Art of Operative Techniques

L))

Check for
updat
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Minimally invasive coronary artery bypass grafting (CABG) has emerged as a viable alternative to

conventional sternotomy CABG in select patients requiring coronary revascularization. Specific techniques

vary, but minimally invasive CABG (i.e., MIDCAB) usually involves revascularization of the left anterior

descending (LAD) artery with the left internal mammary artery (LIMA). Minimally invasive CABG

can be performed without cardiopulmonary bypass through a small anterior thoracotomy incision with

robotic assistance. Use of minimally invasive CABG may offer specific benefits for women requiring

revascularization, particularly given that female gender is an independent risk factor for inferior outcomes

following CABG. Here we describe how to perform robot-assisted minimally invasive CABG, with a focus

on technical modifications aimed at improving outcomes in women.
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Introduction

Cardiovascular disease, including coronary artery disease
(CAD), remains the leading cause of death for women
worldwide (1,2). There is increasing evidence that women
with ischemic heart disease demonstrate a different
phenotype than men. Diagnostic studies demonstrate sex
differences in the functional and anatomical consequences
of CAD (3). Furthermore, women experience worse
outcomes than men after revascularization; women are
at increased risk of mortality after both percutaneous
coronary intervention (PCI) (4-6) and surgery (7-15).
After coronary artery bypass grafting (CABG), women
experience increased morbidity, including major adverse
cardiac and cerebrovascular events (MACCE) (11,16),
myocardial infarction (MI) (11,16), stroke (8,16), repeat
revascularization (11), deep sternal wound infection
(8,17), respiratory failure (18) and blood transfusion
requirements (19).

Recognition of the unique phenotype of CAD and
inferior post-operative outcomes in women demands that
we re-think surgical revascularization strategies. Large
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retrospective studies using propensity matching and
multivariable logistic regression suggest that women may
derive greater benefit than men from CABG performed
without cardiopulmonary bypass, or “off-pump” (20-23).
In addition, use of robotic off-pump hybrid coronary
revascularization (HCR)—consisting of minimally invasive
CABG with PCI—is as safe as conventional on- and off-
pump multivessel CABG in women and may further
improve perioperative outcomes (24,25). Thus, focus on the
appropriate patient selection and operative management of
women requiring CABG is key to improving outcomes.
Widespread adoption of minimally invasive CABG has
been limited by technical demands and lack of long-term
outcome data. Minimally invasive CABG was introduced
in the 1990s (26), but left internal mammary artery (LIMA)
harvest necessitated extensive rib spreading resulting in
increased postoperative pain (27). Robotic mammary
harvest, first described in 1999 by Mohr er /. (28) and
Loulmet et al. (29), enables LIMA harvest via three robotic
ports and facilitates a reduction in size of the anterior
thoracotomy incision. Totally endoscopic coronary artery
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bypass (TECAB) surgery and multivessel revascularization
using the bilateral internal mammary arteries are further
advancements in technique, but remain limited to high-
volume specialized centers (30,31).

A common strategy for minimally invasive CABG
involves revascularization of the left anterior descending
(LAD) artery without cardiopulmonary bypass through a
small left anterior thoracotomy incision with the LIMA,
which is harvested with robot assistance. This technique
is best suited for patients with isolated proximal LAD
stenosis or patients with multivessel CAD undergoing
a hybrid approach with PCI (32-34). In the following
section, we describe the operative technique for robot-
assisted minimally invasive CABG in women requiring
coronary revascularization of the LAD. We focus on
specific differences in operative planning and technique
for performing minimally invasive CABG in women to
optimize outcomes in this patient population.

Operative technique
Patient selection/preoperative evaluation

As revascularization is limited to LIMA to LAD bypass
grafting only, patients must meet standard indications for
single-vessel CABG or hybrid approach. Contraindications
to minimally invasive CABG include hemodynamic
instability, poor LAD target for off-pump CABG
[intramyocardial LAD without segment amenable to
anastomosis, chronic total occlusion (CTO) without distal
reconstitution] and poor LIMA conduit (i.e., significant
subclavian stenosis resulting in diminutive LIMA).
Preoperative assessment includes pulmonary function tests
and computed tomography (CT) of the chest. Pulmonary
function tests are appropriate for patients with known
pulmonary disease (e.g., chronic obstructive pulmonary
disease) due to the use of single-lung ventilation during the
procedure. CT chest angiography can demonstrate critical
anatomy for operative planning and evaluation of potential
anatomic contraindications (see “Caveats” below).

Preparation

Intubation with a dual-lumen endotracheal tube facilitates
the best exposure with left lung isolation; the bronchial
blocker is an alternative. If the patient does not tolerate
single lung ventilation, then low tidal volume ventilation is
an option. External defibrillator pads are required because
internal defibrillators will not easily fit through the small
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incisions. Communication between the anesthesia and
surgical teams regarding hemodynamic parameters is
critical, particularly during manipulation of the heart. Oft-
pump anesthesia management principles, including pre-
load optimization, are paramount. Emergent cannulation
strategy should be anticipated in higher-risk patients in
case of hemodynamic instability or ventricular arrhythmia.
Prophylactic intra-aortic balloon pump should be
considered in patients with reduced ejection fraction.

Patient positioning

The patient is placed on the operating table in supine
position with the arms tucked. The sternum and bilateral
groins are included in the operative field in case of emergent
sternotomy or groin cannulation, respectively. For women
with pendulous breasts, antimicrobial incise drapes (Ioban®,
3M Company, Saint Paul, MN, USA) can be utilized to
retract the breasts cephalad and medially.

Operation

Robotic port placement

The LIMA is harvested and the pericardium is opened
with the da Vinci™ robot (Si and Xi, Intuitive Surgical,
Sunnyvale, CA, USA) via ports typically located in the 2",
5% and 7™ intercostal spaces (Figure I). To facilitate port
placement, the left lung is isolated, and a 5-mm transparent
tip optical trocar and 5-mm camera are placed in the 2™
or 3" intercostal space at the mid-clavicular line. CO, is
insufflated at a starting pressure of 8 mmHg, with careful
monitoring for hemodynamic instability as a tension
pneumothorax is created. The insufflation pressure can
be increased to 10 to 12 mmHg as tolerated to improve
visibility in obese patients. The superior port, or “right
hand”, is exchanged for a robot port.

The next robotic port is placed in the 5" intercostal space
at the anterior axillary line as the robot “camera port”. In
women, this may correlate with breast tissue. To avoid the
breast tissue, we make the skin incision lateral to the breast,
insert the port into the soft tissue, then frameshift the port
anteriorly on the chest wall so that the port enters the chest
wall at the anterior axillary line. Inserting the port at a more
anterior (versus lateral) location on the chest wall keeps the
working space anterior to the heart. Placing the camera port
at the mid-axillary line, or more posterior, risks damage to
the pericardium and heart.

The third port, or “left hand”, is placed at the midclavicular
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Figure 1 Location of robotic ports for LIMA harvest: superior
port (“right hand”), camera port, and a third port (“left hand”).
LIMA, left internal mammary artery.

left internal
mammary artery

left internal
mammary vein

phrenic nerve

':ollapéed lefflung

Figure 2 Key landmarks for robotic LIMA harvest, including left
subclavian artery, LIMA, left internal mammary vein, and phrenic

nerve. LIMA, left internal mammary artery.

line just above the diaphragm, which usually correlates to
the 7" rib space. Each port should be separated by at least
two rib spaces to minimize collisions.

The location of robotic port placement may require
adjustment based on the patient’s body habitus, taking
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into consideration external landmarks and other anatomic
concerns identified on preoperative imaging such as CT
scan. Optimal port placement is a priority in women due
to their relatively smaller thoracic cavity size compared to
men, which increases risk of port collision. An advantage
of the da Vinci™ Xi robot compared to the Si is a lower
likelihood of robotic arm collision. Finally, a nerve block is
performed by injecting long-acting local anesthesia into the
intercostal spaces during port placement.

Robot-assisted LIMA barvest

The daVinci™ robot is docked and key landmarks are
identified: left subclavian artery, LIMA, left internal
mammary vein, and phrenic nerve (Figure 2). The subclavian
vein is usually visualized later in LIMA dissection. The
robotic instruments include a microbipolar grasper in the
left hand and a spatula in the right hand. Cautery settings
are based on surgeon preference, but a common setting
for the spatula is level 3 on the Xi. Due to lack of haptic
feedback, adequate visualization is paramount. First, the
pericardial fat is removed off the pericardium in the cranial
to caudal direction to improve working space between
the pericardium and the chest wall. Next, the pleural fat
overlying the LIMA is dissected off the endothoracic fascia
until the LIMA is visible.

The LIMA is most visible at the mid-thoracic location,
which is the optimal starting point. The endothoracic fascia
is incised using electrocautery approximately 1 cm lateral
to the LIMA (Figure 34). The fascia is mobilized off the
LIMA pedicle using a sweeping motion with the spatula
(Figure 3B). In contrast to the standard LIMA harvest
with sternotomy, which is conducted medially to laterally,
robotic LIMA harvest is performed with a lateral to medial
dissection. It is our preference to remove the fascia from
the LIMA but leave the mammary veins attached, which
maximizes length while minimizing manipulation of the
LIMA vessel. The LIMA is first harvested in the cranial
direction up to the subclavian vein, and then in the caudal
direction past the mammary bifurcation, which are the
standard anatomic reference points.

Electrocautery is used for division of side branches.
Rarely, clips are utilized for large branches, which requires
instrument exchange. The dissection is optimized with
smooth blunt dissection alternating with deliberate
electrocautery use. The fat surrounding the vessels can
be swept toward or away from the LIMA pedicle, but
dissection through the fat should be avoided to prevent
bleeding and loss of tissue planes. The transversalis
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Figure 3 Robotic LIMA harvest. (A) Endothoracic fascia incised 1 cm lateral to the LIMA to begin robotic harvest. (B) Sweeping motion to

mobilize endothoracic fascia off the LIMA pedicle. LIMA, left internal mammary artery.

needle marking
incision point

phrenic nerve

Figure 4 Needle insertion through the chest wall to correlate
anterior thoracotomy skin incision with intrathoracic location of

the LAD. LAD, left anterior descending.

fascia must be mobilized off the chest wall to improve
visualization of the distal LIMA. The transversalis fascia
starts at the mid-LIMA, as opposed to the most inferior
aspect of the LIMA pedicle when harvested via sternotomy.
The LIMA bifurcation correlates with the costal margin.
Importantly, care should be taken not to mistake large side
branches, particularly at the level of the 5™ intercostal space,
with the true bifurcation. Intravenous heparin (5,000 units)
is administered immediately prior to ligation of the LIMA.
The LIMA is clipped distally with robot medium Hemolock
clips (Teleflex, Wayne, PA, USA) and divided with robot
Potts scissors (Intuitive Surgical).

Opening the pericardium and identification of the LAD
Attention is then turned to the pericardium. The phrenic

nerve is identified posteriorly. The pericardium is opened
anteriorly with electrocautery in a similar fashion to the
open technique. The pericardial incision is continued
longitudinally from the pulmonary artery to the diaphragm,
thereby exposing the LAD (Figure 4). With the pericardium
open, the precise intrathoracic location of the LAD is
determined, and a needle can be inserted through the chest
wall by the bedside surgeon to correlate the skin incision
with the LAD. The location is then marked on the skin.
Finally, a pericardial key-hole can be made posterior to the
phrenic nerve to allow fluid to drain from the pericardial
well during the CABG portion of the procedure.

The robot is undocked and a chest tube in placed
through the inferior-most port. The chest tube is placed on
suction for remainder of procedure to optimize exposure.

Anterior thoracotomy

The LIMA to LAD anastomosis is performed through a
6-cm left anterior thoracotomy incision that enables direct
visualization of the heart and LAD (Figure 5). For men,
the incision can correlate with the location marked on
the skin, corresponding to the LAD, usually the 4" or 5"
intercostal space. For women, management of the breast
tissue is key when performing the anterior thoracotomy
to avoid risk of wound dehiscence and infection (Figure 6).
The skin incision is made approximately 0.5-1 cm offset
from the inframammary line and into the breast to avoid
the inframammary crease. Dissection is continued through
the soft tissue straight down to the chest wall and the breast
is mobilized off the chest wall until the inferior edge of the
pectoralis muscle is reached. By creating a breast flap, the
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Figure 5 Direct visualization of the heart and LAD through
anterior thoracotomy incision to perform LIMA-LAD
anastomosis. LIMA, left internal mammary artery; LAD, left

anterior descending.

thoracotomy
incision

Figure 6 Anterior thoracotomy skin incision offset 0.5-1 c¢m
superior to inframammary line and into the breast, enabling

creation of a breast flap for entry into the thoracic cavity.

location for entry into thoracic cavity will be offset from the
location of initial skin incision.

Next, the pectoralis muscle is elevated off the chest
wall to expose the ribs. The intercostal space (usually the
4™ or 5™ is entered. The appropriate intercostal space
depends on the size of the heart and location of the LAD
target identified on LHC, preoperative CT chest, and
intraoperative localization with the robot. The intercostal
space is opened widely from the sternum to the lateral chest
wall to optimize rib spreading.
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Figure 7 Placement of tissue stabilizer device on LAD via a
subcostal incision with tunnelling through the diaphragm into the
thoracic cavity. LAD, left anterior descending.

LIMA to LAD anastomosis
A small retractor is placed in the thoracotomy. A pericardial
well is created with sutures placed in the medial and lateral
aspects of the pericardium. If the LAD is located laterally,
sequential pericardial stitches may be placed further laterally
bringing the LAD into a more medial position. Visual
identification of the LAD is then confirmed with four steps:
(D) an index finger palpates the entire length of the LAD and
the apex is confirmed; (IT) the LAD is compressed and septal
bowing is confirmed on the 4-chamber transesophageal
echo (TEE) view; (III) the right ventricle is compressed and
free wall bowing is confirmed on the 4-chamber TEE view;
and (IV) the diagonal coronary arteries are visualized (35).
Next, a tissue stabilizer device (Octopus® Nuvo,
Medtronic, Minneapolis, MN, USA) is placed on the
LAD (Figure 7). The suction foot pad is held in place
with a stabilizer bar passed through a subcostal incision.
A left subcostal stab incision is made, and a tonsil creates
a tunnel through the diaphragm into the thoracic cavity.
The stabilizer bar is then placed through the subcostal
incision, through the diaphragm, and over the pericardium
to connect to the foot pad. The surgeon’s free hand can be
placed into the chest through the thoracotomy incision to
guide the stabilizer safely into the thoracic cavity, avoiding
inadvertent injury to intrathoracic structures including the
heart. The stabilizer rod is secured to a side bar attached to
the bed rail. With the stabilizer secured, the hemodynamics
are reviewed to assess for left ventricular outflow tract
obstruction and tolerance of the stabilizer.
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Figure 8 LAD occluded using silastic retractor tape with the

presence of an intracoronary shunt. LAD, left anterior descending.

Figure 9 Hand-sewn LIMA to LAD anastomosis performed in a
standard fashion. LIMA, left internal mammary artery; LAD, left

anterior descending.

The LAD is occluded, and an intracoronary shunt
is placed (Figure §). At least 1 cm of the LAD is cleared
off. A silastic retractor tape with a blunt needle is passed
behind the LAD twice, which facilitates occlusion of the
LAD proximal to the planned anastomotic site. If there is
significant collateralization to the LAD, then distal occlusion
may also be necessary. The arteriotomy is performed with
the retractor tape open, and the intracoronary shunt is
placed. The retractor tape is tightened to occlude the LAD
around the shunt. A hand-sewn LIMA to LAD anastomosis
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Figure 10 Lung re-inflated under direct visualization to ensure
LIMA graft position is maintained. LIMA, left internal mammary
artery.

is performed under direct vision in a standard fashion
(Figure 9). The shunt is removed near completion of the
anastomosis.

Completion

After completion of the LIMA-LAD anastomosis, graft
patency and blood flow are evaluated using a flow probe
(Medistim flow probe, Oslo, Norway) with the retractor
tape still in place to rule out competitive flow. Blood flow
is visualized with Doppler ultrasound (Medistim high-
frequency ultrasound, Oslow, Norway). Once adequate
LIMA flow is confirmed, the retractor tape is removed from
the proximal LAD and native coronary flow is reestablished.
A piece of pericardial fat is draped loosely over the
anastomosis to secure the LIMA in position and create a
barrier between the chest wall and the anastomosis. The
heparin is reversed with protamine. Exquisite care must
be taken to identify any bleeding site. If needed, a camera
can be placed through the thoracotomy incision to check
for bleeding from the robot port sites. The thoracic cavity
should be thoroughly irrigated until the fluid is clear. The
lung is re-inflated under direct visualization, and the LIMA
is inspected to ensure that the graft position is maintained
once the lung has been fully reinflated (Figure 10). The
ribs, pectoral muscle, soft tissue, and skin, including the
robot port sites, are closed. Patients are often extubated
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in the operating room, enabling earlier transfer out of the
intensive care unit and discharge home by post-operative
day three or four.

Comments

Clinical results

Minimally invasive CABG is safe and effective in the
treatment of proximal LAD stenosis (36-43). Early
postoperative mortality (in-hospital/30-day) is low, with
most recent studies reporting rates of <1% (39-41,43-48).
Minimally invasive CABG is associated with a ten-year
survival of 76-90% (40,41,43,44,47) and freedom from
MACCE of 70-85% (40,43,44). The incidence of target
vessel reintervention following minimally invasive CABG is
<5% (37,42-44,47,49,50), which is significantly lower than
PCI for isolated LAD disease (37,42,45,49,50).

Overall, minimally invasive CABG has shown promising
short-term results with several series reporting reduced
surgical morbidity and patient recovery times as well as
higher quality of life scores compared to conventional
sternotomy CABG (40,43,46,51-55). Reported rates of
perioperative complications following minimally invasive
CABG are comparable or lower than conventional
sternotomy CABG (38,43,48), and risk of conversion to
sternotomy is <2% (38,41,44,47)

Advantages

Minimally invasive CABG with the LIMA to LAD offers
the durable graft patency of the LIMA over PCI while
avoiding sternotomy and cardiopulmonary bypass (56). Use
of a sternal-sparing approach eliminates the risk of sternal
wound infections and improves cosmesis, which may be of
particular importance in women given the increased risk
of deep sternal wound infections in this population (8,17).
Avoidance of cardiopulmonary bypass may further reduce
the risk of respiratory complications and blood transfusion
requirements (57), both of which have been shown to occur
with greater frequency in women compared to men after
CABG (18,19).

Although there are no studies that demonstrate a
modifying effect of minimally invasive technique on sex
differences in survival after CABG, a minimally invasive
approach may impact operative time and morbidity
(41,58,59). Although data is limited, in retrospective reviews
with propensity score matching and multivariate regression
analysis, women and men who undergo minimally invasive
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CABG experience similar in-hospital and long-term
mortality (41,58,59). However, women experience longer
operative times, increased wound healing complications,
and increased rate of blood transfusions (58,59). Additional
data from large, prospective studies is necessary to further
investigate the specific impact of minimally invasive
techniques on outcomes in women who undergo CABG.

Caveats

Minimally invasive CABG, particularly with robot
assistance, involves a steep learning curve for the operating
surgeon as well as the operating room team. Case volume can
affect outcomes following minimally invasive CABG (60).
Despite its established safety and feasibility in appropriately
selected patients, widespread implementation of minimally
invasive CABG has yet to occur, and application of the
procedure continues to be limited to a small number of
experienced centers (30,31). Appropriate patient selection
is critical to achieving acceptable outcomes and is aided
with focused preoperative imaging (i.e., CT chest with
angiography) and multidisciplinary collaboration.

"To optimize patient selection and operative planning,
we routinely perform preoperative C'T angiography
(CTA) of the chest in patients undergoing consideration
for minimally invasive CABG. In our experience, CTA
provides critical information related to characterization
of the LAD, including intrathoracic location, presence
of intramyocardial course, and thickness of epicardial fat
surrounding the LAD. The presence of an intramyocardial
segment, CTO, or excess epicardial fat overlying the LAD
may be prohibitive for performing minimally invasive
CABG due to increased risk of conversion to sternotomy or
complicated anastomosis.

Preoperative CTA also allows for evaluation of graft
quality, thoracic cavity dimensions, underlying lung disease,
and emergent cardiopulmonary bypass strategies. CTA can
demonstrate LIMA patency and presence of subclavian
stenosis that may result in diminutive LIMA flow. Skeletal
abnormalities affecting the thoracic cavity (i.e., scoliosis,
pectus excavatum/carinatum) can limit robot mobility and
may affect patient candidacy for the procedure. Preoperative
CT will also reveal underlying lung disease. The addition
of CT abdomen/pelvis will demonstrate the presence
and extent of peripheral vascular disease, which can affect
emergent cardiopulmonary bypass strategies. Importantly,
although non-contrast CT is limited in resolution, it may
still be useful in operative planning and the evaluation of
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potential contraindications to a minimally invasive approach
described above.
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