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Abstract

at different segments after IAT.

for concurrent proximal cervical ICA tight stenosis.

Angioplasty

Background: Intra-arterial thrombectomy (IAT) is one of the mainstream treatments for acute ischemic stroke. As relatively little
evidence on extracranial internal carotid artery (ICA) occlusions exists in the literature, we share our experiences after using IAT for
intracranial and extracranial ICA occlusions. We further clarify the imaging characteristics of multiphase computed tomography
angiography (CTA) and share the experience of balloon angioplasty in acute ICA occlusion.

Objectives: To investigate the imaging findings of multiphase CTA and the clinical conditions and outcomes of acute ICA occlusions

Patients and Methods: All participants receiving IAT for acute stroke with isolated ICA occlusions were included, obtained from
three hospitals between June 2016 and November 2018. An imaging review for non-enhanced computed tomography (CT), multi-
phase CTA, and angiography was conducted. Epidemiological and clinical data were reviewed. Further comparisons were evaluated
between the occlusion side from the C6 to C7 segments and C1 to C5 segments of the ICA.

Results: The average age of the patients was 73.0 years, and the initial National Institutes of Health Stroke scale (NIHSS) score was
18.6. Nineteen percent of cases had good outcomes. Good reperfusion results were achieved in 50% of cases. Compared to the
group with occlusion from C6-C7, the group with occlusion from C1-C5 had a relatively good Alberta Stroke Program Early CT score
(ASPECTS) in the A1 phase of the multiphase CTA, and more patients had a good collateral. Three cases received a balloon angioplasty
for a concurrent proximal cervical ICA tight stenosis, and all cases had good reperfusion results.

Conclusion: Distal occlusion of the ICA demonstrates lower ASPECTS and a worse collateral on multiphase CTA. A multiphase CTA
with an extended scan range in the A2 and A3 phases is able to exclude pseudo-occlusion of the ICA. Balloon angioplasty is helpful
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1. Background

Intra-arterial thrombectomy (IAT) has been considered
as a standard treatment for acute strokes with large vessel
occlusions thatoccur within reasonable time windows. IAT
became the standard after publication of the five large ran-
domized trials in 2015 (1-5) and was included in the Amer-
ican Heart Association and American Stroke Association
treatment guidelines for acute stroke in 2018 (6). A meta-
analysis reported that IAT improved outcomes, defined as

a modified Rankin scale (mRS) score from 0 to 2 within 3
months after an acute stroke with large vessel occlusion.
This was seen in 46.0% of patients, compared to the con-
trol group, in which only 26.5% had good outcomes. Be-
sides that, there were no significant differences in intracra-
nial hemorrhage or mortality between the IAT and control
groups (7). In the interventional group, most cases had
an occlusion location in the middle cerebral artery (77%),
mainly at the M1 segment (69%), with the internal carotid
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artery (ICA) location occupying 21% of all cases, mainly the
distal ICA location. For these five large randomized tri-
als in 2015, the imaging inclusion criteria relied on non-
enhanced computed tomography (CT), single-phase CT an-
giography (CTA), magnetic resonance imaging (MRI), or
angiographic results (1-5). Meanwhile, multiphase CTA was
invented as a new imaging tool for acute stroke evalua-
tion, which has as much power as CT perfusion but also a
lower radiation dose and no need for additional contrast
material injection or further post-processing at an inde-
pendent workstation (8). In this study, we report our expe-
rience with the different imaging results, including multi-
phase CTA, and their clinical implications for acute stroke
patients with ICA occlusions in the intracranial and ex-
tracranial segments that are receiving IAT. Further discus-
sion was focused on the imaging characteristics of multi-
phase CTA in acute ICA occlusion and the role of balloon
angioplasty for concurrent proximal ICA tight stenosis in
IAT. Moreover, the clinical and imaging outcomes were
compared between the distal and proximal ICA occlusion
groups.

2. Objectives

To investigate the imaging findings of multiphase CTA
and the clinical conditions and outcomes of acute ICA oc-
clusions at different segments after IAT.

3. Patients and Methods

3.1. Patients

All participants who received IAT for acute stroke in
three hospitals between June 2016 and November 2018,
whose occlusion arteries were angiographically proven to
be ICA were included in this study. An imaging review was
conducted, and patients with the presence of tandem le-
sions of additional intracranial occlusions were excluded.
The epidemiological and clinical data were reviewed based
on the medical records, registration system, and imaging
system. Patients without available non-enhanced CT or
multiphase CTA were excluded from this study. The epi-
demiological data included age, sex, risk factors for stroke,
and antithrombotic agent usage.

3.2. Clinical Data

The included parameters during the acute stroke man-
agement were initial National Institutes of Health Stroke
scale (NIHSS) scores, tissue plasminogen activator infu-
sion, and mRS scores within 3 months. The NIHSS is a 15-
item neurologic examination scale for acute cerebral in-
farction. The overall score ranged from 0, which was nor-
mal, to 42, which indicated the highest impairment score.

The score was evaluated by certified neurologists. The mRS
scores were used to evaluate the degree of disability of pa-
tients after stroke. The higher the score, the more severely
disabled was the patient. The scale ranged from 0, which
indicated that they had no symptoms, to 6, which indi-
cated that they were dead. Usually, a better outcome was
defined as an mRS score from 0 to 2, which indicated slight
disability.

3.3. Radiographic Results

The imaging results of all patients, including non-
enhanced CT, multiphase CTA, and angiography, were ret-
rospectively evaluated by a single neuroradiologist with 7
years of experience, in order to diminish the inter-observer
bias.

The Alberta Stroke Program Early CT scores (ASPECTS)
were measured using non-enhanced CT. The middle cere-
bral artery territory of the affected cerebral hemisphere
was divided into 10 regions, and the normal, full score was
a score of 10 points. If an acute ischemic change was sus-
pected for any of them, their score would be subtracted by
one point; the minimum score was zero, which indicated
thatall the middle cerebral artery territories were affected.
Generally, ASPECTS with at least 6 points was considered
to be related to a better outcome. There were four series
of images in a multiphase CTA, including pre-contrast im-
ages, first arterial phase (A1) images, second arterial phase
(A2) images, and third arterial phase (A3) images. ASPECTS
scores were also measured in pre-contrast and Alimages of
multiphase CTAs. The occlusion side of ICA was recorded
based on the multiphase CTAs. ICA was divided into seven
segments, including C1(cervical segment), C2 (petrous seg-
ment), C3 (lacerum segment), C4 (cavernous segment), C5
(clinoid segment), C6 (ophthalmic segment), and C7 (com-
municating segment). The predicted occlusion segment of
ICA was defined as the most distal enhanced segment or
the most proximal non-enhanced segment if there was no
contrast enhancement of ICA in the first image. The pre-
dicted occlusion segment was evaluated in Al and A3 im-
ages. Whether there was contrast migration in multiphase
CTA was based on the difference of the predicted occlusion
segments between Al and A3 images. The collateral grad-
ing of multiphase CTA was measured according to the orig-
inal article of the development of multiphase CTA (8). The
collateral grading system included 0 to 5 collateral grades,
where a grade of 4 and 5 represented an intermediate and
good collateral, respectively. A grade between 0 and 3 rep-
resented a poor collateral.

For IAT angiography, we collected data on the rela-
tive use of general anesthesia, final occlusion segment of
ICA, usage of balloon angioplasty for concurrent proxi-
mal cervical ICA stenosis, conduction times of suction and
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stentretrieving, onset-to-reperfusion time, and modified
thrombolysis in cerebral infarction (mTICI) grade. The
mTICI grade was used to evaluate reperfusion outcome af-
ter IAT, ranging from grade 0, meaning no reperfusion, to
grade 3, meaning complete reperfusion. Grade 1 was min-
imal reperfusion. Grade 2 was obvious reperfusion, but
there was still a presence of occluded branches, which was
divided into grade 2a and 2b. Grade 2a was reperfusion of
less than half of the affected territory, and grade 2b was
reperfusion of more than half of the affected territory. The
mTICI grade 2b or 3 was considered as a good reperfusion
result.

3.4. Statistical Analysis

The statistical analysis was performed using SPSS soft-
ware, version 24.0 (IBM, Armonk, NY). A descriptive anal-
ysis for all parameters was conducted to display numbers
and percentages. The final occlusion site of the affected ICA
was divided into two groups. The first group had an ICA oc-
clusion atthe C6 or C7segment. The other group had an ICA
occlusion between C1 and C5 segments. A t-test was used
to compare NIHSS and ASPECTS in non-enhanced CT, pre-
contrast, and Al phases of multiphase CTA, as well as collat-
eral grading between these two groups. A non-parametric
statistical test was used to evaluate the differences between
the percentage of patients with a good collateral grade and
good mTICI score, and the percentage of those with good 3-
month mRS between these two groups. A p-value less than
0.05 was considered statistically significant.

4. Results

There were 32 cases included in this study. The average
age was 73.0 = 2.3 years, ranging from 34 to 95, and there
were 17 women and 15 men. Among all, there were 23 cases
with hypertension, 11 cases with diabetes, 20 cases with
hyperlipidemia, eight cases with a history of smoking, 21
caseswith atrial fibrillation, and 17 cases being treated with
antithrombotic agents. The average of the initial NIHSS
scores was 18.6 = 0.9, ranging from 8 to 30. Sixteen cases
had received tissue plasminogen activator treatment. Ac-
cording to the follow-up record for the 3-month mRS score,
there were six cases with scores of 0 to 2. The detailed infor-
mation can be found in Table 1.

There were 14 cases with a right ICA occlusion and 18
cases with a left ICA occlusion. The average of the ASPECTS
scores in the non-enhanced brain CTs was 8.6 + 0.3, rang-
ing from 4 to 10. The averages for the pre-contrast and Al
images of the multiphase CTAs were 7.1+ 0.5 and 5.0 £ 0.6,
respectively. The details of the predicted occlusion ICA seg-
ments in Aland A3 images of the multiphase CTA are listed
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Table 1. Patient Demographics®

Variable Values (n=32)
Age,y 73.0 £ 23(34-95)
Female 17(53.1)
Risk factors
Hypertension 23(71.9)
Diabetes 11(34.4)
Hyperlipidemia 20(62.5)
Smoking 8(25.0)
Atrial fibrillation 21(65.6)
Antithrombotic agent usage 17(53.1)

NIHSS 18.6 + 0.9 (8-30)

tPA treatment 16 (50.0)

3-month-mRS 011, 1:3,2:2, 3:5, 4:9, 5:2, 6:10 (0 - 2: 19%)

Abbreviations: mRS, modified Rankin scale; NIHSS, National Institutes of
Health Stroke Scale; SD, standard deviation; tPA, tissue plasminogen activator.
Values are expressed as mean =+ SD (range) or No. (%).

in Table 2. There were 12 cases with contrast migration in
atleast one segment, based on the A1 to A3 images. For the
other 20 cases without contrast migration, there were 18
cases with stable contrast stasis in their C1 segments. Ac-
cording to the collateral grading method, there were six
cases with intermediate collateral and six with good col-
lateral. For the angiographic results, 17 cases received IAT
under general anesthesia. The occlusion segments seen
on the angiography images are detailed in Table 2. Only
three casesrequired a balloon angioplasty for a concurrent
tight stenosis of the proximal cervical ICA, and these three
cases also had contrast stasis at the C1 segment on their
multiphase CTA. Each procedure included suction an aver-
age of 2.3 times and stent-retrieving 0.8 times. The average
onset-to-reperfusion time was 338.5 £ 15.7 minutes, rang-
ing from 215 to 594 minutes. The final IAT results showed
mTICI scores of 2b to 3 in 16 cases. All the detailed infor-
mation related to the non-enhanced CTs, multiphase CTAs,
and angiographies are listed in Table 2.

The patients with an angiographic occlusion segment
at C6 and C7 were compared to the rest of the patients, and
the results are listed in Table 3. The significant differences
between these two groups included lower ASPECTS in the
Al images in the C6-7 occlusion group, and less patients
with good collateral in the C6-7 occlusion group.

In addition, the results of patients with contrast migra-
tion on multiphase CTA were compared to those without
contrast migration. There were two significant differences.
First, the contrast migration group had a lower ASPECTS on
the Al images (3.3 & 2.9, range: O - 8), compared with the
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Table 2. Imaging Study and Procedure®

Variable Values (n =32)

ASPECTS 8.6 +0.3(4-10)(> 6:91%)

Right side occlusion 14 (43.8)

mCTA-Pre-ASPECTS 714 0.5(> 6:69%)
mCTA-A1-ASPECTS 5.0 4 0.6 (> 6:47%)

Collateral grading 0:0,1:8,2:8,3:4, 4 (intermediate):6, 5

Predicted occlusion segment on
mCTA-A1

Predicted occlusion segment on
mCTA-A3

Contrast migration > 1segment
from mCTA-A1 to mCTA-A3

General anesthesia
Occlusion segment on angiogram

Angioplasty for proximal cervical
ICA

Suction
Stent-retrieving
Onset to reperfusion time, min

mTICI, %

(good):6

C1:24, C2:4, C3:1, C4:2, C5:1, C6:0, C7:0

C1:18, C2:4,C3:3,C4:3, C5:2,C6:2,C7:0

12 (37.5)

17(40.6)
C115, C2:2,C3:0, C4:4,C5:3,C6:4,C7:4

3(9.4)

234+ 03(0-6)
0.8+0.2(0-4)
338.5 £ 15.7(215 - 594)

0:13, 11, 2a:2, 2b:7, 3:9 (2b-3: 50%)

Abbreviations: ASPECTS, Alberta Stroke Program Early CT score; mCTA, multi-
phase computed tomographic angiography; mTICI, modified thrombolysis in
cerebral infarction; SD, standard deviation; tPA, tissue plasminogen activator.
Values are expressed as mean = SD (range) or No. (%).

Table 3. Angiographic Occlusion Segment at C6-7 Versus C1-5

Group (case number)
Variable
C6-7(n=8) C1-5(n=24) P value

NIHSS 193+4.7(12-26)  18.4 +-5.4(8-30) 0.701
ASPECTS 7.9 +23(4-10) 8.8 +1.4(5-10) 0.296
mCTA-Pre-ASPECTS 714 2.4(4-10) 7.0 +2.8(0-10) 0.941
mCTA-A1-ASPECTS 2.5+23(0-6) 5.9 +3.4(0-10) 0.015"
Collateral grading 24+13(1-4) 3.0£16(1-5) 0.346
Good collateral 0(0.0) 6(25.0) 0.011°
mTICI (2b-3) 6(75.0) 10 (41.7) 0.109
3-month-mRS (0-2) 3(37.5) 3(12.5) 0.233

Abbreviations: ASPECTS, Alberta Stroke Program Early CT score; mCTA, mul-
tiphase computed tomographic angiography; mRS, modified Rankin scale;
mTICI, modified thrombolysis in cerebral infarction; NIHSS, National Institutes
of Health Stroke scale; SD, standard deviation.

Values are expressed as mean =+ SD (range) or No. (%).

PP value < 0.05.

contrast stasis group (6.1 + 3.5, range: 0-10), with a p-value
of 0.029. Second, the contrast migration group had fewer
patients with good collateral (0%), compared with the con-
trast stasis group (30%), with a P value of 0.01.
Furthermore, the results of the patients requiring an-

gioplasty for concurrent proximal cervical ICA stenosis
were compared to the rest of the patients. More patients
had good ASPECTS (scores of 6 to 10) in the pre-contrast im-
ages of the multiphase CTA (100% vs 65.5%, P value = 0.001),
but fewer patients had a good collateral (0% vs 20.7%, P
value = 0.012). Though there were more people in the an-
gioplasty group with good mTICI results (2b and 3) (100%
vs 44.8%, P value < 0.001), there were fewer patients that
had a good 3-month mRS score (0 to 2) (0% vs 20.7%, P value
=0.012).

5. Discussion

Acute stroke cases with ICA occlusions display rela-
tively fewer good outcomes (3-month mRS 0 - 2: 19% of pa-
tients) and reperfusion rates (mTICI 2b-3: 50%) compared
to previous studies, which are mainly composed of mid-
dle cerebral artery occlusion cases. There were 18 cases
with contrast stasis at the C1 segment of the ICA on the
multiphase CTA, but among them, only 15 cases had an an-
giographic occlusion at the C1 segment and three of them
required a balloon angioplasty for a concurrent proximal
cervical ICA tight stenosis. Compared to proximal ICA oc-
clusions at Ci1 to C5, those with occlusions at the C6 to C7
segments demonstrated lower ASPECTS on Al phase images
and fewer patients had a good collateral on the multiphase
CTA.However, there were no significant differences in their
mTICI grades and 3-month mRS scores.

The original five large studies supporting the efficacy
of IAT in acute stroke patients with a large vessel occlusion
demonstrated good outcomes in 46.0% of patients, which
is significantly higher than the 26.5% in the control arm. In
addition, successful revascularization with an mTICI score
of 2b or 3 occurred in 71% (7). Compared to these results,
there was a relatively lower rate of good outcomes (19%)
and successful reperfusion rates (50%) for ICA occlusion
cases in our study. According to the literature, there are
several studies with different treatment combinations for
acute strokes using ICA occlusion, and the results show
that intravenous thrombolytic therapy alone achieves fa-
vorable outcomes in 0% - 32.1% of patients. Meanwhile,
when combined with intra-arterial therapies including
thrombolysis, angioplasty, stents, stent-retrievers, and as-
piration, 24% - 100% have a favorable outcome, and 38%
-100% have a successful reperfusion rate (9-11). Though
the results of previous studies are diverse, our results are
not significantly different, but we did see slightly fewer fa-
vorable outcomes. However, the threshold of a successful
reperfusion ranged from at least a TICI of 2 in order to suc-
cessfully complete reperfusion, which might have caused
some variation. Our definition of favorable outcome is
relatively consistent with the literature, but some studies
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have different definitions, such as an mRS 0 - 2 at 1 month,
or aBarthel index> 90, or a NIHSS score of 0-1at3 months.
Nonetheless, recent meta-analysis studies still suggest IAT
is a favored treatment in acute strokes with ICA occlusions
(7,12).

In multiphase CTA, there were 18 cases that showed
contrast stasis at the C1 segment. However, the angiogra-
phy confirmed that only 15 of them had a true occlusion at
the C1 segment, and three of them had a concurrent tight
stenosis at the proximal cervical ICA. A concurrent tight
stenosis can be identified by the presence of different con-
ditions. Extracranial carotid disease accounts for 20% cases
of acute ischemic stroke, and 10% of these cases present
with acute occlusions. However, acute ischemic stroke
with extracranial carotid disease is usually associated with
ipsilateral intracranial occlusions, and there were only 8%
cases of acute ischemic stroke purely due to carotid disease
(13). Atherosclerosis is the main cause of internal carotid
stenosis, and more commonly involves bifurcation (14).
Though less frequently encountered, the occlusion site at
the proximal ICA near the bifurcation location should be
considered, because this location is the most common ICA
location affected by atherosclerosis. The possibility of this
condition is higher when the multiphase CTA suggests oc-
clusion at the C1 segment. In our study, the condition
accounts for only 9.4% of overall ICA occlusions, but in-
creased to 16.7% in the predicted C1 segment occlusions.
The treatment procedure is different for IAT when a tight
stenosis at the proximal cervical ICA exists. Neither aspi-
ration nor stent-retrieving will re-open the stenosis. For
all three cases in this study, aspiration was first conducted,
but the follow-up angiography revealed that the same oc-
clusion was visible even after aspirating 2 or 3 times. There-
fore, we use a balloon angioplasty to re-open the suspected
concurrent tight stenosis, and all of them showed excel-
lent patency for the whole ICA course after the angioplasty.
The percentage of occlusion at the concurrent proximal
cervical ICA tight stenosis increases to 16.7% when the mul-
tiphase CTA predicts the occlusion site at the C1 level. We
think the correctly predicted percentage can be further en-
hanced if the A2 and A3 phases of the multiphase CTA ex-
tend the scan range down to the carotid bifurcation, be-
cause most of our cases did not reveal the contrast en-
hancement level in the A2 and A3 phases. If the thrombus
occlusion at the C1 segment is not combined with a prox-
imal cervical ICA tight stenosis, the thrombus location is
usually at the middle or distal portions of the C1 segment,
and the contrast in the multiphase CTA will migrate dis-
tally from the A1 to A3 images although maybe only a short
distance. In the original invention of multiphase CTA, the
scan range in both the A2 and A3 phase is from the skull
base to the vertex (8). However, the carotid bifurcation
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is commonly located below the skull base. According to
a previous study, the most commonly used references for
carotid bifurcations are the C3/4 intervertebral disc, C4 ver-
tebral body, and the laminae of the thyroid cartilage (15).
There are 87.5% -100% cases showing the carotid bifurca-
tion above the inferior margin of the C4 vertebral body (16).
Currently, the speed of the CT scan is enough to cover the
scan range from the C4 vertebral body to the vertex within
an 8-second interval, in order to fulfill the requirement of
the multiphase CTA (8). It will be beneficial to extend the
multiphase CTA scan range, in order to early detect the less
common causes of acute strokes due to acute occlusions
of a proximal cervical ICA tight stenosis. Early identifica-
tion of this condition will hasten the procedure of IAT by
trying balloon angioplasty as early as possible. Pseudo-
occlusion of ICA on single-phase CTA has been studied be-
fore, and the authors concluded that single-phase CTA is
not reliable to distinguish true occlusions from pseudo-
occlusions and that there are up to 15% - 32.4% cases with
pseudo-occlusion. The differentiation between true occlu-
sion and pseudo-occlusion is crucial, because the planning
of the endovascular intervention and treatment for acute
strokes might change (17, 18). We think a multiphase CTA
with extended scan range on the A2 and A3 phases might
be a potential solution to rule out pseudo-occlusion based
on CTA findings, but further well-designed studies for this
issue are required.

Previous studies suggest that the prognosis is rela-
tively poor in acute strokes with tandem lesions at the ICA
and middle cerebral artery, as compared to isolated ICA le-
sions (10). Distal ICA occlusions at the T-zone also shows
less favorable outcomes (24.8% - 28.5%) compared to prox-
imal ICA occlusions (43.5% - 46.0%). However, in our study,
we compared the results of the occlusion sites at the C1-5
segments with those at the C6-7 segments, and there were
no significant differences in the mTICI grades or 3-month
mRS scores. There were, however, significantly lower AS-
PECTS on Al phase images, and fewer patients with good
collateral in the group with occlusions at C6-7. The same
results were also noted when we compare the contrast mi-
gration group with the contrast stasis group in the multi-
phase CTA. The positive correlation between the contrast
migration and C6-7 occlusion was statistically significant
(R? = 0.492, P = 0.006) after controlling for age and sex.
Therefore, whether there is contrast migration is helpful
to predict the occlusion site. Anatomically, when the occlu-
sion side islocated at the C6-7 segment, there is predictable
effect on the collateral supply: the collateral from the con-
tralateral anterior circulation will be blocked by the occlu-
sion of the A1 and ICA junction, and the collateral from
the posterior circulation is also blocked by the occlusion
of the ipsilateral posterior communicating artery; there-
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fore, it is reasonable to say that distal occlusion of the ICA
will cause a poor collateral and lower ASPECTS. In our study,
there were significantly lower ASPECTS in the A1l phases but
not in the non-enhanced CTs or pre-contrast images of the
multiphase CTAs. This result is supported by previous stud-
ies that suggest the prediction power of infarction scores
based on ASPECTS are better on CTA images than on non-
enhanced CT images (19). Our results do not show a signif-
icant difference in clinical outcomes between C6-7 occlu-
sions and C1-5 occlusions, which might be due to the limi-
tation of having a small number of cases.

For patients receiving angioplasty for a concurrent
proximal cervical ICA stenosis, more of these patients had
good ASPECTS on pre-contrast images of multiphase CTA,
but fewer had a good collateral or good clinical outcome.
The results are questionable because these cases are re-
lated to proximal ICA occlusions but do not present similar
results, likely due to the extremely small number of cases.
Successful reperfusion occurred in 100% of these patients
after their angioplasty, reflecting the importance of the
detecting coexisting proximal cervical ICA tight stenosis,
and the proper usage of balloon angioplasty. The existence
of proximal cervical ICA tight stenosis raises concern that
there might be a high incidence of coexisting intracranial
tandem lesions; Moreover, which lesion should be man-
aged first is controversial. There is supportive evidence for
both anterograde and retrograde treatments with carotid
stenting, but a new modified Dotter technique shows re-
sults that are more promising using catheter dilatation for
the carotid stenosis. As a result, the IAT procedure will
not be prolonged by the stenting procedure and the rou-
tine antiplatelet therapy after stenting can be avoided. This
is important because an acute infarction with a large ves-
sel occlusion is at risk for subsequent intracranial hemor-
rhages(9,20). Our procedure followed this concept, but we
still used a balloon angioplasty to achieve a better lumen
width, because proximal occlusion patency is also helpful
for brain perfusion (21).

There are limitations in this study. The case number
was small, which might affect the statistical significance
and the interpretation of the results. In addition, the
study design was retrospective and therefore, there are het-
erogeneities about patients’ conditions, usage of devices,
technical steps of IAT, and the experience of the neuroin-
terventionalists. In the future, a prospective study with a
larger case number, a standardized procedure, and more
specific patient selection criteria would be helpful to con-
firm the results of this study.

In conclusion, acute stroke cases with ICA occlusions
display a relatively lower percentage of good outcomes
and reperfusion rates when compared to previous stud-
ies, which have mainly studied middle cerebral artery oc-

clusions. Distal occlusion of the ICA demonstrates lower
ASPECTS on the Al phase images, and fewer patients had
a good collateral on the multiphase CTA. Multiphase CTA
with an extended scan range on the A2 and A3 phases can
potentially rule out pseudo-occlusion of the ICA. Balloon
angioplasty is key to achieving a high successful reperfu-
sion rate when there is a concurrent proximal cervical ICA
tight stenosis with an acute occlusion.
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