Special Issue of Invited Presentations: Adult: Coronary: Invited Expert Opinions

Vallely et al

Total-arterial, anaortic, off-pump coronary artery surgery:

Why, when, and how

‘ ") Check for updates ‘

Michael P. Vallely, MBBS, PhD, FRACS," Michael Seco, BMedSc, MBBS, PhD,” Fabio Ramponi, MD, FEBVS

and John D. Puskas, MD, FACS*

|Z| Video clip is available online.

“We choose to go to the moon in this decade and do
the other things. Not because they are easy, but
because they are hard.”

—John F. Kennedy.

WHY

Ischemic heart disease remains the leading cause of death
worldwide.! Coronary artery bypass grafting (CABG) has
consistently been shown to be the best treatment for
patients with complex left main and multivessel disease.”
However, coronary surgery for many surgeons, and many
surgical units, remains a “commodity” item with little
change in the procedure for more than 40 years. This is
despite strong evidence for the use of more advanced
techniques including multi- and total-arterial grafting, and
off-pump techniques that avoid all aortic manipulation
(“anaortic” surgery).

The most common technique of CABG remains a left
internal thoracic artery (LITA) to the left anterior
descending (LAD) artery, with reversed saphenous vein
grafts (SVGs) to other targets, performed using
cardiopulmonary bypass with aortic crossclamping and
cardioplegic arrest. This remains a “good” procedure,
with superior outcomes to percutaneous coronary
intervention (PCI) for complex multivessel disease.” The
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Radial artery

Complete revascularization with arterial conduits, 2
inflows, and no aortic manipulation.

CENTRAL MESSAGE

Total-arterial, anaortic, off-pump
surgery with complete
revascularization offers reduced
neurologic injury by avoiding
aortic manipulation and
increased survival associated
with arterial grafts.

See Commentaries on pages 149 and 151.

proven long-term patency rate and survival benefits of the
LITA to LAD have been known for several decades now.
However, it is not a “great” procedure since the long-term
failure rates of SVGs have also been known for several
decades.”™ This contrasts with the robust data for the
long-term benefits of the use of multi- and total-arterial
grafting, including the use of the right internal thoracic
artery (RITA) and the radial artery as a second or third
conduit.”! SVGs have the added, and often overlooked,
disadvantage of causing progression of native coronary
artery disease that may preclude effective reintervention if
the vein graft fails.'>"?

Multiarterial and total-arterial grafting have also received
significantly more attention recently. The publication of the
RADIAL individual participant data meta-analysis
demonstrated superior outcomes with the radial artery
over SVG.” The randomized ART trial has been more
controversial.® Although the intention-to-treat analysis
demonstrated no difference between single versus bilateral
internal thoracic artery (ITA) grafting, there was a
significant crossover rate (40% received a different therapy
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to one they were assigned) combined with the high use of
radial artery in the single ITA group (22% of patients),
which makes this difficult to interpret. The as-treated
analysis on the other hand showed a significant advantage
in patients who received multiarterial compared with
single-arterial grafting (8% difference in absolute survival).
Although this analysis is no longer randomized, more than
20 baseline characteristics were similar and provides a
compelling argument.'* The significant benefit of the radial
artery data has meant that the often-used argument of ster-
nal wound complications from bilateral ITA harvesting is
less relevant. Nonetheless, the ART trial also
demonstrated that the use of a skeletonized harvest
technique mitigates the risk of sternal wound issues from
bilateral ITA harvesting anyway."”

The stroke rate, when compared with PCI, remains the
Achilles’ heel of CABG'® and is another often used
argument to refer patients for PCI in circumstances where
the complexity of their coronary artery disease would likely
be best served with multivessel surgical revascularization.
The main cause of perioperative stroke remains emboli,
and the main source of emboli stems from the aortic
manipulation associated with cannulation, “sandblasting”
from the aortic cannula inflow jet, crossclamping, and
proximal anastomoses that are inherent to the on-pump,
arrested heart CABG technique.'” Perioperative and de-
layed stroke have been shown to have a highly significant
impact on mortality, with a meta-regression analysis
showing that minimizing aortic manipulation, rather than
intrinsic patient characteristics, had a protective effect on
neurologic outcomes.'®

A network meta-analysis performed by our group in 2017
identified that stepwise reduction and ultimately
elimination of aortic manipulation resulted in superior
neurologic outcome (and also superior early mortality, renal
failure, bleeding, atrial fibrillation, and shorter length of
intensive care) (Figure 1).'” Anaortic off-pump CABG
(OPCAB) decreased the risk of postoperative stroke by
—78% versus on-pump CABG (single or double clamp),
—66% versus OPCAB with partial occlusion clamping,
and —52% versus OPCAB with the Heartstring device. In
a separate subgroup analysis, anaortic OPCAB decreased
risk by —81% versus double-clamp on-pump CABG, and
—T77% versus single-clamp on-pump CABG. The 2018
European Society of Cardiology/European Association for
Cardiothoracic  Surgery Coronary Revascularization
Guidelines (Figure 2) recommends minimization of aortic
manipulation as a Class 1B indication and off-pump
(preferably anaortic) in high-risk patients and those with
calcified aortas.” Likewise, a recent Scientific Statement
from the American Heart Association on the prevention of
stroke after CABG has confirmed anaortic OPCAB as an
essential technique for the reduction of stroke during
CABG.”

Total-arterial, anaortic, OPCAB therefore represents the
culmination of advanced techniques based on the
aforementioned evidence for conduit selection and reducing
perioperative neurologic injury. It involves the use of single
or bilateral ITA inflows, combined with the radial artery to
manufacture composite grafts. Complete surgical
revascularization is then accomplished using sequential
grafting techniques off-pump, without manipulating the
aorta. The procedure, until recently, has occupied a niche
(even “fringe”) position within the CABG community.
However, more recently the outcomes of the technique
and the principles behind the thesis that avoiding cerebral
emboli and providing multiarterial revascularization
provides better short and long-term outcomes have received
more widespread attention.

The changes in treatment guidelines and scientific
statements from these august bodies, confirming the
benefits of these advanced techniques, have served to bring
them into the mainstream as well. This raises some of the
other, perhaps more compelling reasons for pursuing
multiarterial and anaortic techniques. Patients and referrers
also have access to this information and will eventually
realize that not all CABGs are the same. Adverse events
may be scrutinized with more attention as to the conduct
of the operation, the expertise and experience of the
surgeon, and the specific techniques used. It behooves the
specialty to embrace more advanced techniques and move
toward a better CABG for all patients.

WHEN

One of the most frequently used arguments against
OPCAB is the “technical issues and difficulty” of the
procedure. This was certainly the observation made after
the ROOBY trial.”' Interestingly, both sides of the OPCAB
debate have held the ROOBY trial up as a beacon for their
arguments. The CORONARY trial, on the other hand,
demonstrated equivalent results with on-pump and
OPCAB.* The surgeons participating in the ROOBY trial
were relatively inexperienced (including residents),
whereas the CORONARY trial surgeons were all
experienced surgeons, with a need to have performed
more than 200 cases to be eligible. Other series of
“experienced” OPCAB surgeons have still reported higher
rates of incomplete revascularization and repeat
revascularization, with negative effects on long-term
outcomes.”

Although the “technical difficulty” argument may have
some validity, this should not be used as a reason for not
pursuing techniques that have the dual advantage of
long-term survival benefit through multiarterial grafting
and significantly reduced intraoperative stroke. Nor does
it mean that achieving patent anastomoses and complete
revascularization in all patients is not possible, as
demonstrated by the strategies described next. Two recent
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FIGURE 1. Forest plots of (A) stroke, (B) mortality, (C) myocardial infarction, (D) renal failure, (E) bleeding complications, and (F) atrial fibrillation after
CABG with and without manipulation of the aorta.'” HS, Heartstring “clampless” proximal anastomosis device; PC, partial clamp. Reprinted with

permission.

publications have outlined practical, stepwise approaches
that enable individual surgeons and surgical programs to
progress from the “basic” LITA/SVG on-pump CABG to
these more advanced techniques, including total-arterial
anaortic OPCAB (Figure 3).”"”° Units that have adopted
these advanced techniques have shown progressive
improvements in patient outcomes over time.”°
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Another philosophy of many surgeons is that OPCAB
and anaortic OPCAB should be reserved for high-risk
patients only. We would argue that anaortic OPCAB should
be the intention to treat in all patients. The reasons for this
are multiple: The evidence for reduced neurologic injury
has been found in meta-analysis of all patients,'” and not
only high-risk subgroups; the use of multi/total-arterial
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Minimize aortic manipulation IB

Off-pump if calcified aorta IB
Off-pump if high-risk llaB

Complete revascularization IB

Graft flow measurement llaB
o g3 Pl 13

LITA-LAD DF 74%

Endoscopic vein harvesting llaA
No-touch vein harvesting llaB

LIMA to LAD IB

BIMA if low risk of sternal
complications llaB

Skeletonize if risk of
sternal complications IB

\

Radial artery
in high-grade
stenosis IB

FIGURE 2. 2018 European Society of Cardiology/European Association for Cardiothoracic Surgery Coronary Revascularization Guideline

recommendations for specific surgical techniques.” Reprinted with permission.

grafts is inherent to the anaortic OPCAB technique, which
is of benefit to all patients and in particular young,
low-risk subgroups; and finally, it is imperative to be skilled
at anaortic surgery for when a patient absolutely requires it
(eg, porcelain aorta, grade V atheroma). As with many other
pursuits in life, whether it be hitting a golf ball, writing

poetry, or repairing mitral valves,”’ the more one does it,
the better one becomes at it. This does not mean that all
patients must have the procedure, just that one needs to
justify why they are not performing it in each patient or
under a given set of circumstances. This approach will
have the 2-fold benefit of improved patient outcomes and
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Stepwise approach to multiple arterial grafting (MVAG)

| Routine IMA skeletonization |

OPCARB through sternotomy

Step 5: Anaortic
Step 4: Sequentialand  OPCAB

Endoscopic harvest
of radial artery

Total arterial
no-aortic-touch
OPCAB

Proximal anastomoses
without aortic clamp

Composite Grafting @
Step 3: In situ BITA t ~ |
3

Routine use of MAG |

| Composite Y/T, | and K grafts |

Step 2: Radial Artery c ----------

Routine MAG in > 70% of

Step 1: Core Skills t x patients
CHNag

MAG in > 50% of patients

BITA: bilateral internal thoracic artery; OPCAB: off-pump coronary artery
bypass grafting

Coronary endarterectomy

Robotic harvest of IMA On-pump Off-pump

(robotic) (robotic)

FIGURE 3. Stepwise approaches to developing advanced coronary surgery programs culminating in anaortic off-pump CABG.**** Reprinted with

permission.

increased surgical expertise due to repetition and increased
volume.

HOW

Our primary technique for performing anaortic
multiarterial OPCAB is presented in the Video 1. A sum-
mary of main principles is included next. More detailed
descriptions are also available in our previous publications
focused on surgical techniques.”®

Composite grafts based on inflow from one or both ITAs
underpin anaortic OPCAB surgery. There have been many
iterations of composite grafts described over the
years.””**% Our standard configuration for triple vessel
coronary disease is an in situ skeletonized LITA-LAD and
an in situ skeletonized RITA extended end-to-end with the
radial artery and brought through the transverse sinus to
revascularize the lateral and inferior wall vessels
(Figure 4, A). This allows for all coronary targets to be
adequately reached and complete revascularization
achieved; separates the anterior wall blood supply from
the rest of the heart, thus protecting the integrity of the
LITA-LAD graft; and keeps grafts away from the
midline anteriorly in case sternal reentry is required in the
future.

In patients with triple vessel disease and high-grade
lesions only, alternatives for complete revascularization
include in situ LITA-LAD and LITA-Radial or
LITA-RITA “T” graft to lateral and inferior walls
(Figure 4, B). Studies have demonstrated excellent
long-term outcomes with this approach.”®*” The advantage
of the LITA-Radial composite graft is the ability to harvest
both conduits simultaneously and reduce operating time,
while the advantage of the LITA-RITA composite graft is
the avoidance of a second incision and better
size-matched conduits. In patients with left-sided coronary
lesions only, the aforementioned “T” grafts may be used or
an in situ RITA-LAD and in situ LITA-lateral wall
configuration is possible (Figure 4, C). In patients in
whom a diagonal vessel requires grafting, although the
vessel angle is not conducive to a sequential anastomosis
using the LITA, a short segment of radial artery can be
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used as a “Y” graft (Figure 4, D). This can be performed
in combination with an in situ RITA (fextension with the
remaining radial artery).

There are circumstances where it is not possible to use
additional arterial conduits or it carries substantial risk to
do so. Radial arteries may not be suitable due to dystrophic
calcification or inadequate ulnar artery collaterization; the
radial artery may have been used for access for coronary
angiography; occasionally, a patient’s occupation may
preclude them (eg, guitar virtuoso); or a coronary vessel
with an intermediate-grade lesion requires grafting. Use
of the bilateral ITAs may also be considered unacceptably
high risk in obese and poorly controlled diabetic patients.
In these patients in whom both the radial artery and RITA
are not suitable for use, there are 2 options for maintaining
an anaortic technique. First, a short segment only (3-4 cm)
of in situ RITA may be harvested and the vessel extended
with a longer segment of SVG. This preserves the majority
of the RITA blood flow to the sternum via intercostal vessels
and provides some of the theoretical advantages of a second

VIDEO 1. Total-arterial, anaortic, OPCAB technique. Components demon-
strated: fully skeletonized ITA harvest, retrothymic tunnel formation, pericar-
dial release incisions, RITA-Radial end-to-end extension anastomosis,
pericardial “heart string” insertion, passing RITA-Radial extension graft
through transverse sinus, high lateral wall sequential anastomosis, inferior
wall anastomosis, anterior wall anastomosis, intracoronary shunt insertion,
and transit-time flow measurement. Video available at: https://www.jtcvs.
org/article/S2666-2507(21)00682-9/fulltext.
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Radial artery

Cx marginal £/

Posterolateral

LAD

LIMA
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LITA

Diagonal

FIGURE 4. Grafting strategies to maintain an anaortic off-pump technique, using multiple-arterial conduits. A, In situ LITA-LAD and in situ RITA-radial
extension-lateral/inferior walls.”’ B, In situ LITA-LAD and LITA-RITA (pictured) or LITA-radial “T” graft-lateral/inferior walls.** C, In situ RITA-LAD
and in situ LITA-lateral wall.*> D, In situ LITA-LAD, LITA-Radial “Y” graft-diagonal vessel, and RITA-lateral wall.** Figures reprinted according to CC

BY-NC-ND 4.0 license (https://creativecommons.org/licenses/by-nc-nd/4.0/).

in situ graft while avoiding the need for a proximal
aorto-venous anastomosis. Alternatively, a LITA-SVG
“T” graft also can be used.

All patients must be worked up systematically and have
all standard testing as for other open procedures. A carotid
and subclavian duplex ultrasound is performed to screen
patients, and if there is significant disease, a computed to-
mography aortogram with arch vessel run-off is performed.
If there is significant carotid disease found, then combined
carotid endarterectomy is considered. If there is proximal
subclavian artery narrowing, then preoperative stenting
may be required to enable the ITA to be used as an in situ
graft. A noncontrast computed tomography of the chest is
also performed routinely. This allows for risk stratification
and the ability for other surgeons to refer patients to the
anaortic team if aortic atheroma or calcium is detected. It

also allows planning around cannulation if a patient re-
quires cardiopulmonary bypass. An Allen’s test and radial
artery ultrasound are performed to assess usability.

The harvesting of ITAs must be done in a skeletonized
fashion. This technique has been shown to be superior to
pedicled ITA harvesting for the preservation of the sternal
blood supply and the reduction of deep sternal wound
infections.'> There are also technical benefits, as
skeletonized grafts are longer than pedicled grafts and the
lack of extraneous tissue makes them easier to pass through
the retro-thymic tunnels and the transverse sinus, and to
perform sequential grafting.

After the ITAs have been harvested and before opening
the pericardium, bilateral retrothymic tunnels are
fashioned, and the ITAs are brought through their respective
side. The pericardium is then opened longitudinally in an

JTCYVS Techniques ¢ Volume 10, Number C 145
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FIGURE 5. Intracoronary silastic shunts: preparation (A) and insertion (B).

licenses/by/4.0/).

inverted “T” fashion with the left-sided pericardium hitched
up behind the sternal retractor. Right-sided pericardial
release incisions are then performed inferiorly at the
diaphragm, and superiorly at the radial artery/superior
vena cava junction. This allows the surgeon to rotate the
heart across to the right on the “caval axis,” which maintains
venous return and allows easy access to the lateral wall for
grafting.

Intracoronary shunts are used for all anastomoses. We
prefer using homemade shunts that are made from the
silastic loops used to occlude vessels intraoperatively
(Figure 5). The shunts are soft and atraumatic, easy to
insert and remove, and easy to pull a 7/0 suture from if
they are inadvertently caught during an anastomosis.
There are 3 main reasons for using an intracoronary
shunt: (1) They prevent technical problems during the
anastomosis, including collecting the back-wall with a
suture; (2) they provide a relatively bloodless field for
performing the anastomosis; and (3) they provide distal
perfusion to the myocardium during the anastomosis.
Other reasons for using intracoronary shunts include
the avoidance of crush injuries of the native coronary
artery caused by bull-dog clamps or silastic tapes that
are applied to control the coronary artery, and they also
prevent injury to underlying structures, such as the
right ventricle or coronary veins from silastic tape
application.

The order of grafting is the high-lateral wall first,
followed by low-lateral wall, inferior wall, and anterior
wall. This allows more flexibility in positioning the heart
while grafting the lateral wall, preventing traction
injury to the LITA, and allowing for sequential
revascularization of the heart. However, if the patient has
critical left main or LAD disease then the LAD should be
grafted first, and LITA is kept slightly longer to increase
the flexibility in positioning the heart when grafting the
other territories.

Itis also imperative that the technical aspects of the grafts
are optimized and then interrogated. The fashioning of the
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retrothymic tunnels and the pericardial release incisions
are important to facilitate a straight and unimpeded lie for
the grafts. Familiarity and expertise with sequential
diamond/side-to-side anastomoses on a still heart are
necessary before embarking on sequential grafting on a
beating heart. The distances between grafts need to be
optimized to prevent tension if the graft is too short or
kinking if the graft is too long. When the grafts are
completed, the flow should be interrogated and documented
using transit-time flow measurement and epicoronary
ultrasound of each anastomosis.” If there are technical
issues or inadequate flow parameters, then any anastomoses
should be revised. Detailed articles on transit-time flow
measurement are available.”™"

Last, hemodynamic instability during grafting can be
encountered, particularly in patients with recent ischemic
instability, critical left main disease, large hearts, and
impaired preoperative ventricular function. It is ideal to
have a primed cardiopulmonary bypass machine in the
operating room in these cases. If conversion is required,
then it is still possible to avoid crossclamping the aorta
and to minimize manipulation. The ascending aorta is
assessed with transesophageal echocardiography and
epiaortic ultrasound for a suitable cannulation site. If there
is significant atheroma, then the right axillary artery can be
used instead. The heart is left beating, and the conduit
configuration and anastomoses are performed in the same
manner as described. If the left ventricle distends during
positioning, then a vent is placed in the right superior
pulmonary vein.

CONCLUSIONS

Coronary artery surgery remains a “commodity”
procedure for many surgeons, with little subspecialization
among surgeons or surgical centers. CABG with a LITA
to LAD and SVGs to other targets has been the mainstay
of surgical revascularization for the best part of 5 decades
now. This is despite improved outcomes from the use of
additional arterial grafts, including the RITA and radial
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artery. Likewise, avoiding aortic manipulation through
“anaortic” OPCAB techniques has been shown to
significantly reduce perioperative neurologic injury.

The simple addition of a radial artery graft to the second
most important target is a good place for surgeons to start.
Adding sequential grafting and composite grafting to the
armamentarium can assist with familiarization with the
techniques before taking more advanced steps. The
identification of surgeons with talent and interest in
advanced coronary surgery is another important step in
the development of a program.

Multi/total-arterial grafting is more difficult than using
vein grafts, and performing anaortic OPCAB is more
difficult than performing surgery on bypass with an arrested
heart. However, this is not a great excuse for the profession
not to pursue the techniques in the interest of patient
outcomes. Stepwise approaches to surgeon and unit
development have been published, and there is a
groundswell of support for coronary surgery to become a
subspecialty of adult cardiac surgery.
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