Coronary endarterectomy in left anterior descending
artery combined with coronary artery bypass grafting —
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Abstract

Introduction: Completeness of myocardial revascularization
is essential in surgical treatment of coronary artery disease.
The aim of this study is to determine the effectiveness of coro-
nary endarterectomy as an adjunct to coronary artery bypass
grafting (CABG) in the most difficult cases.

Material and methods: Among 1559 patients who had CABG
in our department, the cases of 17 who underwent an adjunct
left anterior descending endarterectomy were analyzed. All
procedures were performed with median sternotomy, extra-
corporeal circulation and in mild hypothermia (34°C), by
the same surgeon. No coronary artery endarterectomy was
planned before surgery.

Results: There was no infarction or cardiac arrest during hospi-
talization. Only one patient required mechanical circulatory sup-
port (intra-aortic balloon counterpulsation). Each patient was
contacted and investigation for major adverse cardiac and cer-
ebrovascular events (MACCE) was performed. Eleven patients
(65%) already underwent midterm clinical evaluation. There
was no death, myocardial infarction or cerebrovascular inci-
dent during the entire period (mean follow-up at 15.3 months).
One patient required urgent coronarography due to chest pain.
No other patient had chest pain or significant deterioration of
ventricular function in echocardiography.

Conclusions: Outcomes and potential indications for perform-
ing left anterior descending coronary endarterectomy as an
adjunct to CABG are discussed.
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Streszczenie

Wstep: Kompletnos¢ rewaskularyzacji miesnia sercowego jest
niezbedna w leczeniu chirurgicznym choroby wieficowej. Ce-
lem badania byta ocena skutecznosci endarterektomii przepro-
wadzanej jako zabieg dodatkowy przy standardowej procedu-
rze pomostowania aortalno-wieficowego w najtrudniejszych
przypadkach klinicznych.

Materiat i metody: Sposréd 1559 pacjentdw, ktérzy przeszli po-
mostowanie aortalno-wieficowe na naszym oddziale, wybrano
i przeanalizowano przypadki 17 pacjentéw, ktérych poddano
rowniez wspomagajacej endarterektomii w zakresie tetnicy
lewej przedniej zstepujacej. Wszystkie zabiegi byty wykonane
przez tego samego chirurga, z zastosowaniem sternotomii po-
srodkowej i krazenia pozaustrojowego, w warunkach tagodne;j
hipotermii (34°C). Zadna z endarterektomii tetnic wieficowych
nie byta planowana przedoperacyjnie.

Wyniki: W czasie hospitalizacji nie doszto do zawatu ani zatrzy-
mania krazenia. Tylko jeden z pacjentéw wymagat mechaniczne-
go wspomagania krazenia (kontrapulsacji wewnatrzaortalne;j).
Nawigzano kontakt ze wszystkimi pacjentami i przeprowadzono
badania w kierunku powaznych niepozadanych zdarzen serco-
wych i mézgowo-naczyniowych (major adverse cardiac and cere-
brovascular events — MACCE). Jedenastu pacjentow (65%) zosta-
to juz poddanych érednioterminowej ocenie klinicznej. W catym
okresie obserwacji ($rednio: 15,3 miesigca) nie doszto do zgonu,
zawatu miesnia sercowego czy epizodu naczyniowo-mozgowego.
Jeden z pacjentéw wymagat pilnej koronarografii ze wzgledu
na bol w klatce piersiowej. U zadnego z pozostatych pacjentéw
nie wystepowat b6l w klatce piersiowej; nie zaobserwowano
tez pogorszenia funkcji skurczowej serca w badaniu echokar-
diograficznym.

Whioski: Artykut omawia wyniki zabiegéw oraz potencjalne
wskazania do endarterektomii wiencowej tetnicy lewej przed-
niej zstepujacej jako leczenia wspomagajacego pomostowanie
aortalno-wiencowe.

Stowa kluczowe: CABG, endarterektomia, CE, choroba niedo-
krwienna serca.
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Introduction

Scientific research proves that completeness of myocar-
dial revascularization is essential in surgical treatment of
coronary artery disease (CAD) [1-3]. The patient profile is
greatly different than it used to be. Many of them are quali-
fied for surgery when vessel lesions are very advanced and
diffused, which makes proper grafting hardly possible. The
problem is even more serious when it occurs within arteries
that are crucial to achieve optimal clinical effect. Failure in
obtaining optimal blood flow in the left anterior descend-
ing (LAD) artery may have a catastrophic clinical outcome.

In those cases it is justified to use additional forms of
therapy. Coronary endarterectomy (CE) was introduced as
a surgical technique of CAD treatment before coronary
artery bypass grafting (CABG) [4]. The first CE procedures
were performed in the 1950s without extracorporeal cir-
culation. They were quickly replaced with a more efficient
method though. There are some observations that prove
combined CABG and CE to be helpful in achieving complete
myocardial revascularization in the most difficult cases.
The aim of this study was to determine the effectiveness of
coronary endarterectomy as an adjunct to coronary artery
bypass grafting in those patients.

Material and methods
Patients

One thousand five hundred fifty-nine patients had
CABG surgery in our department in 2012-2014. Cases of
17 patients (1% — 12 male and 5 female) aged 47-75 (62.3
+ 8.8) who underwent combined CABG + LAD endarterec-
tomy were analyzed. The profile was quite varied as it in-
cludes coronary artery disease and comorbidities (Table I).
On admission to hospital, 2 patients were classified as CCS
(Canadian Cardiovascular Society Angina Grading Scale) |,
2 as CCS I, 11 as CCS IIl, and 2 as CCS IV. Ten (59%) never
had a myocardial infarction (MI), 5 (29%) were hospitalized
due to Ml once, and 2 (12%) had Ml twice. In 5 cases (29%)
percutaneous myocardial revascularization (PCI) was per-
formed more than one month before surgery. Among them,
3 patients had direct LAD percutaneous treatment. All LAD
PCl interventions were successful and were related to the
medial segment of the artery. The other 2 patients with PCI
underwent direct RCA stenting.

Procedure

All analyzed procedures were performed with median
sternotomy, extracorporeal circulation (ECC) and in mild
hypothermia (34°C), by the same surgeon. Not a single
CE was planned before surgery — decisions were made in-
traoperatively and based on the possibility of achieving
proper LAD revascularization. Every patient underwent
LAD endarterectomy and acquired a left internal mammary
artery to LAD graft (LIMA-LAD). Coronary endarterectomy
was performed with both the closed (small arteriotomy
with gentle traction to remove most of the intracoronary
material — most cases) and the open method (arteriotomy
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that allows the full-length lesion to be visualized) - the
choice depended on the opportunity to achieve a proper ef-
fect with the minimal possible endothelial trauma. At first
the vessel was opened with only a small incision, standard
for normal coronary artery bypass grafting. After evaluat-
ing the anatomy of a particular artery, the incision was ex-
tended slightly. Further extension of the incision was made
when pulling the plaque with gentle traction was unsuc-
cessful. A surgical probe of small diameter was used with
caution to help to separate the plaque from the vessel wall
(Fig. 1-4). Completeness of each endarterectomy was eval-
uated using a surgical probe of diameter adjusted to the
current vessel. If possible, intracoronary material was re-
moved with gentle traction from side branches of the LAD.
Failure to retrieve the plaque from the side branch did not
result in further expansion of the procedure. Regardless of
incision length, LAD arteriotomy was directly covered with
the LIMA-LAD anastomosis (Fig. 5).

Hospitalization

On the first day after the procedure each patient re-
ceived dual antiplatelet therapy (ASA in a dose of 150 mg/d
and clopidogrel in a dose of 75 mg/d) with the intention
of continuation for at least three months. Low-molecular-
weight heparin (LMWH) was continued until the patient
was fully mobilized (according to guidelines there was no
indication for long-term anticoagulation in any case).

Clinical evaluation

Each patient had a clinical evaluation at least six months
after surgery. Overall clinical outcome was analyzed. Inves-
tigation for MACCE (defined as death, myocardial infarc-
tion, repeat PCl or cardiac surgery and cerebrovascular
episodes) and echocardiographic as well as electrocardio-
graphic assessment was performed. Myocardial infarction
was defined arbitrarily by elevation of cardiac biomarker
values > 10 in patients with normal baseline cTn values;
either new pathological Q waves or new LBBB; angiograph-
ic documented new graft or new native coronary artery
occlusion; imaging evidence of new loss of viable myocar-
dium or new regional wall motion abnormality.

Tab. I. Patient profile

Diabetes 7 41%
Insulin treatment 2 12%
Arterial hypertension 15 88%
Hypercholesterolemia 14 82%
Obesity 10 59%
Carotid stenosis 2 12%
Limb ischemia 1 6%
ChroniF obstructive pulmo- 1 6%
nary disease

Gastrointestinal ulceration 1 6%
Smoking 7 41%

305



Coronary endarterectomy in left anterior descending artery combined with coronary artery bypass grafting...

Fig. 1. Performing coronary endarterectomy

Fig. 2. Removed plaque Fig. 3. Removed plaque and stent

Fig. 4. Removed plaque Fig. 5. Completed left internal mammary artery to left anterior
descending (LIMA-LAD) anastomosis
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Results
Hospitalization

Patients had respectively two (8-47%), three (8-47%)
and four (1-5.8%) bypass grafts done. Mean extracorporeal
circulation time was 62 min (33-92 min) and mean time of
aortic cross-clamp was 42 min (23-62 min).

Ten (59%) and six (35%) patients had an LAD incision
length of around 1.5-2 cm and 2-3 cm, respectively. One
patient (5.8%) required an incision length of around 4 cm.
One patient had his stent removed along with the plaque
(Fig. 3).

Seven patients (41%) required catecholamine infusion
intraoperatively. One patient (5.8%) required repeat ECC.
He had an LAD incision length of around 2.5 cm. Complete-
ness of CE was evaluated using a surgical probe of diam-
eter 1 mm, and an occlusion in the distal part of the LAD
was revealed. Therefore, after failure of withdrawal from
extracorporeal circulation, an Ao-SV-LAD anastomosis was
done distally to the LIMA-LAD anastomosis and the occlu-
sion. The same patient required mechanical circulatory
support — an intraaortic balloon pump (IABP) was placed
during surgery and was removed after 24 hours. He did not
meet the criteria of myocardial infarction. His further hos-
pitalization was uneventful and he was discharged to the
rehabilitation department.

There was one (5.8%) mediastinal re-exploration due to
a high volume of drainage (1300 ml).

Five patients (29%) needed inotropic support for the
first few hours after the surgery. Four of them required only
a small dose of dopamine (up to 3 pg/kg/min), and one
received high doses of dopamine and continuous levonor
infusion. No death or perioperative MI was reported. Mean
mechanical ventilation time was 8 h (2.6-36 h). Mean total
drainage volume was 800 ml (450-1660 ml). Three patients
(18%) required a packed red blood cell transfusion postop-
eratively. Atrial fibrillation was noted in 3 patients (18%).
It was successfully treated with amiodarone and each
patient regained sinus rhythm before discharge from the
department. Time of in-hospital stay was 6-11 days (mean
7.6 days).

Follow-up

Ten patients (59%) have already been examined for
midterm follow-up in our hospital unit (examination for pa-
tients operated on more than six months previously). One
(6%) answered the midterm follow-up call survey ques-
tions. Mean follow-up was at 15.3 months.

The remaining 6 patients (35% of our CE + CABG group)
visited our hospital unit for short-term clinical assessment.
They presented with no chest pain (CCS 1) and echocardio-
graphy did not reveal any new contraction disorders. None
of them required any cardiovascular intervention or admis-
sion to hospital. All are under the regional cardiologist’s
control. They are regularly contacted and have their clinical
evaluation visits scheduled with the intention to preserve
the midterm-follow up in the entire group.
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In the whole group of CABG + CE patients there was no
death in the entire period. None of the patients had a myo-
cardial infarction or cerebrovascular incident.

In one case (9%) there was a necessity for urgent coro-
narography due to chest pain. It was performed 8 months
after an uncomplicated CABG + CE procedure and un-
eventful hospitalization. The CE procedure in this patient
was performed with an incision around 2 ¢cm long and
completeness of endarterectomy was evaluated by a 1 mm
surgical probe.

The coronary angiography revealed that all grafts (ve-
nous as well as arterial) were patent. It visualized the LAD
occlusion distally from the LIMA graft suturing site though.
The diameter of the LAD in this patient was 2 mm. The at-
tempt to restore LAD patency below the LIMA-LAD anasto-
mosis failed, and the patient was treated pharmacologically.
At the time of follow-up examination (13 months after CABG
+ CE and 5 months after the previously mentioned coron-
arography) he showed no chest pain (classified as CCS I).
The patient’s echocardiography showed a fall of ejection
fraction (40% versus 50% in postoperative examination).
He also had a noticeable contraction disorder (hypokinesis
of anterior and inferior wall as well as intraventricular sep-
tum versus hypokinesis of inferior wall and intraventricular
septum in post-surgery examination). The patient is cur-
rently being followed up regularly and presents CCS I/CCS Il

As mentioned before, 10 patients (59%) have already
undergone midterm echocardiographic assessment. It al-
lowed us to evaluate myocardial function precisely, es-
pecially within the anterior wall. Six patients (54%) had
a noticeable rise in ejection fraction (EF) compared to their
preoperative examination. Three (27%) had no remarkable
improvement or deterioration. Only one patient (the one
described previously — 9%) had a significant fall of EF with
worsening of anterior wall motion. Improvement or no sig-
nificant change in anterior wall motion was observed in the
other patients.

Discussion

It appears that LAD endarterectomy combined with
LIMA grafting is the only possibility to achieve complete-
ness of revascularization in some cases. Published analyses
with larger numbers of patients confirm our observation
and indicate good efficiency of this method in this group.

Data referring to perioperative mortality among pa-
tients who underwent a combined CABG + CE procedure
are quite different among hospital units. Most results are
estimated between 2 and 8% [5-10]. It is probably due to
the heterogeneity of patient groups and research metho-
dology. Byrne and co-authors analyzed 196 patients who
underwent selective LAD CE + CABG. Mortality was 3%.
Three percent of patients suffered from myocardial infarc-
tion within the LAD-dependent myocardial area. At one-
year follow-up 90% of patients were angina-free [11].

Myocardial infarction (MI) remains the complication
that occurs most often after the CE + CABG procedure.
The first hours after surgery are crucial — Ml is usually re-
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lated to acute thrombosis within the vessel due to intraop-
erative endothelial damage. However, there is huge diver-
gence in statistical data — authors estimate the frequency
of early perioperative Ml to be between 1 and 19%, depend-
ing on the cardiac surgery unit [5, 12]. The number of Ml in
mid- and long-term follow-up is much lower — some reports
show that the incidence of Ml in patients after CABG + CE is
equal to that in patients who underwent CABG solely [10].

All studies show unequivocally that Ml is more frequent
in patients after CABG + CE than in patients after sole
CABG. Despite this fact, Damien et al. reported that in only
27.8% of patients did it relate to area depending on the
vessel that underwent CE [10]. It is suggested that higher
frequency of Ml in patients after CABG + CE is not only an
effect of the endarterectomy procedure but it mainly due to
the advanced stage of coronary artery disease.

A correlation between the particular coronary vessel
that underwent CE and incidence of Ml was not found [12].
However, patients who have had more than single-vessel
endarterectomy also had a higher possibility of infarction
[12, 13].

So far there have been no clear guidelines recommend-
ing pharmacotherapy in patients who had CABG + CE. The
authors used various models of antiplatelet treatment and
anticoagulation. The lack of a single infarction in our car-
diac surgery unit allows us to be optimistic about our pro-
tocol. We use LMWH until the patient is fully mobilized.
Patients receive dual antiplatelet therapy from the first day
to the end of the third month after surgery. It proves to be
a safe and efficient regimen. However, we intend to expand
our observations to a larger group of patients to make this
statistically significant.

The association between the CE + CABG procedure and
its effect on myocardial function remains controversial. Mi-
nale et al. reported a significant fall of EF and contraction
disorder in 17.7% of patients with a trend to arise within
the anterior wall. The same study reported EF improvement
in 16.5% of cases [14]. Statistical analysis referring to LAD
endarterectomy selectively revealed deterioration of ante-
rior wall contraction in 34% of patients. It appeared to be
most significant in cases without previous dysfunction [15].
Our report does not confirm those observations.

Recently there have been some reports of successful
off-pump coronary artery bypass grafting (OPCAB) + CE.
This matter needs to be investigated further. However, the
efficiency and safety of this approach seem to be quite con-
vincing [16].

It seems that adding coronary artery endarterectomy
to the standard coronary artery bypass grafting procedure
should be indicated in some cases. This procedure is not an
alternative to CABG and it should be regarded as a thera-
peutic option that is proper in specific patients despite its
risk. Ability to make a correct decision and great caution
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when performing CE are essential in achieving an optimal
effect. Benefits from obtaining complete revascularization
should overcome potential dangers associated with CE in
those patients. Research on a greater number of patients
is required, as well as guideline preparation for periopera-
tive care.
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