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Abstract
Objectives To determine whether fast scanned MRI using a 1.5-T scanner is a reliable method for the detection and character-
ization of acute ischemic stroke in comparison with conventional MRI.
Methods From May 2015 to June 2016, 862 patients (FLAIR, n = 482; GRE, n = 380; MRA, n = 190) were prospectively
enrolled in the study, with informed consent and under institutional review board approval. The patients underwent both fast
(EPI-FLAIR, ETL-FLAIR, TR-FLAIR, EPI-GRE, parallel-GRE, fast CE-MRA) and conventional MRI (FLAIR, GRE, time-of-
flight MRA, fast CE-MRA). Two neuroradiologists independently assessed agreements in acute and chronic ischemic
hyperintensity, hyperintense vessels (FLAIR), microbleeds, susceptibility vessel signs, hemorrhagic transformation (GRE),
stenosis (MRA), and image quality (all MRI), between fast and conventional MRI. Agreements between fast and conventional
MRI were evaluated by generalized estimating equations. Z-scores were used for comparisons of the percentage agreement
among fast FLAIR sequences and fast GRE sequences and between conventional and fast MRA.
Results Agreements of more than 80%were achieved between fast and conventionalMRI (ETL-FLAIR, 96%; TR-FLAIR, 97%;
EPI-GRE, 96%; parallel-GRE, 98%; fast CE-MRA, 86%). ETL- and TR-FLAIRwere significantly superior to EPI-FLAIR in the
detection of acute ischemic hyperintensity and hyperintense vessels, while parallel-GRE was significantly superior to EPI-GRE
in the detection of susceptibility vessel sign (p value < 0.05 for all). There were no significant differences in the other scores and
image qualities (p value > 0.05).
Conclusions Fast MRI at 1.5 T is a reliable method for the detection and characterization of acute ischemic stroke in comparison
with conventional MRI.
Key Points
• Fast MRI at 1.5 T may achieve a high intermethod reliability in the detection and characterization of acute ischemic stroke with
a reduction in scan time in comparison with conventional MRI.
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Abbreviations
CT Computed tomography
DWI Diffusion-weighted imaging
EPI Echo-planar imaging
EPI-FLAIR FLAIR using echo-planar imaging
EPI-GRE GRE using echo-planar imaging
ETL-FLAIR FLAIR with increased echo train length
Fast CE-MRA Contrast-enhanced MRAwith increased

acceleration factor and slice thickness
FLAIR Fluid-attenuated inversion recovery
GRE Gradient echo T2*-weighted imaging
MRA Magnetic resonance angiography
MRI Magnetic resonance imaging
Parallel-GRE GRE with increased acceleration factor
PWI Perfusion-weighted imaging

Introduction

Multimodal magnetic resonance imaging (MRI) is useful for
the diagnosis of ischemic stroke, allowing determination of
appropriate treatment strategies in the acute phase and facili-
tating the prediction of outcome for stroke patients [1]. MRI
for acute ischemic stroke generally consists of diffusion-
weighted imaging (DWI), dynamic susceptibility contrast
perfusion-weighted imaging (PWI), fluid-attenuated inversion
recovery (FLAIR), gradient echo T2*-weighted imaging
(GRE), and magnetic resonance angiography (MRA) [1, 2].
MRI provides higher sensitivity for the detection of acute
ischemia and acute and chronic hemorrhage than computed
tomography (CT), without the ionizing radiation [1, 3, 4].
However, the longer scan times and lower availability of
MRI in comparison with CT are critical obstacles to the MRI
of acute ischemic stroke [2]. In previous randomized con-
trolled studies, the scan time for multimodal MRI for acute
ischemic stroke has generally been more than 20 min [5–7].
Furthermore, as early recanalization through mechanical
thrombectomy is vital for improving patients’ outcomes, CT
has become the main modality for the detection and charac-
terization of acute ischemic stroke [8].

Nael et al suggested a 6-min MRI protocol for acute ische-
mic stroke, which was based on echo-planar imaging (EPI) on
a 3-Tscanner [2]. However, the 6-minMRI protocol has draw-
backs, in that 3-T scanners have lower availability than 1.5-T
scanners, and the EPI images acquired had a poor image qual-
ity for depiction of acute ischemic stroke. We hypothesized
that, in comparison with conventional MRI using non-fast
scanning sequences, fast scanned sequences (fast MRI) on a
1.5-T scanner could decrease scan time while preserving di-
agnostic performance for acute ischemic stroke. We therefore
evaluated the following fast MRI sequences: FLAIR using
EPI (EPI-FLAIR) [2, 9–11], FLAIR with increased echo train
length (ETL-FLAIR) [12], FLAIR with decreased repetition

time (TR-FLAIR) [13], GRE using EPI (EPI-GRE) [2], GRE
with increased acceleration factor (parallel-GRE), and
contrast- enhanced MRA with increased acceleration factor
and slice thickness (fast CE-MRA) [14].

We therefore aimed to determine whether fast MRI on a
1.5-T scanner is a reliable method for the detection and char-
acterization of acute ischemic stroke in comparison with con-
ventional MRI.

Materials and methods

Study population

Between May 2015 and June 2016, 862 patients undergoing
MRI (FLAIR [n = 482], GRE [n = 380], and MRA [n = 190])
at a single tertiary hospital for symptoms of acute ischemic
stroke were prospectively and consecutively enrolled. The
inclusion criteria were as follows: (a) patients who visited
the emergency room of our institution because of symptoms
of acute ischemic stroke, (b) patients who underwent brain
MRI and MRA using fast and conventional MRI, (c) patients
without any contraindications to MR imaging and contrast
material usage. Each fast MRI sequence was arbitrarily added
to the conventional MRI (EPI-FLAIR [n = 228], ETL-FLAIR
[n = 228], TR-FLAIR [n = 228], EPI-GRE and parallel-GRE
[n = 380], and fast CE-MRA [n = 190]). The total number of
patients undergoing a fast FLAIR sequence was 482, as one or
two fast FLAIR sequences were added to the protocol for a
single patient (Fig. 1). In our institute, intravenous thrombol-
ysis is determined on non-contrast CT, which is used as the
first imaging modality, and further treatment is determined
according to fast MRI sequences obtained on a MR scanner
dedicated to acute ischemic stroke. The demographic and clin-
ical data of patients were collected, including age, sex, body
mass index, hypertension, diabetes mellitus, hyperlipidemia,
obesity, alcohol and smoking history, activity and family his-
tory of stroke, and past medical history such as heart disease,
history of stroke, and National Institutes of Health Stroke
Scale rating (NIHSS) (Supplemental Tables 1 and 2). This
prospective study was approved by our institutional review
board, and written informed consent was obtained from all
enrolled patients. This study is reported in accordance with
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [15].

Imaging acquisition

All MRI was performed on a 1.5-T scanner (Magnetom
Avanto; Siemens Healthineers). The conventional MRI
consisted of DWI (scan time, 81 s), PWI (scan time, 61 s),
GRE (scan time, 141 s), FLAIR (scan time, 128 s), time-of-
flight MRA for intracranial vessels (TOF-MRA; scan time,
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274 s), and contrast-enhanced head and neck MRA (CE-
MRA; scan time, 74 s). The fast MRI sequences used were
as follows: EPI-FLAIR (scan time, 45 s), ETL-FLAIR (scan
time, 74 s), TR-FLAIR (scan time, 79 s), EPI-GRE (scan time,
29 s), parallel-GRE (scan time, 54 s), and fast CE-MRA (scan
time, 39 s) for TOF-MRA for intracranial vessels and contrast-
enhanced head and neck MRA.

The fast CE-MRA acquisitions were obtained after intra-
venous administration of gadoterate meglumine (Dotarem;
Guerbet) at a dose of 0.1 mmol kg−1 of body weight and
covered the aortic arch to the intracranial arteries. Three di-
mensional TOF- and CE-MRA were reconstructed using a
maximum intensity projection algorithm. For the fast CE-
MRA, the intracranial arteries and whole intracranial and ex-
tracranial arteries were reconstructed separately. The detailed
scan parameters for the conventional and fast MRI sequences
are listed in Table 1.

Image analysis

The primary study outcomes were agreements between fast
and conventional MRI in the detection for acute ischemic
hyperintensity on FLAIR, microbleeds on GRE, and steno-
occlusion on MRA. Two experienced neuroradiologists
(MSC and JSC; with 5 years and 8 years of experience, re-
spectively) independently reviewed all of the MR imaging,
while being blind to the clinical data.

Acute and chronic ischemic hyperintensities and hyperin-
tense vessels were evaluated on both conventional and fast
FLAIR sequences. Acute ischemic hyperintensity was defined
as high signal intensity on FLAIR in the area corresponding to
high signal intensity on DWI [16, 17]. Chronic ischemic

hyperintensity was defined as hyperintensity outside of the
high signal intensity on DWI. A hyperintense vessel was de-
fined as a linear or serpentine hyperintensity on FLAIR cor-
responding to a typical arterial course [18]. The FLAIR se-
quences for acute and chronic ischemic hyperintensity were
assessed according to a visual scoring system, which classi-
fied the degree of agreement between fast and conventional
FLAIR sequences as follows: 1, completely discordant; 2,
< 50% of area showing concordance; 3, ≥ 50% and < 90% of
area showing concordance; and 4, ≥ 90% of area showing
concordance. Hyperintense vessels on FLAIR sequences were
assessed according to a visual scoring system that classified
the degree of agreement between fast and conventional
FLAIR sequences as follows: 1, completely discordant; 2,
partially concordant; 3, completely concordant. Agreement
between fast and conventional FLAIR was defined as more
than a 50% area of concordance for the primary outcome.

In addition, two neuroradiologists (MSC and JYL; with
5 and 4 years of experience, respectively) used an in-house
program (based on ImageJ software; National Institutes of
Health, Bethesda, MD) to perform quantitative analyses for
early and chronic ischemic hyperintensity. Overlapping ra-
tios between the fast and conventional FLAIR sequences
were evaluated using the Dice index (2 × the area of the
intersection between the conventional and fast FLAIR /
[area of conventional FLAIR] + [area of fast FLAIR];
Supplemental Fig. 1). The signal intensity of fast FLAIR
sequences relative to conventional FLAIR sequences was
recorded as one of three grades (lower, similar, and higher).
Signal intensity ratio, apparent signal-to-noise ratio, and
contrast-to noise ratio for acute ischemic hyperintensity
were also calculated (Supplemental Fig. 1).

Fig. 1 Flowchart of conventional and fast MRI
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For GRE, microbleeds, susceptibility vessel sign, and hem-
orrhagic transformation were assessed according to the pres-
ence or absence of each finding.Microbleeds were regarded as
small (< 5 mm of diameter) hypointense lesions with bloom-
ing artifact [19]. Susceptibility vessel sign was defined as a
hypointense lesion with blooming artifact in a vessel [1], and
hemorrhagic transformation as an abnormally hypointense ar-
ea corresponding to the area of acute ischemic stroke, includ-
ing petechial hemorrhage or parenchymatous hemorrhage
[20]. The conspicuities of microbleeds, susceptibility vessel
sign, and hemorrhagic transformation on fast GRE were
assessed according to three grades (lower, similar, and higher)
with respect to conventional GRE.

For MRA, the presence of steno-occlusion (presence or
absence of steno-occlusion; < 50% vs ≥ 50% stenosis; absence
of steno-occlusion vs < 50% stenosis vs ≥ 50% stenosis) in 12
segments of the intracranial arteries (two internal carotid ar-
teries, two middle cerebral arteries, two anterior cerebral ar-
teries, two posterior cerebral arteries, two vertebral arteries,
basilar artery, and posterior inferior cerebellar artery) was
evaluated on TOF-MRA and fast CE-MRA. The image

quality was classified according to four grades (poor, not in-
terpretable; moderate, some distortion and noise limiting the
detailed delineation of major structures; good, minimal distor-
tion with detailed delineation of all structures; excellent, no
distortion). ForMRA, the image quality was assessed between
fast CE-MRA and two conventional CE-MRA acquisitions:
conventional CE-MRA acquired from different patients on the
same MRI scanner was used for some comparisons (n = 190),
while conventional CE-MRA acquired from the same patients
on different MRI scanners (n = 54) was used for the other
comparisons [2].

Statistical analysis

The sample sizes were estimated by considering the percent-
age of agreement between conventional and fast MRI. We
considered an expected agreement of 90% between conven-
tional and fast MRI and aimed to achieve an agreement of
more than 80%. Prior to patient enrollment, 50 patients who
underwent a MR scan were reviewed, and the prevalence of
positive findings for the primary outcome of fast MRI (50%

Fig. 2 Acute ischemic
hyperintensity on fast and
conventional FLAIR. Acute
ischemic hyperintensity (arrows)
in a diffusion-restricted area is
well demonstrated in both fast
FLAIR (EPI-FLAIR [top, scan
time 45 s], ETL-FLAIR [middle,
scan time 74 s], and TR-FLAIR
[bottom, scan time 79 s]) and
conventional FLAIR (scan time
128 s)

Eur Radiol (2019) 29:2641–2650 2645



for FLAIR, 30% for GRE, and 60% for MRA) was evaluated.
The assumed dropout rate for the estimated sample size was
20%. Sample sizes of 228 for FLAIR, 380 for GRE, and 190
for MRA were calculated, with consideration of the preva-
lence of positive findings and dropout rate. For the direct
comparison of fast and conventional MRI, the comparison
of sequences from a single individual is mandatory.
However, with consideration of the ethical issues concerning
the lengthening of scan time in acute stroke patients, we per-
formed various combinations of fast and conventional MRI
and finally enrolled 862 patients (482 for FLAIR, 380 for
GRE, and 190 for MRA). One-sided p values less than 0.05
were considered to indicate statistical significance.

The summary statistics are presented as the number and
percentages for categorical variables and the means with stan-
dard deviation for continuous variables. Agreement of fast and
conventional MRI was compared using a generalized estimat-
ing equation with logit link and a compound symmetry struc-
ture to account for clustering effects within the same subject or
the same observer. All agreements between fast MRI and con-
ventional MRI were calculated by pooling the analysis of the
two observers. Z-scores were used for comparisons of the
percentage agreement among fast FLAIR sequences (EPI-
FLAIR, ETL-FLAIR, and TR-FLAIR) and among fast GRE
sequences (EPI-GRE and parallel-GRE). Z-scores were also
used to test the statistical significance of agreement of MRA.
We also evaluated agreements and the overlapping index ac-
cording to the time interval from symptom onset to MRI on
EPI-FLAIR, ETL-FLAIR, and TR-FLAIR (< 3 h, 3–6 h, 6–
24 h, and more than 24 h), and subgroup analysis was per-
formed for number of microbleeds classified by location.
Intraclass correlation coefficients and weighted kappa values
were used for the calculation of interobserver agreement in
MRI findings. The strength of agreement of the intraclass
correlation coefficients and k-values was categorized as fol-
lows: less than 0.20, poor; 0.21–0.40, fair; 0.41–0.60, moder-
ate; 0.61–0.80, good; and 0.81–1.00, excellent. All statistical
analyses were performed using the statistical software pack-
ages MedCalc for Windows (version 15.0; MedCalc
Software, Ostend, Belgium) and SPSS (version 20.0; SPSS,
Chicago, IL). Two-sided p values less than 0.05 were consid-
ered to indicate statistical significance.

Results

FLAIR sequences

For acute ischemic hyperintensity, ETL- and TR-FLAIR dem-
onstrated an agreement with conventional FLAIR of more
than 80% in the pooled analysis (Table 2). EPI-FLAIR dem-
onstrated a significantly lower agreement than ETL- and TR-
FLAIR (all p values < 0.001). No significant difference was

found between ETL- and TR-FLAIR (p value > 0.05) (Fig. 2).
In the quantitative analysis of the fast FLAIR sequences, TR-
FLAIR showed the highest value for the Dice index of acute
and chronic ischemic hyperintensity. Evaluation of relative
signal intensity showed poorer visualization of acute ischemic
hyperintensity by EPI-FLIAR than by ETL-FLIAR and TR-
FLAIR (p value < 0.001). However, signal intensity ratio, ap-
parent signal-to-noise ratio, and contrast-to-noise ratio were
all lower for fast FLAIR than for conventional FLAIR, except
for the signal intensity ratio and apparent signal-to-noise ratio
of EPI-FLAIR and signal intensity ratio of ETL-FLAIR
(Supplemental Table 3). There was no significant difference
in agreement and overlapping index for any of the fast FLAIR

Fig. 3 Hyperintense vessels on fast and conventional FLAIR. ETL-
FLAIR (middle) and TR-FLAIR (bottom) show a high agreement for
hyperintense vessels (arrows) in comparison with conventional FLAIR,
whereas EPI-FLAIR (top) does not

2646 Eur Radiol (2019) 29:2641–2650



sequences according to the time interval from symptom
onset to MRI (p value > 0.05). For hyperintense vessels,
ETL- and TR-FLAIR showed an agreement with conven-
tional FLAIR of more than 80%, and EPI-FLAIR demon-
strated significantly lower agreement than ETL- and TR-
FLAIR (all p values < 0.001) (Fig. 3). For chronic ischemic
hyperintensity, fast FLAIR demonstrated an agreement
with conventional FLAIR of more than 98% (Table 2).
The fast FLAIR sequences did not differ significantly in
relative signal intensity for the detection of chronic ische-
mic hyperintensity (p value > 0.5 for all). Image qualities
were similar for conventional FLAIR and fast FLAIR se-
quences (p value > 0.5 for all). Interobserver agreements
between the two observers were greater than or equal to
moderate agreement (Supplemental Table 4).

GRE

For microbleeds, fast GRE demonstrated an agreement with
conventional GRE of more than 90%, and no significant dif-
ference was found between EPI- and parallel-GRE (p value
> 0.05) (Table 3 and Fig. 4). However, EPI-GRE demonstrat-
ed a significantly lower agreement than parallel-GRE for the
detection of susceptibility vessel sign (65.3% vs 98.0%, p

value < 0.001). Hemorrhagic transformation demonstrated a
100% agreement on both of the fast GRE sequences, and there
was no significant difference between EPI- and parallel-
GRE (p value > 0.05). In evaluating conspicuity, EPI-
GRE was inferior to parallel-GRE (p value < 0.001). Image
qualities were similar for conventional GRE, EPI-GRE, and
parallel-GRE (p value > 0.5 for all). Interobserver agreements
between the two observers were moderate (Supplemental
Table 4). Subgroup analysis showed that the overall number
of microbleeds detected by EPI-GRE, parallel-GRE, and con-
ventional GRE was similar (p value > 0.05 for all) with 84.1%
agreement by EPI-GRE and 93.4% by conventional GRE
(Supplemental Table 5).

MRA

The presence or absence of stenosis in 12 intracranial arteries
showed agreements of more than 80% between TOF-MRA
and fast CE-MRA. Fast CE-MRA demonstrated a 77.9%
agreement with TOF-MRA in both classifications (< 50% ste-
nosis vs ≥ 50% stenosis and no stenosis vs < 50% stenosis vs
≥ 50% stenosis) (Table 4 and Fig. 5). Interobserver agree-
ments between the two observers were greater than or equal
to fair agreement (Supplemental Table 4).

Fig. 4 Fast and conventional
GRE. A microbleed in the right
parietal lobe (arrows) is well
demonstrated on both conven-
tional GRE (right, scan time
141 s) and fast GRE (EPI-GRE
[middle, scan time 29 s] and
parallel-GRE [left, scan time
54 s])

Table 3 Agreement between fast and conventional GRE

EPI-GRE Parallel-GRE p value

Agreement < 0.001†

Microbleed 95.8% (0.923–0.977) 98.3% (0.955–0.993) 0.101††

Susceptibility vessel sign 65.3% (0.511–0.772) 98.0% (0.869–0.997) 0.001††

Hemorrhagic transformation 100% (0.885–1.000) 100% (0.885–1.000) NE††

Conspicuity (lower:similar:higher) 84:207:8 6:180:108 < 0.001††

Image quality 3.7 ± 0.4 (2–4)††† 3.5 ± 0.5 (2–4) 3.5 ± 0.5 (2–4) > 0.05††

Parentheses indicate one-sided 95% confidence intervals for agreement and range of scores for image quality

EPI echo-planar imaging
†Comparison between expected agreement (80%) and agreement (conventional and fast GRE) for microbleeds
††Comparison between EPI-GRE and parallel-GRE
††† Image quality of conventional GRE

Eur Radiol (2019) 29:2641–2650 2647



Image quality did not differ for fast and conventional MRA
sequences for conventional CE-MRA using the samemachine
on other patients and for conventional CE-MRA using differ-
ent machines in the same patients (p value > 0.05).

Discussion

In this prospective study, fastMRI at 1.5 T is a reliable method
for the detection and characterization of acute ischemic stroke
and similar image quality in comparison with conventional
MRI and achieved reductions in scan time of 38 to 79%.
Therefore, fast MRI at 1.5 T is a reliable method to become
a good alternative to conventional MRI.

Although the 6-minMRI protocol for acute ischemic stroke
on a 3-T scanner suggested by Nael et al decreased the scan
time and preserved diagnostic performance [2], 1.5-Tscanners

are generally more accessible than 3-T machines. The strategy
for fast MRI on a 1.5-T scanner is simple and highly applica-
ble and does not require advanced imaging methods.
Therefore, with consideration of the generalizability and avail-
ability of the imaging modality, fast MRI using a 1.5-T scan-
ner may be more suitable for acute ischemic stroke than se-
quences requiring a 3-T scanner.

We used simple methods to reduce the scan time, such as
EPI and parallel imaging. Fast imaging inevitably leads to a
downgrade in image quality. Thus, fast imaging requires a
balance between the reduction of scan time and acceptable
preservation of diagnostic performance; this requires a num-
ber of trials and validation studies. Despite the signal intensity
ratio, apparent signal-to-noise ratio, and contrast-to-noise ratio
being lower on fast MRI than on conventional FLAIR, our
results showed that fast MRI is acceptable for evaluating pa-
tients with acute ischemic stroke. These relatively simple

Table 4 Agreement between fast
CE-MRA and TOF-MRA and
image quality between fast and
conventional CE-MRA

Fast CE-MRA p value†

Agreement

No stenosis versus stenosis 85.7% (0.824–0.891) < 0.001

< 50% stenosis versus ≥ 50% stenosis 77.9% (0.741–0.816) NA

No stenosis versus < 50% stenosis versus ≥ 50% stenosis 77.9% (0.741–0.816) NA

Image quality

Fast CE-MRA 2.9 ± 0.4 (1–4)

Conventional CE-MRA (the same machine in other patients) 2.9 ± 0.4 (1–4) > 0.05

Conventional CE-MRA (various machines in the same patients) 3.0 ± 0.4 (2–4) > 0.05

Parentheses indicate one-sided 95% confidence intervals for agreement and range of scores for image quality

CE-MRA contrast-enhanced MR angiography
†Comparison between fast and conventional CE-MRA

Fig. 5 Fast CE-MRA and TOF-
MRA. Both TOF-MRA (right,
scan time 274 s) and fast CE-
MRA (left, scan time 39 s) nicely
demonstrated an occlusion in the
left proximal middle cerebral ar-
tery (arrows)
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methods on a 1.5-T scanner can be tailored to different clinical
settings. Evaluation by the fast MRI sequences EPI-FLAIR,
EPI-GRE, and fast CE-MRA, with a total scan time of 113 s,
may be useful in evaluating patients with a high probability of
motion artifacts or when clinicians prefer the shortest scan
time over the best image quality. By contrast, evaluation by
other fast MRI sequences TR-FLAIR, parallel-GRE, and fast
CE-MRA, with a relatively longer scan time of 172 s, may be
an alternative to routine conventional MRI for acute stroke
patients.

Nael et al postulated that EPI-FLAIR is feasible for the
detection of acute ischemic hyperintensity on 1.5-T MRI
[11]. They showed a concordance of 92% (24/26) for acute
ischemic hyperintensity and 100% (5/5) for hyperintense ves-
sels, whereas our EPI-FLAIR sequence showed a concor-
dance of 82% (180/219) for acute ischemic hyperintensity
and 7% (4/56) for hyperintense vessels. These discrepancies
may be attributed to the different scoring systems and the sizes
of the study populations. Nael et al used a dichotomic classi-
fication (concordant or discordant) for acute ischemic
hyperintensity and hyperintense vessels, but we used a 3- or
4-scale scoring system. In this study, EPI-FLAIR was signif-
icantly inferior to ETL- and TR-FLAIR in the detection of
acute ischemic hyperintensity and hyperintense vessels.
Geometric distortion caused by magnetic field inhomogeneity
and susceptibility artifacts in EPI-based sequences may also
influence to the reduced detection rate of acute ischemic
hyperintensity and hyperintense vessel signs in EPI-FLAIR
[11]. Although EPI-FLAIR had the shortest scan time of the
three fast FLAIR sequences, its diagnostic performance may
be insufficient. Our results should be helpful in establishing
the optimized combinations of fast MRI for individual
institutions.

Although CT is the most common and efficient imaging
modality for acute ischemic stroke, MRI is still an attractive
modality, offering higher sensitivity for the detection of acute
stroke (even when the infarct is small and located in the pos-
terior fossa), more specific delineation of infarction core vol-
ume with clear discrimination of chronic ischemic lesions, and
lack of exposure to ionizing radiation [3, 4, 21]. If the long
scan times of MRI and its low availability for acute ischemic
stroke can be overcome, MRI would be an excellent alterna-
tive to CT. A variety of imaging combinations could be
established according to the individual institution, such as fast
MRI with a highly accessible MR scanner or brain CTand CT
angiography combined with some fast MRI sequences.

This study is subject to several limitations of note. First,
this study was performed in a single referral center and with
the arbitrary addition of fast MRI sequences to conventional
MRI. Second, the three fast FLAIR sequences were not com-
pared with conventional FLAIR within single acquisitions,
because of long scan time-related ethical issues. The results
may therefore be biased due to a clustering effect, even though

a statistical correction was used. Third, we did not directly
compare fast CE-MRAwith conventional CE-MRA, because
two injections of contrast media for CE-MRA would have
been difficult to perform in the situation of real acute ischemic
stroke; instead, we focused on the replacement of TOF-MRA
with fast CE-MRA. Fourth, this study did not provide clinical
implications, such as the time reduction to mechanical
thrombectomy and improvement of clinical outcomes using
fast MRI, as we focused on the reduction of scan time and
preservation of diagnostic agreement. Further investigations
are therefore warranted.

In conclusion, in comparison with conventional MRI, fast
MRI at 1.5 T is a reliable method to detect and characterize
acute ischemic stroke. Our results should be helpful to opti-
mize acute stroke imaging in individual institutions.
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