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Abstract
Background

To explore the effect and prognosis of individualized thrombus removal methods based on different pathogenesis.

Methods

151 patients with acute cerebral infarction who were admitted to the hospital for intracranial artery interventional thrombus removal from January 2018 to
November 2019 were selected as the research objects. Patients in the experimental group selected different thrombectomy methods based on medical
history, pathogenesis, and cerebrovascular angiography results. Aspiration and embolization are the �rst choice for embolism, and stent embolization is
the �rst choice for vascular stenosis. Compare the medical history, admission NHISS score, the time from the end of cerebral angiography to
recanalization, the number of thrombus removal, MRS score at 3 months, complications, etc .

Results

There was no statistical difference in the basic data of the three groups. The time from the end of angiography to recanalization in the control group was
signi�cantly longer than that in the experimental suction group. There was a statistical difference between the control group and the experimental stent
group in one-time thrombus removal opening rate (P=0.048). The vascular recanalization rate was statistically different among the three groups (P=0.611).
The good prognosis rates of the experimental stent group and the experimental suction group were higher than those of the control group.

Conclusion

The �rst choice for patients with cerebral infarction caused by embolization can shorten the recanalization time. Stent removal is the �rst choice for
patients with cerebral infarction caused by atherosclerosis, which can increase the opening rate of thrombus removal. Individualized selection of different
thrombus removal methods based on the pathogenesis can improve the good prognosis rate of patients.

Background
The characteristics of acute cerebral infarction caused by intracranial large-artery occlusion include high morbidity, high disability rate and high mortality.
The key to its early treatment is the rapid and e�cient revascularization to recover cerebral perfusion [1]. Intravenous thrombolysis is currently a widely
used treatment method, but due to its short window time, and low revascularization rate in intracranial large-artery occlusion [2], for interventional therapy
in intracranial vessels, mechanical thrombectomy is better in the window time and revascularization rate than intravenous thrombolysis [3]. The methods
of mechanical thrombectomy include stent thrombectomy, A Direct Aspiration First Pass Technique (ADAPT), and combination of stent and aspiration
method (Solumbra).

ADAPT has been proved to a rapid and high-e�cient revascularization technique. In 2014, Turk, et al reported that the successful rate of ADAPT was 75%,
and 65% of the patients reached thrombolysis in Cerebral Infarction (TICI) 3 Reperfusion Score, with an average revascularization time of 28.1 minutes,
and the fastest one was 3 minutes [4]. In 2019 AHA/ASA Guidelines for the Early Management of Patients With Acute Ischemic Stroke, it is mentioned that
for patients whose Modi�ed Rankin Scale (MRS) score before stroke is 0-1, symptomatic occlusion of internal carotid artery or M1 occlusion of middle
cerebral artery, ≥18 years old, National Institute of Health Stroke Scale (NHISS) score ≥ 6, Alberta Stroke Proram Earl CT Scoregy (ASPECTS) ≥ 6, and be
able to do femoral artery puncture within 6 hours of stroke, ADAPT is not worse than stent [5]. In a recent systematic retrospective study, which included
9127 patients who underwent mechanical thrombectomy of intracranial artery, it showed that the positive result (52% vs. 48%) and 3-month mortality (15%
vs. 19%) of ADAPT and stent were similar [6]. The COMPASS study also showed that the improvement of patients’ functions after ADAPT and stent were
similar [7]. Therefore, both ADAPT and stent are safe and effective treatment methods in thrombectomy and revascularization of intracranial artery.
However, which methods is more suitable for acute cerebral infarctioncaused by different pathogenesis is not known yet, and there are few studies about
this topic.

The most widely used classi�cation criterion of the pathogenesis of acute cerebral infarction is TOAST classi�cation, in which the pathogenesis is
categorized as main artery atherosclerosis-induced cerebral infarction, cardioembolism-induced cerebral infarction, small vessel occlusion- induced
cerebral infarction, stroke of other clear etiologies, and stroke of undetermined causes [8]. In main artery atherosclerosis-induced cerebral infarction, the
�rst step if the rupture of fatty plaques in the inner walls of the blood vessels, followed by aggregation and adhesion of platelet that trigger �brinogen, thus
the platelet trabecula will contain many �brin and red blood cells (RBC) [9], which is the cause of the embolism. The characteristics of cardioembolism is
that it contains more �brin and platelet, and less RBC [10]. In small vessel occlusion, the embolism is mostly the body or the tail of the above two kinds of
embolisms, thus are mixed thrombus or red thrombus. Therefore, it can be seen that in artery atherosclerosis-induced cerebral infarction, the embolisms
stick tightly to the inner walls of the blood vessels, and it’s very common that hemadostenosis exists at the same time, so using ADAPT cannot take out the
embolisms successfully, thus stent is needed [11]. But for cardioembolism-induced cerebral infarction, the embolisms bind loosely to the inner walls of the
blood vessels, so the suction catheter can reach the embolisms and then take them out. It’s also reported that for cardioembolism-induced cerebral
infarction, ADAPT is better than stent [12].

In this study, we explore the effect of pathogenesis-based individualized thrombectomy on treatment result and prognosis of acute intracranial large-artery
occlusion, in order to provide suggestions for improvement of treatment and prognosis.
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Methods
1. Subjects

A total of 151 acute cerebral infarction patients who underwent interventional therapy in intracranial vessels in our hospital from Jan, 2018 to Nov, 2019,
were included in this study. Inclusion and exclusion criteria of interventional therapy in intracranial vessels were according to the 2018 Chinese Guidelines
for the Early Interventional Therapy of Patients With Acute Ischemic Stroke [13]. The current study has been approved by the Ethics Committee of our
hospital, and all patients signed written informed consent.

The patients treated in the time period of Jan, 2018 to Dec, 2018 were set as control group, and all were treated with stent thrombectomy. The patients
treated in the time period of Jan, 2019 to Dov, 2019 were set as experimental group, and thrombectomy methods were selected according to their
pathogenesis, medical history, clinical manifestations and cerebral angiography results. Details were as follows: If patients had auricular �brillation, and
the disease onset was very sudden, and cerebral angiography showed a cupping-like (�at head) shape in the occluded vessel, it was very likely to be
embolism-induced cerebral infarction (Fig. 1A). For these patients, ADAPT was used for thrombectomy. If patients had progressive stroke without auricular
�brillation, and cerebral angiography showed rabbit tail sign, it was more likely to be atherosclerosis-induced cerebral infarction (Fig. 1B) and stent
thrombectomy was used for these patients. Medical history, National Institute of Health Stroke Scale (NHISS) score at admission, the time between the end
of arteriography and revascularization, number of thrombectomy, Modi�ed Rankin Scale (MRS) score at 3 month and complications were collected and
compared among the 3 groups.

2. Revascularization of occluded vessels

Arteriography was performed for �guring out the offending vessels and the compensation of the vessels, and interventional therapy was used in patients
with good compensation of the offending vessels. The thrombectomy method was selected based on the arteriography results, whether hemadostenosis
existed or not, as well as the pathogenesis (if combination of stent and aspiration method was used, the patients were categorized into the stent group). If
the �rst thrombectomy was unsuccessful, a second thrombectomy or balloon dilatation was then performed for revascularization of the occluded vessels.
After the vessels were opened, its blood �ow was monitored for 20 minutes for evaluating the risk of re-blocking. For the re-blocking in those who had in
situ hemadostenosis, balloon dilatation or stent angioplasty was also performed during the �rst thrombectomy.

3. Evaluation of the revascularization of occluded vessels

TICI Reperfusion Score was used to evaluate the revascularization of occluded vessels and their reperfusion after mechanical thrombectomy. 0 means no
reperfusion and there was no forward �ow in the distal end of the occluded vessel. 1 means a little reperfusion, and contrast agent can go through the
occluded vessels but cannot �ll their distal end. 2 means partial reperfusion, and contrast agent can �ll the distal end of the occluded vessels at a low
speed. 2a means 2/3 of the distal end of the occluded vessels were �lled, 2b means the distal end was completely �lled at a speed lower than normal. 3
means the distal end was completely �lled at a normal speed. 2b and 3 were considered as successful revascularization of occluded vessels.

4. Statistical analysis

SPSS 20.0 was used for statistical analysis. Rank sum test was used to analyze the data that were not normally distributed. Categorical data were
analyzed by chi-square test. P<0.05 was considered statistically signi�cant.

Results
1. Baseline data

As shown in Table 1, there was no signi�cant difference in gender, age, complicating diseases, pathogenesis, offending vessels and NHISS score at
admission among the three groups.

2. Prognosis of the patients

As shown in Table 2, the time between the end of arteriography and revascularization among the three groups was signi�cantly different (P=0.002). When
compared between each two groups, it can be seen that there was no signi�cant difference between control group and stent group (z=1.540, P=0.124), and
between stent group and ADAPT group (z=0.869m P=0.385), but there was signi�cant difference between control group and ADAPT group (z=5.49,
P=0.000).

Patency rate after one thrombectomy among the three groups was signi�cantly different among the three groups (P=0.048). When compared between
each two groups, it showed that there was no signi�cant difference between control group and ADAPT group (χ²=2.162, P=0.141), and between stent group
and ADAPT group (χ²=1.052, P=0.305), but there was signi�cant difference between control group and stent group (χ²=5.910, P=0.015).

Revascularization rate was not signi�cantly different among the three groups (P=0.611). Positive prognosis rate was signi�cantly different among the
three groups (P=0.03), and it was higher in the two experimental groups than the control group, but there was no signi�cant difference between stent group
and ADAPT group (χ²=001, P=0.982).

Discussion
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The main causes of occlusion-induced cerebral infarction are atherosclerosis and cardioembolism as well as other causes. It has been reported that in
China, atherosclerosis-induced cerebral infarction accounts for 46.6% of all cases, therefore atherosclerosis is considered the most commonly seen
vasculopathy in cerebral infarction patients in China [14]. Atherosclerosis-induced cerebral infarction is mainly caused by in situ thrombus in the
hemadostenosis vessel [15]. As reported in a previous research that only 15 out of 29 internal carotid artery occlusion patients were found to have
thrombus in the retrieved stent after thrombectomy; no thrombus was found in other patients, even after multiple stent thrombectomies, which proves that
thrombus is not often found in this type of cerebral infarction [16]. In another research, it was found that in acute intracranial artery occlusion caused by
internal carotid atherosclerosis, stent thrombectomy was better than ADAPT in the time between the end of arteriography and revascularization and
duration of operation, thus it was concluded that stent thrombectomy was better than ADAPT in this type of intracranial artery occlusion [17]. On the
contrary, for embolism-induced cerebral infarction, researchers believed that ADAPT may be better than stent thrombectomy [18]. In the current study, we
found that the time between the end of arteriography and revascularization was signi�cantly shorter in ADAPT group than in control group, which proves
that ADAPT is a better choice for embolism-induced cerebral infarction.

With the development of the materials of suction catheter, ADAPT has been improved from the initial direct contact with the thrombus, to the current
negative pressure suction technique, which can just partially contact with the thrombus and also leave the suction catheter in the vessel for the second
angiography and thrombectomy [18]. It was reported in a recent study that the successful rate of ADAPT was related to its angle toward the thrombus;
when the angle was ≥125.5°, successful rate increased signi�cantly, especially in the middle cerebral artery and basilar artery [19]. For thrombosis on the
basis of hemadostenosis, the hemadostenosis vessels are in a cone-shape, making the vascular wall irregular, thus the suction catheter cannot contact the
thrombus at an adequate angle, so stent is a better choice because stent can pass the hemadostenosis part and pull the thrombus outside of the vessel. In
addition, in such circumstances, a stent angioplasty is performed at the same time, which can instantly restore the forward �ow and shorten the
revascularization time. Thrombolysis can also partially be achieved by the plasminogen ability of the blood that goes through the revascularized vessel. In
this study, patency rate after one thrombectomy was signi�cantly higher in stent group than the other two groups, which con�rms this theory.

In this study, the time of the stent group was longer than the ADAPT group, but the positive prognosis rate of the two groups was similar, which could be
due to the fact that for the atherosclerosis-induced cerebral infarction, it needs longer time to completely occlude the vessel, thus the collateral fractional
�ow was better than embolism-induced cerebral infarction [20].

The limitation of this study are such that it was a single-center study, and the sample size was not large enough. Therefore, we need more cases to analyze
the effects of thrombectomy methods, pathogenesis and complicating diseases. And we also need to perform multi-center and large-sample clinical trials
to evaluate the positive prognosis rate after mechanical thrombectomy, in order to establish a individualize thrombectomy method that can be better in
treating cerebral infarction.

Conclusions
For embolism-induced cerebral infarction, using ADAPT technique can reduce the time of revascularization. For atherosclerosis-induced cerebral infarction,
using stent can increase patency rate after one thrombectomy. Choosing the most adequate thrombectomy method based on pathogenesis can increase
positive prognosis rate in acute intracranial large-artery occlusion patients.
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Tables
Table 1. Baseline data

      Complicating diseases Pathogenesis Offending vessels NHISS
score at
admissionGroup

(N)
Gender
(male/female)

Age
[average
(min,
max)]

Hypertension
(yes/no)

Diabetes
mellitus
(yes/no)

Atrial
�brillation
(yes/no)

Embolism Non-
embolism

Internal
carotid
system

Vertebrobasilar
system

Control
group
(53)

32/21 66(61,73) 32/21 14/39 17/36 33 20 45 8 19(15,22)

Stent
group
(46)

32/14 65(59,71) 35/11 13/33

 

35/63 52 46 38 8 17(14,22)

ADAPT
group
(52)

33/19 63(58
72)

36/16 20/32 34 18 20(15,22)

  χ²=926

 

Z=1.59 χ²=2.841

 

χ²=2.030 χ²=0.202 χ²=1.184 χ²=4.434 χ²=9.74

P 0.629 0.125 0.242 0.362 0.653 0.227 0.109 0.226

Table 2. Prognosis of the patients

Group (N) The time between the end of arteriography and revascularization
(minutes) [average (min, max)]

Patency rate after one
thrombectomy

Revascularization
rate

MRS score at
3 month < 3

Control
group (53)

57 (37,67) 24/53 50/53 35/53

Stent group
(46)

36 (30 50) 32/46 44/46 39/46

ADAPT
group (52)

39 (24,58) 31/52 51/52 44/52

  χ²=12.96 χ²=6.076 χ²=6.076 χ²=7.011

0.001 0.982

P 0.002 0.048 0.611 0.03

 

Figures
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Figure 1

A. M1 occlusion of the middle cerebral artery cause by embolism. B. Occlusion of the initial segment of the internal carotid caused by atherosclerosis.


