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Prognostic analysis of 
endovascular mechanical 
thrombectomy in stroke patients 
with acute internal carotid artery 
obstruction based on circle of 
Willis variation
Tianlun Qiu , Huagang Luo  and Wuqiao Bao *

Department of Neurosurgery, Shaoxing People's Hospital, Shaoxing, China

Objective: Endovascular mechanical thrombectomy (EVMT) is widely employed 
in patients with acute intracranial carotid artery occlusion (AIICAO). This study 
aimed to predict the outcomes of EVMT following AIICAO by utilizing anatomic 
classification of the circle of Willis and its relative position to the thrombus.

Methods: In this study, we  retrospectively analyzed a cohort of 108 patients 
with AIICAO who underwent endovascular mechanical thrombectomy (EVMT) 
at Shaoxing People’s Hospital. Based on variations in the circle of Willis, as 
well as the size and location of the thrombus occluding the middle cerebral 
artery (MCA), anterior cerebral artery (ACA), and posterior cerebral artery (PCA), 
we classified AIICAO into four grades using digital subtraction angiography (DSA). 
EVMT was initiated upon admission, and baseline data including demographic 
characteristics, vascular risk factors, angiographic features, initial National 
Institutes of Health Stroke Scale (NIHSS) scores, Alberta Stroke Program Early CT 
Score (ASPECT), and etiology classification were compared across these four 
grades. The prognosis and mortality rates at 90 days post-stroke were evaluated 
for the different grades and within each grade, patients were further categorized 
into two subtypes based on vascular compensation and occluded vessels.

Results: Significant differences were observed among the four grades of Willis 
compensation concerning etiologic classification (p = 0.008), postoperative 
modified treatment in cerebral ischemia (mTICI, p = 0.017), postoperative 
symptomatic intracranial hemorrhage (sICH, p = 0.007), NIHSS score at 
admission (p = 0.001), and favorable outcomes at 90 days (modified Rankin 
Score 0–2) (p = 0.003). The mortality rate at 90 days exhibited a significant 
difference across the four grades of Willis compensation (p = 0.05). However, 
prognosis did not reveal any significant differences among the various subtypes 
within the same grade (p > 0.05).

Conclusion: The assessment of the degree of Willis compensation can 
be improved by evaluating the integrity of the circle of Willis, as well as the size 
and location of the clot in cases of isolated internal carotid artery occlusion 
(iICAo). This approach provides valuable prognostic indicators and important 
insights for the pre-selection of patients prior to endovascular mechanical 
thrombectomy (EVMT).
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Introduction

Acute ischemic stroke (AIS) resulting from the occlusion of a large 
vessel is a critical condition that can lead to sudden death. However, 
endovascular mechanical thrombectomy (EVMT) has emerged as a 
significant treatment modality for AIS patients with large vessel 
occlusions. It is well-established that variations in occlusion sites can 
lead to diverse symptoms and prognoses, and among these, AIICAO 
is associated with a higher mortality rate.

The collateral circulation provided by the Willis collaterals and the 
leptomeningeal collaterals (LMC) is essential for protecting the 
ischemic penumbra and extending the time variable for EVMT (1, 2). 
The circle of Willis is plays a critical role in maintaining stable 
intracranial blood flow and perfusion pressure (3, 4). However, 
considerable morphological variations in the Willis structure in the 
general population, with fewer than 50% of individuals exhibiting a 
complete Willis circle (5, 6). These variations can compromise the 
compensatory function of the Willis structure in regulating cerebral 
arterial blood flow. Consequently, it is important to distinguish the 
collateral blood flow patterns associated with different configurations 
of the Willis circles and thrombus causing ICA occlusion, which can 
potentially impact revascularization, ischemic injury, and other 
associated clinical outcomes (6–8). To tackle this issue, the patterns of 
ICA occlusion patterns have been subclassified into I-type, L-type, and 
T-type, these classifications depend on the patency and blood flow of 
the ipsilateral intracranial artery (9–11).

However, the above methods did not systematically compare the 
various anatomical variations and thrombus localizations of Willis. 
Evaluation of blood supply to the brain tissue through the branches of 
the internal carotid artery (ACA, MCA, and PCA). Considering the 
anatomical structure of the circle of Willis and the location of the 
thrombus is an accurate approach for analyzing the volume of brain 
tissue ischemia for predicting prognosis of EVMT in AIICAO patients. 
Our analysis focused on the different anatomic variations of the circle 
of Willis and the effect of various thrombus localizations on the blood 
supply to the branches of the internal carotid artery.

Materials and methods

Patient data and protocol

In this retrospective study, we  examined patients with acute 
ischemic stroke at Shaoxing People’s Hospital in Zhejiang Province, 
China, from January 2021 to June 2023. We enrolled patients diagnosed 
with AIICAO who received urgent EVMT. Initially, patients eligible for 
treatment with intravenous recombinant tissue plasminogen activator 
(rt-PA) within 4.5 h of stroke were first treated with intravenous 
thrombolysis and subsequently transferred to interventional therapy; 
other patients received emergency EVMT exclusively. The study 
included patients who met the following criteria: acute intracranial 
carotid artery occlusion, modified Rankin Scale (mRS) pre-stroke score 
of less than 2 points, National Institutes of Health Stroke Scale (NIHSS 

score) ≥6; and no large low-density shadow (Alberta Stroke Program 
Early CT Score [ASPECT] ≥ 6) observed on CT within 6 h of stroke 
onset. Patients with symptomatic intracranial hemorrhage (SICH) or 
severe ischemic infarction (defined as acute ischemic changes affecting 
more than one-third of the middle cerebral artery or more than 100 mL 
of tissue in other areas) evidenced by CT or MRI were excluded from 
the study. All included patients were treated under general anesthesia. 
Digital cerebral subtraction angiography of the aortic arch was 
manipulated to identify collateral circulation, including the integrity of 
the circle of Willis and the pial collaterals. A total of 425 AIS cases were 
treated in the hospital, comprising 148 cases of MCA trunk occlusion, 
77 cases of MCA branch occlusion, 16 cases of ACA occlusion, 51 cases 
of vertebrobasilar artery occlusion, and 133 cases of ICA occlusion. 
Among the 133 patients with ICA occlusion, 7 patients could not 
undergo EVMT for various reasons and 18 patients lost to follow-up. 
EVMT was performed directly in 51 patients, while bridging therapy 
with intravenous thrombolysis was administered to 57 patients 
(Figure 1). This study received approval from the Ethics Committee of 
Shaoxing People’s Hospital (No. 2023-073-01).

Classification of AIICAO occlusion

There is a large of literatures exists regarding the anatomical 
variation of Willis (12–14). The prognosis of AIICAO patients following 
EVMT was evaluated base on the anatomic variation of Willis, the 
different positions of the thrombus in Willis, the size and shape of the 
thrombus. According to the literatures, the morphology of the Willis is 
categorized into six types, including (A) Intact Willis, (B) Absence of 
contralateral anterior cerebral artery (ACA), (C) Absence of anterior 
communicating artery (ACoA), (D) Absence of internal carotid artery 
(ICA), (E) Absence of posterior cerebral artery (PCA), (F) Absence of 
posterior communicating artery (PCoA) as illustrated in this study 
(Figure 2).

Based on the occlusion position and the length of the thrombus 
across these six types, we  examined the involvement of each major 
cerebral artery. We categorized the AIICAO patients into seven types of 

FIGURE 1

Flow chart of the patients in this study.
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Willis compensation (Model 1) including type 1 (proximal ICA 
occlusion, with subtypes 1a: dual supply from PCoA and ACoA, and 
type 1b: only PCoA or ACoA supply) (Figures 3A,B), type 2 (ICA + MCA 
closure) (Figure 3C), type 3 (ICA + MCA + ACA occlusion) (Figure 3D), 
type 4 (ICA + MCA + PCA occlusion) (Figure 3E), type 5 (ICA + MCA+ 
2ACA occlusion) (Figure  3F), type 6 (ICA + MCA+ ACA + PCA 
occlusion) (Figure 3G). Example of types in aortic arch angiography are 
shown for ICA occlusion type 1–6 (Figure 4).

To streamline the clinical prognosis, the seven types of cases were 
statistically analyzed and categorized into four grades (Model 2), the 
first grade includes of types 1a and 1b, the second grade encompasses 
type 2, the third grade includes type 3 and 4, and the fourth grade 
comprises types 5 and 6.

Data collection

Demographic data
The neurological status of each patient was assessed upon 

admission and discharge using the National Institute of Health Stroke 
Scale (NIHSS) score (15, 16). Patients who died were assigned an 
NIHSS score of 42 (17).

The following information from the patients were collected through 
the hospital database: age, sex, diabetes mellitus, hypertension, coronary 
artery disease, anticoagulants, intravenous thrombolysis, ASPECT 
score at admission, NIHSS score on admission, and the etiologic 
subtype of thrombus (including atherosclerosis in situ, cardioembolism, 
decadent atherothrombotic plaque and undetermined etiology) (13).

Prognosis data
The degree of reperfusion was quantified according to the 

modified classification of thrombolysis in cerebral infarction (mTICI) 
(18). Recanalization was assessed based on the TICI score and defined 
as successful (mTICI 2B or 3) and unsuccessful (mTICI 0/1/2A) (19). 
The prognosis was considered favorable if a patient achieved a 

Modified Rankin Scale score of 0–2 at three months, during which the 
three mortality rate was also analyzed.

Patients’ clinical outcomes were collected from a specialized database 
dedicated to stroke prevention and management in China, which 
prospectively collected the modified Rankin Scale (mRS) to improve the 
prognosis. To evaluate survival, the patients were followed up as 
outpatients or through telephone contact 90 days post-surgery, and the 
prognosis was assessed using the mRS Scale. Patients were defined as 
favorable outcome (mRS ≤ 2) and unfavorable outcome (mRS ≥ 3) at 
90 days. Additionally, the postoperative mTICI scores and occurrences 
of spontaneous intracerebral haemorrrhage (sICH) were documented.

Statistical analysis

The SPSS software for Windows (version 26.0, IBM., NY, 
United States) was utilized for statistical analysis. Numerical variables 
were presented as mean ± standard deviation (SD), and compared 
using analysis of variance. Categorical variables were expressed as n 
(%), and compared by chi-square test analysis. Factors among the 7 
types of Willis compensation (Model 1) were compared by chi-square 
test and analysis of variance. There were significant differences in the 
etiologic and prognostic data across the 7 type groups. The etiologic 
and prognostic data for type 1a and type 1b, type 3 and type 4, as well 
as type 5 and type 6 were analyzed separately. If no significant 
differences were identified, these groups were classified into grade 1 
to grade 4 (Model 2), and followed by a statistical analysis of the 
etiologic and prognostic data.

Results

A total of 425 AIS patients were registered, of which 317 patients 
were excluded (Figure  1). Table  1 presents the demographic data 
categorized by the seven types of occlusion (Model 1). Based on 

FIGURE 2

All types of Willis. (A) Intact willis, (B) lacking contralateral A1, (C) lacking ACoA, (D) lacking ipsilateral A1, (E). lacking P1, (F). lacking PCoA. ACoA: 
anterior communicating artery; PCoA: posterior communicating artery.
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occlusion patterns the patients were classified into different subclasses: 
type 1a (15 patients), type 1b (5 patients), type 2 (53 patients), type 3 (16 
patients), type 4 (7 patients), type 5 (9 patients), and type 6 (3 patients). 
There were no significant differences in sex distribution, age, history of 
diabetes mellitus, hypertension, coronary artery disease, anticoagulants, 
intravenous thrombolysis, and ASPECT at admission. The etiological 
subtype of stroke varied among the seven types of Willis compensation 
(p = 0.022, Table 1). Postoperative data indicated that the mTICI was 
significantly different across these seven types of Willis compensation 
(p = 0.04, Table  2). NIHSS scores at admission showed significant 
variation among the seven types of Willis compensation (p = 0.001, 
Table 2). Specifically, type 1a exhibited significantly lower than all other 
types (p < 0.05, Table 2), while type 2 was significantly lower than type 
5 and type 6 (p < 0.05, Table 2). Furthermore, the 90 day outcomes, as 
measured by the modified Rankin Score (0–2), varied among the seven 
types of Willis compensation (p = 0.003, Table 2). Postoperative sICH 

also differed among the seven types of Willis compensation (p = 0.032, 
Table 2). There was no significant difference found in etiological and 
prognostic data of type1a and type1b, type3 and type4, type5 and type6 
(p > 0.05, Table 3). Stroke etiological subtype, post-operative mTICI, 
postoperative sICH and 90 days favorable outcomes for the 4 grades of 
Willis compensation (model 2) were significantly different (p < 0.05, 
Table 4). Mortality rates after 90 days of Willis compensation also varied 
significantly (p = 0.05, Table  4). The presence of deciduous 
atherothrombotic plaque in grade 4 was greater than in the other grades 
(p < 0.05, Table  4). Post-operative mTICI in grade 4 were lower 
compared to the in other grades (p < 0.05, Table 4). NIHSS score on 
admission for grade 1 was significantly lower than that for grade 2, 
grade 3 and grade 4, while grade 2 was significantly lower than grade 4 
and higher than grade 1(p < 0.05, Table 4). Furthermore, the proportion 
of favorable outcomes at 90 days for grades 3 and 4 was significantly 
lower than that for grades 1 and 2 (Table 4).

FIGURE 3

(A) The proximal ICA occlusion of type 1. (B1). The dual supply of PCoA and ACoA, (B2–5): only PCoA or ACoA supply; (C1-4). The ICA + MCA 
occlusion of type 2; (D1-4). The ICA + MCA + ACA of type 3; (E). The ICA + MCA+ PCA of type 4; (F). The ICA + MCA+ 2ACA occlusion of type5; G. 
The ICA + MCA+ ACA + PCA occlusion of type6. ICA: internal carotid artery; MCA: middle cerebral artery; ACA: anterior cerebral artery; PCA: posterior 
cerebral artery.
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Discussion

The circle of Willis serves as the most critical intracranial route for 
vascularization. In this study, we  identified the occluded internal 
carotid artery and its branches based on the anatomic variation of the 
circle of Willis and the location and size of the thrombus, and 
categorized AIICAO patients into four grades. This classification may 
serve as a predictor for the prognosis of AIICAO patients.

The circle of Willis plays a crucial role in maintaining the stability 
of cerebral blood flow and perfusion pressure (20–23). In patients with 
AIICAO, the circle of Willis facilitates the equalization of blood flow 
from the contralateral hemisphere through the ACoA and PCoA (24, 
25). When the ACoA and PCoA are absent or their origin is blocked, 
the presence of functional Willis collaterals is insufficient to supply the 
ischemic areas of the brain, potentially leading to more severe clinical 
outcomes. Based on previous research data, the integrity of Willis was 
categorized into six types, with which clotting site and size of 
thrombus, allows for the division of Willis blood flow in iICAO 
patients can be divided into 17 types (5). All 17 types were further 
classified into seven categories of Willis compensation, referred to as 
Model 1, based on the patency of the arteries. This classification 
effectively distinguishes which arteries were occluded in DSA and 
provides a superior visual criterion compared to other studies (26, 27). 
Although the univariate analysis revealed significant differences in 
etiologic subtype and embolectomy data among the seven groups of 
Willis compensation, no significant differences were observed in 
embolectomy data between the pairs of type 1a and 1b, type3 and type 

4, type 5 and type 6 groups of Willis compensation (p > 0.05). This 
finding suggests that ACoA and PCoA in the circle of Willis are 
equally effective in compensating for ischemic brain tissue, while ACA 
and PCA are similarly capable of supplying ischemic regions of MCA 
via leptomeningeal collaterals. The conciser Model 2, ranging from 
grade 1 to grade 4 was developed to evaluate arterial occlusion 
in AIICAO.

The four grades of the AIICAO represent distinct scenarios of 
acute cerebral infarction affecting the blood supply to the MCA, ACA 
and PCA, with each artery extending from the cervical segment to the 
terminal segment. Additionally, the ipsilateral ACA and PCA may 
provide leptomeningeal collaterals to the area affected by MCA 
occlusion sphere. In grade 1 ischemia, brain tissue can be perfused via 
the ACoA and the ipsilateral PCoA. In the other grades, the MCA can 
only receive blood supply through the leptomeningeal collaterals of 
the PCA and ACA. From grade 2 to 4, the extent of ischemic brain 
tissue gradually increased. At the same time, the leptomeningeal 
collaterals from the adjacent arteries gradually decreased. 
Consequently, the NIHSS score upon admission was significantly 
lower in grade 1 compared to all other grades, with the NIHSS score 
increasing progressively from grade 2 to grade 4. Grade 1 can receive 
blood supply from the PCoA and ACoA, while the supplying arteries 
in the other grades are rogressively diminished, leading to a 
corresponding reduction in blood supply from the leptomeningeal 
collaterals. Postoperative mTICI and postoperative sICH are the two 
primary factors influencing prognosis. The success rate of 
recanalization was significantly lower in postoperative mTICI grade 4 

FIGURE 4

The example of types in aortic arch angiography ICA occlusion type. Type 1: ICA occlusion, Type 2: ICA + MCA occlusion, Type 3: ICA + MCA + ACA 
occlusion, Type 4: ICA + MCA + PCA occlusion, Type 5: ICA + MCA + 2ACA occlusion, Type 6: ICA + MCA + PCA occlusion. ICA: internal carotid 
artery; MCA: middle cerebral artery; ACA: anterior cerebral artery; PCA: posterior cerebral artery.
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TABLE 1 Univariate analysis of thrombectomy data among the 7 groups of Willis compensation in acute intracranial internal carotid artery oclusion(model 1).

Thrombectomy 
parameters

All Type 1(proximal ICA 
occlusion)

Type 2 
(ICA + MCA 
occlusion)

Type 
3(ICA + MCA + ACA 

occlusion)

Type 4 
(ICA + MCA + PCA 

occlusion)

Type 5 
(ICA + MCA+ 

2ACA 
occlusion)

Type 6 
(ICA + MCA+ 
ACA + PCA 
occlusion)

p value

1a: dual 
supply of 

PCoA 
and 

ACoA

1b: only 
PCoA or 

ACoA 
supply

Number 108 15 5 53 16 7 9 3

Sex 0.313#

Male(%) 75(69.4) 13(86.7) 3(60) 39(73.6) 9(56.3) 4(57.1) 6(66.7) 1(33.3)

Female(%) 33(30.6) 2(13.3) 2(40) 14(26.4) 7(43.8) 3(42.9) 3(33.3) 2(66.7)

Mean age(year) 70.5 ± 11.8 69.3 ± 13.5 68.2 ± 11.7 70.1 ± 11.8 70.0 ± 14.2 74.7 ± 6.2 74.9 ± 10.2 67.7 ± 9.9 0.849^

ASPECT on admission 9.21 ± 1.27 9.13 ± 1.25 9.20 ± 1.09 9.38 ± 1.18 9.13 ± 1.46 9.57 ± 1.13 8.33 ± 1.50 9.00 ± 1.73 0.430^

History of anticoagulation 20(18.5) 4(26.7) 1(20) 6(11.3) 5(31.3) 1(14.3) 2(22.2) 1(33.3) 0.584#

History of coronary artery 

disease(%)

33(30.8) 4(26.7) 2(40) 17(32.7) 4(25) 2(28.6) 3(33.3) 1(33.3) 0.995#

History of Diabetes 

Mellitus(%)

28(25.9) 4(26.7) 1(20) 14(26.4) 6(37.5) 2(28.6) 1(11.1) 0(0) 0.855#

History of 

hypertension(%)

77(71.3) 7(46.7) 4(80) 38(71.7) 13(81.3) 5(71.4) 8(88.9) 2(66.7) 0.355#

Stroke etiological subtype 0.022#

Atherosclerosis in situ(%) 32(29.6) 8(53.3) 3(60) 12(22.6) 6(37.5) 0(0) 2(22.2) 1(33.3)

Cardioembolism(%) 51(47.2) 3(20) 1(20) 30(56.6) 7(43.8) 6(85.7) 3(33.3) 1(33.3)

Undetermined 

etiology(%)

12(11.1) 1(6.7) 0 8(15.1) 2(12.5) 1(14.3) 0(0) 0(0)

Deciduous 

atherothrombotic plaque 

(%)

13(12.0) 3(20) 1(20) 3(5.7) 1(6.3) 0(0) 4(44.4) (33.3)

Intravenous thrombolysis 51(47.2) 7(46.7) 1(20) 22(41.5) 10(62.5) 4(57.1) 6(66.7) 1(33.3) 0.537#

#Fisher exact probability method. ^ variance test.  
ASPECT, Alberta Stroke Program Early CT Score; PCoA, posterior communicating artery; ACoA, anterior communicating artery; ACA, anterior cerebral artery; PCA, posterior cerebral artery; MCA, middle cerebral artery; ICA, internal carotid artery.
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TABLE 2 Univariate analysis of thrombectomy data among the 7 groups of Willis compensation in acute intracranial internal carotid artery occlusion (model 1).

Thrombectomy 
parameters

All Type1(proximal ICA 
occlusion)

Type 2 
(ICA + MCA 
occlusion)

Type 3 
(ICA + MCA + ACA 

occlusion)

Type 4 
(ICA + MCA + PCA 

occlusion)

Type 5 
(ICA + MCA+ 

2ACA 
occlusion)

Type 6 
(ICA + MCA+ 
ACA + PCA 
occlusion)

P value

1a: dual 
supply of 
PCoA and 

ACoA

1b: only 
PCoA or 

ACoA 
supply

Number 108 15 5 53 16 7 9 3

Post-operative mTICI 0.04#

  0,1 or 2a(%) 19(17.6) 2(13.3) 1(20) 6(11.3) 4(25) 0(0) 4(44.4) 2(66.7)

  2b or 3(%) 89(82.4) 13(86.7) 4(80) 47(88.7) 12(75) 7(100) 5(55.6) 1(33.3)

Postoperative sICH(%) 31(28.7) 2(13.3) 0(0) 13(24.5) 7(43.8) 3(42.9) 6(66.7) 0(0) 0.032#

NIHSS score on 

admission

17.5 ± 5.37 12.4 ± 5.15* 17.0 ± 7.75 17.2 ± 4.96& 18.8 ± 3.66 20.0 ± 5.03 22.0 ± 3.74 22.3 ± 1.53 0.001

90-Day good outcome 

(modified Rankin Score 

0–2), n (%)

46(42.6) 10(66.7)a 4(80)ab 27(50.9)ab 2(12.5)b 1(14.3)ab 2(22.2)ab 0(0)ab 0.003

Motality after 90-Day(%) 29(26.9) 1(6.7) 0(0) 14(26.4) 7(43.8) 3(42.9) 3(33.3) 1(33.3) 0.159#

#Fisher exact probability method. *Type1a was significant lower than all other types (P < 0.05), type 2 was significantly lower than type 5 and type 6 (p < 0.05).  
a and b mean significantly different level in each group in outcome (p < 0.05).  
mTICI, modified Thrombolysis in Cerebral Infarction classification; SICH, Symptomatic intracranial hemorrhage; NIHSS, National Institute of Health Stroke Scale; ACA, anterior cerebral artery; PCA, posterior cerebral artery; MCA, middle cerebral artery; ICA, 
internal carotid artery; mRS, modified Rankin Score.
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compared to other grades, and the probability of rebleeding after 
thrombectomy was also markedly higher in postoperative sICH 
grades 3 and 4 compared to grades 1 and 2. It was suggested that this 
might be related to the large occluded blood vessels leading to a higher 
thrombus burden and a more extensive area of cerebral ischemia. The 
proportion of favorable 90-day outcomes was significantly lower in 
types 3 and 4 than in types 1 and 2, with mortality at 90 days exhibiting 
a similar trend.

In the etiologic subtype of stroke, grades 2 and 3 exhibited a higher 
proportion of cardioembolism compared to grade 1, which in turn, 
demonstrated a greater proportion of atherosclerosis in situ than grades 
2 and 3. The proportion of atherothrombotic plaques in grade 4 was 
higher than in the other grades. We hypothesized that thrombosis in 
grade 1 primarily occurs in C5 and C6, where the PCoA, ACA and 
MCA are uninterrupted. In contrast, thrombosis in grades 2 and 3 is 
localized to the terminal portion of the ICA (C7), where cardio 

TABLE 3 Univariate analysis of thrombectomy data between 3 pairs of the type 1a and 1b, type3 and type 4, type5 and type 6 groups of Willis 
compensation in acute intracranial internal carotid artery occlusion.

Thrombectomy parameters P value

Type 1a: dual supply 
of PCoA and ACoA
Type 1b: only PCoA 

or ACoA supply

Type 3(ICA + MCA + ACA 
occlusion) type 4 

(ICA + MCA + PCA occlusion)

Type 5 (ICA + MCA+ 2ACA 
occlusion) type 6 

(ICA + MCA+ ACA + PCA 
occlusion)

Stroke etiological subtype 1.000 0.217 1.000

Post-operative mTICI 0.601 0.273 1.000

0,1 or 2a(%)

2b or 3(%)

Postoperative sICH(%) 1.000 1.000 0.182

NIHSS score on admission 0.427 0.819

90-Day good outcome (modified Rankin 

Score 0–2), n (%)

1.000 1.000 1.000

Motality after 90-Day(%) 1.000 1.000 1.000

mTICI, modified Thrombolysis in Cerebral Infarction classification; SICH, Symptomatic intracranial hemorrhage; NIHSS, National Institute of Health Stroke Scale; ACA, anterior cerebral 
artery; PCA, posterior cerebral artery; MCA, middle cerebral artery; ICA, internal carotid artery; mRS, modified Rankin Score.

TABLE 4 Univariate analysis of thrombectomy data among the 4 grades of Willis compensation in acute intracranial internal carotid artery occlusion 
(model 2).

Thrombectomy 
parameters

All Grade 1(proximal 
ICA occlusion)

Grade 
2(ICA + MCA 

occlusion)

Grade 3 
(ICA + MCA + ACA 

/PCA occlusion)

Grade 4 
(ICA + MCA+ 

2ACA/ 
ACA + PCA 
occlusion)

P 
value

Number 108 18 53 25 12

Stroke etiological subtype 0.008#

  Atherosclerosis in situ(%) 32(29.6) 9(50) 12(22.6) 8(32) 3(25)

  Cardioembolism(%) 51(47.2) 4(22.2) 30(56.6) 13(52.0) 4(33.3)

  Undetermined etiology(%) 12(11.1) 1(5.6) 8(15.1) 3(12.0) 0(0)

  Deciduous atherothrombotic 

plaque (%)

13(12.0)ab 4(22.2)b 3(5.7)b 1(4.0)b 5(41.7)a

Post-operative mTICI 0.017

  0,1 or 2a(%) 19(17.6) 3(16.7)ab 6(11.3)b 4(16.0)ab 6(50)a

  2b or 3(%) 89(82.4) 15(83.3)ab 47(88.7)b 21(84.0)ab 6(50)a

  Postoperative sICH(%) 31(28.37) 2(11.1) 13(24.5) 10(40) 6(50) 0.007

NIHSS score on admission 17.47 ± 5.37 13.61 ± 5.58*** 17.17 ± 4.97** 18.68 ± 4.96* 22.08 ± 3.26*^ 0.001

90-day good outcome (modified 

Rankin Score 0–2), n (%)

46(42.6) 12(66.7)a 27(50.9)ab 5(20.0)b 2(16.7)b 0.003

Motality after 90-Day (%) 29(26.9) 1(5.6) 14(26.4) 10(40.0) 4(33.3) 0.05

# Fisher exact probability method. ***Grade 1 versus grade 2/grade 3/grade 4 P < 0.05, **Grade 2 versus grade 1/grade 4 P < 0.05, *Grade 3 versus grade 1 P < 0.05, *^Grade 4 versus grade 1/
grade 2 p < 0.05. a and b mean significantly different level in each group in outcome(p < 0.05).  
mTICI: modified Thrombolysis in Cerebral Infarction classification; SICH: Symptomatic intracranial hemorrhage; NIHSS, National Institute of Health Stroke Scale; ACA: anterior cerebral 
artery; PCA: posterior cerebral artery; MCA, middle cerebral artery; ICA, internal carotid artery; mRS, modified Rankin Score.
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thrombosis usually occurs. In grade 4, the most common cause is a 
thrombus that dislodges from the proximal end of the internal carotid 
artery to the bifurcation, resulting in both acute occlusion of the internal 
carotid artery and a pathological basis of atherosclerosis, leading to a 
high NIHSS and difficult thrombectomy, ultimately resulting in a poor 
prognosis, which is similar to previous study (28).

Assessment of clot location, patency of adjacent arterial segments, 
and collateral flow to the ischemic territory through angiography can 
reveal subtle but crucial differences between ICA occlusions. More 
robust collateral perfusion, accompanied by effective Willis 
compensation, may facilitate recanalization and predict favorable 
clinical outcomes and longside a lower mortality rate (29). Conversely, 
inadequate Willis compensation is associated with a more concerning 
prognosis. Characterizing terminal ICA occlusions based on the four 
grades of Willis compensation probably serves as a valuable selection 
criterion and prognostic tool in future endovascular studies focused on 
acute ischemic stroke.

The present study has several limitations. First, the sample size is 
small, which may affect the accuracy of the results. Second, the 
visualization of the circle of Willis through aortic arch angiography lacks 
sufficient sufficient clarity. Nevertheless, we  used cerebral vascular 
perfusion imaging and DSA development to elucidate the anatomical 
structure of the circle of Willis.

Conclusion

We established and evaluated four grades of Willis compensation 
base on integrity of the circle of Willis, the size of the thrombus, and 
the location of the thrombus in situ, and this classification probably 
serve as a valuable prognostic indicator and provide an important 
reference for screening patients before EVMT.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics Committee 
of Shaoxing People’s Hospital. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

TQ: Methodology, Project administration, Software, Supervision, 
Visualization, Writing  – original draft. HL: Visualization, Data 
curation, Formal analysis, Validation, Writing – review & editing. WB: 
Data curation, Writing  – review & editing, Conceptualization, 
Funding acquisition, Investigation, Methodology, Resources.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
 1. Boers AM, Jansen IG, Berkhemer OA, Yoo AJ, Lingsma HF, Slump CH, et al. 

Collateral status and tissue outcome after intra-arterial therapy for patients with acute 
ischemic stroke. J Cereb Blood Flow Metab. (2017) 37:3589–98. doi: 
10.1177/0271678X16678874

 2. Sablic S, Dolic K, Kraljevic I, Budimir Mrsic D, Cicmir-Vestic M, Benzon B, et al. 
The presence of communicating arteries in the circle of Willis is associated with higher 
rate of functional recovery after anterior circulation ischemic stroke. Biomedicines. 
(2023) 11:3008. doi: 10.3390/biomedicines11113008

 3. Liu L, Ding J, Leng X, Pu Y, Huang LA, Xu A, et al. Guidelines for evaluation and 
Management of Cerebral Collateral Circulation in Ischaemic stroke 2017. Stroke Vasc 
Neurol. (2018) 3:117–30. doi: 10.1136/svn-2017-000135

 4. Maguida G, Shuaib A. Collateral circulation in ischemic stroke: an updated review. 
J Stroke. (2023) 25:179–98. doi: 10.5853/jos.2022.02936

 5. S, Eva L, Haba D, Cucu AI, Dumitrescu GF, Burduloi VM, et al. Anatomical study 
of circle of Willis on fresh autopsied brains. A study of a Romanian population. 
Romanian J Morphol Embryol. (2022) 63:395–406. doi: 10.47162/RJME.63.2.10

 6. Orosz L, Gyongyosi Z, Susan Z, Siro P, Hoksbergen AW, Csiba L, et al. Assessment 
of malformations, variations and diameters of vessels forming the circle of Willis - an 
autopsy study in a non-cerebrovascular cohort. Transl Neurosci. (2022) 13:398–406. doi: 
10.1515/tnsci-2022-0253

 7. Oumer M, Alemayehu M, Muche A. Association between circle of Willis and 
Ischemic stroke: a systematic review and Meta-analysis. BMC Neurosci. (2021) 22:3. doi: 
10.1186/s12868-021-00609-4

 8. Anello MG, Miao TL, Pandey SK, Mandzia JL. Rare bilateral caudate infarction in 
a patient with a common circle of Willis variant. Can J Neurol Sci. (2019) 46:593–4. doi: 
10.1017/cjn.2019.233

 9. Zhang Y, Zhang L, Zhang Y, Li Z, Zhang Y, Xing P, et al. Endovascular 
recanalization for acute internal carotid artery terminus occlusion: a subgroup 
analysis from the direct-Mt trial. Neurosurgery. (2022) 91:596–603. doi: 10.1227/
neu.0000000000002085

 10. Boujan T, Neuberger U, Pfaff J, Nagel S, Herweh C, Bendszus M, et al. Value of 
contrast-enhanced Mra versus time-of-flight Mra in acute ischemic stroke Mri. AJNR 
Am J Neuroradiol. (2018) 39:1710–6. doi: 10.3174/ajnr.A5771

 11. Riegler C, von Rennenberg R, Bollweg K, Siebert E, de Marchis GM, Kagi G, 
et al. Endovascular therapy in patients with acute intracranial non-terminal 
internal carotid artery occlusion (Ica-I). Eur Stroke J. (2024). doi: 
10.1177/23969873241278948

 12. Liebeskind DS, Saber H, Xiang B, Jadhav AP, Jovin TG, Haussen DC, et al. 
Collateral circulation in Thrombectomy for stroke after 6 to 24 hours in the Dawn trial. 
Stroke. (2022) 53:742–8. doi: 10.1161/STROKEAHA.121.034471

https://doi.org/10.3389/fneur.2024.1428721
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1177/0271678X16678874
https://doi.org/10.3390/biomedicines11113008
https://doi.org/10.1136/svn-2017-000135
https://doi.org/10.5853/jos.2022.02936
https://doi.org/10.47162/RJME.63.2.10
https://doi.org/10.1515/tnsci-2022-0253
https://doi.org/10.1186/s12868-021-00609-4
https://doi.org/10.1017/cjn.2019.233
https://doi.org/10.1227/neu.0000000000002085
https://doi.org/10.1227/neu.0000000000002085
https://doi.org/10.3174/ajnr.A5771
https://doi.org/10.1177/23969873241278948
https://doi.org/10.1161/STROKEAHA.121.034471


Qiu et al. 10.3389/fneur.2024.1428721

Frontiers in Neurology 10 frontiersin.org

 13. Kizilgoz V, Kantarci M, Kahraman S. Evaluation of circle of Willis variants using 
magnetic resonance angiography. Sci Rep. (2022) 12:17611. doi: 10.1038/
s41598-022-21833-w

 14. Li J, Wang J, Wei XE, Zhao YW, Wang F, Li YH. Examination of structural 
variations of the circle of Willis by 3d time-of-flight magnetic resonance angiography. 
Front Neurosci. (2020) 14:71. doi: 10.3389/fnins.2020.00071

 15. Siniscalchi A. Use of stroke scales in clinical practice: current concepts. Turk J 
Emerg Med. (2022) 22:119–24. doi: 10.4103/2452-2473.348440

 16. Brott T, Adams HP Jr, Olinger CP, Marler JR, Barsan WG, Biller J, et al. 
Measurements of acute cerebral infarction: a clinical examination scale. Stroke. (1989) 
20:864–70. doi: 10.1161/01.str.20.7.864

 17. Boers AMM, Jansen IGH, Brown S, Lingsma HF, Beenen LFM, Devlin TG, et al. 
Mediation of the relationship between endovascular therapy and functional outcome by 
follow-up infarct volume in patients with acute ischemic stroke. JAMA Neurol. (2019) 
76:194–202. doi: 10.1001/jamaneurol.2018.3661

 18. Zaidat OO, Yoo AJ, Khatri P, Tomsick TA, von Kummer R, Saver JL, et al. 
Recommendations on angiographic revascularization grading standards for acute 
ischemic stroke: a consensus statement. Stroke. (2013) 44:2650–63. doi: 10.1161/
STROKEAHA.113.001972

 19. Kobeissi H, Ghozy S, Adusumilli G, Kadirvel R, Brinjikji W, Rabinstein AA, et al. 
Endovascular therapy for stroke presenting beyond 24 hours: a systematic review and Meta-
analysis. JAMA Netw Open. (2023) 6:e2311768. doi: 10.1001/jamanetworkopen.2023.11768

 20. de J, Ciacciarelli A, Tessitore A, Buonomo O, Calzoni A, Francalanza I, et al. 
Variants of the circle of Willis in ischemic stroke patients. J Neurol. (2021) 268:3799–807. 
doi: 10.1007/s00415-021-10454-4

 21. Hamming AM, van Walderveen MAA, Mulder IA, van der Schaaf IC, Kappelle LJ, 
Velthuis BK, et al. Circle of Willis variations in migraine patients with ischemic stroke. 
Brain Behav. (2019) 9:e01223. doi: 10.1002/brb3.1223

 22. Westphal LP, Lohaus N, Winklhofer S, Manzolini C, Held U, Steigmiller K, et al. 
Circle of Willis variants and their association with outcome in patients with middle 

cerebral artery-M1-occlusion stroke. Eur J Neurol. (2021) 28:3682–91. doi: 10.1111/
ene.15013

 23. Rangus I, Milles LS, Galinovic I, Villringer K, Audebert HJ, Fiebach JB, et al. 
Reclassifications of ischemic stroke patterns due to variants of the circle of Willis. Int J 
Stroke. (2022) 17:770–6. doi: 10.1177/17474930211048381

 24. Towfighi A, Cheng EM, Ayala-Rivera M, McCreath H, Sanossian N, Dutta T, et al. 
Randomized controlled trial of a coordinated care intervention to improve risk Factor 
control after stroke or transient ischemic attack in the safety net: secondary stroke 
prevention by uniting community and chronic care model teams early to end disparities 
(succeed). BMC Neurol. (2017) 17:24. doi: 10.1186/s12883-017-0792-7

 25. Czinege Z, Sandor AD, Gyurki D, Varga A, Csipo T, Szekely A, et al. Understanding 
perioperative risk determinants in carotid endarterectomy: the impact of compromised 
circle of Willis morphology on inter-hemispheric blood flow indices based on 
intraoperative internal carotid artery stump pulse pressure and backflow patterns. 
Geroscience. (2024). doi: 10.1007/s11357-024-01390-y

 26. Wu W, Cheng Y, Li Y, Jiang J, Chen F, Cai D, et al. Assessment of primary collateral 
grades based on the integrity of Willis' circle: predicting the prognosis of acute 
intracranial internal carotid artery occlusion before Thrombectomy. World Neurosurg. 
(2022) 167:e1138–46. doi: 10.1016/j.wneu.2022.08.137

 27. Xu X, Ni C, Wu K, Zha M, Sun Y, Wang H, et al. The relationship between 
occlusion patterns and outcomes after Thrombectomy in patients with acute internal 
carotid artery occlusion. J Neuroradiol. (2023) 50:455–61. doi: 10.1016/j.
neurad.2023.04.002

 28. Ma F, Li L, Xu L, Wu J, Zhang A, Liao J, et al. The relationship between systemic 
inflammation index, systemic immune-inflammatory index, and inflammatory 
prognostic index and 90-day outcomes in acute ischemic stroke patients treated with 
intravenous thrombolysis. J Neuroinflammation. (2023) 20:220. doi: 10.1186/
s12974-023-02890-y

 29. Khan AA, Patel J, Desikan S, Chrencik M, Martinez-Delcid J, Caraballo B, et al. 
Asymptomatic carotid artery stenosis is associated with cerebral Hypoperfusion. J Vasc 
Surg. (2021) 73:1611–1621.e2. doi: 10.1016/j.jvs.2020.10.063

https://doi.org/10.3389/fneur.2024.1428721
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1038/s41598-022-21833-w
https://doi.org/10.1038/s41598-022-21833-w
https://doi.org/10.3389/fnins.2020.00071
https://doi.org/10.4103/2452-2473.348440
https://doi.org/10.1161/01.str.20.7.864
https://doi.org/10.1001/jamaneurol.2018.3661
https://doi.org/10.1161/STROKEAHA.113.001972
https://doi.org/10.1161/STROKEAHA.113.001972
https://doi.org/10.1001/jamanetworkopen.2023.11768
https://doi.org/10.1007/s00415-021-10454-4
https://doi.org/10.1002/brb3.1223
https://doi.org/10.1111/ene.15013
https://doi.org/10.1111/ene.15013
https://doi.org/10.1177/17474930211048381
https://doi.org/10.1186/s12883-017-0792-7
https://doi.org/10.1007/s11357-024-01390-y
https://doi.org/10.1016/j.wneu.2022.08.137
https://doi.org/10.1016/j.neurad.2023.04.002
https://doi.org/10.1016/j.neurad.2023.04.002
https://doi.org/10.1186/s12974-023-02890-y
https://doi.org/10.1186/s12974-023-02890-y
https://doi.org/10.1016/j.jvs.2020.10.063

	Prognostic analysis of endovascular mechanical thrombectomy in stroke patients with acute internal carotid artery obstruction based on circle of Willis variation
	Introduction
	Materials and methods
	Patient data and protocol
	Classification of AIICAO occlusion
	Data collection
	Demographic data
	Prognosis data
	Statistical analysis

	Results
	Discussion
	Conclusion

	References

