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Thromboendarterectomy (TEA) of the carotid
bifurcation is one of the most efficient means of
prevention of cerebral ischemia. Since the first
publication appeared in 1954! data on a wide series
of operations from various Medical Schools referred
the incidence of morbidity and postoperative morta-
lity more and more encouraging.?? .

In the United States in the 1980’s over 100,000
carotid TEA’s were carried out*’ compared to
15,000 in 1971;% Nevertheless, towards the end of
the 1980’s a series of scientific publications cast
some doubts on the value of the TEA as a means
of prevention of cerebral infarction.

The conservative treatment®’ as well as the
correction or elimination of risk factors®® have
been reconsidered and a consequent reduction in the
number of carotid TEA’s performed.

The results of a study carried out by NASCET
(North American Symptomatic Carotid Endoartere-
ctomy) on a group of symptomatic patients suffe-
ring from significant carotid stenosis between
70-99%,'0 seems to have cleared all doubts. It has,
in fact, been demonstrated that surgery is more
efficient than the best medical therapy in the
prevention of cerebral infarction.

Data shows an incidence of ipsilateral cerebral
infarction at two years from TEA in 9% of patients,
compared to 26% of patients treated medically,
whereas the mortality rate is 2.5 and 13.1% respecti-
vely.

Nevertheless a disturbing, unpredictable risk of
mortality and postoperative cerebral infarction still
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remains, despite constant preintra and postoperative
methods of cerebral monitoring and protection.

It is therefore mandatory to make precise surgical
indications based on a number of clinical and diag-
nostic considerations; in addition to this the patient
must be carefully informed of the risks that may be
encountered whenever conservative treatment is in-
dicated. These are mostly due to:

1. Case history of previous symptomatology of
transient cerebral ischemia.

2. Age and general physical and cardio -respiratory
condition of the patient (coexistence of neoplas-
tic or cardiovascular pathologies which require
major surgery in other vascular territories).

3. Characteristics and composition of the carotid
plaque.

The purpose of this study is to analyse the
procedures of preoperative monitoring for patients
undergoing carotid TEA’s.

Preoperative Monitoring

The methods of preoperative investigation for a
complete study of the carotid plaque in the intra
and extra cranial cerebral circulation and of the
brain are illustrated in Table 1.

The patients’s brain examination and an accurate
investigation of the clinical history, fundamental in
determining symptoms of previous cerebral ischemia,
are to be considered a first approach to be followed
by further clinical assessments.!!

The data supplied by Doppler, B-mode and ocu-



Table 1. Preoperative investigations.

* History of the patient.

* Clinical examination.

* Doppler scanning.

* B-mode ultrasound.

* Oculoplethismography.

* Duplex scan.

* Color-flow imaging.

* Selective or digital angiography (mono or biplanar)
* CT Scan.

loplethismography is not sufficient for an accurate
study of the carotid plague. At present the majority
of surgeons use non-invasive diagnostic procedures
(Duplex scan and Color Flow Imaging) and invasive
(angiography) prior to surgery, even though there
is a tendency to abandon the invasive technique due
to neurological complications and morbidity during
preoperative angiography!'?!3 which now offer
extremely high levels of sensibility, specificity and
accuracy in favour of non-invasive diagnostic meth-
ods'413:16,17,18 4¢ jllustrated by literature.

Some authors!® relate the significative importan-
ce of the Duplex scanner in identifying stenosing
plaques, mild but ulcerated and therefore at a high
risk of cerebral embolization. It seems always more
essential to know not only the site, extension and
grade of the plaque but also the composition: cal-
cific, fibrotic, soft, haemorrhagic or ulcerated.

In spite of conflicting data recently appeared in
literature!®-20:2! we believe that the identification of
the structure of the plaque is of extreme importance
for surgical indication as the risk of embolization
depends on the actual composition of the plaque.

At the Non-Invasive Vascular Laboratory of the
Bassini Teaching Hospital of the University of
Milan, from March 1988 to April 1992, a total of
11,565 Eco-Color-Doppler examinations were car-
ried out, of which 6,041 (52%) of the supra-aortic
trunks (Fig. 1) with an accuracy of 92% and a sen-
sitivity of 96%.

Use of the CT scan in routine pre-operative
investigations for prospective TEA patients, has
recently been criticized by a number of Authors.?
Nevertheless in our Institute all TEA surgery
candidates undergo pre-operative CT scan as this

Total TSA

Color flow imaging investigations 11,565 6,041 (52%)

Figure 1.
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examination can emphasize or exclude other
cerebral pathologies, which otherwise might not be
recognized (tumours, aneurysms, FAV, etc.).?

Apart from the conclusion reached from literatu-
re, an incidence of 14% asymptomatic cerebral in-
farction?>2* makes, in our opinion, essential the
use of the CT scan as a routine preoperative
procedure, in order to assess the risk of neurologic
damage during clamping and to have indications on
the application of a shunt.

A series of 107 consecutive patients operated
upon, all except one, submitted to preoperative an-
giography was analized (Fig. 2, 3). A confrontation
between Color Duplex Scan and angiography,
following examination of the surgical specimen,
demonstated the reliability of the non-invasive tech-
nique in defining accurately the extension, limits
and grade of the stenosis (Fig. 4).

In the last 18 cases surgically treated, the pre-
operative Eco-Color images were processed by a
computerized programme, made by us,; which gives
a graphic analysis of the carotid plaque, extrapolat-
ing from the densometric B-mode image the various
shades of grey.

The variation in the grey tone indicates the
density of the plaque and the composition. The B-
mode image of the plaque is formed on the basis
of 256 shades of grey, which, divided into three

Fig. 2. Digital subtraction angiography: Tight stenosis at
the origin of the internal carotid artery (ICA) with a large
ulceration within the plaque.
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Fig. 3. Color duplex scan examination of a high grade
stenosis at the origin of the ICA. Fibro-calcific annular
plaque (well in evidence the underlying shadow cone).
Ulceration of the distal part of the plaque. Grade of
stenosis of 85% (as indicated on the left of the figure).
The white color in the ejective tract of the plaque indicates
a marked increase in the blood velocity.

Surgical

D.S. Angio. Specimen
Stenosis 40%-70% 11 (100%) 8 ( 72%) 11
Stenosis > 70% 56 (100%) 49 (87.5%) 56
Ulcerated plaques 20 ( 80%) 17 ( 68%) 25
Vertebral steal s. 15 (100%) 15 (100%) 15

102 (95.3%) 89 ( 83%) 107

Fig. 4. Accuracy of the different diagnostic procedures
(color - flow-imaging and angiography) in defining grade
of stenosis and morphological aspects of the plaque-per-
sonal observations.

parts, give the three fundamental structural compo-
sitions of the plaque (Fig. 5).

After having digitized the image and outlined the
plaque, the grey scale is calibred in the computer,
thus giving a visualization of the plaque enlarged
in three colours, in line with the main structural
components (yellow-soft, green-fibrotic, blue-calci-
fied). (Fig. 6,7,8,9).

Fig. 5. Explanation in the text.
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Fig. 6. Once the computerized cchographic image has Fig. 8. Another example in which the plaque is outlined
been memorized the plaque is outlined. and evidenced.

Fig. 9. [he various components ol the plaque are visuall-
zed and individually analyzed by the computer and their
incidence in the plaque is determined exactly and mea-

Fig. 7. The computer provides a coloured enlargement
of the image of the plaque:

Yellow corresponds to soft tissue.

Green and blue respectively to fibrotic and calcific com-  sured.

ponents.

Figure 10.
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The software is able to give information regarding
the surface of the plaque, the percentage of each of
the three components and also the medium echoge-
nicity.

The limitation of this procedure is the dependen-
ce on the skill of the operator, and also on the
difficulty in obtaining a standard in the shades of
grey without being influenced by the anatomical
variations of the neck of the patient (depth of
artery, interposition of muscle layers, etc.).

The plaque is surgically removed, marked and
examined by an histologist who prepares sections
which reproduce as near as possible, the echograph-
ic image (Fig. 10,11, 12).

The histological data obtained (with particular
attention regarding the definition and site of the
components which constitute the plaque (Fig. 13, -~
14, 15), are then confronted with the Duplex scan .
memorized data to update-the tone in the scale of
greys and the shades set up prior to surgery, in
order to obtain information as near as possible to
reality.

Fig. 13. Same case as tigure 7. The carotid plaque
surgically removed is processed and sectioned according
to the corresponding preoperative scans.

Fig. 14. Same case as tigure 8. Histologic aspects ot rear-
rangement of the atherosclerotic plaque. Presence of giant
cells.

Fig. 11. Same case as tigure 6. Macroscopic aspect of the
postoperative specimen. Mostly soft and irregular plaque.

Fig. 15. Same case as tigure 8. Fibrocalcitic aspects.
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