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Abstract

Minimally invasive options for coronary artery bypass graft (CABG) surgery
progressed dramatically in the last decades. Minimally invasive CABG surgery
is presented trough these forms: minimally invasive direct coronary artery by-
pass (MIDCAB), endoscopic atraumatic coronary artery bypass (EndoACAB),
robot-assisted direct coronary artery bypass (RADCAB), total endoscopic coro-
nary artery bypass (TECAB), and hybrid coronary revascularisation (HCR). Un-
fortunately, these are still limited only to the specialised centres across the
world and have not been accepted by the majority of cardiac surgeons. A sur-
geon who is starting to practice minimally invasive CABG surgery needs to be
ready for long duration of the interventions, higher rate of conversions to ster-
notomy and significant learning curve. Excellent results that have been pub-
lished on the subject of minimally invasive revascularisation methods support
the potential of these alternative approaches to evolve in the near future.
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Introduction

Cardiac surgeons invested a great amount of effort
in development of minimally invasive methods for
the last couple of decades. The advance in modern
technologies supported those efforts, and there-
fore enabled performing coronary artery bypass
graft (CABG), valvular, great vessels and other
cardiac surgery procedures, without total median
sternotomy (TMS) - traditional, utterly invasive
approach. The cooperation between cardiac sur-
geons and interventional cardiologists led to novel
minimally invasive methods which benefit with
the best from both worlds - surgical technique
and precision and catheterisation-based approach.

Minimally invasive options for CABG surgery
(miniCABG) progressed dramatically in the last
decade. The topic of this paper will be all of those
who do not require TMS. Although partial sternot-
omy (ministernotomy) was described in the past,
it is fairly uncommon comparing to approaches

which completely preserve skeletal integrity of
chest wall. Only the later will be discussed.

Minimally invasive CABG surgery is presented
trough these forms:
e Minimally invasive direct coronary artery
bypass (MIDCAB)
¢ Endoscopic atraumatic coronary artery by-
pass (EndoACAB)
e Robot-assisted direct coronary artery by-
pass (RADCAB)
e Total endoscopic coronary artery bypass
(TECAB)
e Hybrid coronary revascularisation (HCR)

Although the majority of cases are left anterior
descending with left internal mammary artery
(LAD-LIMA) surgery, more and more multi-vessel
disease treatment are presented.
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“Off Pump” Coronary Surgery

Although it was developed using TMS, CABG sur-
gery without using extracorporeal circulation
(ECC) plays a big role in minimally invasive sur-
gery. By avoiding ECC, patient is relieved from its
harmful consequences, with outcome comparable
to traditional CABG surgery in experiences cen-
tres.”2 While majority of minimally invasive pro-
cedures still utilise ECC, there are those who do
not, especially single-vessel disease treated with
LAD-LIMA. As surgeons are getting familiar with
coronary stabilisers and beating heart fixation,
they are making a step towards safer transition to
smaller incisions and comfort sacrifices. There-
fore, “off pump” surgery is utterly important in
development of minimally invasive CABG proce-
dures.

Patient Selection

Same as always when novel technologies are in-
troduced, careful patient selection and preopera-
tive preparation are the key to success. All these
minimally invasive CABG procedures provide
worse exposition comparing to traditional CABG.
Therefore, thorough coronarography analysis it
is mandatory to access anastomosis site, the graft
length needed, is coronary artery epicardially or
intramyocardially placed, what is its calibre, le-
sion extension, etc. It could be quite difficult to de-
termine how deep in the heart wall the coronary
artery is placed, but some discrete signs could be
of help: the more superficial, epicardial arteries
are more mobile during contractions and more
tortuous; while the more deep ones, intramyo-
cardial (especially LAD) are straight and seem as
they “dive in” and “dive out” on their way to the
apex of the heart. Later cases can be technically
much more demanding in minimally invasive sur-
gery as it does not always allow visualisation of
the entire LAD. Exploration of the anterior heart
wall in these approaches is completely different
experience to standard TMS CABG, so LAD and
its branches must be carefully analysed on cor-
onarography prior to surgery, to avoid bypassing
the wrong vessel.

The restricted space adds another level of com-
plexity to minimally invasive CABG procedures.
The bigger the intrathoracic space is, endoscopic
and robotic instrument manoeuvring is easier.
Excess of subcutaneous fat tissue can limit the
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manoeuvring ability, too. Therefore, it is clear
that morbidly obese and small patients are a
group with significant limitations for using these
technologies.

Indications and Contraindica-
tions

The critics of minimally invasive CABG proce-
dures are making a question of safety being asked
first. Opposing to TMS, approaching aorta and
right atrial appendage for ECC cannulation is not
possible. Utilising femoral vessels could lead to
risk of embolic events due to retrograde perfu-
sion. Making anastomosis using endoscopic and
robotic instruments is by far more demanding
than with the open approach. MiniCABG proce-
dures take more time, therefore pro et contra bal-
ancing of faster recovery and aesthetics (Figure 1)
versus risks of demanding technique is essential.
Coronary patients are usually present with the
following comorbidities: left ventricular dysfunc-
tion, peripheral arterial and venous disease,
chronic obstructive pulmonary disease (COPD),
renal insufficiency, etc. All of this could lead to
negative outcome even with traditional TMS
CABG procedures, so it is clear that a special at-
tention is needed when planning a miniCABG.

7
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Figure 1: Aesthetic advantage of minimally invasive CABG. Two
incisions for ports and left anterolateral thoracotomy of less than
5cm
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In conclusion, patients undergoing miniCABG
surgery could be divided into two subgroups: rel-
atively healthy patients who wish to avoid TMS,
but aim for long term result of surgical revascu-
larisation; and elderly patients and those with se-
vere comorbidities to whom TMS caries too much
of a risk, but are not treatable with catheterisa-
tion methods and medications only. Indications
for standard and miniCABG are the same, but
there are several contraindications for perform-
ing miniCABG:

e Absolute - clinical: haemodynamic insta-
bility, ischaemic arrhythmias, acute coro-
nary event, urgent conditions, cardiogenic
shock;

e Relative - angiographic: intramyocardial
position of coronary vessel, small diameter
of coronary vessel, severely calcified coro-
nary vessel, occluded coronary vessel with-
out sufficient collateral filling;

e Relative - comorbidities: morbid obesity,
severe respiratory insufficiency, severe
peripheral vascular disease (for femoral
ECC cannulation), severe left ventricular
dysfunction (LVEF < 30 %), severe dilata-
tion of left ventricle, previous TMS, previ-
ous surgery in left hemithorax, chest wall
deformities, previous radiotherapy of left
hemithorax, pulmonary hypertension.

Minimally Invasive Direct Coro-
nary Artery Bypass (MIDCAB)

MIDCAB was first introduced in the early nine-
ties, and gained its popularity as alternative solu-
tion to single-vessel revascularisation LAD-LIMA
via TMS.>* It is performed trough left anterolat-
eral thoracotomy in the fifth intercostal space
with 5 to 8 cm skin incision and decompression
of left lung using double-lumen endotracheal tube
or bronchial blocker. All of the miniCABG proce-
dures are performed by selective ventilation of
the right lung or bilateral ventilation with small
volume. Special retraction devices are used to el-
evate the anterior chest wall and to harvest LIMA
graft by direct vision. When the graft is prepared
and pericardiotomy performed, procedure could
be carried on ether with or without utilising ECC
(“off pump*). If the decision is made to put a pa-
tient on ECC, peripheral cannulation must be per-
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formed because cannulation of ascending aorta
is practically impossible. On the other hand, if
“off pump“ is the option of choice, some kind of
stabilisers must be used to make an anastomo-
sis on the beating heart. Anastomosing is done
in standard manner, technically identical to TMS
approach.

There are several centres that published excellent
results of this procedure.>* Although the mostly
chosen option for the treatment of single-vessel
LAD disease is percutaneous coronary interven-
tion (PCI), even more so after introducing of drug
eluting stents (DES), MIDCAB still holds advan-
tage for that case in majority of analysed param-
eters.!>16

There are also published cases of MIDCAB treat-
ment of multi-vessel coronary disease, with and
without ECC use.’” Even though results were
great, multi-vessel MIDCAB did not make it to ev-
eryday use in many centres. The reason is proba-
bly technical demands and great risk of complica-
tions because of that. Besides, postoperative pain
levels must be taken in consideration (thoracot-
omy syndrome).'”-*® Also, a question of possibil-
ity of complete LIMA harvesting with this tech-
nique is being asked, because reaching the apex
of hemithorax is impossible through fifth inter-
costal space incision. This could lead to coronary
steal syndrome by a patent LIMA side branch.

Endoscopic Atraumatic Coro-
nary Artery Bypass (EndoACAB)

This procedure introduced endoscopic tech-
niques to CABG surgery. The patient is positioned
in right lateral decubitus to expose left hemitho-
rax, and 10 to 12 mm camera is inserted through
the fourth of fifth intercostal space (at the
mid-level of chest bone), two fingers width later-
ally of medio-clavicular line or by anterior axil-
lary line. After flooding the pleural cavity with 10
to 15 mmHg of CO,, two 5 mm ports are inserted
parallel to camera, two intercostal spaces above
and below it. The most common configuration is
2-4-6 and 3-5-7 (intercostal spaces). Harvesting
of LIMA graft is performed with endoscopic in-
struments (Figure 2). After pericardiotomy and
systemic heparinisation, a long spinal needle



312,

is pierced outward the chest wall, to guide the
skin incision site. Then, CO, is released from the
wound so the heart and lung could return to po-
sition, and 3 to 4 cm incision anterolateral thora-
cotomy is made, followed by extraction of endos-
copy ports. LIMA graft is introduced to operation
field and anastomosed to LAD (usually with the
“off pump“ method) (Figure 3).

Collapsed L. Lung

Figure 2: Left hemithorax after lung deflation, exposing LIMA
and surrounding structures
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Figure 3: Making LAD-LIMA anastomosis through 3 cm incision
anterolateral thoracotomy

EndoACAB made good results as a single pro-
cedure (LAD-LIMA), and as a part of the hybrid
coronary revascularisation (HCR), too.’?* A long
learning curve is also expected with this mini-
CABG procedure, because endoscopic LIMA har-
vesting is technically quite demanding, just as
making an anastomosis with 3 to 4 cm skin inci-
sion thoracotomy.
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Robot-Assisted Direct Coro-
nary Artery Bypass (RADCAB)

RADCAB (Figure 4) represents the next step in
the evolution of miniCABG surgery techniques.
This procedure combines technological advances
of robotised telemanipulation with direct anas-
tomosing. Da Vinci system (Figure 5) provides a
combination of high-definition image visualisa-
tion with 3D-flexible instruments, which enables
complex manipulations in the operative field.
RADCAB largely resembles EndoACAB proce-
dure. After LIMA is harvested with the Da Vinci
system, pericardiotomy is performed. Thoracot-
omy location is determined by spinal needle un-
der endoscopic guidance, after which the anas-
tomosis is made with standard instruments and
stabilators.

7

12mm camera port

Inferior 5 5mm
operating port

Supetior 8.5mm

operating port

\.

Figure 4: Ports position in RADCAB procedure
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Figure 5: The Da Vinci surgical system
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Although significant prospective studies that
compare RADCAB with conventional CABG sur-
gery have not yet been performed, a few minor
studies showed safety and feasibility of this meth-
0d.® 232> RADCAB provides greater flexibility and
visibility in comparison to endoscopic methods,
however, the lack of tactile feedback with manip-
ulation represents one important disadvantage.
Few centres used this method as a step in the
transition towards TECAB.

Totally Endoscopic Coronary
Artery Bypass (TECAB)

TECAB represents the least invasive, but also
technically the most complex procedure for heart
revascularisation through closed chest. This
procedure is performed in only a couple of high-
ly specialised centres across the world, and can
be performed with ECC, as well as “off pump”.
ECC cannulation is performed through femoral
or axillar blood vessels. LIMA/RIMA is harvest-
ed with robot-assistance and pericardiotomy is
performed before ECC initiation. Heart is exclud-
ed from circulation with the use of endo-aortic
occluder (introduced directly through axillar or
femoral approach) and then cardioplegic solution
is administered anterogradely. Anastomosing is
performed with robot-assistance. Da Vinci sys-
tem of the latest generation has a fourth arm that
can be used for stabilators application (in “off
pump” TECAB). It must be mentioned that “off
pump” TECAB technique is reserved only for re-
vascularisation of LAD and its diagonal branches.
For inferior and lateral wall interventions, ECC
initiation and lung deflation are necessary, by
which haemodynamic instability caused by heart
manipulation is avoided.

There still have not been any prospective or ob-
servational studies to compare TECAB with tradi-
tional CABG surgery through medial sternotomy,
nor with other minimally invasive CABG tech-
niques. Nevertheless, early results of the few cen-
tres performing TECAB are encouraging. These
are mainly LAD-LIMA interventions, although
there are also cases of multivessel coronary ar-
tery disease management with this method.?¢3!

TECAB is considered the technically most chal-
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lenging minimally invasive cardiac surgical inter-
vention. In contrast to robot-assisted mitral sur-
gery which uses larger dimension suture material
and is sutured through the thick mitral annulus,
suturing of coronary anastomoses is extreme-
ly delicate process. Therefore, learning curve is
present. There is no room for flaws, considering
the high risk of complications. The learning curve
is notable when the extended timing of the inter-
ventions is taken into consideration.? The most
experienced centres report a duration of LAD-LI-
MA TECAB procedure of 295 minutes (4.9 h) in
average, while TECAB in ECC with bilateral IMA
revascularisation requires 502 minutes (8.4 h) in
average.*® Obviously, this raised a question of the
long-term efficiency of TECAB procedure versus
standard CABG surgery.**

The price of Da Vinci system and the consum-
able supplies for its use in minimally invasive
procedures need to be considered, as well as the
extended duration of the operations. All of these
represent a certain limit in comparison to stan-
dard CABG surgery. In order for wider acceptance
of RADCAB and TECAB technologies and tech-
niques, the balance between procedure costs on
one side, and the reduction of hospital stay and
expected complications on the other side, needs
to be established.!?

Hybrid Coronary Revasculari-
sation (HCR)

HCR represents a treatment strategy which in-
volves the experience of both cardiac surgeons
and invasive cardiologists. This method mostly
includes minimally invasive LAD-LIMA revascu-
larisation in combination with PCI with DES on
non-LAD coronary arteries. This type of multives-
sel coronary artery disease management drew
the attention of both cardiac surgery and cardi-
ology communities, since they agree that LIMA
represents the most effective and long-lasting
solution for LAD management. On the other hand,
LIMA-LAD anastomosis is probably most credible
for CABG longevity.* The reported incidence of ve-
nous (saphenous) grafts failure and the lower de-
gree of DES restenosis raised a question: “Which is
the optimal method for management of lesions on
non-LAD blood vessels (venous graft or DES)?”36-38



HCR offers the advantages of both options: longev-
ity of LAD-LIMA graft with minimally invasive sur-
gery and percutaneous treatment with the use of
DES for non-LAD blood vessels. Furthermore, this
approach confines the disadvantages of the both
methods: the invasiveness of the traditional CABG
surgery and the use of unstable venous grafts on
one hand, as well as short-lasting management of
proximal LAD lesions with PCI on the other hand
are avoided.

In terms of the interventions timing, HCR can be
performed in three ways: PCI first; surgery first,
and simultaneously in hybrid operating room
(Figure 6). If the surgery is initially performed,
operating under double antiplatelet therapy due
to stents is avoided. PCI is primarily performed in
patients with acute coronary syndrome when the
culprit lesion is not on LAD. The existence of the
hybrid operating room is the ideal scenario, be-
cause it provides the highest comfort for patient,
shorter hospital time, and avoids ischaemic com-
plications in the period between two HCR stages.
Moreover, the patency of LIMA-LAD graft can be
confirmed with graftography in the hybrid operat-
ing room, so a potentially inadequate anastomosis
can be corrected. These benefits come with a price
for coordinating double teams, as well as risk of
perioperative bleeding related to the loading dose
of antiplatelet therapy.

Figure 5: Hybrid operating teatre

Careful patient selection is necessary for optimal
results. An ideal candidate is the one with prox-
imal LAD lesion and focal lesions on ACD and/
or Cx, which would be treated percutaneously
anyway, if there was no LAD lesion present. More
complex lesions, such as calcified coronary ar-
teries, bifurcational lesions, chronically occluded
lesions on non-LAD arteries, joined with proxi-
mal LAD lesions, are best treated with traditional
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CABG surgery. The ideal population for undergo-
ing HCR from anatomic and clinical point of view
has not been defined. This method can be used for
treatment of distal “left main” stenoses, as well as
distal “left main” stenoses that propagate into the
bifurcation, by making LAD-LIMA anastomosis,
after which DES is implanted into “left main” to-
wards Cx. Proximal and medial “left main” lesions
are not suitable for HCR due to competitive flow
development of MMR cannot be a final decision
without a strong backup of long-term epidemio-
logical data.

Conclusion

e )
Minimally invasive CABG techniques continue

their evolution to the present day. Unfortunate-
ly, these are still limited only to the specialised
centres across the world and have not been
accepted by the majority of cardiac surgeons.
MIDCAB is the most common procedure, while
RADCAB and TECAB are the least common,
however, their use tends to get higher. Although
robot-surgery enables excellent visualisation
and exposition in small spaces, implementing
these new techniques requires not only signifi-
cant financial resources, but also dedication of a
whole team in adopting new skills.

A surgeon who is starting to practice miniCABG
surgery needs to be ready for long duration of
the interventions, higher rate of conversions to
sternotomy, and significant learning curve. Con-
version should not be considered as a failure un-
der any condition, as the quality of anastomosis
must never be compromised by avoiding it!

In order for surgical community to adopt these
technologies, it is necessary to achieve a few
goals: quality and longevity of the solutions
must be confirmed by more centres; operation
timing needs to be reduced to the level that is
comparable to standard CABG methods; the
higher financial cost needs to be balanced with
lower postoperative expenses, including shorter
stay in the intensive care unit, shorter duration
of the postoperative mechanical ventilation,
faster recovery and shorter hospital stay; close
cooperation with cardiologists, who will accept
and refer patients to these treatment methods,
must be established. Great results that have
been published on the subject of minimally inva-
sive revascularisation methods support the po-
tential of these alternative approaches to evolve

in the near future.
. y,
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