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BACKGROUND AND PURPOSE: In a very limited number of cases, acute migrainous aura may mimic
acute brain infarction. The aim of this study was to recognize patterns of MR perfusion abnormalities
in this presentation.

MATERIALS AND METHODS: One thousand eight hundred fifty MR imaging studies performed for the
suspicion of acute brain infarction were analyzed retrospectively to detect patients with acute migrain-
ous aura not from stroke. All patients were examined clinically by 2 neurologists and underwent a
standard stroke MR imaging protocol, including PWI. Two radiologists reviewed the perfusion maps
visually and quantitatively for the presence, distribution, and grade of perfusion abnormalities.

RESULTS: Among 1850 MR imaging studies, 20 (1.08%) patients were found to have acute migrainous
aura. Hypoperfusion was found in 14/20 patients (70%) with delayed rMTT and TTP, decreased rCBF,
and minimal decrease in rCBV. In contrast to the typical pattern in stroke, perfusion abnormalities were
not limited to a single vascular territory but extended to �1. Bilateral hypoperfusion was seen in 3/14
cases. In 11/14 cases, hypoperfusion with a posterior predominance was found. TTP and rMTT were
the best maps to depict perfusion changes at visual assessment, but also rCBF maps demonstrated
significant hypoperfusion in quantitative analysis. In all patients, clinical and imaging follow-up findings
were negative for stroke.

CONCLUSIONS: Acute migrainous aura is rare but important in the differential diagnosis among
patients with the suspicion of acute brain infarction. Atypical stroke perfusion abnormalities can be
seen in these patients.

ABBREVIATIONS: ACA � anterior cerebral artery; PCA � posterior cerebral artery; rCBF �
relative cerebral blood flow; rCBV � relative cerebral blood volume; rMTT � relative mean transit
time

During the past 10 years, MR imaging of acute stroke has
become more and more important, culminating in the

American Academy of Neurology updating their guidelines in
July 2010, recommending DWI as the best method for the
most accurate diagnosis.

Several other diseases, however, can mimic acute stroke,
such as migrainous aura, which is a frequent neurologic dis-
order. Aura may manifest as acute neurologic symptoms be-
fore the onset of headache.1-5 Usual uncomplicated migraine
attacks resolve after treatment. On the other hand, migraine
with aura is a risk factor for ischemic stroke.6 The question is
whether MR imaging is useful in the early distinction of mi-
grainous aura and ischemic stroke.

Dedicated stroke MR imaging protocols have been estab-
lished and include DWI and PWI as well as MRA of the intra-
and extracranial vessels.7-9 Whereas DWI is useful to depict
the infarct core, PWI is used to determine the ischemic pen-
umbra.10 The patterns of hypoperfusion in acute brain infarc-

tion have been described.11 MR perfusion abnormalities have
also been described in other disorders, (eg, seizures, vaso-
spasm following subarachnoid hemorrhage, and severe steno-
sis of intra- or extracranial vessels).12,13

MR imaging, nuclear medicine, and CT perfusion studies
have demonstrated that migrainous aura may be associated
with perfusion abnormalities; however, all articles are limited
to a small number of selected patients.14-24 To date, no data are
available from a larger series of consecutive patients.

To our knowledge, this is the first study to describe perfu-
sion anomalies— evaluated in a large cohort of 1850 consecu-
tive acute stroke MR imaging examinations—in patients with
acute migrainous aura mimicking acute stroke.

Materials and Methods

Patients
A retrospective analysis was performed during a 4-year period with a

total of 1850 consecutive acute stroke MR imaging examinations (all

including PWI). From this cohort, patients were selected in whom

final neurologic and imaging work-up established the diagnosis of

acute-onset migraine with aura.

Both the initial neurologic examination and the final diagnosis of

migraine with aura or status migrainosus were performed by 2 neu-

rologists according to established criteria.4 Patients in whom any

other disease or condition was diagnosed that was considered as a

possible complete or partial cause of the symptoms (history of previ-

ous brain infarction or transient ischemic attack or severe stenosis of

intra- or extracranial vessels) were excluded. This was done to avoid

any bias due to the inclusion of patients with other possible causes for
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abnormalities on PWI. Written informed consent was given by all

patients. In a standardized review sheet, the clinical presentation was

noted and the time interval between the onset of symptoms and the

beginning of the MR imaging study was recorded. The study was

approved by the institutional review board.

Imaging Study
All stroke MR imaging examinations were performed on 1.5T scan-

ners (Magnetom Symphony or Magnetom Avanto; Siemens, Erlan-

gen, Germany) with a maximum gradient strength between 30 and 45

mT/m with a 12-channel standard head coil. Our MR imaging pro-

tocol using a free-induction-decay–EPI sequence for PWI is described

in Table 1. The examinations including PWI were performed with

full-head coverage (23 sections) in an axial orientation, with TR �

2090 ms, TE � 49 ms, flip angle � 60°, FOV � 220 mm, matrix size �

128 � 96 (read and phase), section thickness � 6 mm, 10% section

gap, 1 average, parallel imaging factor � 2. For PWI, 35 dynamic

measurements (temporal resolution � 2090 ms for each dynamic

series) were acquired after bolus injection (flow rate of 5 mL/s), fol-

lowed by a 20-mL saline flush of a 1.0-mol/L contrast agent, gad-

obutrol (Gadovist; Bayer HealthCare, Berlin, Germany). For ex-

tracranial angiography, a time-resolved contrast-enhanced MRA

technique was used. Total measurement time was 10 minutes 25 sec-

onds for all sequences.

All PWI maps were calculated by using the same vendor-specific

dedicated software (syngo Perfusion, version VB 17A; Siemens) by

using a nonparametric singular value decomposition deconvolution

technique. We calculated the following color-coded maps: TTP,

rMTT, rCBV, and rCBF. For follow-up MR imaging (within 24

hours), the identical protocol was used.

Image Analysis
MR images were analyzed by 2 specialized neuroradiologists in con-

sensus according to the established criteria.11 First, PWI was analyzed

visually, with the readers blinded to all other sequences. After 1 week,

the remaining sequences were analyzed and quantitative analysis of

PWI maps was performed: In patients with a visually detected perfu-

sion abnormality, a region of interest was defined in a representative

section. The mean signal intensity was compared with an identical

region of interest on the contralateral hemisphere (Fig 1). In patients

with bilateral hypoperfusion, comparison was performed with nor-

mally perfused brain parenchyma in the MCA territory. In patients

without visually detectable perfusion abnormalities, measurements

were taken bilaterally in the MCA and PCA territories. For all patients,

signal-intensity ratios (defined as the mean signal intensity in the

affected brain region divided by mean signal intensity found in the

normal hemisphere/region) were calculated. For visual assessment,

perfusion abnormalities were classified as hyper- or hypoperfusion.

Each abnormality was graded by using a 4-point scale: 1, minor per-

fusion abnormality (subtle changes compared with the contralateral

hemisphere); 2, moderate perfusion abnormality; and 3, major per-

fusion abnormality. Grade 0 was the absence of a perfusion abnor-

mality. Furthermore, the affected vascular territory was assessed.

Statistical Analysis
Statistical analysis was performed with the Statistical Package for the

Social Sciences, Version 17 (SPSS, Chicago, Illinois). The Wilcoxon

test was used to compare differences in the visual and quantitative

assessment of perfusion maps; the Mann-Whitney U test was applied

to compare results in patients with and without perfusion abnormal-

ities. A level of P � .05 was regarded as a statistically significant result.

The Spearman rank correlation coefficient was calculated to compare

results of the visual and quantitative assessments.

Results
Of 1850 stroke MR imaging examinations performed, 20 pa-
tients were found fulfilling the inclusion criteria (13 females, 7
males; mean age, 23 years; range, 17–51 years). Thus, the inci-
dence of migraine with aura was 20/1850 (1.08%). None of the
patients had a known history of previous attacks of migraine
with focal neurologic deficits or other diseases.

Nineteen of 20 examinations were performed between 1
and 6 hours after onset (mean interval, 174 minutes). In 1
patient, the history of symptoms had persisted for 72 hours
(status migrainosus) before the MR imaging examination. At
the time of the examination, none of the patients had head-
ache as the dominant symptom. There was a clear relationship
between the perfusion abnormality and the symptoms of the
patients. In the patients with posterior predominance of the
hypoperfusion, visual deterioration and nausea or vertigo or
both were seen. For example, of 11 patients with visual symp-
toms, 9 patients had hypoperfusion in the area of the PCA.
Furthermore, the patients with motor deficits or paresthesias
showed perfusion abnormalities in the area of the MCA. Eight
of 9 patients with aphasia demonstrated hypoperfusion in the
area of the MCA (Table 2).

In 14 patients (70.0%), hypoperfusion was found by visual
assessment, unilateral in 11/14 (78.6%) and bilateral in 3/14
(21.4%) patients. In 10/14 (71.4%) patients, a posterior pre-
dominance of hypoperfusion was seen—located in the PCA

Table 1: MR imaging protocol

No. Sequence Orientation

Section
Thickness

(mm)
Pixel Size

(mm � mm)

Contrast
Agent Flow

Ratea
TR/TE
(ms)

Acquisition
Time (min:s)

1 DWI Transverse 6 1.1 � 1.1 None 4300/107 1:06
2 FLAIR Transverse 6 1.1 � 0.9 None 8390/121 1:25
3 3D TOF Transverse 1 0.9 � 0.9 None 36/7.05 3:05
4 T2*w GRE Transverse 6 1.1 � 0.9 None 800/25.7 1:14
5 PWI Transverse 6 2.0 � 1.7 0.1 mmol/kg 2090/49 1:19

5 mL/s
6 Neck MRA Coronal 1 1.4 � 0.9 0.1 mmol/kg 3.27/1.17 0:49

2 mL/s
7 T1w postcontrast Transverse 6 1.2 � 0.9 Postcontrast 635/17 1:37

Note:—TOF indicates time-of-flight angiography (intracranial circulation);T2w, T2-weighted; T2*w GRE, T2*-weighted gradient-echo; T1w, T1-weighted.
a Contrast dosage is given in millimole per kilogram of body weight.
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territory and in varying parts of the MCA territory. In the
remaining 4 patients (28.5%), hypoperfusion involved all 3
vascular territories. Graded visual assessment of hypoperfu-
sion is shown in Table 2.

At visual assessment, hypoperfusion was significantly more
pronounced on TTP than on rMTT (P � .004), rCBV (P �
.001), or rCBF (P � .001) maps. rMTT was more sensitive
than rCBV (P � .001) and rCBF (P � .031). Notably, rCBF

Table 2: Synopsis of clinical and perfusion data in 20 patients

No.
Perfusion

Abnormality
Time to

Imaginga

Clinical Symptomsb TTPc rMTT rCBF rCBV

VS AP PA MD N V Ant Med Post Ant Med Post Ant Med Post Ant Med Post
1 Yes 60 1 1 0 0 1 0 0 3 3 0 2 2 0 2 2 0 1 1
2 Yes 60 0 1 1 1 0 0 0 3 3 0 2 2 0 2 2 0 1 1
3 No 360 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
4 No 240 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
5 Yes 60 1 0 1 0 0 0 0 3 3 0 2 2 0 2 2 0 1 1
6 Yes 240 1 0 0 0 0 0 0 3 3 0 3 3 0 0 0 0 0 0
7 No 300 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
8 Yes 210 1 1 1 0 0 0 3 3 3 2 2 2 2 2 2 1 1 1
9 Yes 198 1 1 1 0 1 1 0 3 3 0 3 3 0 2 2 0 1 1
10 No 120 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 Yes 100 0 1 1 0 0 0 0 2 2 0 1 1 0 1 1 0 1 1
12 Yes 100 1 0 1 1 1 1 3 3 3 3 3 3 2 2 2 1 1 1
13 Yes 60 0 1 0 0 0 0 3 3 3 3 3 3 2 2 2 1 1 1
14 Yes �6 hr 0 1 0 0 1 0 3 3 3 2 2 2 1 1 1 0 0 0
15 Yes 80 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0
16 Yes 72 hr 1 0 0 0 1 1 0 3 3 0 1 1 0 1 1 0 0 0
17 Yes �6 hr 1 0 0 0 1 1 0 3 3 0 1 1 0 1 1 0 1 1
18 No 360 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19 No 210 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20 Yes 200 0 1 0 0 0 0 0 3 3 0 2 2 0 2 2 0 1 1
Mean grade score 0.60 1.95 1.95 0.50 1.40 1.40 0.35 1.00 1.00 0.15 0.50 0.50
Total mean grade score 1.50 1.10 0.78 0.38

Note:—VS indicates visual symptoms; AP, aphasia; PA, paresthesias; MD, motor disabilities; N: nausea; V, vertigo; Ant, anterior; Med, middle; Post, posterior.
a Time to imaging is the interval between onset of symptoms and beginning of MRI study, given in minutes.
b History of migraine is the available clinical history of migraine at the time of initial neurologic examination.
c Perfusion abnormalities on visual assessment for all patients according to the vascular territories using a 4-point scale (0 � no abnormality, 3 � major abnormality).

Fig 1. Quantitative evaluation of perfusion maps with region-of-interest measurements of the affected and normal side. A, rMTT. B, TTP. C, rCBF, D, rCBV.
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also showed hypoperfusion in 13/14 cases, though it was sig-
nificantly less pronounced than rMTT and TTP. rCBV only
showed subtle hypoperfusion in 10/14 cases.

At quantitative analysis, the following mean signal-inten-
sity ratios were found in patients demonstrating hypoperfu-
sion at visual assessment: TTP, 1.08; rMTT, 1.31; rCBF, 0.64;
rCBV, 0.83. Mean signal intensity ratios for patients without
visually detected perfusion abnormalities are given in Table 3.
Quantitatively, the most pronounced changes were found in
rCBF followed by rMTT (P � .001), rCBV (P � .001), and
TTP (P � .001). Differences between patients with and with-
out visually observed hypoperfusion were significant for all
maps.

When we compared visual and quantitative assessments,
the Spearman correlation coefficient revealed significant cor-
relation for TTP (r � 0.81), rMTT (r � 0.84), and rCBF (r �
�0.72); for rCBV, the correlation was not significant (r �
�0.46).

No other sequences showed any pathologic findings. In
particular, there was no evidence of restricted diffusion (Fig
2).

Clinical follow-up was available in all cases. In all patients,
symptoms fully resolved, spontaneously (n � 5) or after treat-

ment with IV acetylsalicylic acid or acetaminophen (n � 14).
Systemic thrombolysis (alteplase) was performed in 1 patient
with suspected stroke at the beginning of the study period (the
first patient with migraine in this study). In 14/20 patients,
follow-up examinations in a time interval of 20 –30 hours
(mean, 22 hours) were available. All follow-ups demonstrated
complete resolution of hypoperfusion at visual assessment
(Figs 2– 4). Repeat standard sequences demonstrated no
change to the initial examination.

Discussion
A subset of migraine attacks may manifest with acute neuro-
logic symptoms (ie, aura) that can also be found in acute
stroke.1 These symptoms occur before the migrainous head-
ache. Cases with predominantly motor symptoms are also re-
ferred to as “hemiplegic migraine.”25 According to the Inter-
national Headache Society,4 these forms are diagnosed
clinically by accurate patient history and neurologic examina-
tion. However, substantial problems may arise in the acute
phase because accurate information is often incomplete or
difficult to obtain.3 Distinguishing between migrainous aura,
cerebral ischemia, and Todd paralysis following a seizure may
be difficult. In our series, no one had a previous history of

Table 3: Mean signal ratios and SD for quantitative and visual assessment of PWI: separated for cases with and without visually detected
perfusion abnormalitiesa

Cases with Visually Detected Perfusion Abnormalities
Cases without Visually Detected

Perfusion Abnormalities

Visual Score, grade 0–3
(mean � SD)

Signal Ratio
(mean � SD)

Signal Ratio
(mean � SD)

TTP 2.14 � 0.68 1.08 � 0.02 0.99 � 0.01
rMTT 1.57 � 0.88 1.31 � 0.19 1.02 � 0.04
rCBF 1.12 � 0.66 0.64 � 0.16 1.03 � 0.07
rCBV 0.55 � 0.38 0.83 � 0.18 1.05 � 0.07
a Signal ratio of the quantitative assessment is calculated as the signal of the affected side divided by the signal of the normal side; in cases without visually detected perfusion abnormality,
it means the signal of the left divided by the signal of the right side.

Fig 2. A–F, A 17-year-old male patient with acute onset of aphasia and right-sided paresthesias: DWI findings were negative for ischemic brain infarction initially (A) and during follow-up
(F). B–E, PWI demonstrates hypoperfusion in the posterior cerebral and, to a lesser degree, in the middle cerebral vascular territories on the left side—most pronounced in TTP (grade
3) and rMTT (grade 2) maps. rCBF maps demonstrated hypoperfusion grade 2; rCBV maps demonstrated hypoperfusion grade 1. G–J, Follow-up PWI after 24 hours shows complete resolution
of hypoperfusion.
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migraine with acute neurologic deficits. Thus, a certain di-
lemma arises because an accurate differential diagnosis is
mandatory for correct treatment.

Stroke MR imaging has demonstrated its clinical impor-
tance in the work-up of acute brain infarction.7,26 Perfusion

abnormalities in acute brain infarction usually comprise hy-
poperfusion in a defined (mostly single) vascular territory.11

There are reports that certain perfusion abnormalities may
be found in migraine by using PWI; however, these are limited
to case studies.17-19

Fig 3. A 24-year-old male patient presenting with acute-onset aphasia, visual reduction, and right-sided paresthesias. Initial PWI (A–D) shows apparent hypoperfusion, best outlined in
rMTT (grade 3) and TTP (grade 3). rCBF maps demonstrate hypoperfusion grade 2. In rCBV maps, no visible hypoperfusion is demonstrated. E–H, Follow-up PWI after 24 hours shows
complete resolution of hypoperfusion in all maps.

Fig 4. A 19-year-old female patient presenting with scintillating scotomata and left-sided hemiparesis and hemisensory symptoms. A–D, PWI 100 minutes after the onset of symptoms
demonstrates hypoperfusion in the entire right hemisphere, delineated on rMTT (grade 3) and TTP (grade 3), rCBF (grade 2), and rCBV (grade 1). Follow-up PWI after 28 hours and after
treatment with IV salicylates (E–H) shows no remaining hypoperfusion.
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Since 2005, we have examined all patients with acute stroke
who are potentially candidates for thrombolysis or mechanical
intervention, primarily with stroke MR imaging. From 1850
consecutive patients with acute stroke symptoms, 20 patients
with migraine that mimicked acute stroke (1.08% of all pa-
tients) were found. In the case of standard unenhanced CT,
these patients would probably have been treated with systemic
thrombolysis, which is risky and delays specific antimigrain-
ous treatment.

Perfusion abnormalities were found in 70% (14/20 pa-
tients). That implies that—if migrainous aura is present—per-
fusion abnormalities are frequent. In each case, the perfusion
abnormality was detected by visual evaluation, which was per-
formed in the first step of the study evaluation. Subsequent
quantitative analysis did not reveal any further cases with sig-
nificant perfusion abnormalities. This finding demonstrates
that visual assessment, which is usually performed in the acute
setting, also seems to be adequate to show migraine-associated
perfusion abnormalities. Quantitative assessment—which
takes additional time— does not seem to be mandatory in the
acute setting.

Of these 14 cases showing perfusion abnormalities, in-
creased perfusion was not seen in any. In our opinion, this
was due to the fact that all patients were examined in the
stage of migrainous aura, where neurologic deficits— but
not headache—were the dominant symptom. Even in 1 pa-
tient with a prolonged symptom history for 3 days, no head-
ache was present, similar to findings in other reports.16

Some published studies report hyperperfusion; however,
this is during the headache stage, 6 –24 hours after the onset
of symptoms.2,17,19-21,24 Others report hypoperfusion dur-
ing the migrainous aura.2,14,18,22,23,27

These findings emphasize that early MR imaging examina-
tion is crucial to detect the perfusion abnormalities. This cor-
relates with the presumed pathogenesis of migraine, which
includes a combination of vascular and neuronal factors.28,29

The finding of occipital predominance of vasoconstriction
during the aura is supported by our data because we found a
posterior predominance of hypoperfusion (71.4%).

The striking point is that in all cases, �1 vascular territory
was affected, which holds the greatest potential to differentiate
migraine from stroke, where hypoperfusion is usually limited
to a single vascular territory. In 4 of 14 patients (28.6%), the
entire hemisphere was hypoperfused. A possible differential
diagnosis for this pattern of hypoperfusion is severe stenosis of
the extracranial vessels. However, this can be ruled out by
MRA of the extracranial vessels.

Concerning the 4 PWI maps, we found that quantitative
evaluation of the perfusion abnormalities was not much more
striking than visual inspection. In the visual assessment, TTP
was significantly superior, followed by rMTT (Table 2). TTP
and rMTT were positive for hypoperfusion in all positive cases
except 1, in which only subtle findings (grade 1) were seen in
TTP, with the other maps having negative findings. Notably,
all except 1 of the cases positive for hypoperfusion also showed
changes in rCBF.21,27 On quantitative analysis, rCBF demon-
strated the most pronounced changes, followed by rMTT and
TTP. The Spearman correlation test revealed significant cor-
relation for TTP, rMTT, and rCBF between visual and quan-
titative analysis, except for rCBV. This may be due to the col-

or-coding of the lookup table in combination with window
and center settings that we use that encode the rCBF map
predominantly with dark colors, blue and black. However, the
quantitative results can be better appreciated if the rCBF im-
ages are windowed and centered with extremely narrow val-
ues. Of course, in the acute clinical setting, visual evaluation is
used first because it is the fastest approach (“time is brain”). In
cases of doubt, however, additional quantitative evaluation
with calculation of ratios in the different maps between the
affected and the normal hemisphere may be performed.

In all patients, clinical follow-up was available. All showed
complete resolution of the symptoms, spontaneously or after
treatment with analgesics. MR imaging follow-up was per-
formed in 14/20 patients (70%) and showed complete resolu-
tion of hypoperfusion in all cases.

A limitation of this study is its retrospective design, de-
scribing only patterns of perfusion anomalies. Sensitivities or
specificities cannot be provided and must be the topic of fur-
ther research. PWI in patients with migraine during headache
will be a topic of further research in a prospective setting. The
comparison of visual-versus-quantitative assessment of PWI
also warrants further research.

Conclusions
The American Academy of Neurology updated their guide-
lines in July 2010, recommending DWI as the superior
method (level A) for the most accurate stroke diagnosis.30 The
study presented here supports that recommendation and
demonstrates the potential of PWI in eliminating differential
considerations.

To our knowledge, this is the first study to describe perfu-
sion anomalies— evaluated with acute stroke MR imag-
ing—in patients with acute migrainous aura mimicking acute
stroke. Migraine is a rare but important differential diagnosis
among patients presenting with symptoms of acute stroke.
Hypoperfusion affecting �1 vascular territory is the most im-
portant finding on PWI, which can lead one to the correct
diagnosis and therapy, particularly if no diffusion restriction is
seen.

Disclosures: Michael Uder—UNRELATED: Payment for Lectures (including service on
speakers bureaus): Bracco, Siemens, Medtronic.
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