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Coronary endarterectomy for diffusely diseased coronary

‘ ") Check for updates

artery: An ace in the hole in coronary artery surgery
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El Video clip is available online.

Feature Editor’s Introduction—Coronary
thromboendarterectomy represents one of the most
technically challenging procedures for the coronary
surgeon. Although in most cases, careful selection of the
anastomotic ~ site  (eventually with the help of
intraoperative imaging) may avoid the need for
endarterectomy, there are patients and target vessels for
which the surgeon’s expertise with the procedure makes
the difference between a suboptimal operation and a
good result that will benefit the patients for the years to
come. As is often the case in surgery, attention to details
is key, and in this issue of JTCVS Techniques, the group
from Kumamoto University Hospital provide superb
guidance on the various steps of this challenging but
important procedure. I'm sure that the readers of JTCVS
Techniques will enjoy reading this piece as much as I did.

Mario Gaudino, MD, PhD

In the late 1950s, coronary endarterectomy (CE) was suc-
cessfully introduced as a surgical option for angina pecto-
ris."> However, initially many cardiac surgeons were
reluctant to perform this procedure, because the patients
who underwent CE were at higher risk of surgical
morbidity, such as perioperative myocardial infarction
(POMI), and mortality. Moreover, coronary artery bypass
grafting (CABG) was introduced in the late 1960s” and
rapidly became the gold standard for surgical coronary
revascularization. Therefore, CE is a historical and unfamil-
iar procedure for most modern cardiac surgeons.

From the *Department of Cardiovascular Surgery, Kumamoto University Hospital,
Kumamoto, Japan; "Department of Cardiovascular Surgery, Sakakibara Heart
Institute, Tokyo, Japan; and “Department of Cardiac Surgery, Kawasaki Saiwai
Hospital, Kawasaki, Japan.

Received for publication March 10, 2021; accepted for publication March 11, 2021;
available ahead of print March 21, 2021.

Address for reprints: Toshihiro Fukui, MD, PhD, Department of Cardiovascular Sur-
gery, Kumamoto University Hospital, 1-1-1 Honjo, Chuo-ku, Kumamoto, 860-
8556, Japan (E-mail: tfukui.cvs @gmail.com).

JTCVS Techniques 2021;10:133-7

2666-2507

Copyright © 2021 The Author(s). Published by Elsevier Inc. on behalf of The Amer-

ican Association for Thoracic Surgery. This is an open access article under the CC

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

https://doi.org/10.1016/j.xjtc.2021.03.018

Coronary endarterectomy in the LAD recon-
structed with LITA in onlay patch fashion.

CENTRAL MESSAGE

Coronary endarterectomy can
be an effective and ultimate sur-
gical alternative for diffusely
diseased coronary arteries.

See Commentary on page 138.

RATIONALE AND INDICATIONS

Since the introduction of drug-eluting stents (DES), the
indication for percutaneous coronary intervention (PCI)
has been expanded to multivessel and left main diseases,
for which CABG was conventionally indicated. This trend
accelerated remarkably after the emergence of
second-generation DES. Thereafter, the number of CABG
procedures has been decreasing, and the complexity of
coronary artery disease (CAD) referred for CABG has
been increasing. Based on the findings of several
randomized studies, the latest European Society of
Cardiology/European Association for Cardio-Thoracic
Surgery Guidelines on myocardial revascularization
recommends CABG over PCI for highly complex CADs,
such as left main or triple-vessel diseases with intermediate
or high SYNTAX scores.” Complex CADs frequently
include diffuse lesions complicated by severe calcifications
or narrow segments. Diffusely diseased coronary arteries
with or without severe calcification are challenging for
coronary interventionists and cardiac surgeons. It is difficult
to perform distal anastomosis to the healthy segment of the
target coronary artery, and simple anastomosis distal to the
diffusely diseased segment of the left anterior descending
artery (LAD) cannot achieve complete revascularization
of the myocardial territories supplied by the side branches
(such as septal perforators and diagonal branches) affected
by the diffuse lesions.” For these cases, CE can be an
effective surgical alternative for complete myocardial
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revascularization. Therefore, we need to reconsider the
effectiveness and significance of CE in this era of
new-generation DES, in which the complexity of CAD in
CABG candidates has been increasing.

Patients with diffusely diseased coronary artery cannot
achieve the benefits of CE when the myocardium supplied
by the target coronary artery has no viability because of
previous myocardial infarction. We do not perform CE for
the diffusely diseased LAD when the viability in the
anteroseptal region is no longer proven by preoperative
evaluation, such as myocardial scintigraphy.

Moreover, we can apply the concepts and techniques of
CE to in-stent restenosis (ISR) involving side branches in
the LAD. Once ISR has occurred in patients with “full
metal-jacketed” LAD, the anteroseptal region perfused by
the side branches suffered from myocardial ischemia (stent
jail). For these cases, we cannot obtain complete
myocardial revascularization of the entire anteroseptal
region by simple distal anastomosis, and the LAD is often
ungraftable because of multiple stents implanted in its distal
portion. Our group reported a successful series of 12
patients who underwent CE with concomitant stent
removal and onlay patch reconstruction using the left
internal thoracic artery (LITA) for long-segment ISR in
the LAD.’

TECHNIQUES OF CE

Two methods are available for CE: closed (traction) and
open (direct-vision) endarterectomies. Although closed
endarterectomy requires only limited arteriotomy and is
simpler, incomplete removal of atherosclerotic plaques
and shearing-off of the plaques in the side branches (called
“snow-plow” effect) is a major concern. Moreover, this
procedure carries the risk of coronary artery dissection
and subsequent intimal flap formation that can cause distal
occlusion. These complications may be associated with
POMI and surgical mortality, which were initially reported
to worsen outcomes of CE. In contrast, open endarterec-
tomy facilitates complete removal of the atherosclerotic
lesion under direct vision, although it requires a technically
demanding and time-consuming procedure. We consider
that complete removal of atherosclerotic plaques is manda-
tory to achieve complete revascularization and superior
graft patency. Nishi and colleagues reported that the
patency rate of open endarterectomy with onlay patch graft-
ing was superior to that of traction endarterectomy (89.1%
vs 81.0% at 5 years, P <.001).” Currently, open endarterec-
tomy is preferred to closed endarterectomy for removal of
severe atheromatous plaques, especially for the LAD.
Moreover, several procedures have been reported as recon-
struction methods for endarterectomized coronary arteries,
including saphenous vein patching with or without LITA
grafting or onlay patch grafting using the LITA. However,
onlay patch grafting using the LITA provides a superior
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patency rate, because the greater part of the lumen of the re-
constructed LAD consists of healthy LITA intima.

We have also consistently performed direct-vision endar-
terectomy with onlay-patch reconstruction using the LITA
for diffusely diseased LAD.® Coronary arteriotomy is begun
in the mid-portion of the LAD and extended proximally and
distally. The length of the incision depends on the length of
atherosclerotic lesion. The atheromatous core is carefully
dissected from the adventitia with fine forceps and a spatula,
especially when we perform CE with concomitant stent
removal. Endarterectomy is continued into the side
branches as long as the spatula reaches and the distal end
of the intima of the side branches is pulled out. The prox-
imal end of the atheromatous core is divided to avoid
removing the most proximal stenotic lesion, to prevent
competitive flow through the native coronary artery. The
distal end of the atheromatous core is sharply divided at
the intact intima, and the divided intima is tacked with 8-
0 polypropylene sutures to prevent flap formation. We care-
fully remove the residual medial tissue on the endovascular
surface in the LAD using a spatula and wash out the surface
with saline solution. Thereafter, the skeletonized LITA is
incised to match the length of the LAD arteriotomy and
anastomosed to the LAD with several 8-0 polypropylene su-
tures in onlay-patch fashion (Video 1). After completion of
the anastomosis, we routinely use transit-time flowmetry to
evaluate the graft and anastomosis according to the same
criteria for conventional anastomosis.

Performing CE in combination with on-pump or off-
pump CABG is still controversial. Because CE is complex
and time-consuming, surgeons may be reluctant to perform
CE with an off-pump procedure. However, Shapira and col-
leagues’ demonstrated that prolonged cardiopulmonary
bypass time was an independent predictor of POMI. Open
endarterectomy via a long arteriotomy is a time-
consuming procedure, and CE with off-pump CABG avoids
longer cardiopulmonary bypass and cross-clamp times. We
usually perform CABG with concomitant CE using an

VIDEO 1. Intraoperative video of open endarterectomy and reconstruc-
tion with the left internal thoracic artery. Video available at: https:/
www.jtcvs.org/article/S2666-2507(21)00265-0/fulltext.
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FIGURE 1. Intraoperative photographs of removing the atheromatous
core. A, The endarterectomy plane is easily identified. B, The calcified
atheromatous core naturally comes off from the adventitia on the beating
heart.

off-pump technique whenever feasible, to avoid longer car-
diopulmonary bypass and cross-clamp times.® Moreover,
when we perform CE for the LAD on the beating heart
with an off-pump procedure, we can easily detect the end-
arterectomy plane and remove the atheromatous plaques,
because the hard atheromatous core naturally comes off
from the soft adventitia along with the heartbeat
(Figure 1). In our experience, a diffusely diseased LAD
can tolerate longer ischemic times during anastomosis
because sufficient collaterals would have developed;
therefore, patients undergoing CE rarely require on-pump
conversion. Indeed, there are several reports describing
off-pump CABG with concomitant CE with a low
conversion rate (0"/0-8‘%)).10'12 Moreover, CE with
on-pump beating CABG can be the preferable alternative
for the majority of cardiac surgeons who are unfamiliar
with off-pump CE.

PITFALL AND POSTOPERATIVE
ANTICOAGULATION

Acute thrombosis in the reconstructed LAD is one of the
most disastrous complications after CE that causes POMI in
the broad anteroseptal region. This complication is caused
when the lack of endothelium in the endarterectomized
portion exposes the subendothelial tissue to the

FIGURE 2. Surgical instruments for coronary endarterectomy at our
institution.

bloodstream, thereby triggering the coagulation cascade.
Therefore, strict anticoagulation is indispensable to prevent
thrombosis in endarterectomized vessels. The intraopera-
tive anticoagulation protocol at our institution is as follows:
the activated clotting time (ACT) is maintained for 450 to
500 seconds during surgery with systemic heparinization
and reversed with minimum dose of protamine at the end
of surgery (target ACT is approximately 200 seconds).
Postoperatively, continuous intravenous infusion of
low-molecular-weight heparin (5000 units/day) is initiated
after chest tube output has settled and continued until
warfarin is effective. Low-dose aspirin (100 mg/day),
clopidogrel (75 mg/day), and warfarin (titrated to a target
international normalized ratio of 2.0-2.5) are started after
the initiation of oral intake. Our previous studies
demonstrated that the diameter of the reconstructed LAD
decreased to match that of the LITA in follow-up
angiography performed 1 year after surgery (vascular
remodeling) (Figure 2)."* We further evaluated the lumen
of the reconstructed LAD with intravascular optical
coherence tomography and found that the endarterectom-
ized LAD was completely endothelialized within 1 year
after surgery.” Once endothelialization of the reconstructed
vessel lumen is attained, anticoagulant agents are no longer
necessary. We discontinue warfarin and clopidogrel at
3 months and 1 year after surgery, respectively, but aspirin
is continued indefinitely.
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FIGURE 3. Representative angiographic images obtained preoperatively (A), early postoperatively (B), and at 1 year postoperatively (C).

SURGICAL RESULTS OF CE

Between September 2004 and June 2017, 233 patients
underwent CABG with concomitant CE for the diffusely
diseased LAD at Sakakibara Heart Institute, Tokyo. Of
these, 24 patients (10.3%) underwent coronary stent
removal for ISR in the LAD. The mean patient age was
65.9 + 9.5 year and 200 patients (85.8%) were male. The
mean number of distal anastomoses was 4.5 £ 1.3, and
the mean length of the incision on the LAD was
6.1 = 1.7 cm. Two hundred thirty-two patients (99.6%) un-
derwent surgery with an off-pump procedure, and 16
(6.9%) required on-pump conversion. The mean operating
time was 358 & 71 minutes. The median postoperative cre-
atine kinase-MB level was 32 IU/L (interquartile range, 21
to 57 IU/L). Postoperatively, stroke occurred in 8 patients
(3.4%), and deep sternal wound infection was seen in 5 pa-
tients (2.3%). Operative mortality was 0.9% (2 of 233).
The early and 1-year angiographic patency rates of the re-
constructed LAD were 91.% and 97.1%, respectively
(Figure 3). The freedom from all-cause death at 5 years
was 90%, and that from major adverse cardiac and cerebro-
vascular events was 73.1%.

In conclusion, although technically demanding and unfa-
miliar to many cardiac surgeons, we should reconsider the
significance of CE for diffusely diseased coronary arteries
in this era of increasing numbers of highly complex CAD
with severe calcification or diffuse lesions, in association
with the progressive application of PCI using new-
generation DES.

FUTURE RECOMMENDATIONS FOR RESEARCH
As mentioned above, there are several reports describing
the clinical and angiographic outcomes of CE for diffusely
diseased coronary arteries. However, few studies have
demonstrated the results of functional evaluations after
CE. Angiographic patency does not necessarily mean suffi-
cient blood supply to the myocardium perfused by the re-
vascularized coronary artery. Functional studies using
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cardiac nuclear medical examination, such as myocardial
perfusion scintigraphy, or evaluation of wall motion in the
anteroseptal region using speckle tracking or dobutamine-
stress echocardiography, are needed to elucidate the impact
of CE on myocardial perfusion and cardiac function.

To date, there are no definitive guidelines or protocols for
postoperative antiplatelet or anticoagulation treatment for
patients who have undergone CE. Recently, although
several meta-analyses have demonstrated that dual anti-
platelet therapy is associated with a significant reduction
in vein graft occlusions after CABG,'*' no obvious effect
was proven in arterial grafts. Myers and colleagues reported
that medication administered postoperatively (warfarin or
clopidogrel) did not significantly affect late mortality after
extensive LAD endarterectomy.'® Similarly, Russo and col-
leagues'’ reported that in patients who underwent CE, no
significant difference in midterm clinical outcomes was
observed between those treated with single- versus dual-
platelet therapy. However, because angiographic analyses
were not performed in both studies, the impact of postoper-
ative antiplatelet/anticoagulation regimen on the patency of
reconstructed vessels after CE is still unclear. In our
opinion, optimal postoperative medication following CE
should be different from that of conventional CABG,
because CE, unlike conventional distal anastomosis, re-
quires direct manipulation of the diseased portion of the
target coronary artery. Therefore, further investigations
are needed to determine the optimal medication after CE
for the prevention of acute thrombosis and improvement
of graft patency.
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