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Objective: Acute mechanical thrombectomy (AMT) in patients with acute ischemic
stroke from large vessel occlusion (LVO) is performed without directly identifying the
occluded vessels. In this study, we evaluated whether 1.5 T magnetic resonance im-
aging (MRI) with 3D-fast imaging employing steady-state acquisition (FIESTA) could
visualize the occluded intracranial middle cerebral artery (MCA) and internal carotid
artery (ICA) before AMT.

Methods: This retrospective study included 271 consecutive patients who underwent
time-of-flight magnetic resonance angiography (TOF MRA) and 3D-FIESTA MRI
immediately before AMT. The patients also underwent TOF MRA after AMT and
achieved TICI 2b or 3 by AMT at our hospital between February 2018 and April 2019.
When LVO in the anterior circulation was detected by TOF MRA, 3D-FIESTA MRI was
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additionally performed. Then, the occluded intracranial MCA and ICA, including their
branches, were constructed on the workstation with volume rendering. The obtained
images were fused with the TOF MRA images to create combined 3D images.

Results: The length and top-to-bottom distance of the affected M1 segment (cal-
culated by the ipsilateral-to-contralateral ratio) were 1.29 and 1.17, respectively, on
3D-FIESTA MRI before AMT and 1.34 and 1.24, respectively, on TOF MRA after AMT.
We assessed the number of M2 segments branching from the affected M1/M2 junc-
tion and visualized the affected anterior temporal artery. The 3D-FIESTA MRI before
AMT and TOF MRA after AMT were consistent in all patients, except for two who
moved vigorously during imaging.

Conclusions: Images acquired by 1.5T 3D-FIESTA MRI can visualize to predict the
existing path of the occluded MCA and ICA before AMT in patients with LVO of the
anterior circulation.

Keywords FIESTA, MRI, Large vessel occlusion, Mechanical thrombectomy
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INTRODUCTION

Recent trials have established the benefits of acute
mechanical thrombectomy (AMT) over medical man-
agement alone in patients with acute ischemic stroke
from large vessel occlusion (LVO) of the anterior circu-

DO However, device-related complications

lation.
such as intracerebral hemorrhage, subarachnoid hemor-
rhage (SAH), vasospasm, arterial dissection, and arterial
perforation can occur during AMT (4-31%).799Y12%0
Identifying the target occluded vessels is important for
the safety and efficacy of AMT. However, time-of-flight
magnetic resonance angiography (TOF MRA), com-
puted tomography angiography, and conventional an-
giography, which are generally performed before AMT,
visualize only vessels with blood flow. For this reason,
AMT is performed without directly identifying the tar-
get occluded vessels.

In a previous study, magnetic resonance imaging (MRI)
with three-dimensional (3D) constructive interference
in steady state sequence, which produces images similar
to those of MRI with 3D fast imaging employing steady-
state acquisition (FIESTA), was used to measure the
outer-diameter of the narrowing middle cerebral artery
(MCA) and internal carotid artery (ICA)." Thus, we

speculated that 3D-FIESTA MRI could visualize the

outer-diameters of even such occluded vessels.

In this study, we evaluated whether 1.5 T 3D-FIESTA
MRI could be used to evaluate the occluded intracranial
MCA and ICA before AMT in patients with LVO.

MATERIALS AND METHODS

Patient identification

Of the 52 patients with LVO who underwent AMT at
our hospital between February 2018 and April 2019, this
study included 21 consecutive patients with occluded
intracranial MCA and ICA who underwent TOF MRA
and 3D-FIESTA MRI immediately before AMT, addi-
tionally underwent TOF MRA after AMT, and achieved
thrombolysis in cerebral infarction (TICI) score 2b or 3
by AMT (Fig. 1). The exclusion criteria included any type
of occlusion except MCA and ICA occlusion, TICI score
<2a, unavailable pre-and-postoperative MR (Fig. 1).

MRI protocol

When LVO of the anterior circulation was detected
by TOF MRA, 3D-FIESTA MRI was additionally per-
formed. Then, the occluded intracranial MCA and ICA
(including their branches) were constructed with vol-

ume rendering on the workstation. The obtained images

N=52

All AMT patients for large vessel occlusion

Not eligible patients, N = 31
* Except ICO/MCO,N=9

\
Eligible patients
N=21

y

* Impossible preoperative MR, N=9
* TICI<2a,N=11
* Impossible postoperative MR, N =2

Fig. 1. Data collection process for patients who underwent 3D-FIESTA MRI and TOF MRA immediately before
acute mechanical thrombectomy (AMT), additionally underwent TOF MRA after AMT, and achieved thromboly-
sis in cerebral infarction (TICI) grade 2b or 3 by AMT at our hospital between February 2018 and April 2019. We
excluded 31 patients for various reasons, and 21 patients were included in this study. 3D-FIESTA, three-dimen-
sional fast imaging employing steady-state acquisition; MRI, magnetic resonance imaging; TOF MRA, time-of-

flight magnetic resonance angiography.
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were fused with TOF MRA to create a 3D image. These
processes were performed by a radiologic technologist.
TOF MRA and 3D-FIESTA were acquired using a
Signa Excite HDx 1.5T (GE Healthcare, Milwaukee, WI,
USA). The parameters of the 3D TOF MRA sequence
were: repetition time/echo time, 25/6.8 ms; flip angle,
18; thickness, 1.4 mm; matrix, 320x192; field of view,
20%20 cm; area imaged, 80 mm (2 slabs); zero-fill inter-
polation, 2; acquisition time, 3 min 14s. The parameters
of the 3D-FIESTA sequence were: repetition time/echo
time, 6.12/3.0 ms; flip angle, 20; thickness, 1.2 mm;
matrix, 288x224; field of view, 20x20 cm; zero fill inter-
polation, 2; area imaged, 150 mm (coronal); acquisition

time, 1 min 29 s.

Endovascular procedure

For patients with occlusion of the anterior circulation,
a 9 F balloon guiding catheter (9 F Optimo; Tokai Med-
ical Products, Aichi, Japan) was advanced as far distally
into the cervical or proximal petrous ICA as possible.
The target vessel for thrombectomy was navigated with
a microguidewire and a microcatheter. After passage of
the thrombus, intraarterial contrast medium was inject-
ed to verify that the microcatheter was positioned dis-
tally to the thrombus. The stent retriever was deployed
by withdrawing the microcatheter. The direct aspiration
technique was used with the Penumbra system (Penum-
bra, Inc., Alameda, CA, USA). A Penumbra aspiration
catheter (Penumbra, Inc., Alameda, CA, USA) was ad-
vanced just to the proximal level of the thrombus, and

aspiration was applied by an aspiration pump.

Data analysis

Data collection included age, sex, site of target occluded
vessel, successful recanalization (defined as TICI score>2b),
and symptomatic intracerebral hemorrhage or SAH after
AMT. The clinical characteristics of the patients were
described using mean and standard deviation or number
and percentage. Additionally, the consistency between
the images obtained with the present technique before
AMT and those obtained with TOF MRA after AMT

was retrospectively evaluated with regard to the length

Fig. 2. Example of a patient with measured top-to-bottom dis-
tance (dotted line) and length of the affected M1 segment (solid
line) on time-of-flight MR angiography.

of the affected M1 segment (calculated by the ipsilater-
al-to-contralateral ratio) (Fig. 2). Consistency was also
evaluated in terms of the top-to-bottom distance of the
affected M1 segment (Fig. 2).”” The latter was calculated
by the ipsilateral-to-contralateral ratio, the number of M2
segments branching from the affected M1/M2 junction,
and visualization of the affected anterior temporal artery
(that is, the first branch to the temporal lobe). These MRI
and angiography findings were all estimated by at least
two individuals, and the agreement was excellent.

The ethics committee of our hospital approved this
study, and the requirement for informed consent was
waived (2020005).

RESULTS

Patient demographics

The mean age of all 21 patients was 77.6£12.8 years.
The number of male patients was 14 (66.7%). Neither
symptomatic intracerebral hemorrhage nor SAH was
observed in any patients. The other demographic data
of the 21 patients are shown in Table 1. The TICI scores
were 2b and 3 in 3 and 18 patients, respectively (Table 1).
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Major (MRI) findings

The length and top-to-bottom distance of the affected
M1 segment (calculated by the ipsilateral-to-contralater-
al ratio) were 1.29 and 1.17, respectively, on 3D-FIESTA
MRI before AMT and 1.34 and 1.24, respectively, on
TOF MRA after AMT. We assessed the number of M2
segments branching from the affected M1/M2 junction
and visualized the affected anterior temporal artery (the
first branch to the temporal lobe). The 3D-FIESTA MRI
before AMT and TOF MRA after AMT were consistent
in all patients, except for two who moved vigorously
during imaging. Among the 13 patients whose anterior
temporal arteries were detected by angiography performed
immediately after AMT, the present technique and TOF MRA
performed after AMT failed to visualize the anterior temporal
artery in two patients (artery widths: 0.8 and 0.7 mm). How-
ever, when doctors retrospectively confirmed the source
images used for the FIESTA MRI in these two patients,
the anterior temporal artery was detectable in both pa-
tients. In this study, the narrowest anterior temporal ar-
tery that could be visualized by 3D-FIESTA MRI before
AMT was 1.2 mm. Thus, if doctors confirm the source
images used for FIESTA MRI, they can detect even an
anterior temporal artery less than 1 mm in diameter un-
less the patient’s movement is vigorous.

Production of the fusion 3D images was completed
before AMT in all patients. During insertion of the
microguidewire and microcatheter, we were able to
select the affected M2 segment in all patients. No com-
plications were caused by lesion crossing during this

process.

Illustrative case
Case 1 (Patient 21)

The direct aspiration technique was used with the
Penumbra system for right MCA (M1 segment) occlu-
sion.”” The M2 segment was recanalized, but the anteri-
or temporal artery was not patent. A stent retriever was
deployed into the anterior temporal artery, and recanali-
zation was achieved (TICI score 2b) (Fig. 3).

Case 2 (Patient 20)

After the first pass of a stent retriever, only one M2
segment of the trifurcation of the MCA (M1 segment)
was recanalized. When second pass was attempted af-
terwards, a lesion crossing was comfortably performed
because the present technique had previously revealed
the location of the M1/M2 junction and the M2 segment
to be a branch of the trifurcation. A TICI score of 3 was
achieved (Fig. 4).

DISCUSSION

The branching patterns of the MCA vary, including single
trunk (4-6%), bifurcation (64-66%), trifurcation (26-29%),
2 Of these patterns, bi-

furcation is further divided into equal bifurcation (18%),

and quadrifurcation (1-4%).

inferior trunk dominant (32%), and superior trunk
dominant (28%).” In this study, 3D-FIESTA MRI before
AMT was able to detect these occluded MCAs in all
patients except for two who moved vigorously during
imaging.

Although the first-pass effect is reportedly important
for achieving TICI score 3, the inability to recognize the
branching site of the target occluded vessel before the
second pass (as seen in cases 1 and 2) may be a cause of
reduced of successful recanalization (TICI scores>2b)
on the second pass and subsequent passes.'” In this
study, the proportion of patients with a TICI score of 3
was higher than that of those with a TICI score of 2b.
However, as seen in cases 1 and 2, the performance of
AMT after confirmation of the branching sites, courses,
and number of target occluded vessels may enable us to
increase the TICI score to 22b even if it is <2a after the
first pass. Even in cases 1 and 2, successful recanalization
might not have been achieved if the present technique
had not been performed. Thus, identifying the target
occluded vessels before AMT with the present technique
appears to be important for improving the efficacy of
AMT. However, further studies with additional case ac-
cumulation are needed.
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3D-FIESTA-MRI for detecting occluded large vessels

L) |

Fig. 3. Preoperative TOF MRA (A), DWI (B), FLAIR (C), FIESTA MRI (D), fusion (TOF MRA and FIESTA MRI) MR (E), and cerebral angiography

(F) in a case in which right MCA (M1 segment) occlusion was observed. Cerebral angiography after the direct aspiration technique using
the Penumbra system in the right MCA (M1 segment) showed occlusion in the recanalized right M2 segment, except for the right anterior
temporal artery (G). Cerebral angiography after stent retriever deployment in the right anterior temporal artery (H). Postoperative TOF MRA (1).
TOF MRA, time-of-flight magnetic resonance angiography; DWI, diffusion weighted image; FLAIR, fluid attenuated inversion recovery; MR,

magnetic resonance imaging; MCA, middle cerebral artery.

Device-related complications

During AMT, various device-related complications can
occur (4-31% total incidence).” The incidence rates of
specific complications have been reported as 1.9-15.8% for
intracerebral hemorrhage, 0.6-5.5% for SAH, 3-23% for
vasospasm, 0.6-6.7% for arterial dissection, and 0.7-4.9%
for arterial perforation.” The treatment of curved vessels
is associated with increased incidence of hemorrhagic

complications and a reduced chance of successful reca-

2B If the target ves-

sels are found to be curved with the use of the present

. . . . 8
nalization with a stent retriever.'

technique before AMT, the direct aspiration technique

%) Therefore,

(instead of a stent retriever) can be selected.
the present technique may contribute to the safety of
AMT. Additionally, migration of a microcatheter and
deployment of a stent retriever may be associated with
the risk of device-related complications in arteries such

as the lenticulostriate artery and the anterior temporal

206 www.the-jcen.org
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Fig. 4. Preoperative TOF MRA (A), fusion (TOF MRA and FIESTA MRI) MR (B), and cerebral angiography (C) in a case in which left MCA (M1
segment) occlusion was observed. Cerebral angiography after the first pass of stent retriever deployment in the left MCA (D). Cerebral an-
giography after the second pass of stent retriever deployment in the left residual occluded M2 segment of the trifurcation of the MCA (E).
Postoperative TOF MRA (F). TOF MRA, time-of-flight magnetic resonance angiography; FIESTA, fast imaging employing steady-state ac-
quisition; MRI, magnetic resonance imaging; MCA, middle cerebral artery.

artery, which have narrow diameters. The present
technique enables us to distinguish whether the target
occluded vessel is a major artery or a small branching
vessel. Because the present technique is capable of iden-
tifying not only the MCA and ICA but also the posterior
communicating artery and the anterior cerebral artery
along with their diameters, it may be useful for early
detection of migration of the microguidewire and mi-
crocatheter to these arteries during AMT. A variation
in which the anterior temporal artery branches direct-
ly from the ICA instead of from the MCA is referred
to as duplicated MCA and is observed at 0.3-4.0%
frequency.”'®* A combination of this duplicated MCA
and cerebral aneurysm has been reported.””'® When
LVO is accompanied by an aneurysm, a microguidewire
or microcatheter may perforate the aneurysm during
AMT and cause a life-threatening hemorrhagic compli-
cation.” Indeed, in this series, a case of MCA occlusion
was accompanied by a contralateral unruptured MCA

aneurysm. When an aneurysm is suspected after em-

ploying the present technique before AMT, alternative
treatments such as switching to the direct aspiration
technique can be employed.”” Further studies are need-
ed to determine whether the present technique reduces

the incidence of device-related complications.

Previous and present studies

Previous reports that have attempted to visualize the
target occluded vessels on images before AMT included
the use of computed tomography angiography and cone-

N0 The visualization

beam computed tomography.
ability of these modalities depends on the development
of leptomeningeal anastomosis, and thus, these modal-
ities cannot visualize the target occluded vessels them-
selves. Additionally, Kuribara et al. reported the use of
MRI in a small number of patients (five total: one with
TICI score 3, two with TICI score 2b, two with TICI
score 2a, and one with TICI score 0)."” Furthermore, the
utility of their study is limited because it used 3T MRI,

and its scanning time was 2 minutes 17 seconds longer.
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Conversely, the scanning time of the present technique is
1 minute 29 seconds. Because the time to recanalization
is an important determinant of good outcomes in AMT,
further studies are necessary to determine whether the
benefits of the present technique outweigh the costs of

the additional scanning time.””

Limitations

In this study, the present technique could not be per-
formed in patients who had difficulty undergoing MRI
because of body motion or other factors.

Although a radiologic technologist created this study’s
fusion 3D images, it seems important for the operators
themselves to confirm the FIESTA MRI source images if
time allows.

The mean age of the patients enrolled in this study
was 77.6+12.8 years. Because of the patients’ advanced
age, brain atrophy had progressed, which might have
facilitated identification of the courses of the vessels in
the subarachnoid space by 3D-FIESTA MRI. In patients
with tightly packed subarachnoid space, such as young
people, it may be difficult to visualize the target occlud-

ed vessels using the present technique.

CONCLUSION

The use of 1.5T MRI with 3D-FIESTA can detect the
occluded MCA and ICA before AMT in patients with
LVO of the anterior circulation. Further research is re-
quired to examine whether the present technique can

improve the safety and efficacy of AMT.
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