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Minimally invasive coronary artery surgery: Robotic and
nonrobotic minimally invasive direct coronary artery
bypass techniques
MateoMarin-Cuartas, MD,a Michel Pompeu S�a, MD,MSc, PhD,b,c Gianluca Torregrossa, MD,MEBCTS,b,c and
Piroze M. Davierwala, MDd,e
Nonrobotic (A and B) and robotic (C and D) mini-
mally invasive direct CABG surgery.

CENTRAL MESSAGE

MIDCAB is a safe and efficacious
technique of surgical revascular-
ization for almost every patient
with proximal left anterior de-
scending disease with excellent
outcomes and less surgical
trauma.
Video clip is available online.

Continuous progress in percutaneous coronary intervention
(PCI) has inspired surgeons to reduce the invasiveness of
surgical revascularization techniques, resulting in the devel-
opment of minimally invasive cardiac surgery (MICS) pro-
cedures, which have widely expanded over the past couple
of decades.1-4 The main goals of MICS are to avert any
form of sternotomy, reduce postoperative blood product
transfusion, shorten ventilation times, reduce intensive
care and hospital stays, diminish postoperative pain, and
accelerate return to normal activities.5 In the field of coro-
nary artery bypass graft (CABG) surgery, minimally inva-
sive direct coronary artery bypass (MIDCAB) grafting
involving the use of the left internal thoracic artery
(LITA) to graft the left anterior descending artery (LAD)
through a left anterior small thoracotomy has become an
attractive alternative approach to sternotomy for surgical
revascularization for proximal LAD disease. MIDCAB is
currently the most widely performed MICS procedure to
graft the LAD and is being routinely performed with excel-
lent outcomes in centers of excellence with expertise in
such operations during the past 25 years.2,6,7 Moreover,
this has prompted the emergence of more sophisticated
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technologies such as totally endoscopic and robotic MID-
CAB procedures to further reduce the invasiveness, increase
safety in LITA take down, and enhance the possibility to
harvest the right ITA (RITA) as well. The following expert
opinion offers an overview of the techniques, results, and
benefits and drawbacks of robotic and nonrobotic ap-
proaches to MIDCAB procedures.
NONROBOTIC MIDCAB
Patient Selection

This technique can be used inmost patients who need iso-
lated surgical revascularization of the LAD. During the late
1990s, more than 200 MIDCAB procedures were per-
formed at Leipzig Heart Center.2 However, the number
reduced significantly over the next few years, correspond-
ing to the remarkable surge in the number of PCIs
performed in Germany, particularly with the use of drug-
eluting stents.8 But for the past 15 years, it has stabilized
at approximately 10% of the total number of CABG
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TABLE 1. Contraindications for minimally invasive direct coronary

artery bypass (MIDCAB)

Absolute

Highly stenotic or occluded left subclavian artery

Severe COPD that precludes single-lung ventilation

Emergency procedures

Iatrogenic dissection or occlusion of the LAD following diagnostic

or therapeutic interventions

Hemodynamic instability following an acute coronary syndrome

Relative

Severe obesity

Severe chest deformities

Complex coronary anatomy

Intramyocardial LAD

Calcified LAD requiring endarterectomy

Small vessel (<1.5 mm)

COPD, Chronic obstructive pulmonary disease; LAD, left anterior descending.

VIDEO1. Surgical technique of minimally invasive direct coronary artery

bypass surgery. Video available at: https://www.jtcvs.org/article/S2666-

2507(21)00697-0/fulltext.
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surgeries performed every year. There are a few absolute
and relative contraindications mentioned in Table 1. The se-
lection criteria may be expanded after overcoming the
learning curve, which may be different for individual sur-
geons. The preoperative assessment is the same as for any
patient undergoing CABG. A pulmonary function test
would be useful in patients with chronic obstructive pulmo-
nary disease, particularly due to the use of single-lung venti-
lation during the procedure. A computed tomography scan
of the chest is not routinely required but may be performed
during the surgeon’s initial experience.

Surgical Technique
Our publication reporting the 20-year Leipzig experi-

ence in MIDCAB procedures provides a more detailed
description of the surgical technique (Video 1).6 Single-
lung ventilation facilitated by either a bronchus blocker
or a double-lumen endotracheal tube is used. The opera-
tion is performed through a 5 cm left anterior thoracotomy
(fourth or fifth intercostal spaces) located one-third medial
and two-thirds lateral to the midclavicular line. The entire
length of the LITA is harvested using Thoralift (Autosu-
ture; US Surgical Corp, Norwalk, Conn) or the MIDAc-
cess retractor (Delacroix-Chevalier; Paris, France), which
elevates the upper two-thirds and depressed the lower
one-third of the left thorax, using long-shafted instruments
and electrocautery blade (Figure 1, A). The lower third of
the LITA is harvested with a standard rib spreader, which
enables better visualization of the distal LITA segment.
The LITA is transected at its distal end following heparin-
ization. The pericardium is then opened for about 4 cm
over the anticipated anastomotic site on the LAD. It is
extremely important to confirm that the vessel in view is
the LAD by corroborating the actual coronary anatomy
with that in the angiographic film. After stabilization
with a reusable mechanical pressure stabilizer (Figure 1,
B), the LAD is proximally snared, and an end-to-side
anastomosis facilitated by a mister-blower is performed
between the LITA and the LAD with 7–0 or 8–0 polypro-
pylene preferably with the use of a shunt (Figure 1, C). In-
traoperative flow measurement of the LITA is performed
after completion of the anastomosis.9 The distal segment
of the LITA and the anastomosis are covered with pericar-
dial fat. A left-sided pleural drain is placed, and the left
lung is carefully reinflated under direct vision to avoid
sudden traction or tension on the LITA. The thoracotomy
wound is closed in layers in standard fashion after admin-
istration of an intercostal block with a local anesthetic
(Figure 1, D).

Outcomes
Both surgical and interventional procedures have been

given a Class IA recommendation10 for treating patients
with isolated proximal LAD lesions due to comparable
clinical outcomes reported by several studies.11-15 The 2
small randomized controlled trials comparing MIDCAB
to PCI with bare-metal and drug-eluting stents, respectively,
did not show any differences in the primary composite
outcome between the revascularization strategies; however,
MIDCAB patients had a significantly lower rate of target
vessel revascularization than PCI with bare-metal stent
(11% vs 34%) and drug-eluting stent (1.5% vs 20%) at
10 and 7 years following the procedure, respectively. How-
ever, most randomized studies in the literature report
follow-up periods to a maximum of 5 years or are too small
to make any meaningful inferences. Therefore, observa-
tional studies with extended long-term follow-up periods
of 15 to 20 years or longer set a benchmark for future studies
and trials investigating various revascularization therapies,
at least for patients with isolated proximal LAD disease.
A recent study involving 2667 patients at Leipzig Heart
Center, which is among the pioneering institutions for MID-
CAB procedures since the 1990s,2,16,17 reported in-hospital
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FIGURE 1. A, This picture shows the retractor used for left internal thoracic artery harvest (LITA), which elevates the upper two-thirds and depresses the

lower one-third of the left thorax. B, Stabilization of the left anterior descending artery (LAD) with a mechanical pressure stabilizer (yellow hatched arrow)

mounted on a rib spreader (black arrow). The yellow arrow shows the LITA. C, The end-to-side anastomosis being performed between the LITA (yellow

hatched arrow) and the LAD with a shunt placed in the LAD (yellow arrow). D, Closed thoracotomy incision measures 5 cm.
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mortality<1%, which remained constant over the 22-year
period of the study despite worsening baseline characteris-
tics of patients over time.6 The overall 10-, 15-, and 20-year
survival estimates were 77.7%, 66.1%, and 55.6%, respec-
tively, which are comparable to those reported by the Hare-
field group (10- and 15-year survival: 76.2% and 67.5%).18

An Italian group from Brescia similarly reported excellent
10- and 15-year survival rates (84.3% and 79.8%) in pa-
tients undergoing MIDCAB surgery.19 Moreover, in the
Leipzig study, the estimated survival of patients who under-
went MIDCAB was comparable to the life expectancy of
age- and gender-matched German population,6 an observa-
tion that was similar to patients undergoing isolated CABG
in a Norwegian study.20 Even amongst the elderly popula-
tion (>80 years), MIDCAB is associated with an acceptable
5- and 10-year survival (63% to 66% and 42%, respec-
tively).6,21 However, it is important to note that learning
curve, experience of the team, and case volumes do influ-
ence outcomes following these procedures.22 Left
ventricular dysfunction6,23,24 and presence of diabetes
mellitus,6,25-29 as expected, influence long-term outcomes
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following MIDCAB operations. Nevertheless, female
gender has not been found to affect survival rates following
MIDCAB.6,30,31 MIDCAB has also been found to be asso-
ciated with acceptable outcomes in patients who have a
prohibitively high risk for conventional CABG surgery.
Hoffmann and colleagues32 reported mortality that was
2-fold lower than that predicted by the log European System
for Cardiac Operative Risk Evaluation score. Complete
revascularization as scheduled was achieved in 82.1% of
patients who underwent MIDCAB as the first procedure.
The 1-, 3-, and 5-year survival was 77%, 62%, and 48%,
respectively.

ROBOTIC MIDCAB
Robotic MIDCAB has been proposed as an alternative to

conventional CABG and MIDCAB for the management of
LAD disease, and recently extended its indication by har-
vesting the RITA and deploying it to the best left coronary
target. At the Lankenau Heart Institute, roboticMIDCAB as
a stand-alone procedure or as part of hybrid revasculariza-
tion accounts for 60% of the total annual volume of



VIDEO 2. Surgical technique of robot-assisted minimally invasive direct

coronary artery bypass surgery. Video available at: https://www.jtcvs.org/

article/S2666-2507(21)00697-0/fulltext.
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CABG (grossly 300þ cases per year), which has remained
stable for the past 5 years.

Patient Selection
Although patient selection and preoperative workup of

the patients is similar to that required for MIDCAB opera-
tions, using a robotic platform enhances the possibility of
serving obese patients by allowing a more precise visualiza-
tion of the proximal LITA during its harvest.

Surgical Technique
It involves 2 different techniques: robot-assisted CABG

(RA-CABG) and totally endoscopic CABG (TE-CABG).
Whereas the former includes the robotic takedown of the
LITA and its direct anastomosis to the LAD coronary artery
with a small anterior thoracotomy (3-4 cm) (Video 2), the
latter requires no thoracotomy, generally being performed
using only 5 ports (8-12 mm) in the left chest. Both in
RA-CABG as well as in TE-CABG surgery start with the
introduction of 3 ports in the midclavicular/anterior axillary
line, in second, fourth, and sixth intercostal space (Figure 2,
A). A camera and 2 lateral arms with surgical instruments
are introduced and the surgeon sits on the robotic console
while a tableside assistant exchanges the robotic surgical in-
struments (Figure 2, A, inset). The 3-dimensional view
offered by the robotic platform enhances the visualization
of the LITA, lowering the risk of vessel injury and enables
the surgeon to harvest a longer LITA graft by means of skel-
etonization (Figure 2, B). If a second ITA is required, the
surgeon can open the right pleura crossing the mediastinum
and accessing the RITA from the left side of the chest. In
RA-CABG, after conduit is harvested, a small thoracotomy
(3-4 cm) is performed in the fourth intercostal space along
the mid clavicular line (Figure 2, C). Through the mini tho-
racotomy the surgeon can perform an off-pump LITA-to-
LAD anastomosis using a suction stabilizer (Octopus
Nuvo Tissue Stabilizer; Medtronic, Minneapolis, Minn) to
complete the anastomosis. In TE-CABG, after conduit har-
vest, the surgeon scrubs and goes back to the operating table
and adds 2 more ports: a subcostal one medial to the xiphoid
process to introduce the robotic stabilizer (da Vinci Robotic
Stabilizer; Intuitive, Sunnyvale, Calif) and a working port in
the second intercostal space (Figure 2, D). Thereafter, the
surgeon returns to the surgical console and completes the
LITA to LAD anastomosis using the robotic surgical instru-
ments and a 7–0 Pronova suture (Johnson & Johnson Med-
ical, Franklin Lakes, NJ) (Figure 2, D, inset) or a Flex A
distal anastomotic device (Cardica, Redwood City, Calif).

Outcomes
Initially developed to perform LITA-to-LAD anastomo-

ses with cardiopulmonary bypass on an arrested heart,
TE-CABG presented itself as an even-less-invasive option
than RA-CABG. Initially, 2 important case series
demonstrated its safety and reproducibility.33,34 Later on,
significant technological improvements in the da Vinci ro-
botic system enabled surgeons to perform off-pump multi-
arterial TE-CABG.35 The value of TE-CABG versus RA-
CABG is not limited to the presence or absence of an inci-
sion required to perform the surgery but rather to the possi-
bility of expanding the procedure to multivessel grafting by
facilitating RITA harvest and performing multiple
anastomoses.36

It is well known that a learning curve is part and parcel of
implementing or developing an innovative surgical tech-
nique and robotic cardiac surgery is no exception to this
rule. Recently, Van den Eynde and colleagues37 carried
out a retrospective analysis of the first 300 RA-CABG pro-
cedures performed at a single center in Europe. The authors
observed a substantial improvement in procedural safety
following 50 operations. A recent analysis by Patrick and
colleagues38 involving 1195 patients from the Society of
Thoracic Surgeons Registry undergoing RA-MIDCAB by
114 surgeons between 2014 and 2019 revealed that stable
clinical outcomes can be achieved after the 10th procedure
and case sequences>10 were associated with reduced rates
of access conversion (odds ratio, 0.27; 95% CI, 0.09-0.84)
and improved procedural success (odds ratio, 1.96; 95%CI,
1.00-3.84). These results suggest that surgeons can safely
add robotic CABG to their armamentarium of revasculari-
zation techniques by quickly reducing complication rates.
Similar to the MIDCAB experiences, studies from centers
that have teams highly experienced and specialized in ro-
botic cardiac surgery have demonstrated the safety and
efficacy of RA-CABG and TE-CABG. Giambruno and col-
leagues39 published their 18-year experience involving 605
patients who underwent RA-CABG and postprocedural
selective graft patency assessment using cardiac catheteri-
zation. The death rate was 0.3%. The patency rate of
LITA-to-LAD anastomoses was 97.4%. The rates of
surgical re-exploration for bleeding and transfusion
were 1.8% and 9.2%, respectively. Halkos and
JTCVS Techniques c Volume 10, Number C 173
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FIGURE 2. A, This picture shows the 3 ports in the second, fourth, and sixth intercostal spaces with the robotic arms inserted into the ports. The inset shows

the surgeon working at the console. B, The 3-dimensional view offered by the robotic platform enhances the visualization of the left internal thoracic artery

(LITA) that is skeletonized. C, In robot-assisted coronary artery bypass grafting (CABG), a small thoracotomy (3-4 cm) is performed in the fourth intercostal

space along the midclavicular line (black hatched arrow). Black arrow shows the LITA and the yellow arrow shows the left anterior descending artery (LAD)

that is proximally snared with a silastic loop while the surgeon performs an off-pump LITA-to-LAD anastomosis using a suction stabilizer. D, LITA to LAD

anastomosis (black arrow) performed off-pump using the robotic surgical instruments and a 7-0 polypropylene suture facilitated by a robotic stabilizer (yel-

low arrow) inserted into the thorax through an additional port in totally endoscopic-CABG. The inset shows a completed anastomosis.
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colleagues40 published their series with 307 consecutive
RA-CABG procedures performed at a single US institution
by 2 surgeons. Thirty-day mortality was 1.3%. The LITA
patency was 95% in 199 patients who underwent postoper-
ative angiography before discharge. Balkhy and col-
leagues36 retrospectively reviewed graft patency in all 121
TE-CABG patients over a 5-year period by means of a
follow-up angiogram (84 patients as part of planned hybrid
procedures and 37 patients unplanned for clinical indica-
tions). The authors evaluated 204 grafts (130 LITA and 74
RITA) and observed an overall graft patency of 95.6%
(LITA¼ 96%; RITA¼ 93%). LITA-to-LAD graft patency
was 97%.

Because robotic TE-CABG is technically more chal-
lenging than RA-CABG, it would be prudent to compare
their results. Kofler and colleagues41 compared both tech-
niques in respect to perioperative and midterm results and
reported no perioperative deaths in both groups besides
similar rates of perioperative myocardial infarction and
stroke. Moreover, they found no difference in midterm sur-
vival and freedom from major adverse cardiac and cerebro-
vascular events. RA-MIDCAB procedures have also been
shown to have acceptable outcomes in patients with high
SYNTAX scores. Lin and colleagues42 reported lower in-
hospital and long-term mortality following RA-MIDCAB
compared with conventional CABG, with similar rates of
174 JTCVS Techniques c December 2021
target lesion or target vessel revascularization, myocardial
infarction, and stroke. Long-term mortality was related to
age, lower left ventricular ejection fraction, and chronic
kidney disease, but not to the residual SYNTAX score, or
completeness of revascularization.

Benefits and Drawbacks
Being a sternal-sparing approach, the main benefit of

MIDCAB over sternotomy is the elimination of superficial
and deep sternal wound infections and mediastinitis while
preserving the long-term benefit of LITA use for revascula-
rizing the LAD, which is the main advantage of CABG over
PCI.19,43-45 MIDCAB offers an excellent alternative to PCI
for successful revascularization of patients with complex
diffuse LAD disease, ectatic but severely stenotic LAD,
severe coronary calcification, complex bifurcation lesions,
tortuous LAD course, and in-stent stenosis without nega-
tively influencing clinical outcomes.46 Moreover, MIDCAB
is performed without the use of cardiopulmonary bypass,
thereby further reducing the invasiveness of the procedure
and resulting complications such as perioperative stroke
due to avoidance of aortic manipulation.47 Lastly, the
cosmetic benefit of the procedure cannot be understated
from the patient’s point of view.

Among the drawbacks of MIDCAB procedures is that if
cardiopulmonary bypass is required in the rare case,



TABLE 2. Advantages and disadvantages of robotic and nonrobotic minimally invasive direct coronary artery bypass (MIDCAB)

Nonrobotic MIDCAB Robotic MIDCAB

Involves a 5-6 cm thoracotomy Involves a 3-4 cm thoracotomy or ports only—Cosmesis may be better

Rib spreading, especially during ITA

harvest—Pain may be more

Minimal; no rib spreading

LITA harvest: Distal segment may be more

difficult to take down

LITA harvest: Better visualization of the entire length of the LITA

View of the LAD: Adequate, if pericardium

opened up to apex

View of the LAD: Limited, if using robot-assisted MIDCAB

LITA-LAD anastomosis:

� Most commonly performed at the level of the incision

� No facilitatory gadgets required

LITA-LAD anastomosis:

� Most commonly performed at the level of the incision if guided by the camera

� Facilitated by U-clips or distal anastomotic connectors, technically

challenging in TE-CABG when hand-sewn.

Learning curve: Not as steep Learning curve: Steep

Costs: Similar to conventional surgery Costs: Higher due to disposables and initial cost of the robot itself

Additional aspects:

� Very quick and efficient

� Entirely dependent on the sewing skill of the surgeon

� Can be discomforting for the surgeon

� Difficult to teach due to restricted vision

Additional aspects:

� Time consuming

� Filtration of tremors

� Comfortable for the surgeon

� Better teaching capabilities due to visualization on a console

ITA, Internal thoracic artery; LITA, left internal thoracic artery; LAD, left anterior descending; TE-CABG, totally endoscopic coronary artery bypass grafting.
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peripheral cannulation is the only option available to avoid
a sternotomy, which could be difficult to impossible in pa-
tients with severe peripheral vascular disease. Another
drawback of this technique is that it is a challenge to
perform these operations in patients with morbid obesity
who, in reality, would benefit the most from avoiding a ster-
notomy. A robotic MIDCAB procedure may be possible in
such patients. This obviously raises the question concerning
advantages and disadvantages of both techniques, which
have been presented in Table 2.
Future Perspectives
The long-term benefits of CABG have been largely asso-

ciated with the durability of the LITA graft to the LAD.43

The conventional sternotomy approach being considerably
invasive for single-vessel CABG, particularly in the era of
PCI with drug-eluting stents, there is an impetus around
the globe to reduce the invasiveness of CABG surgery.
The 2 techniques described above provide just that! Howev-
er, such operations are being performed only in niche cen-
ters by select surgeons who have developed interest in
taking this field forward. We therefore believe that such
centers with expertise in minimally invasive CABG should
be at the forefront in developing training programs in MICS
to make these procedures widely adopted. There is a paucity
of evidence comparing the long-term outcomes of PCI and
MIDCAB, especially in special high-risk populations of pa-
tients with diabetes mellitus, obesity, and chronic kidney
and lung diseases. Hence, future clinical trials are required
that could shed more light on the benefits of this procedure.
We also believe that focusing on advancements in robotic
systems for MIDCAB that reduce the technical difficulty
and cost will increase the adoption of robotic technology
at least for MIDCAB surgery. It would also provide an op-
portunity to establish advanced hybrid programs involving
roboticMIDCAB and PCI of the non-LAD vessels. Optimal
functioning of such programs would require determination
of patient selection criteria for such procedures, which
would necessitate further clinical trials.
CONCLUSIONS
Robotic and nonrobotic approaches to MIDCAB proced-

ures are safe, feasible, and efficacious, which is particularly
true for institutions and surgeons that have developed exper-
tise in the respective type of operations. The learning curve
is a reality, being much steeper for robotic than for nonro-
botic MIDCAB procedures. Stepwise learning is probably
the mantra for successful and safe learning and implemen-
tation of MIDCAB.
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