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Postoperative determination of the
degree of carotid artery stenosis

Determinagdo pos-operatoria do grau de estenose na artéria carétida

J.Janzen', P. Chenais', W. Janzen', F. Schibler? ). Schmidli®

Abstract
This article describes the VascMorph 1a prototype software and reports first results obtained with postoperative
determination of the degree of stenosis in the carotid artery.

Keywords: degree of stenosis; atherosclerosis; carotid artery.

Resumo
Este artigo descreve o programa protétipo VascMorph 1a e apresenta os primeiros resultados obtidos com a
determinacao pés-operatéria do grau de estenose na artéria carotida.
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INTRODUCTION

Vascular surgeons and angiologists have often
posed the question about the degree of stenosis
of operated vascular specimens. With this goal in
mind, the VascMorph la prototype software has
been developed. The software performs a planimetric
procedure which allows to determine the percentage
of stenosis. The VascMorph la was first tested in
atherosclerotic carotid artery samples'.

The present paper describes the assessment of a
total of 56 endarterectomy samples provided by the
Department of Vascular Surgery of the University
Hospital of Bern (Head of Department: Prof. Dr.
J. Schmidli). Materials obtained from 20 women
(35.7%) and 36 men (64.3%) were examined; mean
age was 78.6 years among women and 74.9 years
among men.

PREOPERATIVE DETERMINATION OF THE
DEGREE OF CAROTID ARTERY STENOSIS

In order to examine preoperative stenosis,
different sonographic and angiographic methods
were used (e.g. color-coded duplex sonography,
intra-arterial subtraction angiography, magnetic
resonance angiography) according to the European
Carotid Surgery Trial (ECST) or the North American
Symptomatic Carotid Endarterectomy Trial
(NASCET). In such diameter-related measurement
methods, among other things, an idealized circular
shape is assumed for both the vessel lumen and the
stenosis. The degree of stenosis is not determined
using planimetry, but rather based on differences in
the respective flow rates (Figure 1)**. Occasionally,
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ECST method el NASCET method

(1-5)x 100 = % stenosis (1-5) 100 = % stenosis

ex: N=25
D=5.0

ex.:N= 25
D=12.0
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(1-23)x100=79% (1-E)x100=50%

Figure 1. Preoperative stenosis determination based on ECST
and NASCET criteria. Both diameter-related calculations are
based on differences in the respective flow rates’.
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a correction factor is used to adjust ECST/NASCET
values®.

POSTOPERATIVE DETERMINATION OF THE
DEGREE OF CAROTID ARTERY STENOSIS
(VASCMORPH 1A)

Differently from sonographic methods, in this
paper the VascMorph la prototype software is
proposed. This method represents a planimetric
method that can be used postoperatively.

SAMPLE PREPARATION

Endarterectomy specimens were laminated after
conventional formalin fixation and calcification
from proximal to distal at a distance of 3-5 mm.
Subsequently, sections were embedded in paraffin
and stained using the Elastica van Gieson method.

ASSESSMENT OF VASCULAR PATHOLOGY
Arterial cross sections were assessed following
routine microscopic diagnosis (Figure 2), as follows:
* Characterization of plaque configuration and compo-
sition (foam cells, cholesterol crystals, hemorrhage,
inflammatory infiltrates, connective tissue cap, etc.);
* Definition of the degree of atherosclerosis according
to Stary’s classification®; and
» Determination of the arterial type (elastic muscular,
transition zone)’.

DETERMINATION OF THE DEGREE OF
CAROTID ARTERY STENOSIS

Carotid artery stenosis was identified and digitally
photographed (Figure 2) and uploaded to the
VascMorph la software (Figure 3). After marking
the ideal lumen (Figure 4) and the residual lumen
(Figure 5), the degree of stenosis was calculated
using the formula below:

— 1 0,
Degree of stenosis (%) = Ideal volume — Residual volume x 100%

Ideal volume

COMPARISONOFPRE-ANDPOSTOPERATIVE
MEASUREMENTS

A total of 56 endarterectomy samples were
investigated. Preoperatively, the degree of stenosis
was determined using magnetic resonance
angiography. In these investigations, the mean degree
of stenosis was 65.32% (standard deviation: 11.939;
standard error of the mean: 1.595).

Postoperative determination of the degree of
stenosis using VascMorph la revealed statistically
higher results (p=0.005; ¢ test), with a mean of
73.95% (standard deviation: 13.2073; standard error
of the mean: 1.7649).
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Figure 2. Postoperative aspect and histological cross-sections of specimens.

Figure 3. Image of carotid artery stenosis uploaded to Vasc-
Morph Ta.

Figure 4. Marking of ideal lumen parallel to internal elastic
membrane.

W

Figure 5. Marking of residual lumen.

DISCUSSION

The VascMorph la prototype software is a
promising tool for microscopic vascular diagnosis.
The software not only yields reports on the degree
of stenosis of paraffin embedded materials but
also allows comparison with values determined
preoperatively. The results of our pilot study (n=56)
demonstrated a significantly higher degree of stenosis
calculated in paraffin-embedded materials when
compared to pre-operative values obtained with
magnetic resonance angiography, suggesting that
calculations made using the planimetric method
are more accurate than those made using the
diameter-based method, because idealized circular-
atherosclerotic stenoses are more complex in nature.
In the diameter-based method, assumption of the
stenosis circular shape causes slit-shaped, elliptical,
and scalloped lumina to be ignored. Conversely,
in the VascMorph la prototype software, different
plaque morphologies were easily imaged.

It is worthy to note that about 5-10% shrinkage
may occur as a result of histopathological treatment;
this phenomenon equally affects the lumen and
thin vascular walls. Conversely, in relatively rigid
endarterectomy specimens which hold a high
proportion of minerals, no significant shrinkage is
expected. In our view, the distortion in measured
values is quite low, and does not fall under the current
literature classification related to postoperative
perfusion of blood vessels®!'.
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