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Abstract

Carotid endarterectomy (CEA) is intended to remove atheromatous plaque by dissecting a plane between
the intima and the media (circular medial fibers), but this may not be the optimal dissection plane. The
present technique is based on identifying the plane that divides the media from the plaque, so preserving
the media on the adventitia as much as possible. This plane is more difficult to find and follow than the
easy-to-dissect plane usually located between the media and the adventitia, because the plaque invades
the media and so the dividing plane is located within the media. In this prospective observational study,
CEA was performed in 22 patients to histologically examine the excised plaques and small samples of
the whole arterial wall, and evaluate the clinical outcomes. Plaque had invaded the luminal part of the
media in the whole arterial wall sample of 80% of cases. Thin medial layers covering > 80% of the surface
of the plaque were found in 16 of 22 plaques (73%). Some atheromatous component was sometimes left
in the preserved media, rather than completely removed with the media. No morbidity or mortality had
occurred by discharge. Only 1 small ipsilateral infarction (4.5%) and no restenosis of greater than 50%
were detected during the mean follow-up period of 7 years. Since the plaque usually invades the media,
the optimum dissection plane may be located within the media, dividing it into two layers. The presence
of some remnant atheromatous components in the preserved media was not associated with surgical
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complications or restenosis.
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Introduction

Carotid endarterectomy (CEA) is an established
treatment indicated for specific patients with severe
carotid stenosis who fulfill certain criteria.” Recent
comparative studies of CEA with carotid artery
stenting may determine the correct indications for
each treatment.>® Continued refinement of surgical
techniques for CEA is essential to achieve the highest
possible level of safety.

The wall of the carotid artery in the neck consists
of, from the luminal side, the intima, the internal
elastic lamina, the media, the external elastic lamina,
and the adventitia. The media is formed of smooth
muscle cells in a circumferential arrangement around
the lumen, so these cells constitute what is called
the circular medial fibers.” Atheromatous plaque
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is thought to originate from accumulation of lipids
in the intima, which is normally a thin layer. The
internal elastic lamina is destroyed during the forma-
tion of plaque, and the border between the intima
(plaque) and the media becomes obscure. Advanced
plaque may cause atrophy of the media with loss
of smooth muscle cells and elastic tissues.®”

Major surgical studies and text books recommend
or imply that the dissection plane for CEA should
be located between the thickened intima (plaque)
and the media, which theoretically preserves the
media as the luminal surface of the arterial wall
and is reportedly the easiest plane to dissect.>®1%
However, one previous study identified media in
all of the 147 CEA specimens,'? and we also have
experienced technical difficulty in dissecting between
the plaque and the media. This technical issue is
important not only for safe CEA but also for the
training of young surgeons.
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We present a CEA technique to achieve maximum
preservation of the media while removing the plaque,
and the results of histological evaluation of the
plaques and whole arterial wall samples. Clinical
outcomes of the present technique were evaluated
with long-term follow-up findings.

Methods and Technical Presentation

I. Patient characteristics

This prospective observational study included 22
consecutive male patients aged between 57 and 76
years (mean 69 years) treated between January and
August, 2005. Seven patients were asymptomatic
and 15 were symptomatic. Demographic and clinical
data are presented in Table 1. The patients treated
with the present technique were evaluated in the
short- and long term for possible adverse events
including recurrent stenosis and/or infarction. The
patients provided informed consent in writing.

II. Surgical strategy
Our surgical strategy remained unchanged during
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the study period. Surgical indications were based
on the American Heart Association/American Stroke
Association Stroke Council guidelines'? and the
Japanese guidelines.'® Surgery employed general
anesthesia and typical anterior cervical skin inci-
sion. Regional cerebral oxygen saturation (rSO,) in
the bilateral frontal cortices was monitored using
INVOS™ (Somanetics Inc., Troy, Michigan). Short-
latency somatosensory evoked potentials (SSEPs)
were monitored throughout the surgery. Internal
shunting was performed following clamping of the
carotid artery if the rSO, declined by around 10%
or more of the preclamping value or if any changes
occurred in the SSEPs.

III. Surgical technique to preserve the media
After the carotid artery was clamped, a shallow
arterial incision was made with a scalpel to just
reach the plaque under the operating microscope.
At the beginning of dissection of the plaque, the
adventitia was gently retracted and a blunt dissector
was gently used to find the dissection plane
(Fig. 1A—C). Following the easy-to-dissect plane

Table 1 Patient characteristics and histological findings

Patient Age p . . . Histological examination
No. (yrs) reoperative diagnosis Modia on ol o Whole wall samole™
edia on plaque ole wall sample
1 60 Asymptomatic 30% NE
2 74 Asymptomatic 80% NE
3 74 Asymptomatic 80% Plaque invasion to media
4 62 Asymptomatic 90% NE
5 63 Asymptomatic 90% Plaque within intima
6 70 Asymptomatic 90% Plaque invasion to media
7 71 Asymptomatic 90% Plaque invasion to media
8 70 Ischemic ocular disease 90% Plaque invasion to media
9 64 TIA 50% NE
10 73 TIA 80% NE
11 65 TIA 80% NE
12 71 TIA 90% NE
13 76 Minor completed stroke 0% NE
14 67 Minor completed stroke 30% NE
15 74 Minor completed stroke 50% NE
16 60 Minor completed stroke 70% Unclear
17 64 Minor completed stroke 80% Plaque invasion to media
18 57 Minor completed stroke 80% Plaque invasion to media
19 77 Minor completed stroke 90% NE
20 71 Minor completed stroke 90% NE
21 75 Minor completed stroke 90% Plaque invasion to media
22 74 Minor completed stroke 90% Plaque invasion to adventitia

All patients were male. #1: Percentage of the total circumference of the section (at the middle of the plaque)
covered by the media. #2: See text for detail. NE: not examined, TIA: transient ischemic attack.
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Fig. 1 Intraoperative photographs showing the meticulous technique to preserve the media (A-E) and a sche-
matic drawing of the present technique (F). A: After initial arterial incision with a scalpel, gentle retraction of
the adventitia opened the easiest plane to dissect, just luminal to the adventitia (arrow). A layer of the media
(asterisk) was detached from the arterial wall. To preserve the media on the arterial wall, a plane next luminal
to the easiest plane should be dissected (dotted arrow). B, C: Using a blunt spatula, the plane to preserve the
media (asterisks) was opened and followed (dotted arrows). D: During the effort to find a plane to leave the
media attached to the arterial wall, the media sometimes formed a free flap (asterisks). This flap was removed
for histological investigation (Fig. 3). E: After completion of plaque removal, smooth transition was formed to the
intima of distal internal carotid artery, and yellowish atheromatous components remained with the media (stars).
F: Dissection plane was located within the media, dividing it into two layers. The distal end of the endarterec-
tomy smoothly transits to the intima of the internal carotid artery.

usually leaves almost no circular fibers (media)
on the arterial wall but many on the plaque being
removed, so the plane between the media and the
adventitia was not followed further (Fig. 1A—C).
Instead, a dissection plane that left the maximal
amount of the media on the arterial wall was found
and followed under high magnification (Fig. 1B, C).
This plane was usually located just luminal to the
easy-to-dissect plane and was also a tighter plane
to dissect. Since the media is weak and prone to
rupture, this dissection plane must be followed with
particular care to preserve the media as intact as
possible. However, the layer of the circular fibers

was partially detached from both the adventitia and
the plaque (Fig. 1D), forming a small flap, which
was removed for histological analysis in 10 patients.

IV. Histological examinations

Samples of plaque were removed en-bloc from
all patients. A tiny oval sample of the whole wall
was excised from 10 patients. This sample was
approximately 2 mm long and 1 mm deep, and
included the thickness of the whole wall and part
of the plaque. The plaque sample was fixed in 10%
buffered formalin for several days, and cut into
5-mm slices, perpendicular to the longitudinal axis.
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These tissue slices were embedded in paraffin, cut
into 2-um sections, and mounted on slides. After
deparaffinization, Elastica-Masson staining was
performed on each section. The most representative
slice around the middle of the plaque was investigated
to determine whether any media was attached to the
plaque. The amount of media on the surface of the
plaque was expressed as a percentage: the length of
the circumference covered by the media divided by
the total length of the circumference of the section.
The flaps of the circular fibers and the whole wall
samples were similarly stained and investigated.

Results

I. Surgical findings

Despite meticulous dissection of the surface of the
plaque, as well as the arterial wall, the plaque was
still covered with circular fibers (Fig. 2A), indicating
that the dissection plane had divided the media

Fig. 2 Intraoperative photographs of removed plaque
(A) and arterial wall after atheromectomy (B) from a
different case to that presented in Fig. 1. The media
(asterisks) was seen as circular fibers on both the
arterial wall and the plaque. Partial exposure of the
adventitia occurred where a flap of the media was
removed (lower, §). Some of the media on the arterial
wall was yellowish, indicating residual atheromatous
components. The end of the atheromectomy transitioned
smoothly to the almost normal intima of the distal
internal carotid artery (arrow).
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into two layers. Incidental removal of a piece of the
media resulted in exposure of the adventitia (Fig. 2B).
Residual atheromatous components attached to the
media, which appeared yellowish, often remained
on the arterial wall (Figs. 1E, 2B). The transition
was smooth from the end of the atheromectomy
to the almost normal intima of the distal internal
carotid artery (Figs. 1E, 2A). Figure 1F represents a
schematic drawing of the present technique.

II. Histological findings

The small flap of circular fibers obtained from
10 patients demonstrated typical smooth muscle
components, confirming that these formed the
media (Figs. 1D, 3). A representative histological
sample of the removed plaque is shown in Fig. 4.
The media was observed grossly during surgery as
circular fibers (Figs. 1, 2); these fibers were more
clearly demonstrated by microscopic investigation
(Fig. 4). More than 80% of the total circumference of
the plaque section was covered by the media in 16
of the 22 patients (73%) (Table 1). The tiny whole
wall sample was obtained from 10 patients (Fig. 5).
The media was characterized by two layers: the
outer layer was almost intact, and the inner layer
was more or less affected by atheromatous compo-
nents, such as macrophage foam cells, in 8 of these
10 patients. The atheromatous component affected
the whole thickness of the media and reached the
adventitia in one patient (Table 1).

III. Clinical consequences

No morbidity or mortality occurred before discharge.
One small ipsilateral infarction (4.5%, including any
spotty high intensity areas on the diffusion weighted

Fig. 3 Photomicrograph of the flap demonstrated in
Fig. 1D (asterisks) showing typical smooth muscle
component rich with elastic fibers. Elastica-Masson,
original magnification x400. Scale bar = 20 pm.
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Fig. 4 Photomicrograph of the section near the middle
of the removed plaque showing a thin layer of media
overlying the plaque (double-headed arrows). #: lumen.
Elastica-Masson, original magnification x40. Scale
bar = 20 pm.

n
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Fig. 5 Photomicrograph of the whole wall sample
showing the plaque (white double-headed arrow) and
the media (black double-headed arrow); #: lumen. The
adventitia has been detached from its primary position
(##). Residual internal elastic membrane appears to
be present (white arrowheads). Part of the media is
infiltrated by atheromatous components (dotted black
double-headed arrows). Elastica-Masson, original
magnification x100. Scale bar = 20 pm.

images), and no restenosis of greater than 50% were
detected during the mean follow-up period of 7
years (range 4.9-7.4 years) in the 22 prospectively
observed cases. Two short-term complications, tran-
sient hoarseness and transient mild hemiparesis with
aphasia, were observed. The hoarseness disappeared
6 months after the operation. The hemiparesis and
aphasia were thought to be due to acute occlusion
of the left common carotid artery by thrombus origi-
nated from the cut edge of the plaque on the external

carotid artery. The patient underwent reoperation,
and the common carotid artery thrombus and the
plaque on the external carotid artery were totally
removed. The ischemic duration was estimated
at 150-180 minutes. Although a small left frontal
infarction was detected, the hemiparesis disappeared
one day after the operation.

Discussion

The present study showed that the easiest dissec-
tion plane for CEA was between the media and
the adventitia, implying that this plane could be
widely used in CEA, in contrast to the more usual
dissection plane between the intima and the media.
However, this study found that dissecting this plane
left almost no media on the arterial wall, as most
of the media remained on the removed plaque. Our
findings reflect those of several previous reports.
Investigation of 147 plaques obtained at CEA found
that the media was included as the outer border of
the endarterectomy specimen, and suggested that a
more correct term for the operative procedure might
be “endomediaectomy” rather than “endarterectomy,”V
which indicates that the easiest dissection plane
might extend between the media and the adventitia.
Moore® also emphasized the relevant issues in his
textbook as follows: “Generally speaking, the easiest
endarterectomy plane to achieve is that between the
media and adventitia along the line of the external
elastic lamina. Although some surgeons advocate
this dissection plane as the best, in that it removes
the circular medial fibers ...”

The present study also showed that even with
careful dissection, the most of the surface of the
plaque was covered by the media (Table 1), implying
that the commonly recommended dissection plane
between the intima and the media may not be the
optimum technique if preservation of the media is
intended. It is well known that the media may be
affected together with the internal elastic lamina,
and the border between the media and the plaque
may be obscure in advanced plaque.” Therefore,
the best dissection plane may be located within the
media, between the luminal part of the media which
is highly invaded by the plaque, and the outer part
of the media which is less severely invaded. This
dissection plane preserves the maximum media
but was tighter than other dissection planes, so
continuous effort to follow the plane was neces-
sary. This plane also needed forceful opening at
the beginning of the dissection, and following this
plane also required careful dissection.

Maximum preservation of the media in cases with
advanced plaques resulted in some remnant yellow
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atheromatous components within the preserved
media. Consequently, this technique may possibly be
associated with increased rates of ipsilateral stroke
or restenosis. However, only 1 of our 22 patients
(4.5%) suffered a small ipsilateral infarction, and
no patients had ipsilateral restenosis greater than
50% during the mean follow-up period of 7 years.
Moreover, in our series of 202 consecutive patients
treated by CEA using the same technique between
April 1998 and March 2008, including the present
22 patients, 11 patients (5.4%) suffered ipsilateral
restenosis greater than 50% and/or any ipsilateral
infarctions including spotty high intensity area of
the diffusion weighted imaging during the mean
long-term follow-up period of 5.7 years (range 35
days to 11.6 years, unpublished data). Our long-term
follow-up examinations demonstrated no increase in
complications compared to historical controls docu-
menting a 9-10.8% rate of ipsilateral stroke during
the long-term follow-up period of 3-10 years.'*!®
The advantages of our technique are as follows:
First, as a result of preserving the media, the distal
end of the endarterectomy smoothly transits to the
intima of the internal carotid artery (Figs. 1F, 6).
This is an important requirement of CEAY to avoid
postoperative ischemic complication or occlusion of
the carotid artery. Tacking sutures are not necessary
if the media is preserved. Second, the firm arterial
wall enables easy hemostasis during arterial closure.
Third, it may be important for surgeons under
training, because they often face questions; which
plane should be dissected and whether small amount
of plaque invading into the media or, sometimes,
adventitia should be removed or not. The present
study clarified the relationship between the media
and dissection plane and no harmful effect of small
remnant of the plaque. The present technique may
be useful especially if the plaque invaded adventitia.
The limitations of our study are that the usual
technique to remove most of the media is not asso-
ciated with surgical complications, and the clinical
impact of preserving the media is obscure. Both
techniques cannot be compared in terms of direct
clinical superiority at present. Nevertheless, the
present surgical technique does increase our knowl-
edge of the theoretical background and, therefore,
potentially contributes to the advancement of CEA.

Conclusion

Atheromatous components usually invade the luminal
surface of the media, so the optimum dissection
plane for CEA may be within the media, dividing
it into two layers. This technique results in smooth
transition to the normal intima at the distal end of
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Fig. 6 Intraoperative photographs of the distal end of
the endarterectomy with (A) and without (B) the present
technique. A: The preserved media with some residual
atheromatous components (stars) smoothly transited
to the intima of the internal carotid artery (arrow).
B: Most of the media was removed and the adventitia
appeared as the red wall (§). The distal end of the
endarterectomy did not smoothly transit to the intima
of the internal carotid artery (arrow).

the internal carotid artery and, despite some ather-
omatous components remaining with the preserved
media, no increases in surgical complications or
restenosis.
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