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ABSTRACT

AIM: To report mechanical thrombectomy (MT) for internal carotid artery (ICA) occlusion with cross-flow through the communicating 
artery (“with” group), and to compare it with ICA or middle cerebral artery occlusion without cross-flow (“without” group).   
MATERIAL and METHODS: This study included 10 and 57 cases of the “with” and “without” groups, respectively. Cases analyzed 
by rapid processing of perfusion and diffusion (RAPID) since October 2020 were included. 
RESULTS: Puncture-to-reperfusion time was 78.5 and 39 min (p=0.0155), the National Institutes of Health Stroke Scale score at 
discharge was 10.5 and 4 (p=0.0166), decline from pre to post Diffusion-Weighted Image-Alberta Stroke Program Early computed 
tomography (CT) Score was 0.5 and 0 (p=0.0495), and the modified Rankin Scale score at 90 days was 4 and 2 (p=0.0195) in the 
“with” and “without” groups, respectively. Furthermore, Tmax values of >6 s (50 cc vs. 164 cc; p=0.0277) and Tmax >4 s/Tmax > 6 
s ratio (3.23 vs. 1.55) (p=0.0074) were significantly different between the “with” and “without” groups. 
CONCLUSION: The “with” group may have been affected by the longer treatment time and being at high risk of distal migration 
of thrombus due to poor prognosis. Although the region with a Tmax of >6 s tends to be small in patients of the “with” group, it 
indicates a low-perfusion state that can lead to cerebral infarction, and MT should be performed.
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█   INTRODUCTION

In recent years, mechanical thrombectomy (MT) of the 
internal carotid artery (ICA) and middle cerebral artery 
(MCA) for acute M1 occlusion of the main artery of the 

anterior circulation has become a common procedure (4). 
Additionally, there have been reports of MT for medium 
vessel occlusion (MeVO) beyond M2 of MCA (13,16), and the 
effectiveness of MT for many acute anterior circulation artery 
occlusions has been established. In cases of acute cardiogenic 
ICA occlusion, cross-flow through the anterior communicating 
artery (Acom) or posterior communicating artery (Pcom) may 
perfuse the diseased side of the MCA region when only the 
proximal side of the ICA is acutely occluded. However, only 
a few studies have reported on MT being performed for such 
cases. In cases of ICA occlusion with Acom or Pcom cross-
flow (“with” group), cerebral blood flow is preserved due to the 
collateral flow of cross-flow, but the thrombus may migrate 
distally and worsen symptoms. Additionally, MT may worsen 
cerebral infarction by obstructing the blood flow supplied by 
the cross-flow due to the distal migration of the thrombus. 
Thus, we are often faced with difficult treatment choices. 
Herein, we report MT performed on the patients in the “with” 
group and compare it to ICA or MCA occlusion without cross-
flow supplying the diseased side of the MCA region (“without” 
group).

█   MATERIAL and METHODS
This study was approved by the local institutional ethical 
committee (Date: April 19, 2022; No: 2106).

Overall, 10 and 57 patients were included in the “with” and 
“without” groups, respectively, who were treated at our 
hospital between July 2015 and January 2023. Cases with 
modified Rankin Scale (mRS) of 4 or higher before onset were 
excluded. Cardiogenic cerebral embolism was judged as 
atrial fibrillation (AF) via electrocardiography. With or without 
AF, cardiogenic cerebral embolism was diagnosed when a 
red thrombus was retrieved, distal migration of a thrombus 
considered to be fragile was observed, no residual stenosis 
was observed after the occluded vessel recanalization, plasma 
brain natriuretic peptide level was high, and the ejection 
fraction on echocardiography was low. Confirmed diagnosis 
of the “with” group was made when acute ICA occlusion was 
observed in head magnetic resonance angiography (MRA) 
and cerebral angiography images, exhibiting the flow from the 
healthy side to the diseased side of the MCA region via Acom 
or Pcom. The “without” group was diagnosed when acute ICA 
top occlusion or M1 portion of MCA occlusion was observed 
on head MRA and cerebral angiography images. Some 
patients were analyzed by rapid processing of perfusion and 
diffusion (RAPID) (computed tomography [CT] and magnetic 
resonance [MR] perfusion) since its introduction in October 
2020 (“with” group: 3 patients, “without” group: 19 patients). 
Minimal MR imaging (diffusion-weighted imaging [DWI]) and 
head and neck MRA were performed even when CT perfusion 
was performed. As in the DEFUSE3 trial,(1) cerebral blood flow 
of <30% in CT perfusion and an apparent diffusion coefficient 
of <620 × 10−6 mm2/s in MR perfusion were defined as the 

ischemic core, Time-to-maximum (Tmax) >6 s was defined 
as the penumbra, and perfusion mismatch was analyzed. 
Mechanical thrombectomy was performed using an 8Fr 
or 9Fr balloon guiding catheter. The stent retriever alone or 
combined technique with a suction catheter was used, and 
the balloon of the balloon guiding catheter was inflated at the 
time of clot retrieval. The presence of AF, recombinant tissue 
plasminogen activator (rt-PA) administration, thrombolysis in 
cerebral infarction, onset-to-puncture time and puncture-to-
reperfusion time were determined. Onset was defined as the 
last time the disease did not occur. The National Institutes of 
Health Stroke Scale (NIHSS) score at arrival and discharge, 
Diffusion-Weighted Image-Alberta Stroke Program Early 
CT Score (DWI-ASPECTS) at arrival and within 24 hours  
postoperatively, decline from pre to post DWI-ASPECTS, 
mRS scores before onset and 90 days later, and hemorrhagic 
complication were recorded. 

Statistical Analysis

Statistical analyses were performed using the free statistical 
software EZR (version 1.61, Saitama Medical Center, Jichi 
Medical University, Saitama, Japan) (6). P values of <0.05 
were considered to be indicative of statistically significant 
differences in the results of the Fisher exact test and Mann–
Whitney U-test.

█   RESULTS
Summaries of the “with” and “without” groups are shown 
in Table I. There were 10 and 57 patients in the “with” and 
“without” groups, respectively. There were no significant 
differences (all p values ≥ 0.05) in terms of age (81 vs. 79 
years), sex (male: 40% vs. 47.4%), percentage analyzed using 
RAPID (30% vs. 33.3%), AF prevalence (90% vs. 75.4%), and 
rt-PA administration rate (40% vs. 57.9%). In one case in the 
“with” group, MT was performed because the patient’s NIHSS 
worsened from 3 to 21 and the thrombus was observed to 
migrate to the distal part compared with the MRA before 
the deterioration. In the “without” group, ICA top occlusion 
was 26.3% and M1 occlusion was 73.7%. In “with” group, 
90% had Acom cross-flow alone, 0% had Pcom cross-flow 
alone and 10% had both Acom and Pcom cross-flow. There 
were also no significant differences (all p values ≥0.05) in the 
recanalization rate of TICI2b-3 (90% vs. 100%), onset-to-
puncture time (201.5 vs. 150), NIHSS score at arrival (18 vs. 
15), preoperative DWI-ASPECTS (9.5 vs. 9), postoperative 
DWI-ASPECTS (7 vs. 8), mRS score before the onset (0 vs. 
0), and hemorrhagic complication (0 vs. 2). The puncture-to-
reperfusion time (78.5 vs. 39 min; p=0.0155), NIHSS score at 
discharge (10.5 vs. 4; p=0.0166), decline from pre to post DWI-
ASPECTS (0.5 vs 0; p=0.0495), and mRS score at 90 days 
(4 vs. 2; p=0.0195) were significantly better in the ”without” 
group than in the “with” group.

Patients analyzed by RAPID were included three in the “with” 
group and 19 “without” group, respectively. Two of the 
three patients in the “with” group (Cases 1 and 2) showed 
perfusion mismatch in the diseased MCA region (Figure 1A, 
B); the remaining patient (Case 3) (7) showed no mismatch in 
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the diseased MCA region; however, the fetal-type posterior 
cerebral artery (PCA) on the diseased side was occluded, 
resulting in a mismatch only in the PCA region on the diseased 
side (Figure 1C). In all three patients in the “with” group, few 
Tmax >6 s regions were observed in the MCA region on 
the diseased side, and there were many Tmax >4 s regions 
(Figure 1D, E, F). The head MRA of each of the three patients 
is shown in Figure 1G, H, I. 19 patients analyzed by RAPID 
in the “without” group each showed a perfusion mismatch 
in the diseased side of the MCA region. Three representative 
cases of ICA top occlusion (Figure 2A, B, C) and M1 occlusion 
(Figure 2D, E, F) are presented in this report. The diseased side 
of the MCA region in all patients tended to occupy most of the 

Tmax >6 s regions (Figure 2G, H, I, J, K, L). The head MRA of 
each of the six patients is shown in Figure 2M, N, O, P, Q, R. 
No significant difference was found in the Tmax >4 s region 
between the “with” and “without” groups (166 cc vs. 244 cc; 
p=0.718). However, significant differences were observed in 
the Tmax >6 s region (50 cc vs. 164 cc; p=0.0277) and Tmax 
>4 s/Tmax >6 s regions (3.23 vs. 1.55; p=0.0074; Table II).

█   DISCUSSION
No significant differences in NIHSS scores or DWI-ASPECTS 
at arrival were found for the 10 and 57 patients in the “with” 
and “without” groups, respectively, regardless of whether or 

Table I: Clinical Characteristics of “with” and “without” Groups

“With” Group (n=10) “Without” Group (n=57) p-value

Age, median, years (IQR) 81 (73-84) 79 (70-86) 0.986

Male, n (%) 4 (40) 27 (47.4) 0.742

RAPID, n (%) 3 (30) 19 (33.3) 1

AF, n (%) 9 (90) 43 (75.4) 0.436

Side (left), n (%) 6 (60) 30 (52.6) 0.742

rt-PA, n (%) 4 (40) 33 (57.9) 0.324

Cross flow

Acom only, n (%) 9 (90) 0 (0)

Pcom only, n (%) 0 (0) 0 (0)

Acom and Pcom, n (%) 1 (10) 0 (0)

Llocation

ICA, n (%) 10 (100) 15 (26.3)

M1, n (%) 0 (0) 42 (73.7)

TICI2b-3, n (%) 9 (90) 57 (100) 0.149

Median Onset-to-Puncture time, min (IQR) 201.5 (105-282.3) 150 (124-266.0) 0.923

Median Puncture-to-Reperfusion time, min (IQR) 78.5 (44.5-102.0) 39 (26-59) 0.0155*

Median NIHSS at arrival (IQR) 18 (15.3-20.8) 15 (11-20) 0.172

Median NIHSS at discharge (IQR) 10.5 (7.5-13.3) 4 (2-9) 0.0166*

Median pre DWI-ASPECTS, median (IQR) 9.5 (7.5-10) 9 (8-9) 0.466

Median post DWI-ASPECTS, median (IQR) 7 (4.8-9.5) 8 (7-11) 0.194

Median decline from pre to post DWI-ASPECTS (IQR) 0.5 (0-7) 0 (0-3) 0.0495*

Median pre mRS (IQR) 0 (0-2.8) 0 (0-1) 0.537

Median post mRS (IQR) 4 (2.5-5) 2 (1-3) 0.0195*

Hemorrhagic complications, n (%) 0 (0) 2 (3.5) 1

*p values of <0.05 were considered statistically significant in the results of the Fisher exact test and Mann–Whitney U-test. RAPID: Rapid 
processing of perfusion and diffusion. AF: Atrial fibrillation. rt-PA: Recombinant tissue plasminogen activator. Acom: Anterior communicating 
artery. Pcom: Posterior communicating artery. ICA: Internal carotid artery. TICI: Thrombolysis in cerebral infarction. NIHSS: The National Institutes 
of Health Stroke Scale. DWI-ASPECTS: Diffusion-Weighted Image-Alberta Stroke program Early CT Score. mRS: Modified Rankin Scale.
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They revealed that patients with ICA occlusion but preserved 
Acom and Pcom with collateral flow had a significantly better 
prognosis and that good collateral flow may be a predictor of 
prognosis in patients with ICA occlusion after MT. Conversely, 
Seifert-Held et al. reported no significant difference in 
prognosis after MT regardless of circle of Willis development 
(14). Wu et al. evaluated the prognostic differences after MT 
for acute intracranial ICA occlusion due to the development 
of circle of Willis (17). The study showed that patients with 
collateral blood flow through circle of Willis at the onset of 
stroke exhibited significantly better prognosis than those 
without. However, the report included some patients who did 
not have cardiogenic ICA occlusion. Of those patients, the 
ones with AF exhibited poor outcome after MT. NIHSS scores 

not the patients had cross-flow. The cross-flow did not appear 
to contribute to a lower NIHSS score at arrival or higher 
preoperative DWI-ASPECTS. Compensation via collateral 
flow occurs as atherosclerotic cerebral vascular stenosis 
progresses in the case of atherothrombotic brain infarction, 
which has been reported to maintain perfusion and stabilize 
cerebral blood flow (8-11,15). Therefore, it may be mild or 
asymptomatic, although the main vessel was eventually 
occluded. The occlusion of the ICA was not progressive but 
sudden in the “with” group, and compensation via cross-flow 
was considered inadequate, suggesting severe neurological 
deterioration in many patients. Zhao et al. examined the 
prognosis of patients after MT for ICA occlusion by classifying 
it according to the degree of circle of Willis development (18). 

Figure 1: Two of the three patients in the “with” group (Cases 1 and 2) shows perfusion mismatch in the diseased middle cerebral artery 
(MCA) region (A, B), and the third patient (Case 3) did not show mismatch in the diseased MCA region. However, the fetal-type posterior 
cerebral artery (PCA) on the diseased side was occluded, which resulted in a mismatch only in the PCA region on the diseased side (C). 
In all three patients, there were few Tmax >6 s regions in the MCA region on the diseased side and many Tmax >4 s regions (D, E, F). 
The head magnetic resonance angiographic images of all three patients are shown (G, H, I). CBF: Cerebral blood flow. ADC: Apparent 
diffusion coefficient. Tmax: Time-to-maximum. MRA: Magnetic resonance angiography.
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The thrombus volume may be relatively small in the case of 
ICA top occlusion or M1 occlusion because arterial vessels 
become smaller in diameter at the point of transition from ICA 
to MCA. Therefore, the risk of massive thrombus migration 
was low, which may have contributed to the short treatment 
time. NIHSS scores at discharge and mRS scores at 90 days 
were significantly worse in the “with” group than those in the 
“without” group. Although there were no significant differences, 
“with” group tended to have higher pre DWI-ASPECTS and 
lower post DWI-ASPECTS than the “without” group. Decline 
from pre to post DWI-ASPECTS was significantly higher in the 
“with” group than the “without” group. A longer treatment time 
and higher risk of distal migration of thrombus was observed 
in the “with” group may have influenced the poor prognosis. 

Amuluru et al. reported a case of MT through Acom from 
the contralateral ICA for tandem occlusion of the MCA 

at discharge and mRS scores at 90 days in our cases were 
significantly poorer in the “with” group than in the “without” 
group. One patient with both Acom and Pcom cross-flow in 
“with group” had a good prognosis with mRS score of 2 at 
90 days. However, the other nine patients in the “with” group 
had Acom cross-flow alone, and only two of the nine cases 
had a good prognosis. MT for the “with” group may not lead 
to a good prognosis even when accompanied by cross-flow, 
particularly in cases with Acom cross-flow alone.

The puncture-to-reperfusion time was significantly longer in 
the “with” group than in the “without” group. The thrombus 
was large enough to occlude a large ICA, and the thrombus 
volume tended to be large. The thrombus was soft because 
of cardiogenic cerebral embolism and could migrate distally 
upon onset. Similarly, it could migrate distally if missed 
during MT. This might have required a longer treatment time. 

Table II: Comparison of “with” and “without” Groups Analyzed Using Rapid Processing of Perfusion and Diffusion

“With” Group (n=3) “Without” Group (n=19) p-value

Tmax > 4 s, median, cc, (IQR) 166 (129-283.5) 244 (188-287.5) 0.718

Tmax > 6 s, median, cc, (IQR) 50 (40.5-87) 164 (135-196.5) 0.0277*

Tmax > 4 s/Tmax >6 s, median (IQR) 3.23 (3.10-3.28) 1.55 (1.39-1.73) 0.0074*

* p values of <0.05 were considered statistically significant in the results of the Fisher exact test and Mann–Whitney U-test.

Figure 2: Three representative cases of internal carotid artery top occlusion (A, B, C), and M1 occlusion analyzed via rapid processing 
of perfusion and diffusion showed perfusion mismatch in the diseased side of the middle cerebral artery (MCA) region, respectively (D, 
E, F). The diseased side of the MCA region tends to occupy most of the Tmax >6 s regions (G, H, I, J, K, and L). The head magnetic 
resonance angiographic images of all six patients are shown (M, N, O, P, Q, R). CBF: Cerebral blood flow, ADC: Apparent diffusion 
coefficient, Tmax: Time-to-maximum, MRA: Magnetic resonance angiography.
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al. (3) reported that a direct aspiration first-pass technique 
and the use of a balloon guiding catheter during MT reduced 
the incidence of distal migration of thrombus. Ohshima and 
Miyachi reported that the use of a balloon guiding catheter 
to retrieve a thrombus into the aspiration catheter using a 
stent while the balloon is inflated (the aspiration catheter with 
proximal balloon technique) reduced the risk of intraoperative 
distal migration of thrombus (12). Until our retrospective study, 
we had not been aware of the risk of distal migration of large 
amounts of thrombus and the poor prognosis of the “with” 
group; therefore, we had not actively implemented the above 
innovations and tips in our daily clinical practice. Reducing 
the risk of distal migration of thrombus as much as possible 
using balloon guiding and aspiration catheters as described 
above is desirable when performing MT for “with” group. In 
doing so, we can achieve a good prognosis of “with” group 
hereafter. Additionally, favorable outcomes of endovascular 
treatment for MeVO have been reported in recent years owing 
to the miniaturization of MT devices (13,16). More attention 
should be paid to the distal migration of thrombus when 
performing MT for “with” group, with a focus on achieving the 
best possible recovery if distal migration does occur.

This study has several limitations. This was a single-center 
retrospective study with a small number of patients, and the 
results in other institutions may vary depending on the choice 
of MT device and the skill of the surgeon. Because of the 
infrequency with which we experience “with” group in our daily 
clinical practice, the number of cases is less, and thus, more 
cases need to be examined. In addition, because the onset 
time was defined as the last time the disease did not occur, 
there were cases in both groups for which the exact onset time 
was unknown, which made an accurate comparison of actual 
“onset”-to-reperfusion times difficult. Further accumulation of 
cases and randomized controlled trials that include a method 
of MT for “with” group with careful attention paid to the risk of 
distal migration of the thrombus are needed. 

█   CONCLUSION
Cardiogenic ICA occlusion with cross-flow, even if accom-
panied by cross-flow, is not necessarily a sufficient collateral 
flow and may not be associated with a good prognosis by 
itself. In cases where MT is performed for cardiogenic ICA oc-
clusion with cross-flow, long treatment time and high risk of 
distal migration of thrombus may influence the poor progno-
sis. Cardiogenic ICA occlusion with cross-flow tends to have 
a smaller Tmax >6 s region and a larger Tmax >4 s region, 
resulting in a smaller perfusion mismatch. However, the lesion 
may cause cerebral infarction, and thus, MT should be per-
formed. When MT is performed, we should try to reduce the 
risk of distal migration of thrombi. However, if distal migration 
of thrombus does occur, we should aim for the best possible 
recovery.

and ipsilateral ICA with a favorable outcome (2). MT was 
performed with trans-Acom via the contralateral ICA because 
atherosclerosis prevented reperfusion of the ICA. The “with” 
group of our study were at risk of distal migration of a large 
amount of thrombus in the ICA as a result of MT manipulation. 
Therefore, trans-Acom via the contralateral ICA approach may 
be a feasible method. However, in our patients, even if the 
lesion was tandem, it was a distal occlusion rather than an 
occlusion of M2, and even if it was a peripheral tandem lesion, 
the microcatheter would have to be guided distally if it was 
approached with trans-Acom; as a result, treatment could 
be quite difficult. Additionally, even if the MCA thrombus is 
successfully retrieved, an unstable thrombus may remain in 
the diseased ICA and later migrate distally. The neurological 
symptoms in the “with” group were observed despite the 
presence of Acom cross-flow, which may be caused by 
decreased cerebral blood flow on the diseased side as a result 
of ICA occlusion. Thrombi in the ICA should be retrieved even 
if patients are at risk for thrombus migration in the ICA.

We previously reported Case 3 as an example of a case in 
which the penumbra was thought to be present in a region with 
a Tmax ≤6 s based on RAPID analysis (7). The RAPID analysis 
in that report did not reveal a Tmax >6 s region defined as 
a penumbral region in the diseased side of the MCA region, 
indicating no penumbra in this region. However, the Tmax map 
revealed a wide Tmax >4 s region on the diseased side of the 
MCA region, suggesting the possibility of acute ipsilateral ICA 
occlusion. Therefore, MT was performed for the ICA occlusion 
on the diseased side, and the ICA was reperfused. Analyzing 
not only the Tmax >6 s region to evaluate perfusion mismatch 
but also the Tmax >4 s region in the Tmax map would be 
useful. The Tmax >4 s/Tmax >6 s ratio was significantly 
higher in atherothrombotic brain infarction cases than in 
non-atherothrombotic brain infarction cases because of the 
development of collateral flow in cases of acute occlusion of 
intracranial arteries (5). The three patients in the “with” group 
analyzed by RAPID had significantly higher Tmax >4 s/Tmax 
>6 s ratios than those of the 19 patients in the “without” group, 
which may be similar to the higher Tmax >4 s/Tmax >6 s ratio 
in cases of atherothrombotic brain infarctions due to collateral 
flow development. The Tmax >6 s region was smaller and 
the Tmax >4 s region was larger in the “with” group than in 
the “without” group, which reduced perfusion mismatch. 
Furthermore, in the “with” group, as in case 3, there may be 
no Tmax >6 s region due to collateral flow. In such cases, 
RAPID analysis may show no evidence of perfusion mismatch 
in the MCA region, and the patient may be misjudged not to 
be performed the MT. However, the lesions were considered 
to be in a low-perfusion state that could lead to cerebral 
infarction, and MT was considered desirable.

As mentioned earlier, the thrombi of patients in the “with” 
group were massive, and there is a risk that the surgical 
procedure will cause distal migration of the thrombus. The 
collateral flow in the “with” group, which was barely preserved 
by the cross-flow, is lost, and the stroke may be worse than 
it was preoperatively, resulting in a poor prognosis. Chueh et 
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