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Nonsternotomy multivessel coronary artery bypass
grafting: A key development in cardiac surgery
Marc Ruel, MD, MPH, FRCSC, FCCS, FAHA
A-B, One month after multiarterial nonsternotomy
CABG with endoscopic left radial harvest.

CENTRAL MESSAGE

The CABG operation of the
future must be safe, effective,
and durable while less invasive
and widely applicable. Nonster-
notomy multivessel CABG is an
important step in that direction.

See Commentary on page 168.
ANEED FORLESS-INVASIVE CORONARYBYPASS
SURGERY

In the 1990s and early 2000s, attempts at performing less-
invasive coronary artery bypass grafting (CABG) were
largely restricted to the minimally invasive direct coronary
artery bypass operation, itself a variation of the first
CABG operation performed—in 1964 and through a thora-
cotomy—by Kolesov and Potashov.1 With the exception of
multiple anterior target coronary vessels and other rare
favorable combinations, multivessel bypass grafting
through a nonsternotomy incision was not considered
feasible until a large consecutive patient series was pub-
lished in 2009.2 These minimally invasive (MICS) CABG
data became a catalyst for the adoption, over the ensuing
decade, of this operation at other expert centers in America,
Asia, Europe, and Oceania. Nowadays, it is estimated that
thousands of MICS CABGs are performed every year.
Nevertheless, multivessel MICS CABG remains a techni-
cally challenging operation performed only at select centers.
Complete ease of the surgeon and team at off-pump coro-
nary artery bypass (OPCAB) represents 1 prerequisite, after
which surgeons should initiate single-vessel MICS CABG
to the left anterior descending artery, performed either
conventionally or with robotic assistance. Numerous
training programs and peer-to-peer options exist for sur-
geons and teams who wish to learn and develop MICS
CABG. The outcomes of this operation have also been vali-
dated by several groups, and data pertaining to its safety,
feasibility, adoptability, angiographic patency of grafts
and, as of recently, long-term durability, are now avail-
able.3-6 A randomized clinical trial comparing multivessel
surgical revascularization by MICS CABG versus regular
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sternotomy has, as of this writing, completed nearly one
half of its recruitment.7

Because a sternotomy incision can lead to healing issues
or chronic pain in nearly 30% of patients, with the average
time period needed to recover from CABG approaching
1 year,8-12 it is imperative that our specialty evolves by
endorsing safe, validated ways to provide the therapeutic
robustness of surgical coronary revascularization while
avoiding the intrusiveness of a sternotomy. In this article,
salient technical points about the performance of
multivessel MICS CABG and key remaining questions
related to its degree of adoption by the cardiac surgical
community are presented.
HOW MICS CABG IS PERFORMED: A
STEP-BY-STEP APPROACH
Inclusion and Exclusion Criteria

Inclusion and exclusion criteria are outlined in Table 1.
Positioning and Incising
In the operating room, the anesthetized patient is placed

in a 20 to 30� right decubitus position, and the left lung is
isolated and unventilated (Figure 1). The chest is entered
in the fourth or fifth intercostal space, depending on the
anticipated position of the coronary targets, with several
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TABLE 1. Inclusion and exclusion criteria for multivessel MICS CABG

Anatomical

Chest anatomy with acceptable exposure to the heart (with exclusion of patients with major pectus deformity, morbid obesity, or a history of chest

trauma)

Nonatherosclerotic subclavian and femoral arteries (to allow peripheral cannulation should CPB support be needed)

Physiological

Hemodynamic stability (to allow heart positioning and manipulations)

Adequate pulmonary function (to allow tolerance of single lung ventilation)

Surgical/intraoperative

No significant ascending aortic calcification (to allow proximal anastomoses with a side-biting aortic clamp or anastomotic assist device)

Adequate target vessel size and quality

Adequate hemodynamic stability (to allow time to perform a perfect coronary anastomosis)

Absolute contraindications to multivessel MICS CABG

Severe pectus excavatum or other major chest wall deformities

Severe pulmonary or peripheral vascular disease

Emergency surgery with ongoing ischemia or hemodynamic compromise

CPB, Cardiopulmonary bypass; MICS CABG, minimally invasive coronary artery bypass grafting.
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centers using preoperative computed tomography planning
for this purpose. For most patients undergoing multivessel
MICS CABG, the 4- to 5-cm thoracotomy is centered on
the midclavicular/nipple line and enters the pleural space
one intercostal space cephalad to the apex of the heart,
which can be estimated by triangulating the incision site be-
tween the sternal angle and xyphoid process (with the left
arm elevated) and confirming, upon chest entry, by digital
cardiac palpation. If the wrong intercostal space is entered,
the surgeon can easily move by one space caudal or
cephalad through the same skin/pectoralis incision. Alter-
natively, a robotic-assisted approach to incise the
FIGURE 1. Positioning for MICS CABG. A, Left panel: The patient is positi

patient warmer, and with the left arm elevated and placed over gel padding. Th

right radial artery harvest; more typically, the left radial artery is harvested prio

cotomy incision (I) is performed just caudal to the left nipple, as determined by tr

simple approach leads to the correct intercostal space for most MICS CABG c
pericardium and harvest one or both internal thoracic ar-
teries (ITAs) can be used.

Conduit Harvesting
A left radial artery conduit may be harvested before

positioning the patient and ideally should be carried
out endoscopically. The left ITA is exposed by pulling
the thoracotomy retractor, comprising an upper chest
wall lift blade, upward and toward the patient’s left
side with a pulley (Figure 2). The left ITA is harvested
over its entire length, from the caudal end of the inci-
sion to the subclavian vein cephalad. The right ITA
oned in a right decubitus position, with back and shoulder support over a

e right arm—if not previously catheterized—can be used for concomitant

r to positioning. B, Right panel: With the left arm elevated, a 5-cm thora-

iangulation between the sternal angle (SA) and the xiphoid process (X). This

ases. Consent to the use of the photos was provided by the patient.
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FIGURE 2. MICS CABG incision and harvest of the left internal thoracic

artery. A pulley retracts, from a left cephalad position, a small thoracotomy

retractor fitted with a long blade. This progressively exposes the full length

of the left internal thoracic artery within the closed chest.

FIGURE 3. MICS CABG proximal anastomoses. Through a 5-cm thora-

cotomy incision, the ascending aorta can readily be exposed for handsewn

proximal anastomoses, using tangential aortic clamping.
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can also readily be harvested, in lean patients, by using
an additional subxiphoid lift retractor.13,14 Saphenous
vein conduits are harvested concomitantly to ITA
takedown.

Proximal Flow Sourcing
Two approaches can be used: independent grafts with

aortic proximal anastomoses or composite left ITA-based
Y-grafting. Excellent results have been achieved with
either method. With regard to handsewn proximal aortic
anastomoses, the technique has been well described.15 It
involves pulling the thoracotomy retractor from the pa-
tient’s right cephalad aspect; keeping the right ventricle
filled at a safe minimum; incising the pericardium up to
its reflection anterior to the ascending aorta; using multi-
ple pericardial stay sutures to mobilize the pericardium
caudally towards the left thoracotomy; placing a gauze
anterior to the superior vena cava on the right lateral
aspect of the ascending aorta; retracting the right ventric-
ular outflow tract caudally and toward the left with an
epicardial stabilizer inserted 2 intercostal spaces caudal
to the small thoracotomy; side clamping the ascending
aorta using a Kay–Lambert clamp with a systolic blood
pressure of 75 to 85 mm Hg; and performing handsewn
anastomoses under direct vision (Figure 3), with a high
likelihood that a knot pusher will be required to tie the
polypropylene sutures.

For a Y-graft based strategy, which provides the advan-
tages of an anaortic configuration, several methods can be
achieved within the closed chest. Important technical as-
pects include to source the composite graft as proximally
as feasible on the left ITA, and stabilize the anastomosis
site inside the chest away from the beating heart during
164 JTCVS Techniques c December 2021
Y-graft construction, by resting the conduits on the epicar-
dial stabilizer, covered with a cut sterile glove.14
Distal Anastomoses
A suction-type cardiac positioner (often misnamed “api-

cal” positioner)—such as one used for regular OPCAB but
removed from its shaft and with an umbilical tape tied
around it above its suction cup—is used to expose the
inferior and lateral wall vessels. If possible, the left ITA-
left anterior descending graft is performed last to avoid
risking damaging it during other manipulations. Inferior
wall targets are exposed by placing the cardiac positioner
onto the acute margin of the heart and pulling it towards
the patient’s left shoulder, followed by insertion of the
epicardial stabilizer to surround the target vessel
(Figure 4). Lateral wall targets involve placing the cardiac
positioner along the axis of the target coronary artery,
�3 cm distal from the anastomotic site, and pulling it to-
ward the patient’s right hip, followed by placement of the
epicardial stabilizer. Careful attention to measuring graft
length and ensuring adequate conduit orientation is
germane; conduits should be marked on their anterior sur-
face and length determinations should involve gentle
stretching of the conduit to the anastomotic site, plus the
addition of �2 cm (�3-4 cm if the patient is supported
on cardiopulmonary bypass). A knot pusher should not
be required to tie distal anastomotic sutures. Other tech-
nical points include not starting the anastomosis until
excellent exposure of the target vessel has been achieved,
and not hesitating to use femorofemoral cardiopulmonary
bypass (CPB) support to facilitate grafting of inferior and
lateral wall vessels. In this regard, peripheral CPB use
(without cardioplegic arrest) leads to a smaller cardiac



FIGURE 4. MICS CABG distal anastomoses. Through a 5-cm thoracot-

omy incision, the posterior descending branch of the right coronary artery

was exposed and a graft was handsewn to it. The lateral and anterior left

ventricular walls (not shown) can readily be exposed in a similar fashion.
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size, more working space within the chest, hemodynamic
stability, greater ease of mobilizing the heart within the
small thoracotomy incision and –in our experience– no
additional complications.4 All completed grafts must be
quality-checked by transit time flow measurements.16 Af-
ter completion of all anastomoses, the position and lie of
each graft is visually confirmed once both lungs have
been re-expanded.
FIGURE 5. MICSCABG incisions 1 month postoperatively. Patient who under

harvested left radial artery. Consent to the use of the photos was provided by t
WHAT IS KNOWNABOUTMICS CABG ANDWHAT
REMAINS TO BE DEMONSTRATED
MICS CABG has been shown to be safe and feasible at

several expert centers, with high patient satisfaction
(Figure 5).2,3,14,17-20 In the consecutive experience of
510 MICS CABG patients at the University of Ottawa Heart
Institute, operated at median age of 64.0 years (interquartile
range, 57.0-71.0 years), conversion to sternotomy occurred
in 20 patients (3.9%), 79 (15.6%) required CPB support
and, apart from 34 patients (6.7%) who underwent a
planned hybrid coronary revascularization, complete
territory-based revascularization was achieved in all
patients.21 Perioperative mortality and stroke each occurred
in 1 patient, for an incidence of 0.2%.6

The 3 key questions that remain regarding the role of
MICS CABG toward making surgical coronary revascular-
ization less invasive are: Is MICS CABG durable? Is MICS
CABG truly less invasive than CABG via sternotomy? Is
MICS CABG teachable and widely diffusible?
The first of these questions was recently addressed by a

complete late follow-up analysis of the Ottawa series
(N¼ 510) published in the Journal of the American College
of Cardiology. In this report, the results of MICS CABG
showed high durability at 10 years, with more than 90%
of patients alive and 80% of patients both alive and free
from any major adverse cardiovascular or cerebrovascular
event, including repeat revascularisation.6

The second key question is being evaluated in the Mini-
mally Invasive versus STernotomy (MIST) clinical trial,
went (A) multiarterial multivesselMICSCABGwith (B) an endoscopically

he patient.
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which is nearly halfway through its recruitment of 166 pa-
tients. The trial randomizes patients to undergo multivessel
MICS CABG versus CABG by sternotomy and has a pri-
mary end point of patient-reported quality of life measures,
assessed by the short-form 36 questionnaire at 4 weeks post-
operatively.7 TheMIST trial may also be the first to address,
in a randomized controlled setting, the controversial issue
of comparative invasiveness between sternotomy and non-
sternotomy cardiac surgery approaches.

The third key question, which pertains to the wider appli-
cability of MICS CABG, may take many years to answer.
OPCAB, a much less technically demanding operation
than MICS CABG, has received only limited adoption
over the years. While the wariness toward OPCAB may
relate in part to its greater technical requirements compared
with on-pump CABG, OPCAB also lacks clear advantages
for the patient from an invasiveness standpoint. Now, with
demonstrated durability, should MICS CABG also be effec-
tive at objectively reducing the intrusiveness of surgical cor-
onary revascularization, it is foreseen that dedicated and
sustained efforts at adopting MICS CABG would be under-
taken by a growing number of centers.
CONCLUSIONS
Cardiac surgery needs to move forward and offer less-

invasive solutions to its patients. The most robust adult
cardiac operation –ie, the one whose results are most incre-
mentally superior to that of catheter-based or medical
alternatives– isCABG.22However,we surgeons cannot antic-
ipate that our trainees will continue to routinely be perform-
ing CABG 20 years from now by cutting the sternum open
with a saw and putting ice on the arrested heart. Our patients,
who increasingly are elderly and have limited osteogenic and
wound healing ability, do suffer from the invasiveness of ster-
notomy, which we collectively must address or face that the
otherwise-beneficial CABG operation will disappear. The
candidateCABGoperation of the future should be safe, effec-
tive, and durable while less invasive and widely applicable,
without requiring major investments such as the purchase
of a surgical robot. MICS CABG could represent such an
operation but currently remains difficult to performbynonex-
perts and insufficiently widespread in adoption. We must
aspire, with continuing research and a strong sense of surgical
mentorship and mutual support, that we will one day be able
to offer tomost patients in need of a CABGoperation one that
will safely, effectively and routinely meet their needs without
the major invasion of a sternotomy.
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