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CARDIAC SURGERY
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Abstract

Aim of the study: According to the literature, many surgeons
aim to obtain complete revascularization during coronary ar-
tery surgery. This becomes an issue when the left anterior de-
scending (LAD) artery is diffusely diseased. This study presents
the results of revascularization surgery of LAD arteries with
multiple stenoses and the subsequent angiographic control
examinations.

Material and methods: Forty-seven patients with proximal
and mid-segment left anterior descending (LAD) artery dise-
ase were included in the study. Left anterior descending ar-
teries were bypassed with left internal mammary arteries
(LIMASs). Left anterior descending arteries were longitudinally
opened over the mid stenotic segments 4-5 mm distally and
proximally from the stenosis. The LIMAs were then anastomo-
sed to the LAD arteries with a running suture, using 7-0 poly-
propylene sutures.

Thirteen patients, who provided their informed consent, were
angiographically evaluated at a mean of 12.5 +3.7 months after
the operation (range 6-18 months).

Results: The mean age of the patients was 64.1 8.9 years.
The mean number of distal anastomoses was 3.5 +0.9 (range
1-6). The mean length of LAD anastomoses was 1.88 +0.54 cm
(range 1.5-4 cm). Cardiac troponin | levels were below periope-
rative myocardial infarction thresholds.

Mean postoperative hospitalization was 6.10 £0.98 days (range
5-9 days). There was no mortality in the study group. Control
angiography revealed patent bypass grafts in all patients.
Conclusions: Long anastomosis to the LAD artery provides
excellent mid-term patency. It is safe and effective in perfus-
ing the proximal and distal non-stenotic segments of the LAD
artery, as well as in perfusing the unoccluded side branches
originating from the stenotic segments.
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Streszczenie

Cel pracy: Jak wskazuja dane dostepne w piSmiennictwie,
wielu chirurgébw stara sie osiggnac catkowita rewaskularyza-
cje przy operacjach tetnicy wiehcowej. Moze to stanowic pro-
blem, gdy tetnica lewa przednia zstepujaca (ang. left anterior
descending — LAD) jest objeta rozproszonym procesem choro-
bowym. W niniejszej pracy przedstawiono wyniki rewaskulary-
zacji i badan angiograficznych przeprowadzonych u pacjentéw
z licznymi zwezeniami w obrebie LAD.

Materiat i metody: Badaniem objeto 47 pacjentéw cierpiacych
z powodu choroby proksymalnego i srodkowego odcinka tet-
nicy LAD. Wykonano pomostowanie tetnic LAD za pomoca tet-
nic piersiowych wewnetrznych (left internal mammary arteries
— LIMA). Tetnice LAD zostaty otwarte wzdtuznie w obszarze
zwezenia srodkowego; naciecie siegato 4-5 mm poza granice
zwezenia po kazdej jego stronie. Tetnice LIMA zostaty nastep-
nie zespolone z tetnicami LAD za pomoca szwu ciagtego, przy
uzyciu nici polipropylenowych 7-0.

Trzynascioro pacjentdw, po wyrazeniu Swiadomej zgody, zosta-
to poddanych badaniom angiograficznym po $rednio 12,5 +3,7
miesigca po operacji (zakres 6-18 miesiecy).

Wyniki: Sredni wiek pacjentéw wynosit 64,1 8,9 roku. Srednia
liczba zespolen dystalnych wynosita 3,5 +0,9 (zakres 1-6). Srednia
dtugosc zespoler LAD wynosita 1,88 +0,54 cm (zakres 1,5-4 cm).
Wartosci stezenia sercowej troponiny | znajdowaty sie ponizej po-
ziomu zawatu okotooperacyjnego.

Sredni okres hospitalizacji pooperacyjnej wynosit 6,10 +0,98
dnia (zakres 5-9 dni). W badanej grupie nie byto zgonéw. Kon-
trolne badania angiograficzne wykazaty drozno$¢ pomostéw
u wszystkich pacjentow.

Whnioski: Dtugie pomostowanie tetnicy LAD zapewnia dosko-
nata droznos¢ Sredniookresowa. Jest to bezpieczna i efektyw-
na metoda perfuzji proksymalnych i dystalnych niezwezonych
odcinkéw tetnicy LAD, jak réwniez niezablokowanych gatezi
bocznych odchodzacych od odcinkéw objetych stenoza.
Stowa kluczowe: choroba tetnic wieficowych, pomostowanie,
chirurgia.
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Introduction

Complete revascularization of the left anterior descending
(LAD) artery is the main goal of coronary artery bypass graft-
ing due to the fact that incomplete revascularization results
in higher mortality. Ischemia of the myocardium supplied by
the side branches can be relieved by combined endarterecto-
my and coronary artery reconstruction in a diffusely diseased
LAD, which cannot be achieved only by performing anasto-
mosis to the distal undiseased segment of the artery [1].

Nearly five percent of coronary arteries are not suitable
for surgery because of extensive atheromatous lesions along
the coronary vessel. Besides long reconstruction, the literature
also describes the use of long open endarterectomy for this
type of lesion [2]. Regardless of the revascularization method
of choice, it is obvious that these lesions are challenging for
surgeons and interventional cardiologists.

In the present study, we retrospectively evaluated the ear-
ly postoperative outcomes of patients with coronary bypass
surgery whose LAD arteries were diffusely stenotic. The LAD
arteries were bypassed with a long anastomosis excluding
the stenotic mid-segment. The patients who provided their
consent underwent control angiographic evaluation.

Material and methods
Patients

Between June 2010 and December 2012, a total of 47 pa-
tients with stable or unstable angina pectoris and a diagno-
sis of coronary artery disease underwent coronary artery by-
pass surgery. The data of the patients were retrospectively
collected. Patients with proximal and mid-segment stenosis
of the LAD artery concomitant with other vascular diseas-
es were included in the study (Fig. 1). All LAD arteries had

Fig. 1A-B. A) Preoperative coronary angiography showing the proximal and mid stenosis of the LAD artery, B) postoperative coronary

angiography showing the LIMA-to-LAD anastomosis
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coexisting proximal and mid-segment stenoses, which were
bypassed using left internal mammary arteries (LIMAs).

Surgical technique

The chests of the patients were opened by means of me-
dian sternotomy, under general anesthesia and intratracheal
intubation. The LIMAs were harvested before pericardio-
tomy. Anticoagulation was accomplished with 4 mg/kg body
weight of heparin until the target activated clotting time of
450 seconds was achieved. Standard cardiopulmonary by-
pass techniques were used for the operations. Antegrade
isothermic hyperkalemic blood cardioplegia was used for
myocardial protection. LIMA-LAD coronary artery bypass
grafting was performed after conducting distal anastomo-
ses of other vessels. Saphenous vein grafts were used for
the revascularization of these vessels. Long LAD arteriotomy
was performed on the stenotic mid-segment of the LAD ar-
tery (Fig. 2). Mid-segment lesions were opened starting dis-
tally 3-4 mm away from the stenosis. The arteriotomies were
performed proximally, and the stenotic lesions were opened
longitudinally. The arteriotomies extended to the proximal
undiseased segment of LAD, 3-4 mm proximally to the ste-
nosis. The LIMAs were then anastomosed to the LAD arter-
ies with a running suture technique, using 7-0 polypropylene
sutures (Fig. 3). After declamping, proximal anastomosis was
performed on the aorta. After the cardiopulmonary bypass
was completed, heparin was neutralized by protamine sul-
fate, while the chest was closed in a standard fashion.

Cardiac troponin | was measured before the surgery and
24 hours after. The preoperative and postoperative data of
the patients were analyzed. Demographic and operation
data were collected and analyzed using the SPSS statistical
software version 17.0 (SPSS Inc.; Chicago, Ill). Continuous
variables were expressed as mean + SD and were compared
by means of the paired samples t-test; p values below 0.05
were considered statistically significant.

In total, 47 patients were called in for outpatient con-
trol. Thirteen patients who requested control examination

underwent coronary angiographic evaluation at a mean of
12.5 +3.7 months after surgery (range 6-18 months). All of
these patients provided their written informed consent.

Results

The study included 13 female and 34 male patients.
The mean age of the patients was 64.1 +8.9 years. The risk
factors were diabetes (16 patients), hypertension (13 patients),
hypercholesterolemia (19 patients), smoking (9 patients), pe-
ripheral arterial occlusive disease (5 patients), and family his-
tory of coronary artery disease (8 patients). Eight of the pa-
tients suffered from comorbid chronic obstructive pulmonary
disease.

Mean left ventricular ejection fraction was 52 +9% (range
30-70%), The mean number of distal anastomoses was 3.5
+0.9 (range 1-6). The mean length of LAD anastomoses was
1.88 +0.54 cm (range 1.5-4 cm). Although the postoperative
levels of cardiac troponin | were significantly higher than
the preoperative levels (preoperative: 0.070 +0.120 IU, post-
operative: 0.442 +0.375 IU, p < 0.001), they remained below
perioperative myocardial infarction thresholds.

Mean intensive care unit follow-up stay was 1.13 +0.34
days (range 1-2 days), while mean postoperative hospitali-
zation lasted for 6.10 +0.98 days (range 5-9 days). The dis-
charged patients were prescribed oral antiaggregant
agents. There was no mortality in the study group.

The data concerning the 13 patients who underwent
control angiography are as follows: mean number of distal
anastomoses — 3.5 +1.0 (range 2-6), mean length of LAD
artery anastomosis — 1.92 +0.57 cm (range 1.5-3 c¢m). All
LIMAs were patent (Fig. 3). One patient suffered from proxi-
mal saphenous vein stenosis of 50%.

Discussion

In the present study, long anastomosis to the LAD artery
showed excellent mid-term patency. The limited number of pa-
tients was the major limitation of the study. Simple arterioto-
my, beginning from the distal side of the long stenotic segment

Fig. 2. Long LAD arteriotomy performed across the stenotic mid-
segment of the LAD artery
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Fig. 3. The LIMA anastomosed to the LAD artery with a running
suture
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of the LAD artery, made the anastomosis straightforward and
uneventful in all of the patients. In contrast to the available
literature, no endarterectomy was necessary in these patients.

Long arteriotomy extending over a heavily plaqued
area has been proposed in diffuse LAD artery disease [3].
Extended reconstruction of the LAD coronary artery with
a saphenous vein graft, as well as internal mammary artery
grafting, has been found to increase surgical risk. However,
this technique is suggested due to the complete revascu-
larization and acceptable mid-term results it provides [4].
Some surgeons exclude the atheromatous plaques from
the LAD artery lumen and leave them outside the anasto-
mosis. They suture an ITA patch inside the LAD artery in
order to exclude the plaques from its lumen. However, this
technique was only successful in 84% of cases; endarterec-
tomy was required in the remaining cases. This technique
has been proven to stop the growth of the plagues exclud-
ed from the lumen of the LAD artery; postoperative intimal
fibroplasia has been found to decrease as well [2].

Another disadvantage of endarterectomy is that it
triggers a coagulation cascade in the early postoperative
period [5]. In our series, we did not touch the atheroma-
tous plaques. The stenotic segments were longitudinally
opened, and the LIMAs were anastomosed to the opened
LAD arteries. This means that intimal fibroplasia was not
the primary problem in our series, owing to the fact that we
did not endarterectomize the LAD arteries; occluded side
branches may not be perfused due to their being occluded
by the plaque. The goal of the anastomosis in our series
was to perfuse the proximal and distal LAD artery seg-
ments. One technical challenge that we encountered was
that it was sometimes difficult to pass a needle through
the diseased artery. Nevertheless, there were no patients
whose LAD arteries could not be anastomosed.

In a study by Fukui et al. the patency rate of extensive
reconstruction without endarterectomy was found to be
better than in the case of reconstruction with endarterecto-
my. The authors concluded that residual lesions of the LAD
or circumflex arteries constitute predictive factors for coro-
nary artery bypass graft (CABG) survival. A secure anasto-
mosis without obstruction of the side branches originating
from the anastomosis site may be done by exposing their
ostia. The authors suggest opening the lesion in order to
provide sufficient blood supply to these side branches [5].
In our series, we could also easily leave these side branches
outside the suture line of the anastomosis.

Long segmental anastomosis with or without endar-
terectomy has been safely and effectively performed using
the off-pump method. LAD arteries affected by severe dif-
fuse disease are reported to withstand longer periods of
ischemia during anastomosis because of well-developed
significant collaterals [5]. Another study, on the other hand,
found similar long-term graft patency on endarterecto-
mized and non-endarterectomized LADs [6]. However, such
a long anastomosis in such a long open stenotic segment
may complicate the anastomosis when the heart is beat-
ing. Therefore, we do not prefer off-pump surgery when
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considering long onlay patch anastomosis. In accordance
with our current technique, which is in line with the me-
thods used by other authors, we avoid touching the most
proximal major stenotic lesion to prevent competitive flow
and preserve all coronary branches, such as the septal and
diagonal branches [7].

In the case of calcified plaques, placing sutures around
them to exclude them from the neo-coronary vessel lumen
has the advantage of preserving the endothelium. Thrombo-
genicity and neointimal proliferation are thus minimized.
Oral anticoagulation is, to some extent, avoided in the im-
mediate postoperative period [8]. We do not endarterecto-
mize the plaques. Instead we discharge the patients after
providing them with oral antithrombotic agents.

Some authors suggest the use of sequential grafting in
multisegment stenotic LAD arteries [9]. However, sequen-
tial grafting has its disadvantages: proximal anastomosis
may cause kinking of LIMA grafts and proximal anasto-
motic stenosis may occur on LIMAs when wide suture bites
are taken. Furthermore, when proximal runoff is higher,
the distal LIMA may become occluded. This is true for all
sequential grafts. Distal anastomosis should be performed
on the artery with the highest runoff.

This article is a retrospective observational study, and it
does not contain any comparison with conventional CABG
in patients with diffusely diseased LADs. There was no con-
trol group and the study population was small. It was not
possible to analyze all the anastomoses angiographically,
but unnecessary control angiography may result in certain
undesired complications. The follow-up period was short,
which made it difficult to draw any binding conclusions.

To conclude, long anastomosis used to reconstruct
a diffusely stenotic LAD artery with a LIMA graft is safe and
effective in perfusing the proximal and distal nonstenotic
segments of the LAD artery, as well as in perfusing the un-
occluded side branches originating from the stenotic seg-
ments. It presents excellent early and short-term results.
Endarterectomy should be avoided when possible.
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