow-up data

Late Mortality, n(%)

Late Re-intervention,
n(%)
MACCE, n(%)
Follow-up duration
(mo)
Follow-up rate (%)

non-TECAB
12/370
(3.2%)
11/1,065
(1%)
4/129
(3.1%)

30.1
100

CABG
TECAB

33/1,403 (2.4%)

15/1,177(1.3%)

168/1,244
(13.5%)

38.3
99.2

Total

26/2,410 (1%)
26/2,510 (1%)
181/1,751 (10.3%)

36.6
96.4

MVR
6/1,659 (0.4%)

62/1,915 (3.2%)
36/382 (9.4%)

43.5
99.6

Other
0/19
0/19

0/19

Table 4. Follow-up data and late mortality of the patients that underwent robotic cardiac surgery regarding the type of surgery.
*CABG: Coronary artery bypass; TECAB: Totally endoscopic CABG; MVR: Mitral valve repair; MACCE: Major adverse cardiac and cerebrovascular

events

Total

32/4,088
(0.8%)

88/4,444 (2%)

217/2,152
(10%)

40.1
98
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