American Journal of Medicine and Medical Sciences 2023, 13(12): 1879-1886
DOI: 10.5923/j.ajmms.20231312.13

Urgent Endovascular Interventions in the Acute
Period of Ischemic Stroke

D. A. Alimov, S. B. Tursunov, Sh. R. Mubarakov, B. Sh. Alimkhanov

Republican Research Center of Emergency Medicine, Tashkent, Uzbekistan

Abstract The aim of the research was to study the efficiency of the thrombus extraction method in patients with
ischemic stroke during the "therapeutic window”. Introduction. Currently, stroke is the second most common cause of
death in the world, only slightly behind coronary heart disease. Ischemic stroke makes up at least 75-80% of all cases of
stroke. To date, thrombolytic therapy in patients with ischemic stroke during the "therapeutic window" is the standard
method of treatment, ensuring the achievement of recanalization of the occluded vessel. However, the efficiency of this
method is only 20%. Material and methods. 43 patients with acute cerebrovascular accident who were admitted to the
Department of emergency Neurology and therapeutic ICU of the Republican Research Center of Emergency Medicine
during the "therapeutic window" from 2015 to 2022 were examined. The mean age of the patients was 65.2+7.8 years. The
largest number of patients were in the age range of 41-60 years (20.9%), as well as at the age of 61-80 years (79.1%).
Results. As a result of thrombus extraction, recanalization was not achieved in 5 (11.6%) of 43 patients (TICI 0 points) and
in 3 (7.0%) patients the degree of recanalization and reperfusion was minimal (TICI grade I). In 35 (81.4%) patients,
recanalization was achieved through thrombus extraction. In 10 (23.2%) patients, the degree of reperfusion was TICI lla,
in 15 (35%) — TICI llb, in 10 (23.2%) patients complete recanalization was achieved -TICI IIl. Discussion. The
morphological basis of the patient’s clinical outcome is the recanalization of the target stroke-related artery, as a result of
which blood circulation is restored in the penumbra zone, and, as a consequence, neuronal function is restored. Clinically,
this manifests itself as regression of focal neurological deficits. Conclusion. Thrombus extraction is a pathogenically
substantiated method of treating patients in the acute period of ischemic stroke. Carrying out thrombus extraction outside
the 6-hour “therapeutic window” reduces the clinical efficiency of this method.
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1. Introduction vessel recanalization. However, the efficiency of this method

Currently, stroke is the second most common cause of
death in the world, only slightly behind coronary heart
disease. In addition, stroke is one of the main causes of
disability of the population [1-2]. It should be noted that
ischemic stroke makes up at least 75-80% of all cases of
stroke [3]. In 80% of cases, the cause of cerebral infarction
is acute thrombotic occlusion of the intracranial artery,
which makes recanalization of the infarct-related artery and
reperfusion of the affected area of brain tissue the basis of
pathogenetic treatment [4-6]. Achieving recanalization and
reperfusion of the brain as early as possible from the onset
of the disease significantly reduces the infarct area due
to the survival of neurons in the penumbra (“ischemic
penumbra™) and, as a result, improves clinical outcomes [7].

Today, thrombolytic therapy in patients with ischemic
stroke during the “therapeutic window” is a standard
treatment method, ensuring the achievement of the occluded
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is only 20% when successful reperfusion of the ischemic
area of the brain is achieved [8]. One of the reasons for the
low efficiency of thrombolytic therapy are thrombi with
stabilized fibrin in large-diameter vessels (proximal sections
of the internal carotid artery and large intracranial arteries),
which do cardioembolic not respond well to the effects of
tissue plasminogen activator, which occurs in cardioembolic
subtype of ischemic stroke [9]. The results of 5 randomized
trials involving 1,287 patients showed that the combination
of thromboextraction with thrombolytic therapy improved
ischemic stroke treatment results in the carotid basin and
does not increase the risk of hemorrhagic transformation of
the ischemic focus [10-14]. In 2018, the American Heart
Association and the American Stroke Association, based on
the results of evidence-based medicine, published updated
recommendations for the management of patients with
ischemic stroke in the acute period, in which the thrombus
extraction method was assigned the | class of evidence
(level A) [15]. In patients with ischemic stroke in the
vertebrobasillary basin, mortality can reach 85-95% in the
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absence of recanalization of the occluded vessel [16]. The
use of the thrombus extraction method for acute occlusion
of a. Basilaris within the first 6 - 8 hours allows to achieve
recanalization and reduce the mortality rate to 10-15% [17].

There are several methods with appropriate devices to perform
mechanical thrombextraction. All devices for mechanical
thrombus extraction are delivered via endovascular access
proximal to the site of occlusion. The devices can be divided
into 3 main groups depending on where they will affect the
thrombus:

o Proximal devices apply force to the proximal base of
the thrombus - this group includes various aspiration
catheters and systems.

o Distal devices approach the thrombus proximally, but
then move with the help of a microcatheter through to
be positioned behind it, where force is applied to the
distal base of the thrombus - this group includes devices
in the form of "brushes", "baskets" or "spirals".

e The most recently developed devices operating on the
principle of a stent: the device is placed on the proximal
side of the occlusion, inserted into the thrombus and
deployed inside it, after which the stent with the thrombus
is removed from the vessel. This group includes various
self-expanding stent devices for retrieving blood clots
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(stent retrievers).

Thus, mechanical endovascular recanalization - thrombus
extraction - is a pathogenetically substantiated principle in
the treatment of acute ischemic stroke. This method is a
controlled and managed type of intervention. Reperfusion
of the occluded vessel can be achieved by endovascular
treatment in 90% of cases [18].

The aim of the research was to study the efficiency of the
thrombus extraction method in patients with ischemic stroke
during the "therapeutic window”.

2. Material and Methods

43 patients with acute cerebrovascular accident who were
admitted to the Department of emergency Neurology and
therapeutic ICU of the Republican Research Center of
Emergency Medicine during the “therapeutic window" from
2015 to 2022 were examined. The mean age of the patients
was 65.2+7.8 years. In terms of age, patients were divided
into the following age groups: Group 1 - up to 40 years — 0
(0%); Group 2 - 41-60 years old — 9 (20.9%; Group 3 - 61-80
years old — 34 (79.1%); Group 4 - 81 years old and older — 0
(0%) (Fig. 1).
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Figure 1. Distribution of patients by age and gender
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Figure 2.

Patients’ distribution according to vascular basins lesion

The largest number of patients were in the age range of

41-60 years (20.9%), as well as at the age of 61-80 years
(79.1%). There were no patients under the age of 40 and over
81 years old. Males prevailed in all age groups.

According to the localization of vascular basins lesion, the
following was revealed: in the middle cerebral artery (MCA)
basin of the right hemisphere, acute cerebrovascular accident
(ACVA) developed in 13 (30.3%) patients, MCA basin from
the left — in 20 (46.5%) cases and in the vertebrobasilar basin
(VBB) —in 10 (23.2%) patients (Fig. 2).

The level of consciousness in all patients was clear and
corresponded to 15 points on the Glasgow scale. The severity
of neurological deficit on the NIHSS scale averaged 7.1+2.8
points.

Inclusion criteria of patients for thrombus extraction were
as follows [15]:

o Patients with acute ischemic stroke during the 4.5 hour
“therapeutic window””;
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o Presence of occlusion of the internal carotid artery
(ICA) or M1-M2 segments of MCA verified by MSCT
angiography;

o Neurological deficit of 6 or more points by the NIHSS
scale.

Exclusion criteria for patients undergoing thrombus
extraction:

o QOcclusion of the ICA up to the entrance to the cranial
cavity;

o Vascular diseases for which the use of endovascular

instruments is impossible;

Severe atheromatosis of the aortic arch;

Pronounced looping and tortuosity of vessels;

Intracranial hemorrhage for up to 1 month;

Age over 75 years due to the high risk of developing

perioperative complications;

o Patients with signs of severe heart failure and cardiac
arrhythmias.

The patients were admitted to the clinic during the therapeutic
“window”, within 4.5 hours from the development of the
first symptoms of acute cerebrovascular accident. The
patients were performed MSCT examination of the brain, on
the basis of which intracerebral hemorrhage was excluded.
MSCT angiography of extra- and intracranial arteries was
performed to verify occlusion of the cervical part of the
internal carotid artery or its intracranial branches.

Patients were examined by a neurologist; neurological
status was estimated using the NIHSS scale. The clinical
picture of ischemic stroke in 33 (76.7%) patients was
represented by hemispheric symptoms, and in 10 (23.3%)
cases — by vertebrobasilar ones. It should be noted an
important fact that 12 (27.9%) patients had a history of
transient ischemic attack (TIA), and 3 (7.0%) patients had
previously suffered from ischemic stroke with subsequent
recovery of neurological deficit (Tab. 1).

Table 1. The main clinical indicators of patients
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follows:

After treatment of the surgical field and anesthesia in
the area of the femoral triangle with 1% lidocaine solution
10 ml, a puncture of the right common femoral artery was
performed. A 6F/110 mm introducer was installed into
the artery. Using a diagnostic catheter JR 6F-100cm and
a hydrophilic guide 035-300 Raptor, catheterization of
the right common carotid artery was performed. The 7Fr
guide-introducer was installed in the proximal part of the
right ICA using a hydrophilic guide 035-260. A TrevoProVue
microcatheter on a 014-Runthrough guidewire was advanced
into the occlusion zone with distal exit into the M3 segment
of the MCA. Next, the Solitaire 4x20 stent retriever was
installed into the thrombus in the occlusion zone. Removal
of the retriever-microcatheter complex was conducted under
continuous aspiration using a 50 ml Luer-Lock syringe.

3. Results

To perform endovascular interventions in patients with
acute ischemic stroke, the first stage consisted of MSCT
angiography of the main and intracranial arteries of the brain.
It aloowed to clarify the causes of ischemic stroke and
stroke-dependent artery. Traditional cerebral angiography
followed by thrombextraction was performed after accurate
determination of the vascular basin and stroke-dependent
artery and obtaining the consent of relatives for endovascular
interventions.

Evaluation of this procedure efficiency was estimated by
the Thrombolysis In Cerebral Infarction (TICI) angiographic
scale. The clinical efficiency of thrombus extraction
was assessed using the NIHSS scale, which characterizes
the severity of neurological deficit, as well as the Rankin
scale (mRs - modified Rankin scale). The final indicators of
endovascular interventions efficacy during the 90-day
observation period considered such events as TIA, recurrent
ischemic stroke, patient death from recurrent stroke (Tab. 2).

Table 2. TICI scale

Endovascular intervention was a traditional cerebral
angiography, which was performed under local anesthesia
by puncturing a. femoralis communis using the Seldinger
method. Catheterization was carried out followed by
contrasting of the proximal parts of the internal carotid and
vertebral arteries to verify occlusive-stenotic processes.

The thrombus extraction technique was carried out as

Indicators (n=43) Values
Mean 247, N
ean age, years 65 8 TICI Definition
Males, n 32 (74.4%) score
females, n 11 (25.6%) 0 No perfusion
Mean score by the NIHSS scale on admission 7.142.8 Antegrade reperfusion distal to the site of initial occlusion
- 1 with limited filling of distal branches with little or slow distal
TIA basin reperfusion
Hemispheric 33 (76.7%) Antegrade reperfusion of less than half of the previously
Vertebrobasilar 10 (23.3%) 2a ischemic territory of the occluded target artery (one major
History of TIA 12 (27.9%) branch of the MCA and its territory)
History of acute cerebrovascular accident 3 (7.0%) Antegrade reperfusion of more than half of the previously

2b ischemic territory of the occluded target artery (two major
branches of the MCA and their territory)

Complete antegrade reperfusion of the previously ischemic
3 territory of the occluded target artery with the absence of
visualized occlusion in all distal branches

The thrombus extraction technique was performed in
patients during the therapeutic “window” of ischemic stroke
with blockage of the extracranial and intracranial parts of
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the internal carotid artery, as well as with blockage of the
M1-M2 segments of the middle cerebral artery, Al-A2
segments of the anterior cerebral artery, with blockage of the
basilar artery, vertebral arteries and P1-P2 segments of the
posterior cerebral artery. The thrombus extraction in smaller
segments of the arteries of the anterior cerebral artery (ACA),
middle cerebral artery (MCA) and posterior cerebral artery
(PCA) is not technically possible.

As a result of thrombus extraction, recanalization was
not achieved in 5 (11.6%) from 43 patients (TICI score 0)
and in 3 (7.0%) patients the degree of recanalization and
reperfusion was minimal (TICI I) (Tab. 3).

Table 3. The level of the stroke-related artery occlusion

Occlusion level Numper of %
patients

Common Carotid Artery 2 4.6%
Internal Carotid Artery (extracranial part) 5 11.6%
Internal Carotid Artery (intracranial part) 13 30.2%
Vertebral Artery 7 16.4%
Main Artery 3 7.0%
A1-A2 segments of ACA 2 4.6%
M1-M2 segments of MCA 9 21.0%
P1-P2 segments of PCA 2 4.6%
Total 43 100%

A possible reason was that in all 8 patients the time from
the development of the first symptoms of ischemic stroke to
thrombus extraction exceeded a 6-hour interval (the mean
time was 7.3+1.2 hours). It should be also noted that there
was occlusion of the M1 — M2 segments of the MCA. It should
be clarified that thrombus extraction becomes technically
more complicated as the diameter of the intracranial artery
narrows.

Clinical evaluation of the efficiency was carried out based
on the results of the NIHSS scale before and after thrombus
extraction. In patients with no recanalization according to
angiography (TICI 0), no clinical effect in the form of
neurological deficit regression was observed: in 5 patients
upon admission, the average NIHSS score was 6.6+3.6
points. 24 hours after thrombus extraction this indicator made
up 10.6+3.4 points. There was an increase in neurological
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deficit in these patients during the next 24 hours due to the
lack of blood flow restoration.

At the TICI | degree of recanalization, the average score
in 3 patients upon admission was 6.7+2.5, after thrombus
extraction - 4.0+2.0 points. In 10 patients with recanalization
degree TICI lla, the neurological deficit by the NIHSS scale
was 7.8£3.2 points. After thrombus extraction, there was a
significant regression of the deficiency to 3.3+2.1 points.

In 15 patients with a recanalization degree TICI IIb at the
time of admission, focal neurological symptoms were expressed
as 6.5 = 2.5 points by the NIHSS scale. Endovascular
thrombus extraction promoted a significant regression of
neurological deficit — 1.3+1.2 points by the NIHSS scale.

10 patients had complete restoration of blood flow in
the occluded target artery (TICI I11) according to cerebral
angiography data. At the same time, the neurological deficit
improved from 7.7£2.8 points to 1.1+1.4 points by the
NIHSS scale (Tab. 4, Fig. 3 and Fig. 4).

According to Table 4, it can be seen that in 35 (81.4%)
patients it was possible to achieve recanalization by
thrombus extraction. Thus, in 10 (23.2%) patients, the degree
of reperfusion was TICI lla, in 15 (35%) — TICI Ilb, in
10 (23,2%) patients complete recanalization was achieved —
TICI 1. In patients with a degree of recanalization TICI O
and TICI I, there was an increase in the degree of disability
due to persistent occlusion or minimally expressed
recanalization, insufficient to restore the functional activity
of neurons in the penumbra zone. Thus, at TICI 0, the
average score on the Rankin scale increased from 2.4 +1.1 to
4.0 £0.0 points. There was also an increase in the degree of
disability from 1.7 £0.7 to 2.0+0.0 points by the mRs scale in
patients with the TICI | recanalization degree. However,
in patients with recanalization levels of TICI Ila, TICI Ilb
and TICI Ill, as a result of adequate recanalization and
reperfusion, there was a decrease in the degree of disability.
Thus, in patients with TICI lla, there was a decrease from
2.5+1.0 to 2.0+0.8 points on the mRs scale, with TICI 1lb —
from 1.9+ 0.7 to 0.4+ 0.5 points; with TICI Il — from 2.4+1.1
t0 0.0 + 0.4 points.

One of the clinical methods for evaluating the recovery of
neurological deficits is an assessment by the modified
Rankin scale (mRs), which characterizes the degree of the
patient's disability as a result of a stroke (Tab. 5).

Table 4. Recanalization degree after thrombus extraction according to the TICI scale

TICI Number % NIHSS NIHSS mRs mRs
score of patients before TE* after TE* before TE* after TE*
TICIO 5 11.6% 6.6+3.6 10.6+£3.4 24+1.1 4.0£0.0
TICI I 3 7% 6.7£2.5 4.0£2.0 1.7x0.7 2.0£0.0
TICI Il a 10 23.2% 7.8+3.2 3.3+2.1 2.5+1.0 2.0+0.8
TICI Il b 15 35.0% 6.5+£2.5 1.3+1.2 1.9+0.7 0.4+0.5
TICIL I 10 23.2% 7.7£2.8 1.1+1.4 24+1.1 0.2£0.4
Bcero 43 100%

Note: *- thrombus extraction
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A) Before thrombus extraction

(B) After thrombus extraction

Figure 3. Patient B., 70 years. Cerebral angiography (A) before thrombus extraction - occlusion of the M1 segment of the right ICA, (B) after thrombus
extraction complete recanalization of the M1 segment of the right ICA (TICI I11)

Figure 4. General view of a thrombus after thrombus extraction

Besides the angiographic and clinical picture in patients
with acute ischemic stroke, the MSCT picture of the brain is
of great interest. Considering that all patients were admitted
to the clinic during the "therapeutic window", according to
the results of the MSCT study, no areas of ischemic brain
damage were detected. However, an MSCT examination of
the brain 24 hours after thrombectomy may show significant
changes in the structures of the brain from signs of an
ischemic zone to areas of hemorrhage. The absence of
recanalization promotes further ischemic damage to the brain
substance, which is visually manifested on MSCT in the
form of a hypodensic zone, the size of which will be directly

proportional to the diameter of the occluded vessel. Also, in
practice, a situation may develop when, due to the restoration
of blood flow and the achievement of recanalization,
hyperperfusion of the brain substance is developed in the
occluded vessel, the so-called “luxurious perfusion” syndrome,
as a result of which perdiapedetic infiltration of blood into
the brain parenchyma may be developed.

The MSCT picture in all 5 (11.6%) patients with no
recanalization (TICI Q) was characterized by the development
of an ischemic stroke zone, the largest size was 4.6x3.2 cm

(Fig. 5).

Table 5. The modified Rankin scale (mRs)

0 No symptoms

Absence of significant disorders of vital activity, despite the
presence of some symptoms: able to perform all daily duties

2 Slight impairment of vital activity: unable to perform some
previous duties, but copes with his own affairs without
outside help

3 Moderate impairment of vital activity: requires some help, but
is able to walk without assistance

4 Severe impairment of vital activity: unable to walk without
assistance, unable to cope with their physical needs without
assistance

5 Severe disability: bedridden, urinary and fecal incontinence,
requires constant assistance and staff supervision

6 Death
Total

0-6 points
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A) Before thrombus extraction

Figure 5.

(B) After thrombus extraction

Patient A, 50 years. (A). Before thrombus extraction, no signs of stroke were detected at the time of the study. (B). After thrombus extraction, a

hypodensity zone measuring 4.6 x 3.2 cm is determined in the parietal-temporal region of the right hemisphere with a density of + 26 units. N

A) Before thrombus extraction

(B) After thrombus extraction

Figure 6. Patient C. 75 years. (A). CT upon admission revealed no signs of stroke. (B). After thrombus extraction, a hyperdense zone measuring 4.3 x 2.2
cm was determined, with a density of + 46 units of N, with a total volume of 5 cm®

In 5 (11.6%) patients with TICI lla and in 3 (7%) cases
with TICI 11b ischemic stroke was developed, the maximum
size of which was 53x32x21 mm. In 3 (7%) patients with
complete recanalization of the target artery on MSCT
examination of the brain, hemorrhage of the type of
perdiapedesis impregnation was developed 24 hours after
thrombus extraction. At the same time, a complete regression
of focal neurological deficit was clinically observed in all 3
patients (Fig. 6).

Thus, asymptomatic perdiapedic soaking after thrombus
extraction can be considered as a marker of adequate
recanalization and reperfusion of the brain after thrombus
extraction.

4. Discussion

As a result of the work, various clinical and angiographic
results were obtained after performing thrombus extraction.
The morphological basis of the patient’s clinical outcome
is the recanalization of the target stroke-related artery, as a

result of which blood circulation is restored in the penumbra
area, and, as a consequence, neuronal function is restored.
Clinically, it manifests itself as regression of focal neurological
deficits.

If we consider the inefficiency of the thrombus extraction
method, when the angiographic picture corresponds to the
level of TICI 0 and TICI I, and clinically there is a
deterioration in the patient’s condition in the form of an
increase in neurological deficit and a narrowing of the
consciousness level, then we can identify such factors as late
presentation (more than 6 hours from the onset of clinical
development of the Acute Carciovascular Accident), a state
of hypercoagulation in which, after removal of the thrombus,
there remains a high probability of re-thrombosis of the artery.

Hemorrhagic transformation of the ischemic zone as a
result of "luxurious perfusion" can be considered the main
and main complication of thrombextraction. However, this
issue is bipolar. So, if a patient with complete recanalization
of the target artery (TICI II), with complete regression of
neurological deficit, is diagnosed with hemorrhage by the
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type of per-diapedesis impregnation 24 hours after thrombus
extraction, then this phenomenon should not be considered
as a complication, but on the contrary, may be a marker of
adequate recanalization and reperfusion of the brain. In cases
where, after thrombus extraction, the patient experiences an
increase in neurological deficit, a further narrowing of the
level of consciousness, and an MSCT examination of the
brain diagnoses a stroke-hematoma-type hemorrhage, then
this clinical situation is considered as a complication of
thrombus extraction.

5. Conclusions

In 80-85% of patients with acute cerebrovascular accident,
ischemic damage to the brain substance occurs as a result
of acute thrombotic occlusion of the internal carotid artery
or intracranial artery of the carotid or vertebrobasilar basins.
In this situation, the strategy of the occluded vessel
recanalization in patients with ischemic stroke during the
therapeutic window is a pathogenetically justified treatment
method.

The endovascular thrombextraction allowed us to achieve
recanalization of the stroke-dependent artery — TICI ib — 111
level, which was clinically manifested by regression of
neurological focal symptoms.

The use of the thrombus extraction method during the
“therapeutic window” of acute ischemic stroke requires strict
adherence to strict time criteria. Performing this surgery
outside the 6-hour interval significantly worsens clinical
results due to irreversible changes in the neurons of the
penumbra zone, and may also cause hemorrhagic
transformation of the cerebral ischemia zone.

Hemorrhage of the type of perdiapedetic soaking, which
was developed after thrombus extraction, with complete
recanalization of the occluded intracranial artery (TICI 11)
and complete regression of the neurological deficit, should
be considered as a marker of adequate recanalization and
reperfusion.
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