ORIGINAL INVESTIGATIONS AND METHODS

Prediction of cerebral ischemia
during carotid stenting depending
on the intensity of the preoperative
ultrasound signal from the plague
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Carotid stenting is an effective method for improving cerebral perfusion; risk assessment of cerebral embolism associated with this intervention
remains a hot research topic.

Objective: to identify predictors of cerebral embolism associated with carotid angioplasty with stenting (CAS).

Material and methods. A prospective exploratory research included 46 patients (age from 44 to 81 years, median 65 years) with atherosclerot-
ic stenosis of the internal carotid artery, who underwent CAS and were treated at the Scientific Center of Neurology (Moscow). The study did
not include patients with restenosis, stroke with severe disability, contraindications for antiplatelet therapy, statins, and MRI examination. All
patients underwent preoperative ultrasonographic (US) examination and postoperative histological examination of particles in carotid stent
embolic protection devices. The state of the brain was assessed before and 24 hours after CAS using diffusion-weighted MRI. To identify pre-
dictors of the development of cerebral embolism, the clinical characteristics of patients, together with ultrasonographic and morphological data,
were examined in a multivariate statistical analysis.

Results. Preoperative US signal from an atherosclerotic plaque of high (estimated above 35 dB) intensity was associated with dense mat-
ter (in a protective device) of the "fibrosis with calcification” and "calcification” type and with a high probability (80%; 95% confidence
interval 71—-85% ) predicted intraoperative embolization of cerebral vessels with the acute ischemic lesions (AIL) formation. In a low (not
higher than 35 dB) intensity of the preoperative ultrasound signal, the probability of AIL formation was statistically significantly lower
(50%).

Conclusion. There is a direct correlation between the intensity of the ultrasound signal and the density of the substance in the protective device.
A high intensity of the preoperative ultrasound signal (estimated above 35 dB) is an unfavorable predictor of AIL, associated with CAS (with a
probability of about 80%).

Keywords: carotid stenosis; stenting of the carotid artery; atherosclerosis; cerebral embolism; embolism prognosis.

Contact: Roman Borisovich Medvedev; medvedev-roman@yandex.ru

For reference: Tanashyan MM, Medvedev RB, Anufriev PL, Gemdzhian EG, Shchipakin VL, Koshcheev AYu, Krotenkova MV. Prediction
of cerebral ischemia during carotid stenting depending on the intensity of the preoperative ultrasound signal from the plaque. Nevrologiya,
neiropsikhiatriya, psikhosomatika = Neurology, Neuropsychiatry, Psychosomatics. 2023;15(2):49—56. DOI: 10.14412/2074-2711-2023-2-
49-56

One of the leading causes of cerebrovascular pathology is
atherosclerotic lesions of the arteries that feed the brain. An
angioreconstruction of cerebral vessels (primarily the vessels of
the carotid system) can become an important tool for improving
cerebral perfusion in such a situation.

In the last decade in the Russian Federation there has been
a significant increase in the frequency of endovascular operations,
including carotid angioplasty with stenting (CAS) [1, 2]. During
this operation, there is a risk of embolic complications in the
brain substance, which prompts the search for methods for their
preoperative prediction. A number of studies have shown a rela-
tionship between the morphological structure (according to mag-
netic resonance imaging — MRI) of the components (foci of
atheromatosis and hemorrhage) of atherosclerotic plaque (ASP)
and cerebral embolism (according to diffusion-weighted magnet-
ic resonance imaging — DW-MRI) [ 3—6]. We did not find in the
available literature any works in which the relationship between
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ultrasonic (US) visualization of ASP during preoperative ultra-
sound examination and the morphological content of particles in
filtering devices was investigated.

The aim of this study was to determine possible US predic-
tors of the occurrence of cerebral embolism caused by CAS, to
identify the relationship between the intensity of the US signal
during preoperative ultrasound and the composition of the sub-
stance in the embolic protection devices of carotid stents.

Material and methods. The prospective exploratory study
included 46 consecutive patients treated at the Research Center
of Neurology (Moscow): 28 men and 18 women with the median
age (equal to the mean age) of 65 years (range from 44 to 81 years)
with ultrasonographically verified atherosclerotic stenosis (symp-
tomatic and asymptomatic) of the carotid arteries, measured by
the algorithm of the NASCET study [7]. The choice of the inter-
vention (open or endovascular) was determined by a commission
of vascular and endovascular surgeons with the participation of an
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angioneurologist. Stenosis was considered symptomatic if within
6 months prior to CAS a patient had ipsilateral symptoms of reti-
nal ischemia, transient ischemic attacks, or ischemic stroke [8].
The study did not include patients admitted for the treatment of
carotid stenosis caused by the development of restenosis after the
previous carotid endarterectomy, patients with stroke leading to
severe disability, as well as patients with contraindications to tak-
ing antiplatelet drugs and statins, or ineligible to MRI examina-
tion. All patients or their legally authorized representatives signed
a voluntary informed consent for surgical treatment; the study
was approved by the ethical committee of the Research Center of
Neurology (protocol No. 11/14 of 10.19.2020).

The majority of patients older than 60 years were males. In
most patients, the course of atherosclerotic process (according to
the anamnestic data and the results of a neurological examina-
tion) was asymptomatic. Almost all patients (93%) were diag-
nosed with arterial hypertension, every second patient had at least
three risk factors for the development of vascular disease.

In accordance with the developed protocol of the study, all
patients in the pre- and postoperative period underwent an
ultrasound examination of the carotid arteries (Philips iE 33)
using a linear probe with a frequency of 11 MHz. The standard-
ization of the measurement protocol made it possible to mini-
mize the possible measurement error (the error did not exceed
12 dB). The ultrasound examination algorithm was similar to
that used earlier in the work on comparing the ultrasonic and
microscopic parameters of ASPs removed during carotid
endarterectomy (CEA) [9].

The indication for surgery in asymptomatic patients was
>70% carotid stenosis (which is consistent with the results of the
SAPPHIRE study [10]). Aspirin (100 mg) and clopidogrel (75
mg) were prescribed 7 days before the endovascular intervention.
All stenting procedures were performed on the same biplane
angiographic unit (Innova 3131; General Electric) under local
anesthesia, using a percutancous transfemoral approach, by the
same neurointerventional team of doctors. Diagnostic x-ray con-
trast angiography was performed before and after the stenting
procedure. Embolic protection systems Emboshield NAV 6 and
Filter Wire were used as protective devices (according to the
diameter of the distal segment of the internal carotid artery —
ICA) in 28 (61%) and 18 (39%) cases, respectively. Depending on
the diameter and length of ASPs, dual-layer low-profile Casper
and CGUARD stents were used in 35 (76%) and 9 (20%) cases,
respectively, as well as Acculink self-expanding nitinol stents in
two patients (4%). To achieve the optimal result of stenting, the
majority (n=45; 98%) of patients underwent (after positioning
and deployment of the stent) post-dilation using a Viatrac 14 Plus
balloon catheter. After CAS, dual antiplatelet therapy continued
for at least 3 months (acetylsalicylic acid was prescribed for life-
time).

The state of the brain substance before the intervention
and 24 hours after it was assessed using DW-MRI (imaging
system with magnetic induction 3 T, Magnetom Verio tomo-
graph; Siemens Medical System). Hyperintense damage to the
brain substance, which was absent before angioreconstruction,
was regarded as a sign of embolism associated with endovascu-
lar intervention. The number of new acute ischemic lesions
(AIL) according to DW-MRI was calculated by one independ-
ent neuroradiologist, who did not have information about clin-
ical and interventional data. A neurological examination of
each patient with a deficit assessment according to the

National Institutes of Health Stroke Scale (NIHSS) was per-
formed by an independent neurologist 24 hours after the stent-
ing procedure [11, 12].
After the completion of the stenting procedure, the embol-
ic protection system of the brain was removed, and its contents
were sent for histological examination. In each case, a longitudi-
nal section of the wall of the protection device was made, fol-
lowed by making an imprint of its inner surface on a glass slide.
Fragments of stony density were subjected to decalcification and
subsequent embedding in paraffin with sections 5—6 pm thick on
a microtome. The sections and prints were stained with Carazzi's
hematoxylin and eosin. Histological preparations were digitized
with a Pannoramic midi slide scanner (3D Histech) for subse-
quent morphometric analysis (the size of potentially embolic
material detected in the protection device was assessed).
Statistical analysis included estimation of homogeneity of
the compared groups of patients by categorical variables (using
Fisher—Freeman—Holton test) and continuous variables (using
unpaired Student's t-test or Mann—Whitney U-test, depending
on the results of assessing distributions for normality), and ROC
analysis. All criteria are two-sided. In the table, categorical vari-
ables are represented by absolute and relative frequencies (%),
continuous variables are represented by the arithmetic mean with
standard deviation. The statistical package SPSS 20.0 was used.
The results were considered statistically significant at p<0.05.
Results. The technical success of CAS (according to con-
trol angiography and ultrasound) was achieved in all patients. In
24 (52%) patients, 24 hours after the intervention, according to
DW-MRI, AlLs were detected; however, neurological disorders
(including transient ischemic attack and ischemic stroke) were
not detected in any of the patients. The revealed foci (whose size
did not exceed 5 mm) in most cases (95%) were localized in the
cortical substance of the brain on the side of the intervention. The
number of foci varied from 1 to 15.
We compared two groups of patients: with AlLs (detected
by DW-MRI 24 hours after the intervention) and without them
according to the following characteristics: gender, age, body mass
index, history of antiplatelet therapy, cholesterol level, degree of
ICA stenosis, presence of occlusion of the contralateral ICA,
time interval between the onset of symptoms and intervention,
the number of previous surgical interventions on the coronary
and brachiocephalic arteries, etc. (see table). Of all the character-
istics considered, only the intergroup difference in the intensity of
the preoperative ultrasound signal (from ASP fragments in the
area of the greatest narrowing of the ICA lumen) reached statisti-
cal significance (p=0.01). For other characteristics, no strict sta-
tistical significance was obtained (in some cases, apparently due
to insufficient sample size).
During the histological examination of the imprints of the
inner surface of the filtering devices, particles of the following
composition were found (Fig. 1):
— cellular components of blood (fresh erythrocytes,
platelets, fibrin threads, leukocytes) without ASP frag-
ments — 38 (83%);

— complexes of cells of the vascular wall (fibroblast-like
cells 300 um in size with single connective tissue fibers
and without them) — 2 (4%);

— fragments of fibrosis with calcification, 500—1000 um in

size, calcifications;

— calcifications with a complex of cells of the vascular wall

(no more than 200 microns) — 6 (13%).
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The analysis of the relationship
between the morphological type of the
substrate in the protection device and the
presence or absence of AlLs in the brain
substance showed that such morphological
substrates as “fragments of fibrosis with
calcification” and “calcification” were
present mainly in patients who developed
AlLs. Other types of morphological sub-
strates (cellular blood components with-
out ASP fragments, a complex of vascular
wall cells, calcification with a complex of
vascular wall cells) were present in patients
both with and without AlLs (Fig. 1).

The morphological substrates
“fragments of fibrosis with calcification”
and “calcification” corresponded to the
highest (>35 dB) intensity of the ultra-
sound signal during preoperative ultra-
sound examination (Fig. 2). At a lower
(<35 dB) intensity of the ultrasound sig-
nal, the frequency of formation or non-
formation of AILs was approximately the
same. An intense (>35 dB) ultrasound
signal during preoperative ultrasound can
be considered a prognostic sign of the for-
mation of AlLs associated with CAS (at
the same time, substances of the type
“fragments of fibrosis with calcification”
and “calcifications” are found in the pro-
tection device of the carotid stent). High
(>35 dB) preoperative ultrasound signal
intensity is an unfavorable predictor of the
formation (with a probability of 80%; 95%
CI 71%—85%) of AlLs associated with
CAS, with a sensitivity and specificity of
80% (p = 0.05 according to the results of
ROC analysis). At a low (estimated <35
dB) preoperative intensity of the ultra-
sound signal, the probability of formation
or non-formation of AlLs associated with
CAS is 50% to 50%, while no significant
correlation with the substance type in the
protection device has been detected.

If we rank the types of morphologi-
cal substrate in the protection device
from less dense to denser, then the inten-
sity of the preoperative ultrasound signal
from an ASP changes from less intense to
more intense: 6 (1.7—11.4) dB, 31.5
(29-34.0) dB, 39.5 (36.0—40.8) dB and
42 dB (Fig. 3).

Discussion. CAS using brain
embolism protection is an established
treatment option in appropriately selected
patients with a predicted low postoperative
rate of neurological complications and
mortality [13]. Commonly used protective
devices belong to the filtering type (espe-
cially in the treatment of patients with
insufficient collateral circulation) since
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Comparison of groups of patients with and without
AIL diagnosed after CAS

All Patients Patients
.. . with AIL  without AIL
Characteristics patients after CAS  after CAS
0=46)  “(n=24y (@=22)
Sex, n (%):
men 28 (61) 14 (50) 14 (50)
women 18 (39) 10 (56) 8 (44)

Age, years, median (range) 65 (44—81) 65 (44—81) 65 (57—79)

Body mass index, kg/m?, M*o 29.243.3 28.2+3.1 29.2+44
Symptomatic stenosis, n (%) S (11) 3 (60) 2 (40)
Asymptomatic stenosis, n (%) 41 (89) 20 (49) 21 (51)
Degree of stenosis, %, M*o 77.0£7.6  77.0£7.1  77.0£9.2
Occlusion of the contralateral ICA, n (%) 2 (4) 1 (50) 1 (50)
Arterial hypertension, n (%) 43 (93) 23 (54) 20 (46)
Angina pectoris, n (%) 5(11) 4 (80) 1 (20)
Myocardial infarction before CAS, n (%) 6 (13) 5(83) 1(17)
Operations on the coronary arteries before CAS, n (%) 5(11) 4 (80) 1 (20)
Operations on the brachiocephalic arteries befor CAS, n (%) 13 (28) 8 (62) 5(38)

Diabetes mellitus, n (%) 13 (28) 8 (62) 5(38)

Atrial fibrillation, n (%) 11 (24) 9 (82) 2(18)

Smoking, n (%) 2043)  13(65  7(35)
Aspirin, n (%) 1941  15(79)  4Q1)
Clopidogrel, n (%) 2(4) 2 (100) 0(0)

Statins, n (%) 39(85) 2462  15(38)

Hypoglycemic therapy, n (%) 12 (26) 7 (58) 5(42)

Antihypertensive therapy, n (%) 39 (85) 24 (62) 15 (38)
LDL, mmol/l, Mto 1.7£0.6 1.7£ 0.6 1.610.5
Total cholesterol, mmol/l, Mto 4.5£1.0 4.7£0.9 4.4%0.3
Intensity of the preoperative ultrasound signal 13.7 29.0 12.5

from the ASP, dB, median (range) (0.8—42.0) (1.6—42.0)* (0.8—34.0)*

Note. * — differences are statistically significant (p=0.01). LDL — low density lipoproteins.
|

a 0 80
75

< 80 e 80

= 60 = 60

Q Q

£ 40 5 40

= 17 3

320 4 4 320 10 10

£ ——— — £ 9 [ | 1
0 1 2 3 0 1 4

Fig. 1. Distribution of morphological substrate types in the protective device of the carotid
stent in the presence (a) and absence (0) of the CAS-related AIL: 0 — cellular components
of the blood without atherosclerotic plaque (ASP) fragments: 1 — a complex of vascular
wall cells, 2 — a fragment of fibrosis with calcification; 3 — calcification;

4 — a calcification with a complex of vascular wall cells
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Fig. 2. Intensity of the preoperative US-signal from ASP
in groups of patients with and without AIL (detected 24 hours
after CAS). With a high probability, a high (above 35 dB)
intensity of the preoperative US-signal is associated
with the formation of AIL during CAS

they do not require temporary occlusion of the blood flow during
the procedure [14]. However, the risk of distal embolism associat-
ed with the CAS procedure remains. In the study of imprints of the
inner surface of the anti-embolic protection system, particles of
the substance were found by us in all cases (100%); other studies
give the following data: 81% [15], 84% [16], and 100% [17]. A
number of studies report that the presence of intra-ASP hemor-
rhage (detected by MRI imaging) can predict the risk of cerebral
embolization during CAS [18, 19]. The substance in the protec-
tion device of the carotid stent consisted mainly of cellular blood
components without fragments of ASP (83%), in other cases — of
cells of the vascular wall, fibrosis with calcification, as well as cal-
cifications and calcifications with a complex of vascular wall cells.
We found that the intensity of the ultrasound signal during the pre-
operative study of ASP is directly related to the density of frag-
ments in the protective device, and a high-intensity (>35 dB) pre-
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Fig. 3. Correlation between the intensity of the preoperative
US-signal from the ASP and the substance of the substrate
in the protective device (ordered on the abscissa axis from less
dense to more dense): 0 — cellular components of blood
without fragments of ASP; 1 — a complex of cells
of the vascular wall; 2 — a fragment of fibrosis with calcification;
3 — calcification. The higher the density of the substrate
in the protective device — the higher the intensity
of the preoperative US-signal from the ASP

operative ultrasound signal from the ASP with a high probability
(about 80%) predicts intraoperative embolization of cerebral ves-
sels (detected by DW-MRI 24 hours after CAS). A high-intensity
preoperative ultrasound signal corresponded to the morphological
substrates “fragments of fibrosis with calcification” and “calcifica-
tion” in the protection device (Fig. 4). With a low-intensity (not
exceeding 35 dB) preoperative ultrasound signal, the probability of
formation or non-formation of AIL (with CAS) was approximate-
ly the same (50% to 50%). Thus, an intense (>35 dB) US signal
from an ASP during preoperative ultrasound examination can be
considered an unfavorable predictor of CAS-related AlLs, sug-
gesting a high (about 80%; 95% CI 71%—85%) probability of AIL
formation (with sensitivity and specificity of 80%).

Fig. 4. Structural features of the ASP of the ICA sinus and antiembolic protection of the brain.
a — marked section of the ASP with an US-signal intensity of 41 dB; 6 — system of antiembolic protection of the brain
with the presence of a ASP fragment (arrow); é — histological section of the ASP fragment corresponding
to the area with an US-signal intensity of 41 dB: calcified fibers and small calcifications (arrows)
are visible on the luminal surface of the ASP. Hematoxylin and eosin stain, magnification x 200
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