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Background: Advancements in surgical robotic technology over the last two decades have enabled coronary

artery bypass grafting to be performed totally endoscopically, and have the potential to significantly change
clinical practice in the future.
Methods: A systematic review of studies reporting clinical outcomes of total endoscopic coronary artery

bypass grafting (TECABG) was performed.
Results: 14 appraised studies included 880 beating heart TECABGs, 360 arrested heart TECABGs,

633 one-vessel operations and 357 two-vessel operations. Patients were generally low-risk. There was a
significant learning curve. The weighted means for short-term beating heart and arrested heart TECABG
results respectively were: intraoperative exclusion rate of 5.7% and 1.9%, intraoperative conversion rate of
5.6% and 15.0%, all-cause mortality of 1.2% and 0.4%, stroke of 0.7% and 0.8%, myocardial infarction of
0.8% and 1.8%, new onset atrial fibrillation of 10.7% and 5.1% and post-operative reintervention rate of 2.6%
and 2.3%. The overall rate of short term postoperative graft patency for beating heart and arrested heart
TECABG was 98.3% and 96.4% respectively.
Conclusions: Appropriate patient selection was important in minimizing the risk of intraoperative and

postoperative complications. Short-term outcomes of both beating and arrested heart TECABG were
acceptable, but results so far have been heterogeneous. There were fewer studies reporting intermediate
to long-term outcomes, but results were encouraging, and further investigation and development of the
procedure is warranted.
Keywords: Coronary artery bypass; endoscopy; robotics; off-pump
Submitted Jul 05, 2013. Accepted for publication Jul 25, 2013.
doi: 10.3978/j.issn.2225-319X.2013.07.23
Scan to your mobile device or view this article at: http://www.annalscts.com/article/view/2401/3267

Introduction
The desire for a minimally invasive method of revascularizing
the heart has led to the widespread use of percutaneous
coronary intervention (PCI). Nonetheless, coronary
artery bypass grafting (CABG) has been shown to be
more efficacious in multivessel disease, with lower rates
of mortality, MI and reintervention in the mid- to longterm (1). It has also been suggested that off-pump CABG
can reduce morbidity associated with aortic manipulation
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and cardiopulmonary bypass (CPB) (2,3). As such, totally
endoscopic coronary artery bypass grafting (TECABG), with
patient outcomes at least as good as conventional CABG,
remains the current goal.
The suggested benefits of TECABG include a reduction
in surgical trauma, resulting in decreased length of hospital
stay, an earlier return to normal activities and improved
quality of life (4). Multiple groups have shown TECABG to
be safe and reproducible, although widespread adoption of
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the procedure still faces major hurdles, including: expensive
equipment with ongoing costs, increased technical difficulty,
a steep learning curve, prolonged operating time and singlelung ventilation. As such, despite the desire for minimally
invasive treatment, outcomes must be equal to or better
than conventional CABG. This study aims to systematically
review the intraoperative, short- and long-term patient
outcomes that have been reported by the largest TECABG
studies to date.
Methods
Search strategy
Electronic searches were performed in the Medline
database (1946 to March 2013), Embase (1996 to March
2013), Cochrane Central Register of Controlled Trials (up
to March 2013) and the Cochrane Database of Systematic
Reviews (2005 to March 2013). To achieve maximum
sensitivity of the search strategy and identify all studies of
robotic coronary artery surgery, appropriate free text and
MeSH terms were used including “coronary artery bypass”
and “endoscopic” or “robotic” or “minimally invasive”. The
reference lists of all retrieved articles were reviewed for
further identification of potentially relevant studies.
Study selection
All studies including robotically-assisted TECABGs
published in English were identified. Studies with less than
20 patients in total were excluded to avoid case-reports or
articles reporting preliminary experience. When centers
published duplicate or subsequent studies with accumulating
numbers of patients or increased lengths of follow-up, only
the most recent or complete reports were included for
appraisal. The publication types of letters, editorials and
reviews were excluded.
Data extraction and critical appraisal
Two investigators (M.S. and J.E.) independently reviewed
each included article. Discrepancies between the two
investigators were resolved by discussion and consensus
with a senior investigator. The final results were reviewed
by the senior investigators (M.K.W., P.G.B. and M.P.V.).
Data regarding the endpoints were extracted and reported
separately. Intraoperative endpoints included operating
time, intraoperative exclusion rate (defined as the surgeon’s
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decision to not perform the procedure endoscopically due
to patients factors) and intraoperative conversion rate to
sternotomy or minithoracotomy (defined as the need to
stop performing the procedure endoscopically). Shortterm outcomes (defined as occurring within or at 1 year)
included revision for bleeding (after ICU admission),
all-cause mortality, stroke, new-onset atrial fibrillation
(AF), renal failure, reintervention rate (defined as nonconverted or excluded patients that required surgical
reoperation or catheterization of the target vessel), graft
patency (determined by imaging) and hospital length of stay
(HLOS). Intermediate (between 1-5 years) and long-term
outcomes (at or after 5 years) included cumulative survival,
freedom from major adverse cardiac and cerebral events
(MACCE) (a composite endpoint of cardiac mortality, MI
and target vessel reintervention), freedom from angina and
freedom from reintervention.
Statistical analysis
Rates of events were calculated as the number of events
divided by the number of treated patients with available
data. Calculation of means was weighted on the proportion
of patients provided by a specific study. Patients were
grouped according to whether they received beating
heart total endoscopic coronary artery bypass graft (BHTECABG) vs. arrested heart total endoscopic coronary
artery bypass graft (AH-TECABG), as these two approaches
are sufficiently distinct in surgical technique to warrant
separate evaluation.
Surgical technique
The technique used to perform TECABG with a surgical
telemanipulator has been described in detail (5,6). In
summary, the left lung is collapsed, a camera port is placed
in the left fifth intercostal space and two instrument ports
are placed in the left third and seventh intercostal spaces.
The chest is insufflated, and the left internal mammary
artery (LIMA) is localised and harvested using low energy
electrocautery. The right internal mammary artery (RIMA)
is also accessed and harvested through the ports on the left
side. The anastomosis can then be performed on an arrested
heart using remote access perfusion, which is achieved with
bifemoral cannulation for CPB and endoaortic balloon
occlusion of the ascending aorta for delivery of cardioplegia.
The anastomosis technique does not differ from the open
technique. Alternatively, surgical telemanipulators that
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Figure 1 Search strategy of the systematic review on totally endoscopic coronary artery bypass grafting

include an endoscopic suction stabiliser can be used to
stabilise the beating heart and perform the anastomosis
wi thout C PB. Whilst the benefits of performing
conventional CABG off-pump are contentious (7,8),
it is important for managing TECABG patients with
contraindications to remote access perfusion (e.g., severe
peripheral vascular disease). ‘Hybrid procedures’ combine
PCI either before, during, or after TECABG to achieve
multivessel revascularisation.

paper was included in a separate evaluation of multivessel
revascularisation (because of the appropriate format of
reported endpoints) without patient duplication (16). Four
studies with less than 20 patients were excluded (17-20).
The study selection process is presented in Figure 1 based
on the PRISMA statement (21). The 14 appraised studies
allowed evaluation of 880 BH-TECABG patients, 360 AHTECABG patients, 633 one-vessel operations and 357 twovessel operations. A summary of the characteristics of the
included studies is reported in Table 1.

Results
Included trials
In total, 26 relevant studies were identified. Four
publications were excluded as the investigators reported
these results in later papers with accumulating numbers
of patients and increased length of follow-up (9-12).
Four more publications were excluded as the authors
focused on specific endpoints in patients included in more
comprehensive publications (4,13-15), although they
were still considered in the discussion of results. A recent
retrospective comparison of their one- and two-vessel
patients by Bonatti and coworkers appeared to include
patients that were reported in previous publications, so this
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Intraoperative outcomes
Seven studies reported causes and rates of intraoperative
exclusion or conversion to CABG through sternotomy or
minithoracotomy in BH-TECABG patients (22,23,2528,30), and four studies in AHTECABG patients
(30,31,33,34). Their results are summarized in Table 2.
The most common causes for exclusion in both BHTECABG and AH-TECABG were an intramyocardial
left anterior descending (LAD) artery, inadequate working
space (commonly reported as <3 cm), a severely calcified
LAD and pleural adhesions. The most common causes
for conversion in BH-TECABG were haemodynamic
instability, intolerance to single-lung ventilation, bleeding
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Table 1 Summary of included study characteristics
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Table 2 Causes for intraoperative exclusion or conversion to a non-robotic procedure
BH-TECABG n (%)

AH-TECABG n (%)

880

360

Intramyocardial LAD

17 (1.9)

5 (1.4)

Surgical technical difficulty (including inadequate working space)

12 (1.4)

0 (0.0)

Intolerance to single-lung ventilation

0 (0.0)

0 (0.0)

Pleural adhesions

5 (0.6)

1 (0.3)

Severely calcified LAD

15 (1.7)

0 (0.0)

Other

1 (0.1)

1 (0.3)

Not defined

0 (0.0)

0 (0.0)

Total exclusions

50 (5.7)

7 (1.9)

Less than 1 mm size of LAD

4 (0.5)

0 (0.0)

Intolerance to single-lung ventilation + hemodynamic instability

4 (0.5)

0 (0.0)

Hemodynamic instability

12 (1.4)

0 (0.0)

Lateral rotation of heart

2 (0.2)

0 (0.0)

Intolerance to ischemia + arrhythmia

4 (0.5)

0 (0.0)

Suspected dissection of graft

1 (0.1)

0 (0.0)

Tension RIMA to LAD graft

1 (0.1)

0 (0.0)

Bleeding

9 (1.0)

6 (1.7)

Revision of grafts due to spasm

1 (0.1)

0 (0.0)

Inadequate stabilisation in BH-TECABG

8 (0.9)

0 (0.0)

Remote access perfusion difficulty in AH-TECABG

0 (0.0)

26 (7.2)

Other

1 (0.1)

1 (0.3)

Not defined

2 (0.2)

21 (5.8)

Total conversions

49 (5.6)

54 (15.0)

Total patients (n)
Intraoperative exclusions

Intraoperative conversions

BH-TECABG, beating heart total endoscopic coronary artery bypass graft; AH-TECABG, arrested heart total endoscopic coronary
artery bypass graft; LAD, left anterior descending artery; CPB, cardiopulmonary bypass; RIMA, right internal mammary artery.
Values given as number (percentage)

and inadequate stabilization of the heart. The majority of
conversions in AH-TECABG were due to difficulty with
the CPB circuit, including endoaortic balloon rupture or
migration and iliofemoral disease.
Almost all studies used arterial grafts exclusively.
‘Multivessel’ was defined by authors as multiple vessels
grafted, not number of conduits used. Two multivessel
studies reported specific revascularisation schemes (16,28).
The most common one-vessel schemes were LIMA-LAD
(90%), RIMA-RCA (3%) and LIMA-obtuse marginal artery
(OM) (3%). The most common two-vessel schemes were
LIMA-diagonal branch (Dx)/OM/circumflex artery (Cx) +
RIMA-LAD (49%), LIMA-LAD-LAD jump (18%), LIMA-
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LAD + RIMA-Dx/OM/Cx (11%). There were only a small
number of three and four vessel operations reported.
Short-term outcomes
Seven studies reported short-term outcomes for BHTECABG (22,23,25-28,30) and four studies for AHTECABG (30,31,33,34). Their results and weighted means
of all results are reported in Table 3.
Five studies reported selected endpoints separately for
one- and two-vessel operations, though not all of these
endpoints were the same, or were not in the same format,
and thus meta-analysis was not performed. Five studies
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Table 3 Short-term outcomes of totally endoscopic coronary artery bypass grafting
Paper

n

Revision for

All-cause

bleeding (%)

mortality (%) (%)

Stroke

MI (%)

New-onset Renal

Reintervention

AF (%)

failure (%) rate (%)

HLOS (d)

Beating heart TECABG
Srivastava 2012 (22)

164

2.4

0.6

0.6

0.6

7.9

2.4

2.4

NR

Dhawan 2012 (23)

106

3.8

3.8

1.9

NR

16.0

7.5

2.8

5.2±3.1

Gao 2011 (25)

60

1.7

NR

NR

NR

NR

NR

0.0

5.0±1.5

Jegaden 2011 (26)

78

8.5

1.7

0.0

3.4

NR

NR

10.2

5.5±1.6

Balkhy 2011 (27)

120

1.6

0.8

0.8

0.8

NR

NR

0.0

3.3±2.2

Srivastava 2010 (28)

241

0.9

0.0

0.5

0.0

10.3

NR

1.4

NR

de Cannière 2007 (30)

111

NR

2.2

NR

1.2

NR

NR

4.1

NR

2.6

1.2

0.7

0.8

10.7

4.4

2.6

Weighted mean

880

†

Arrested heart TECABG
Bonatti 2009 (31)

100

8.0

0.0

1.0

3.0

9.0

NR

0.0

6.0

de Cannière 2007 (30)

117

NR

1.1

NR

1.1

NR

NR

2.2

NR

Argenziano 2006 (33)

98

3.5

0.0

0.0

1.2

1.2

1.2

4.7

5.1±3.4

Dogan 2002 (34)

45

5.7

NR

2.2

2.2

NR

NR

NR

8.6±2.7†

5.8

0.4

0.8

1.8

5.1

1.2

2.3

Weighted mean

360

†

TECABG, totally endoscopic coronary artery bypass grafting; MI, myocardial infarction; AF, atrial fibrillation; HLOS, hospital length
of stay; †, total; ‡, for their one-vessel patients

that reported operating time all demonstrated significantly
increased time for two-vessel operations (16,22,23,28,34).
Mean times for one-vessel were in the range of 177252 minutes, and mean times for two-vessel were in the range
of 310-378 minutes. The earliest studies also had the longest
operating times. Of the three studies that reported mortality,
one had no mortality in either group, and the other two
found no significant difference (16,23,28). The two studies
that reported risk of intraoperative conversion rate both
reported increased risk with two-vessel operations (16,28).
The short-term postoperative patency of 659 grafts
performed in BH-TECABG was 98.3% and for 253
grafts in AH-TECABG was 96.4%. Patency was defined
by authors as <50% stenosis and was determined using
either computed tomography angiography, angiography
performed during a hybrid procedure or stress ECG.
Intermediate to long-term outcomes
Four studies reported follow-up outcomes for greater than
1 year (16,24,26,29). Their results are summarized in Table
4. This included a study by Currie and coworkers that
determined a graft patency of 92.7% in 12 grafts at 8±1.3 years
post operation using cardiac catheterization and stress
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myocardial perfusion scintigraphy.
Discussion
This systematic review has demonstrated that revascularization
by TECABG can achieve excellent outcomes in appropriate
patients. We have highlighted the difficulties in patient
selection and the most common reasons for conversion to
open surgery, both in AH-TECABG and BH-TECABG.
All studies included only elective patients that were
generally low-risk, and had lower rates of dyslipidemia,
COPD and diabetes mellitus compared to the Society
of Thoracic Surgeons (STS) database for conventional
CABG patients (41.3% elective) (35). Similarly Table 1
demonstrates that most patients were relatively young and
had low EuroSCOREs. Early studies limited patients to
those requiring one-vessel revascularisation on an arrested
heart (this includes patients who had PCI to another vessel
in a hybrid procedure), which reflected the difficulty of
the procedure and the limited experience of the surgeons
at the time. Argenziano and colleagues performed the
first prospective multicentre study between 2002-2004
that included only non-emergent one-vessel firsttime LIMA-LAD revascularization patients, and had
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Table 4 Intermediate to long-term outcomes of totally endoscopic coronary artery bypass grafting
Follow-up

Cumulative

Freedom from

Freedom from

Freedom from

Graft

time (yrs)

survival%

MACCE (%)

angina (%)

reintervention (%)

patency (%)

78

3.0

96.0

NR

85.0

88.0

NR

62 one-vessel

5.0

95.8

83.1

91.1

NR

NR

Paper

n

Jegaden 2011 (26)
Bonatti 2012 (16)

5 two-vessel

5.0

93.9

73.5

85.1

NR

NR

Kappert 2008 (29)

41

5.8±0.6

92.7

82.9

NR

87.8

NR

Currie 2012 (24)

12

8.0±1.4

NR

NR

NR

NR

92.7

94.5

82.6

90.7

87.8

92.7

Weighted mean

MACCE, Major adverse cardiac and cerebral events; NR, not reported

strict exclusion criteria including BMI >35, left ventricular
ejection fraction (LVEF) <0.30 and other specified risk
factors (33). Patients with COPD were often excluded as
they have a higher risk of intolerance to the prolonged
single-lung ventilation, which is supported by Lee and
colleagues’ findings that patients requiring conversion had
significantly lower forced vital capacity and forced expiratory
volume in 1 s (36). Very obese patients (BMI >35) were often
excluded, at least in part due to limited intra-thoracic space
causing difficulty in maneuvering the instruments. Previous
thoracic surgery resulting in the presence of adhesions was
another reason for exclusion. Peripheral atherosclerotic
disease, especially in the aorta and iliofemoral arteries,
caused some patients to be excluded from remote access
perfusion because of increased risk of stroke, arterial
dissection or endoaortic balloon failure, and were thus
also excluded from AH-TECABG. In later studies after
the introduction of BH-TECABG, this was no longer a
contraindication.
Three studies included both AH-TECABG and BHTECABG patients (29,30,32). In two studies the operations
were perform on arrested hearts first, and after gaining
sufficient experience the surgeons proceeded to performing
the operations on beating hearts (29,30). In the third study
their decision was not detailed (32).
Multiple surgical groups who reported results for their
first TECABG patients demonstrated a significant learning
curve, characterized by progressively decreasing operating
times, conversion rate and short term morbidity (30,31,33).
Bonatti and colleagues’ learning curve stabilised in the 2550 patient range (31). Two studies used Flex-A automatic
distal anastomotic devices to reduce the technical difficulty
of beating heart anastomoses and operating times (22,27).
Using this device, Balkhy and colleagues achieved a shortterm patency rate of 94.1% for all grafts and 98.2% for
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LIMA-LAD grafts (27). They reported equivalent longterm patency for the device compared to sewn anastomoses
in their sternotomy CABG patients (37). These devices may
play an important role in the evolution of the procedure,
provided long-term results remain positive.
Overall conversion rate was higher in AH-TECABG
(Table 2), mostly due to the difficulties with remote
access perfusion reported by de Cannière et al. (30) and
Argenziano et al. (33), including endoaortic balloon rupture
or migration and poor iliofemoral condition. Conversion
rates have decreased over time. Schachner and colleagues
found that the only independent predictor of conversion was
if the cases were performed during the surgeon’s learning
curve (21% vs. 7% in surgeons who had performed ≥
20 times) (13). Conversion was also less frequent in singlevessel compared to multivessel TECABs (10% vs. 25%) (13).
Srivastava and colleagues found that conversion could be
avoided with the careful patient selection outlined above,
and techniques to solve the major causes included: ischemia
management, dissection and exposure of intramyocardial
target vessels, increased CO 2 insufflation pressure if
inadequate intrathoracic space, low tidal ventilation
or continuous positive airway pressure for single-lung
ventilation intolerance and freeing up adhesions (22). In
addition, they suggested intraoperative conversion should
not necessarily be considered a failure of TECABG, because
CABG through sternotomy or minithoracotomy may be the
safest approach in certain clinical situations (22).
The total number of patients undergoing BH-TECABG
was higher than AH-TECABG (880 vs. 360 respectively),
and the most recent studies were all BH-TECABG. This
was due to surgeons switching to a beating heart method
after gaining experience on an arrested heart, combined
with the fact that large scale TECABG is still limited to a
handful of surgical groups worldwide.
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The short-term results reported by studies were
heterogeneous (Table 3), and thus closer examination of
these studies was worthwhile. All-cause mortality was
high in two BH-TECABG studies (23,30). In Dhawan
et al. 2012, four patients died of cardiac related causes,
one patient had an acute infarct in a territory that was
not surgically revascularized, one patient had ventricular
fibrillation immediately postoperatively and was unable
to be weaned off CPB due to myocardial dysfunction, one
patient that was uneventfully converted to sternotomy had
post-operative myocardial failure and renal failure, and one
patient had complications associated with MI, bleeding
and stroke. In de Cannière et al. 2007, one patient had an
infarct in an area that was planned to receive PCI as part
of a hybrid procedure, and one patient had acute major
gastrointestinal bleeding.
Postoperative revision for bleeding was high in two
studies (10,26). In Jegaden et al. 2011 this was due to
thoracic wall bleeding (26). Bonatti et al. 2006 had four cases
of anastomotic bleeding during their learning curve, due to
the difficulty associated with performing a running suture
without countertraction by an assistant (10). They reported
that by modifying their protocol to include preventative
repair stiches and more fibrin glue they were able to prevent
further bleeding difficulties. Short-term reintervention
was also high in Jegaden et al. 2011 due to problems with
graft patency and post-discharge LAD bypass dysfunction
detected by imaging (26).
The majority of BH-TECABG studies performed
intraoperative flow measurement on their grafts (using
a MediStim flow probe). In their latest study, Srivastava
and colleagues achieved mean flow rates in the range
of 35-45 mL/min. Few AH-TECABG studies reported
intraoperative flow measurement. Short-term postoperative
graft patency, as measured by computed tomography
angiography or angiogram during hybrid PCI, was excellent
for both BH-TECABG and AH-TECABG.
Revascularization of multivessel disease presents a
significant technical challenge in TECABG. So far only a
few studies have reported outcomes separately for single
and multivessel TECABG patients (not including hybrid
operations). Operating times reported were in the range
of 3-4 hrs for one-vessel, 5-6 hrs for two-vessel and 8-9 hrs
for three-vessel operations (16,23,28). Time required
for multivessel operations decreased as groups overcame
their learning curve, and ideal two-vessel cases have been
completed in as little as 4 hours (16). Multivessel patients
and increased operating time have both been significantly
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associated with higher rates of technical difficulties,
conversion to larger incisions, longer lung separation time,
more blood transfusions, longer intensive care and hospital
length of stay, and higher rates of major morbidities
and mortality (13,23,38,39). Despite this, in the largest
multivessel study to date there was no difference in survival
at 5 years, and freedom from MACCE or angina was
comparable (16).
Comparison of outcomes to sternotomy CABG was
approached with caution, considering that TECABG
patients were elective and low-risk, the operations were
performed by highly specialized groups and studies were
observational in nature; thus patients were more likely
to achieve better outcomes. In this review, the rate of
new-onset AF after TECABG was lower than rates after
sternotomy reported in the literature (35). This could
be due to a reduction in trauma to the mediastinum, but
could also be related to selection bias. Another suggested
advantage of TECABG is an improvement in patient
recovery times and quality of life, also due to the reduced
surgical trauma to the thorax. In a separate study of the
quality of life of AH-TECABG patients from 2002-2006
Bonaros and colleagues found that avoidance of sternotomy
resulted in shorter hospital lengths of stay, lower levels
of and faster improvements in postoperative pain, better
general health at one month and faster return to everyday
activities (by 2-3 weeks) (4). No other studies reported
outcomes related to quality of life.
The recent paper by Bonatti and coworkers provided
the most reliable intermediate to long-term data (16).
Their 5-year results for one- and two-vessel TECABG
respectively, included: cumulative survival of 95.8% and
93.9%, freedom from MACCE of 83.1% and 73.5% and
freedom from angina of 91.1% and 85.1%. These results
are comparable to sternotomy CABG (35), however it
remains to be seen whether they are reproducible by other
groups worldwide.
It could also be possible that earlier TECABG patient
populations had worse long-term outcomes than more
recent patients for a number of reasons, including less
evolved robotic equipment (for example the addition
of endoscopic stabilisers to the 2 nd and 3 rd generation
telemanipulator enabled beating heart TECABGs), less
surgeon experience, longer operating times and smaller
patient numbers.
Hybrid procedures have recently attracted renewed
interest. In TECABG this is in part due to the difficulty
associated with operating on the RCA after placing the
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endoscopic ports on the left lateral thorax in order to
graft the lateral vessels. Hybrid procedures also have the
potential advantage of reducing operating and singlelung ventilation time, which, as previously mentioned, is
associated with increased morbidity and mortality (23).
Recently Bonatti and colleagues reported the largest series
of 226 hybrid patients over 10 years, achieving at 5-yrs:
92.9% survival, 75.2% freedom from MACCE, 2.7%
reintervention on bypass grafts and 14.2% reintervention
of PCI vessels (14). Currently there are ongoing trials
evaluating the potential benefits of hybrid TECABG-PCI
procedures (ClinicalTrials.gov identifiers: NCT00366015;
NCT01035567).
All studies in the present review were retrospective or
observational reports of patients selectively chosen for
TECABG. Currently there have been no randomized
controlled trials that compare short- or long-term
TECABG outcomes directly to median sternotomy or
minithoracotomy CABG. In the majority of studies, the
operations were performed at a single-center or by a
single surgeon. The continually evolving field of robotics
also made it difficult to assess patients together who
were operated on using different generations of robotic
telemanipulators and instruments. Hybrid procedures were
also a confounding factor when attempting to measure the
incidence of postoperative morbidities that result from
TECABG.
The format, in which results were reported was
heterogeneous. The field of TECABG would benefit
greatly from a guideline for a systematic method of
reporting results, including defined endpoints and
composite measures, such as the Valve Academic Research
Consortium guidelines for studies in transcatheter aortic
valve implantation (40).
Significant progress in the field of TECABG has
been made in the last two decades, and improvements in
outcomes have continued to match robotic development
and surgeon experience. There is a significant learning
curve associated with the technique, which highlights the
need for rigorous training and proctored experience when
commencing a TECABG program. Appropriate patient
selection and thorough preoperative preparation can
minimize or avoid the risk of intraoperative conversion.
However, these strict patient selection criteria also create a
low-risk patient group, and thus comparison to sternotomy
CABG is limited. Short-term outcomes have been excellent
and warrant continued development of the technique.
We await long-term data on the contemporary series of
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revascularized patients to assist in determining the efficacy
of TECABG.
The next generations of cardiac surgical robots have goals
aimed at reducing technical difficulty and operating times,
and improving patient outcomes. Continued improvement
and miniaturization of instruments, single port access
platforms, automatic anastomotic connectors (41) and ‘virtual
immobilization by synchronizing instrument movement
with the beat of the heart (42) will help to achieve these
goals.
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