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Mechanical Thrombectomy of Distal Occlusions in the Anterior
Cerebral Artery: Recanalization Rates, Periprocedural
Complications, and Clinical Outcome

). Pfaff, "/C. Herweh, ““M. Pham, “&'S. Schieber, ““P.A. Ringleb, ““M. Bendszus, and ““’M. Méhlenbruch

ABSTRACT

BACKGROUND AND PURPOSE: Patients with acute ischemic stroke in the anterior circulation are at risk for either primary or, following
mechanical thrombectomy, secondary occlusion of the anterior cerebral artery. Because previous studies had only a limited informative
value, we report our data concerning the frequency and location of distal anterior cerebral artery occlusions, recanalization rates,
periprocedural complications, and clinical outcome.

MATERIALS AND METHODS: We performed a retrospective analysis of prospectively collected data of patients with acute ischemic
stroke undergoing mechanical thrombectomy in the anterior circulation between June 2010 and April 2015.

RESULTS: Of 368 patients included in this analysis, we identified 30 (8.1%) with either primary (n = 17, 4.6%) or secondary (n = 13, 3.5%)
embolic occlusion of the distal anterior cerebral artery. The recanalization rate after placement of a stent retriever was 88%. Periproce-
dural complications were rare and included vasospasms (n = 3,10%) and dissection (n = 1, 3.3%). However, 16 (53.5%) patients sustained an
(at least partial) infarction of the anterior cerebral artery territory. Ninety days after the ictus, clinical outcome according to the modified
Rankin Scale score was the following: 0-2,n = 11(36.6%); 3—4,n = 9 (30%); 5-6,n = 10 (33.3%).

CONCLUSIONS: Occlusions of the distal anterior cerebral artery affect approximately 8% of patients with acute ischemic stroke in the
anterior circulation receiving mechanical thrombectomy. Despite a high recanalization rate and a low complication rate, subsequent
(partial) infarction in the anterior cerebral artery territory occurs in approximately half of patients. Fortunately, clinical outcome appears

not to be predominately unfavorable.

ABBREVIATIONS: ACA = anterior cerebral artery; MT = mechanical thrombectomy

M echanical thrombectomy (MT) is an effective treatment in
acute ischemic stroke secondary to a large-vessel occlu-
sion.' ™ Patients with acute ischemic stroke secondary to an occlu-
sion of the internal carotid artery—T, middle cerebral artery trunk
(M1), or MCA secondary division (M2) have relatively high rates of
revascularization and favorable clinical outcomes after MT.>® Un-
fortunately, for patients with ICA-T occlusions and MCA occlusions,
there is a risk of approximately 8.6%—11.4% for secondary emboli
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into the anterior cerebral artery (ACA), especially the distal branches
such as the pericallosal artery, during MT.>”® Although various tech-
nical possibilities, such as proximal flow control or combined aspi-
ration, have been recommended to reduce the risk of secondary em-
boli” '3, occlusions of the distal ACA occur.

Regardless of the cause of the occlusion (primary occlusion or
secondary emboli during MT), cerebral infarctions in the ACA terri-
tory may cause relevant clinical deficits by affecting the primary or
supplementary motor areas.'* In a previous, relatively small patient
cohort (n = 6), treatment of secondary ACA occlusions was techni-
cally successful in 80% of the cases and uneventful in all instances.”

We present data on the frequency and location of distal ACA
occlusions, recanalization rates, periprocedural complications,
and clinical outcome.

MATERIALS AND METHODS

Patient Selection

On the basis of a prospectively collected patient cohort with
acute ischemic stroke undergoing MT in the anterior circula-
tion at our institution between June 2010 and April 2015, we

AINR Am J Neuroradiol 37:673-78  Apr 2016  www.ajnr.org 673


http://orcid.org/0000-0003-0672-5718
http://orcid.org/0000-0002-9223-9662
http://orcid.org/0000-0003-1295-2685
http://orcid.org/0000-0002-7475-7917
http://orcid.org/0000-0002-5473-8671
http://orcid.org/0000-0002-9094-6769
http://orcid.org/0000-0002-5075-704X

selected patients with a primary or secondary embolic occlu-
sion of the distal ACA for this retrospective analysis. We ex-
cluded patients with an absent or severely hypoplastic ipsilat-
eral Al segment and those with proximal occlusions of the Al
segment from this analysis.

Stroke Therapy

Our institution provides neurologic, neuroradiologic, and neuro-
interventional services within a maximum-care university hospi-
tal center serving more than 500,000 individuals within its county
limits and nearly 2.3 million within a greater metropolitan area.
For each patient, a stroke neurologist performed physical neuro-
logic examinations and detailed assessment of the NIHSS score in
the emergency department on admission. Patients with suspected
acute ischemic stroke received a standardized stroke imaging pro-
tocol: either MR imaging (including axial DWTI, axial FLAIR, axial
SWI, TOEF-MRA, contrast-enhanced MRA of the aortic arch and
cervical arteries, and axial PWI) or CT (including a non-contrast-
enhanced CT, CT angiography, and perfusion CT) for assessment
of their eligibility for intravenous rtPA and MT. The decision
between MR imaging and CT was made individually on the basis
of the patient’s condition, known or unknown time of symptom
onset, MR imaging eligibility, and immediate availability of the
MR imaging and CT scanners.

Administration and dosing of intravenous rtPA followed na-
tional and international guidelines and an institutional standard
operating procedure. Patients were considered eligible for MT by
the treating neurointerventionalist if an occlusion of a major in-
tracranial artery was detected by CTA or MRA, therapy could be
accomplished within 8 hours of onset, the NTHSS score was =8 on
evaluation, and the initial imaging excluded hemorrhage or a
large infarct core of more than one-third of the middle cerebral
artery territory or an ASPECTS of <6. In case of unknown onset
of symptoms, patients were considered eligible for MT if stroke
imaging ruled out a large infarct core and revealed a relevant,
salvageable penumbra. No age limit was used as an inclusion or
exclusion criterion for eligibility for MT, and the decision to per-
form MT was made individually on the basis of the patient’s co-
morbidities, prestroke mRS, and the assumed choice of the pa-
tient. In case of fluctuating or progressive neurologic deficits,
patients with minor symptoms (NIHSS score of <8) were treated
as well.

Intraprocedural use of mechanical and/or pharmacologic
treatments remained at the discretion of the treating neurointer-
ventionalist. Microcatheters and stent retrievers used for MT in
this patient cohort were subject to change due to technical devel-
opment during the observation period. Between June 2010 and
July 2013, general anesthesia, performed by experienced neuroin-
tensivists, was routinely administered during MT. Starting in Au-
gust 2013, procedures were performed with the patient under
conscious sedation as well. Independent of the performed man-
agement of sedation, patients received standardized peri-inter-
ventional management and monitoring of physiologic target val-
ues according to our in-house standard operating procedure at
the discretion of the neurointensivist adapted to the patient and
situation.
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Postinterventional Management

All patients were observed in a neurologic intensive care unit after
MT. The aim was transfer to the stroke unit as soon as possible,
depending on the condition of the patient. Follow-up imaging
(either CT or MR imaging) was routinely performed at 20-36
hours after treatment, or earlier if neurologic deterioration oc-
curred. Postinterventional NTHSS and mRS were assessed by de-
tailed physical examinations performed by an independent stroke
neurologist at discharge. Follow-up data after 3 months were ob-
tained by an in-patient visit or a telephone call by a neurologist
not blinded to the type of treatment. The modified Rankin Scale
was used to measure the severity of the disability.

Data Collection

Data collection included baseline demographics (age and sex) and
medical history (eg, hypertension, coronary artery disease, con-
gestive heart failure, atrial fibrillation, diabetes mellitus, hyper-
cholesterolemia, history of smoking, and previous stroke) and
symptom onset time and stroke severity as measured by the
NIHSS. The time of initiation of stroke imaging and the time of
start of angiography were captured automatically by the CT scan-
ner and angiography system. The onset and duration of occlusion
(secondary emboli) and time of recanalization were evaluated ac-
cording to the timestamp of the referring angiographic image.
Vessel diameter and location of the occlusion were assessed on
angiographic images as well. The location of the occlusion was
categorized following the segmentation of the ACA with regard to
its anatomic position relative to the corpus callosum and the ori-
gin of the frontopolar artery, orbitofrontal artery, callosomarginal
artery, and distal branches as characterized by Lehecka et al."”
Devices and medication used during the interventional proce-
dures, number of thrombectomy maneuvers, and intraproce-
dural complications were evaluated according to the treatment
protocols. Angiographic outcome by TICI and complications (eg,
vessel perforation, dissection of the anterior cerebral artery) were
assessed by a senior neurointerventionalist. The incidences of ce-
rebral infarction, parenchymal hemorrhage (by criteria of the sec-
ond European-Australasian Acute Stroke Study [ECASS 11])'°),
or subarachnoid hemorrhage were assessed by using routinely
performed follow-up imaging. Clinical outcome was evaluated
according to the modified Rankin Scale.

Statistical Analysis

We compared data by using the x? test for categoric variables. P <
.05 was considered significant in the final model. All statistical
analyses were performed by using SPSS 21.0.0.0 (IBM, Armonk,
New York).

Ethics Approval
The study was approved by our local ethics committee.

RESULTS

Between June 2010 and April 2015, 388 patients underwent MT
due to an acute ischemic stroke in the anterior circulation at our
institution. Twenty of 388 (5.2%) patients were excluded because
of an absent or severely hypoplastic ipsilateral Al segment.
Among the remaining 368 patients, we identified 30 (8.1%) with



a distal ACA occlusion (for patient baseline characteristics, see
Table 1). The distal ACA occlusion was, according to initial
angiographic imaging, preexisting in 17/368 (4.6%) cases and
occurred in 13/368 (3.5%) patients secondary to a recanaliza-
tion maneuver (for distal ACA occlusion sites, see Table 2).
Mechanical thrombectomy with a stent retriever was in-
tended for all patients, but a stent retriever could not be de-
ployed in 5/30 (16.6%) because placement of a guidewire (n =
1, 3.3%; occlusion in the middle pericallosal artery [superior

Table 1: Baseline characteristics of patients with a distal anterior

cerebral artery occlusion

Characteristics

Patients (N = 30)

Age (yr), mean (SD) 64 (13)
Male 14 (46.6%)
Hypertension 20 (66.6%)
Diabetes mellitus 5(16.6%)
Atrial fibrillation 13 (43.3%)
Coronary artery disease 3(10%)
Congestive heart failure 2(6.6%)
Hypercholesterolemia 8(26.6%)
Previous stroke 0(0%)
History of smoking 3(10%)
Prestroke mRS

0 22 (73.3%)

1 5 (16.6%)

2 3(10%)
Initial NIHSS score, median (IQR) 18 (13-23)
Time from stroke onset to initial imaging 90 (61-155)

(min), median (IQR)

CcT 16

MR 14
Time from stroke onset to imaging®

(min), median (IQR)

cT 76 (55-150)

MR 154 (87-230)
ASPECTS? median (IQR)

cT 9(9)

MR 7 (7-9)°
Initial occlusion site

ICA (excluding Carotid-T) 1(3.3%)

Carotid-T 18 (60%)

M1 9 (30%)

M2 2(6.6%)
Intravenous tPA 25(83.3%)

Time from stroke onset to groin puncture

(min), median (IQR)

21 (139-289)

Note:—IQR indicates interquartile range.
2 According to the imaging modality.

5 MR-ASPECTS was assessed on axial diffusion-weighted images.

segment]), or placement of a microcatheter behind the throm-
bus was not possible (n = 4, 13.3%; occlusion in the middle
pericallosal artery [inferior segment, n = 1], distal pericallosal
artery [n = 2], and callosomarginal artery [n = 1]). In 2 of
these cases (6.6%), intra-arterial rtPA (5 mg and 2 mg, respec-
tively) was administered immediately at the occlusion via a
microcatheter. In consideration of the time window and pos-
sible risks, there was no further treatment in the other 3 (10%)
cases. Deployment of a stent retriever was achieved and MT
was performed in 25/30 (83.3%) patients (for type and manu-
facturer of the devices used as well as the number of MT ma-
neuvers performed, see Table 3).

Angiographic Outcome

Recanalization of the distal ACA occlusion (TICI 2b/3) was
achieved in 22/30 (73.3%) patients. However, in each of these 22
patients, at least 1 stent-retrieval maneuver was performed. With
regard to all patients in whom placement of a stent retriever was
possible (n = 25), the accumulated recanalization rate (TICI
2b/3) was 88% (Fig 1). Recanalization after a single retrieval ma-
neuver occurred in 17/30 (56.6%) cases with a distal ACA occlu-
sion, and in 68% (17/25) of all patients in whom placement of a
stent retriever was possible. None of the patients in whom a stent
retriever could not be properly placed achieved TICI 2b/3 (5/30,
16.6%). In 3 cases in which stent retrievers were used (Aperio;
Acandis, Pforzheim, Germany; Revive; Codman Neurovascular,
Raynham, Massachusetts; and Solitaire FR; Covidien, Irvine, Cal-
ifornia, respectively), recanalization could not be achieved. With

Table 3: List of types, manufacturers, and number of passes of
devices used for mechanical thrombectomy

No. of
Size Patients Total No.

Device Manufacturer (mm) Treated of Passes
Aperio® Acandis 45X30 1 3
Capture? MindFrame® 4.0 X 20 1 2
Catch Mini® Balt® 3X15 3 4
ERIC? MicroVention 4 X 24 1 1
Revive? Codman 45X 22 6 9
Solitaire FRY  Covidien 4%20 2 7
Trevo ProVue®  Stryker® 4 X 20 1 2

2 Devices fitting through .017-inch microcatheters (eg, Headway 17; MicroVention).
®Irvine, California.

“Montmorency, France.

9 Devices fitting through .021-inch microcatheters (eg, Rebar 18; Covidien), and .027-
inch microcatheters (Revive, Codman Neurovascular; Rebar 27, Covidien).

€ Kalamazoo, Michigan.

Table 2: Occlusion site and vessel diameter of the anterior cerebral artery

Vessel Diameter (mm), No. of Device Passes?,

Occlusion Site Total (N =30) mean (SD) mean (SD)
Proximal pericallosal artery = A2 segment (between AcomA and 7(23.3%) 1.9 (0.4) 1.28 (0.69)
genu of corpus callosum)
Middle pericallosal artery = A3 segment (curving around genu of
corpus callosum)
Inferior segment 6(20%) 1.8(0.2) 2(1.26)
Anterior segment 2(6.6%) 21(03) 1.5(0.5)
Superior segment 8(26.6%) 17(0.4) 157 (0.72)
Distal pericallosal artery
A4 and A5 segments and distal branches other than CMA 5(16.6%) 17 (0.4) 1(0)
CMA 2(6.6%) 15(0.) 1(0)

Note:—AcomaA indicates anterior communicating artery; CMA, callosomarginal artery.

?In patients in whom placement of a stent retriever was possible.
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368 patients received
MT in the anterior
circulation

30(8.1%)

occlusions of the distal
ACA

whom had a secondary occlusion. The
frequency of infarction between both
groups was, however, not significantly
different in this small patient cohort
(P =.153). There was only 1 case (3.3%)
with hemorrhagic transformation in the
ACA territory (superior frontal gyrus)
with confluent petechiae within the in-
farcted area, but without space-occupy-
ing effect (HI2, according to ECASS II

l criteria). Four of 30 (13.3%) patients ex-

5 (16.6%)

placement of
stentretriever not
possible

25(83.3%)

placement of
stentretriever possible

hibited angiographically occult, self-
limiting, minimal SAH in the ipsilateral
Sylvian fissure detected on follow-up CT

imaging. SAHs were estimated to be
caused by recanalization maneuvers in

1 (3.3%) thrombus could
not be passed by
guidewire

4 (13.3%) thrombus
could not be passed by

L . microcatheter
persisting occlusion

complete recanalization

the distal MCA (M2 segment) in these
patients. None of the patients experi-

22(73.3%/ 88%*)

after MT enced SAH in the anterior cerebral ar-

tery territory.

2 (%) administration of
intraarterial rtPA in A2
segment

persisting occlusion

Clinical Outcome

3(10%/ 12%*) . . ..
Ninety days after the ictus, clinical out-

persisting occlusion

after MT come according to the modified Rankin

Scale score was the following: 0-2, n =

2 (%) no further
treatment

persisting occlusion

FIGURE Flowchart of treatments of distal ACA occlusions. The asterisk indicates the percentage

of the overall successful stent-retriever placements.

regard to the possible risk of vessel injury and/or rupture, no other
devices were used, and no further recanalization maneuvers were
performed in these patients.

Intraprocedural Complications and Frequency of
Infarction and Hemorrhage in the ACA Territory

There were 3 cases of vasospasms in the distal ACA following a
retrieval maneuver in the superior A3 segment (n = 2) and the
callosomarginal artery (n = 1). In 2 cases, the vasospasms re-
solved completely after intra-arterial administration of nimodip-
ine into the affected segment via a microcatheter. The third case of
vasospasm was self-limiting within 5 minutes without further
treatment.

A dissection of the distal ACA (A4/A5 segment) with minimal
distal flow impairment occurred in 1 patient after thrombectomy.
Considering the risk of further manipulation and the location of
the dissected vessel, no further treatment was considered. Accord-
ing to the imaging data and treatment protocols, there was no
vessel perforation with secondary hemorrhage. We did not ob-
serve secondary emboli from the ACA into a new vascular terri-
tory. Furthermore, no air emboli or device detachment was
observed.

Follow-up imaging revealed partial or complete ACA infarc-
tionin 16/30 (53.3%) patients, 11 of whom had a primary and 5 of
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11 (36.6%); 3—4,n =9 (30%); 5-6,n =
10 (33.3%).

DISCUSSION

ACA emboli may occur before or dur-
ing intra-arterial treatment of an ICA
or MCA occlusion. The frequency of
new emboli during IV, intra-arterial,
or combined IV-intra-arterial treat-
ment of a large-vessel occlusion in the anterior circulation has
been reported to be between 1.7% and 15%.”*'” In our patient
cohort, the rate of new distal ACA emboli secondary to a re-
canalization maneuver was lower (3.5%). Similar to secondary
emboli, a relatively low frequency of primary distal ACA oc-
clusions (4.6%) occurred. However, in combination, about 8%
of all patients with a large-vessel occlusion of the anterior cir-
culation receiving MT had a distal ACA occlusion, which is
consistent with the results from the Multicenter Randomized
Clinical Trial of Endovascular Treatment for Acute Ischemic
Stroke in the Netherlands (MR CLEAN) trial.” If one assumes
that following the publication of recent study data on throm-

bectomy''®

the frequency of patients receiving MT will in-
crease, distal ACA occlusions and the corresponding preven-
tion and treatment options will become an even more relevant
topic than they are today.

Because recanalization is a predictor of good clinical out-
come,’ high recanalization rates should be achieved. Consider-
ing the risk of an infarction and possible neurologic deficits fol-
lowing an ACA occlusion'* and against the background of
positive experience in the treatment of distal M2 occlusions,
interventional neuroradiologists are urged to consider treatment
of distal ACA occlusions to achieve high recanalization rates. In



our patient cohort, the recanalization rate was 73.3% of all distal
ACA occlusions, respectively, 88% after successful placement of a
stent retriever. This is comparable with recanalization rates of M 1
or M2 occlusions after MT.**** In 4 (13.3%) patients, placement
of a microcatheter behind the thrombus was not possible. How-
ever, these cases were in 2010 and early 2012 when only “large”
microcatheters (Rebar-18 and Rebar-27; Covidien) were available
at our site. With the introduction of smaller microcatheters and
stent retrievers, successful retrieval maneuvers in small and/or
tortuous distal intracranial vessels will probably be easier.”
For example, the outside diameter of the device-delivering mi-
crocatheter could be reduced by 29% by using a Headway 17
microcatheter (1.7F; MicroVention, Tustin, California) in-
stead of a Rebar-18 microcatheter (2.4F). Thus, our depart-
ment started using microcatheters with a 0.017-inch inner di-
ameter in selected cases in the second quarter of 2012, when
placement of our standard microcatheter (0.021-inch inner
diameter) was not possible. So far, virtually every distal occlu-
sion could be reached successfully.

The risk of periprocedural complications with MT in distal
ACA occlusions does not seem be higher than that in the MCA.
We experienced 1 case of dissection (3.3%) and 3 cases of
vasospasm (10%) but no case of symptomatic intracranial
hemorrhage into the ACA territory. In comparison, the fre-
quency of dissection (1.8%—4.5%), vasospasm (3%—22.5%, in-
cluding asymptomatic vasospasm), and symptomatic intracra-
nial hemorrhage (5%-10.9%) was reported within the same
range or even higher during endovascular treatment of MCA
occlusions.”"**?°

Independent of the underlying cause of the occlusion, pri-
mary occlusion or thrombus fragmentation and secondary em-
boli as a by-product of recanalization maneuvers, occlusions of
the ACA may cause infarction and significant neurologic def-
icits.'* Despite a high recanalization rate, ipsilateral infarction
(at least partial) in the ACA territory occurred in 53.5% of our
cases. This relatively high rate of ACA territory infarction
might be secondary to insufficiency or absences of collaterals
in the setting of concurrent or preceding ICA or MCA occlu-
sion.”>?” With a frequency of 38.5% of ACA infarction in pa-
tients with secondary emboli, our data are comparable with
those in previous studies, in which the frequency was reported
to be 32% and 40%, respectively.”® Because primary occlu-
sions are present longer than secondary occlusions before re-
canalization, the frequency of ACA infarction in patients with
primary occlusions was higher (64.7%). However, our analysis
did not reach statistical significance for this matter (P = .153).
This finding should be viewed cautiously. A larger patient pop-
ulation might demonstrate a significant difference and, follow-
ing the law of stroke (time is brain®®), probably with a disad-
vantage for primary occlusions.

Compared with outcomes in recent clinical trials, clinical out-
comes after 90 days were not predominately' ~* unfavorable in this
patient cohort. This outcome might be because of the following: a
possible MCA and ACA territory infarction, due to a larger infarct
volume and/or the involvement of the supplementary motor

cortex.' %’

Limitations

This analysis has several limitations. First, because this article fo-
cusses on occlusions of the distal ACA, the overall occurrence of
occlusions of the ACA (including the Al segment) is likely to be
higher. Under this premise, our data might underestimate the
frequency of occlusions and infarctions in the ACA territory.

Second, allocation of clinical deficits to the ACA territory is,
especially in patients with concurrent MCA infarction, not always
possible. Therefore, comparison of clinical outcome of these pa-
tients with those of patients with isolated MCA territory infarc-
tion needs to be viewed cautiously.

Third, because occlusions were treated with different revascu-
larization devices, a recommendation of a specific device for treat-
ment of distal ACA occlusions is not possible and was not the aim
of the study. In this patient cohort and in the large interventional
stroke trials, the standard approach for treatment of an intracra-
nial vessel occlusion was MT by using a stent retriever. However,
MT in distal cerebrovascular occlusions appears to be feasible
even with a direct-aspiration first-pass technique.”® The smaller
diameter and pronounced kinking of a vessel should be taken into
account when choosing catheters and devices to minimize altera-
tion of the vessel wall.

CONCLUSIONS

Occlusions of the distal ACA affect approximately 8% of patients
with acute ischemic stroke in the anterior circulation undergoing
MT. Despite a high recanalization rate and a low complication
rate, subsequent (partial) infarction in the ACA territory occurred
in approximately half of patients. Fortunately, clinical outcome
appears not to be predominately unfavorable.
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