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Background: To assess the prevalence and potential predictors of MR diffusion and perfusion
abnormalities in a Chinese population with hemispheric transient ischemic attacks (TTA).

Methods: Patients with temporary (<24 hours) focal cerebral dysfunction of probable vascular origin were
considered to be potential candidates for this study in the emergency room. Those who were admitted to the
stroke center of Shanghai Fourth People’s Hospital affiliated to Tongji University between January 2015 and
December 2018 were recruited to the present study. MRI, including both diffusion-weighted imaging (DWT)
and perfusion-weighted imaging (PWI), was performed within 7 days after the last symptom attack. Time to
maximum of the residue function (T'max) maps were auto-evaluated using the RAPID software to determine
hypoperfusion. Multivariate analysis was used to assess the correlation of MR findings with clinical variables,
medical history, cardio-metabolic characteristics, and the ABCD2 scores (age, blood pressure, clinical
features, symptom duration and diabetes).

Results: Sixty-six out of 207 patients met the inclusion criteria. Baseline MRI showed DWT lesions in
20 patients (30.3%). The prevalence of MR perfusion Tmax >4 s >0 mL and >10 mL were 77.3% (51/66)
and 50% (33/66), respectively. Male patients tended to develop DWI lesions after a TIA. Limb weakness
was an independent factor associated with MR perfusion abnormalities (Tmax >4 s >10 mL) in this Chinese
population (adjusted OR =7.41, 95% CI: 1.57-34.89, P=0.011).

Conclusions: Our results suggest that limb weakness is a strong predictor of perfusion abnormalities
calculated by RAPID on Tmax maps of hemispheric TIA patients without DWTI positive findings. Male

patients are more likely to develop cerebral infarction.
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Introduction

Transient ischemic attack (TTA) is redefined as
a transient episode of neurological symptoms
attributable to dysfunction of focal brain areas without
evidence of acute ischemic infarction (1). However, if
MRI is not available immediately, the time-based TIA
definition with symptoms lasting less than 24 hours
was still used in China (1). The population of TIA
survivors at any given time in China is as large as 10
to 12 million according to a community-based multi-
center study (2). TIAs are associated with future recurrent
ischemic attacks. An accurate diagnosis of the cause is
essential to ensure appropriate management is applied and
to dramatically reduce the risk of developing recurrent
ischemic events (3-5).

Diagnosing the ischemic mechanism of transient
neurologic dysfunction is challenging, even for experienced
neurologists (6,7). In recent studies, diffusion-weighted
imaging (DWI) showed acute ischemic lesions among
30-40% of patients referred for a clinically defined TIA
(8-11). High-resolution DWI (37T, 2.5 mm without
gap slice thickness) can detect lesions in more than
half of these patients with TIA (12). DWI lesions are
associated with recurrent ischemic attacks after a TIA
(9,13). However, patients without DWI lesions remain a
source of uncertainty and their management is challenging.
Although many of these subjects have had transient cerebral
ischemia, the extent of hemodynamic damage does not
reach the threshold of tissue injury. Perfusion weighted
imaging (PWI) demonstrates acute ischemic lesions among
20-40% of TIA patients who have normal DWI (8,9,14-16).
Furthermore, PWI abnormalities are associated with
recurrent TTAs, strokes, and persistent deterioration of
neurologic symptoms (9,15,17,18).

Cerebral perfusion can be visualized by
intravenously injecting clinically approved
gadolinium—containing contrast agents (19,20). The
size of hypoperfusion was estimated from the volume
of tissue where delayed arrival of an injected contrast
agent [the time when the residual function reaches its
maximum (Tmax)] exceeding 6 seconds was displayed
(21-23). Tmax maps can reveal ischemic abnormalities
in TTIA patients with negative DWI findings (24).
Tmax >4 s seems to be optimal for early assessment of
hypopertusion in TIA patients (25). However, little research
has been conducted in Chinese populations. The purpose
of the present study, therefore, was to assess the prevalence
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and potential predictors of MR diffusion and perfusion
abnormalities in a Chinese population with TTAs.

Methods
Subjects

Patients with a temporary (<24 hours) focal cerebral
dysfunction of probable vascular origin were considered
as potential candidates for this study at emergency room.
Some of these subjects were admitted to the comprehensive
Stroke Center of Shanghai Fourth People’s Hospital
affiliated to Tongji University with a discharge diagnosis
of TIA (DWI negative) or minor stroke (DWI positive)
between January 2015 and December 2018. These subjects
were recruited to the present study.

The inclusion criteria for this study: (I) patients
presented with a TIA and evaluated by two certified stroke
neurologists at the time of admission and discharge; (II) MR
imaging including both DWI and PWTI available at the time
of hospitalization; (III) The time when the residue function
reaches its maximum (Tmax) maps were assessed using the
RAPID software (iSchemaView USA, Version 4.9) (23),
independently.

The exclusion criteria: (I) patients with TIA did not
have baseline perfusion or their diffusion status was not
assessed; (II) patients received revascularization therapy
(thrombolysis/thrombectomy).

Radiologists blinded to clinical information
independently evaluated the presence of acute ischemic
lesions detected on DWI/PWI. Demographic data, clinical
variables, risk factors, neurologic deficits, ABCD? scores,
frequency of attacks, lasting time of TIA, time between
MRI scan and onset were documented for each patient.

Image acquisition

MRI scans were performed on a 1.5-T Avanto scanner
(Siemens, Erlangen, Germany). The imaging protocol for
this study included DWI, PWI, FLAIR and time-of-flight
MR angiography (TOF-MRA). Imaging parameters were
listed as below. The head coil is an-8-channel phased-array
coil. DWI: 19 slices, 192x192 matrices; slice thickness =
5.5 mm; TR/TE, 3,600/102 ms; field of view =230 mm’,
b =0 and 1,000 s/mm’; EPI factor =192; bandwidth =
964 Hz/pixel. FLAIR: 18 slices, 256x190 matrices; slice
thickness =5.5 mm; TR/TE, 4,000/92 ms; field of view =
230 mm’; TI =1,532.6 ms; bandwidth =190 Hz/Px; flip
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Probable TIA cases at the Fourth People
Hospital Stroke Center between January
2015 and December 2018 (N=207)

Excluded (n=141)
No baseline PWI [88]
Discharge not TIA [13]
Not hemispheric TIA [37]
Technically inadequate [3]

¥
| Hemispheric TIA (N=66) |

DWI+N=20 DWI-N=46

| PwiN=12 | | Pwi-N=8 | | Pwien=21 | | PWI-N=25 |

Figure 1 Flowchart of patient recruitment. DWI, diffusion-
weighted imaging; TIA, transient ischemic attack; PWI, perfusion
weighted imaging.

angle =150°. Dynamic susceptibility contrast PWI (DSC-
PWI): 19 slices, 128x128 matrices; slice thickness =5 mm;
TR/TE, 1,590/32 ms; measurements =50; field of view
=230 mm’; band width =1,346 Hz/pixel; flip angle =90°.
A Gd-DTPA contrast agent (gadopentetate dimeglumine
injection; Shanghai Pharmaceutical Corporation, Shanghai,
China) was injected intravenously (0.2 mmol/kg body
weight) at a rate of 4 mL/s after a bolus with 30 mL saline.
Three-dimensional time-of-flight MRA of the internal
carotid artery (ICA) and intracranial circulation: 241x256
matrices, slice thickness =0.7 mm; TR/TE, 25/7 ms; field of
view =180 mm’; Bandwidth =100 Hz/PX; flip angle =25°.

Post-processing

Estimates of hypoperfusion on PWI were calculated using
the RAPID software (iSchemaView USA, Version 4.9),
which is an automated imaging post-processing system
(23,26). Volumes of Tmax delay >4 seconds were used to
determine hypoperfusion deficits in TIA patients with a
negative DWI (9,15).

Arterial input functions from the proximal middle
cerebral artery in both hemispheres were semi-automatically
identified and used to generate perfusion maps (27).

Ethics

Ethical approval for this study was obtained from the
Human Research Ethics Committee of Shanghai Fourth

© Annals of Translational Medicine. All rights reserved.

Page 3 of 10

People’s Hospital Affiliated to Tongji University School of
Medicine. Written informed consent was obtained from all
subjects.

Statistical analysis

Continuous parameters were presented as mean = standard
deviation (SD) or median with interquartile range (IQR);
categorical variables were summarized as independent
proportions. Baseline information of patients with or
without MRI diffusion abnormalities was compared using
t-test or Mann-Whitney U test for continuous variables
and X’ or Fisher’s exact test for categorical variables. We
used logistic regression analysis to identify independent
predictors of DWI-positive and PWI-positive TIA,
respectively. Multivariate regression modelling was used to
correlate DWI/PWI with related risk factors with P values
<0.20. All correlation data were presented as odds ratios
(OR) with their corresponding 95% confidence intervals
(CI) and P values. Statistical significance was considered
when P<0.05. Data analysis was performed using IBM SPSS
(version 20.0) for Windows (SPSS Inc., Chicago, IL, USA).

Results

In the present study, 207 patient records were evaluated
for suspected TIA, among which, 66 (27 women, 39 men;
age range: 40-86 years; mean, 70 years) had technically
adequate DWT and PWI scans. Eighty-eight patients were
excluded because their baseline PWI was not available
after their TIA, 13 patients were excluded because they
were not given a discharge diagnosis of a TTA, 37 patients
were excluded due to non-hemispheric TIAs and 3 had
technically inadequate MR scans (Figure I).

Baseline characteristics

Baseline characteristics of patients included in the present
study were shown in Table 1 and Table SI. A total of 66
subjects, including 39 males and 27 females, were included in
the present study. The average age of these patients was 70+
11 years old and their median (IQR) ABCD’ score was 4 [3—
5]. Baseline perfusion scans were evaluated after a median
(IQR) delay of 5 [2-11] days from the first symptom onset
or 5 IQR 2-7) days from the last symptom attack. Their
median (IQR) symptom duration was 20 [5-68] minutes
and the median times of TIAs at baseline were 1 (IQR 1-3).
The median (IQR) Tmax >4 s volume was 9 [3-67]. The
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Table 1 Comparison of baseline demographic and clinical characteristics between TIA patients (n=66) with and without DWI lesions

Characteristics Total (n=66) DWI+ (n=20) DWI- (n=46) z,t, or o P value
Age, y, mean = SD 69.6+10.5 71.3+11.8 68.9+10.0 0.836 0.406
Male, n (%) 39 (59.1) 15 (75.0) 24 (52.2) 3.004 0.083
Medical history, n (%)
Hypertension 41 (62.1) 13 (65.0) 28 (60.9) 0.101 0.751
Diabetes mellitus 16 (24.2) 7 (35.0) 9 (19.6) 1.808 0.179
Atrial fibrillation 5(7.6) 3 (15.0) 24.3) 2.225 0.136
Smoking 18 (27.3) 8 (40.0) 10 (21.7) 2.343 0.126
Drinking 10 (15.2) 4 (20.0) 6 (13.0) 0.525 0.476
Prior TIA or stroke 21(31.8) 5 (25.0) 16 (34.8) 0.615 0.433
Cardo-metabolic (mmol/L)
FBG 5.4 (4.9-6.0) 5.5 (5-6.8) 5.3 (4.9-5.8) 1.419 0.156
2hBG 8.2 (6.3-11.5) 9.1 (6.1-11.5) 7.8 (6.3-11.5) 0.460 0.654
Triglyceride 1.4 (1.1-2.3) 1.3(1.1-1.8) 1.7 (1.1-2.5) 1.179 0.238
Total cholesterol 4411 4.4+0.8 4.4+1.3 0.169 0.866
LDL 2.2 (1.8-2.9) 2.7 (1.9-2.9) 2.1(1.6-2.8) 1.221 0.222
Hey 12 (10.4-15.6) 11.9 (10.5-15.7) 12 (10.3-15.6) 0.174 0.862
Symptoms, n (%)
Weakness 24 (36.4) 6 (30.0) 18 (39.1) 0.502 0.479
Speech impairment 32 (48.5) 9 (45.0) 23 (50.0) 0.140 0.709
Days_before, d, median (IQR) 1(0.3-6.3) 0.8 (0.2-7) 1.5 (0.7-5.3) 1.231 0.218
Times_before, median (IQR) 1(1-3) 1.5 (1-9) 1(1-3) 0.360 0.719
ABCD? score, median (IQR) 4 (3-5) 4 (3-5.8) 4 (3-5) 0.689 0.491
Duration_onset, min, median (IQR) 20 (5-67.5) 20 (6.25-60) 15 (5-97.5) 0.574 0.566
SBP at admission, median (IQR) 140 (130-151) 150 (136-160) 140 (130-150) 1.432 0.152
Days_inhos, d, median (IQR) 11 (9-13.3) 12 (9-14) 10 (8.8-13) 1.165 0.244
Perfusion_first, d, median (IQR) 5.2 (2-11.3) 6.6 (4.3-15.5) 5(1.8-10.6) 1.605 0.108
Perfusion_last, d, median (IQR) 5 (2-6.8) 5.2 (3.2-7.1) 4.3 (1.2-6.2) 1.361 0.173
Stenosis (50%), n (%) 17 (25.8) 6 (30.0) 11 (23.9) 0.270 0.603
Tmax >4 s, median (IQR) 9 (3-67) 23 (3.3-101) 8.5 (0-41.5) 1.053 0.292

IQR, interquartile range; Tmax >4 s, time to maximum of the residue function >4 seconds; FBG, fasting blood-glucose; LDL, low-density
lipoprotein cholesterol; ESR, erythrocyte sedimentation rate; SBP, systolic blood pressure; Days_inhos, days in hospital; Days_before,
days from onset to hospitalization; Times_before, times from onset to hospitalization; Perfusion_first, symptom onset to the first MR
perfusion (days); ABCD? score = age 60 (1 point), SBP 140 or DBP 90 mmHg (1 point), clinical features as unilateral weakness (2 points) or
speech impairment without weakness (1 point), symptom duration 60 min (2 points) or 10-59 min (1 point), diabetes (1 point). Significant
difference at a<0.05. TIA, transient ischemic attack; DWI, diffusion-weighted imaging.
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median (IQR) fasting blood-glucose (FBG) was 5.4 (4.9
6.0) mmol/L. A history of hypertension was present in
62.1% (41/66) of patients, diabetes mellitus in 24.2%
(16/66), atrial fibrillation in 7.6% (5/66), history of strokes
in 31.8% (21/66), smoking in 27.3% (18/66), and stenosis
(50%) in 25.8 (17/66) of patients. Paresis and speech
impairment were present in 36.4% (24/66) and 48.5%
(32/66) of patients, respectively (Table 1).

Baseline MRI showed DWTI lesions in 20 patients

Table 2 Summary of DWI and PWI findings

DWI+ DWI- Total
PWI+ 12 (18.18) 21 (31.81) 33 [50]
PWI- 8 (12.12) 25 (37.87) 33 [50]
Total 20 (30.3) 46 (69.69)

DWI, diffusion-weighted imaging; PWI, perfusion weighted imaging.

Page 5 of 10

(30.3%), and PWI lesions in 33 (50%) patients (T'max >4 s
>10 mL); among the PWI-positive patients, 21 (31.8%)
did not have an acute DWI lesion (1able 2). Figure 2A,B
demonstrated a case with a positive DWI and a positive
PWI, while Figure 2C,D showed a case with a positive PWI
and a negative DWI.

MRA scans with adequate quality of both the carotid and
intracranial vessels were available in the present study. MRA
stenosis (greater than 50%) was detected in 17 (25.8%)
patients. Among the 46 patients without DWI lesions,
11 (23.9%) had an ipsilateral arterial stenosis. Among the
20 cases with a DWI lesion, 6 (30%) had an ipsilateral
arterial stenosis.

Comparison of demographic and clinical characteristics
among TIA patients with and without a MR diffusion lesion

Table 1 presented the demographic characteristics

Figure 2 Diffusion and perfusion abnormalities of two TIA patients. (A,B) A 49-year-old male who presented with aphasia and decreased

weakness in the left arm, MR scan was completed 13 days after TIA onset. The DWI lesion (A, arrow, areas of visual hyperintensity) was

co-registered with the hypoperfusion area on the time to maximum of residue function (Tmax >4 s) map (B, arrow, light blue areas). (C,D)

an 83-year-old female who presented with aphasia, MR scan was completed 3 hours after TIA onset. The DWI map (C, arrow, no areas of

visual hyperintensity) was normal and the same brain area showed low perfusion on the Tmax >4 s map (D, arrow, yellow and blue areas).

TIA, transient ischemic attack; DWI, diffusion-weighted imaging.

© Annals of Translational Medicine. All rights reserved.

Ann Transl Med 2019;7(24):808 | http://dx.doi.org/10.21037/atm.2019.12.69



Page 6 of 10

Wang et al. Limb weakness predicts perfusion abnormalities

Table 3 Factors independently associated with Tmax >4 s >0 mL in hemispheric DWI-negative TTA patients

Risk factors OR (95% Cl) P value Adjusted OR (95% Cl) P value
Perfusion_first 0.90 (0.81-0.99) 0.898 (0.808-0.999) 0.048
Male 2.86 (0.72-11.37) 2.5(0.57-11.02) 0.226

Cl, confidence interval; OR, odds ratio; Tmax >4 s, time to maximum of the residue function >4 seconds; Perfusion_first, symptom onset
to the first MR perfusion (days). DWI, diffusion-weighted imaging; TIA, transient ischemic attack.

Table 4 Factors independently associated with Tmax >4 s >10 mL in hemispheric DWI-negative TIA patients

Risk factors OR (95% Cl) P value Adjusted OR (95% Cl) P value
Times_before 0.73 (0.48-1.10) 0.68 (0.44-1.03) 0.067
Perfusion_first 0.92 (0.84-1.02) 0.94 (0.84-1.05) 0.294
Weakness 4.22 (1.20-14.9) 0.025 7.41 (1.57-34.89) 0.011

Cl, confidence interval; OR, odds ratio; Tmax >4 s, time to maximum of the residue function =4 seconds. Times_before, times from
onset to hospitalization; Perfusion_first, symptom onset to the first MR perfusion (days). DWI, diffusion-weighted imaging; TIA, transient

ischemic attack.

and possible risk factors associated with MR diffusion
abnormality. Comparisons of these variables between
subjects with and without DWI lesions showed no
significant difference in these clinical characteristics
between the DWI-positive and DWI-negative groups.
However, Male patients tended to develop DWI positive
lesions after a TTA (P=0.089, OR 2.75, 95% CI: 0.86-8.23).

Prediction of MRI perfusion abnormality

In the present study, we divided patients with hypoperfusion
into two groups based on the volume of Tmax: Tmax >
4 s >0 mL and Tmax >4 s >10 mL. The prevalence of MR
perfusion Tmax >4 s >0 mL and Tmax >4 s >10 mL was
77.3% (51/66) and 50% (33/66), respectively.

Prediction of Tmax >4 s >0 mL in hemispheric DWI-
negative TIA patients

In univariate binary logistic regression analysis, days
from the first onset to perfusion (perfusion_first) was
independently associated with MR perfusion lesions
(P=0.038, OR 0.90, 95% CI: 0.81-0.99). Males (P=0.14, OR
2.86,95% CI: 0.72-11.37) tended to be related to perfusion
abnormalities after TIAs (Tuble 3).

Multivariate step regression modelling was performed
for predictors with P values <0.20. The multivariate logistic
regression analysis was performed to show the correlation
between perfusion_first, male gender, and MR perfusion

© Annals of Translational Medicine. All rights reserved.

abnormalities (7able 3). The longer the time from onset to
admission was, the longer the interval from the first onset to
examination was, the less likely the patients were to develop
hypopertfusion on PWI maps. The adjusted odds ratios were
0.9 (95% CI: 0.808-0.999, P=0.048).

Prediction of Tmax > 4s 210 mL in hemispheric DWI-
negative TIA patients

In univariate binary logistic regression analysis, limb
weakness (P=0.025, OR =4.22, 95% CI: 1.20-14.9) was
independently associated with MR perfusion lesions.
Times before (P=0.13, OR =0.73, 95% CI: 0.48-1.10)
and perfusion_first (days from the first onset to perfusion)
(P=0.12, OR 0.92, 95% CI: 0.84-1.02) tended to be related
to perfusion abnormalities (T'max >4 s >10 mL) after TTAs.

Multivariate step regression modelling was performed
for predictors with their P values <0.20. The multivariate
logistic regression analysis was performed to show the
correlation between perfusion_first, times_before, weakness
and MR perfusion Tmax >4 s 210 mL. We found that
PWI lesions (Tmax >4 s >10 mL) were associated with
limb weakness (adjusted OR =7.41, 95% CI: 1.57-34.89,
P=0.011) (Tible ).

Discussion

To the best of our knowledge, this is the first study that
presented the risk factors for perfusion abnormalities using

Ann Transl Med 2019;7(24):808 | http://dx.doi.org/10.21037/atm.2019.12.69



Annals of Translational Medicine, Vol 7, No 24 December 2019

MRI Tmax in TIA patients with a compromised anterior
circulation in a Chinese population. Male TTA patients tend
to develop DWI positive lesions. In addition, limb weakness
is an independent risk factor for Tmax >4 s >10 mL
hypopertusion in TIA patients without DWI lesions.

Prevalence and risk factors of anterior circulation TIAs

with positive DW1
The present study showed a 30.3% (20/66) prevalence

of positive DWI lesions among anterior circulation TIA
patients, which is similar to results of others including
Stanford Stroke Center which showed a prevalence of
34.9% (15/43) (8), Yeungnam University Medical Center
which showed a prevalence of 37.5% (24/64) (9), and
consistent with a recent systematic review (28).

We found that DWI lesions in male patients tended to
be correlated with the volume of Tmax >4 s.

The incidence of stroke in males is higher than
that in females (29). Pre-clinical and clinical studies
strongly suggest that sex plays a key role in stroke
due to an amalgamation of factors including sex
chromosomes, exposure to sex hormones, and the
microenvironment of the brain and blood vessels
(29,30). Other factors previously known to be associated
with DWI abnormalities, including symptom duration,
speech impairment, motor weakness, atrial fibrillation, and
ICA stenosis over 50% (8,28), were not confirmed in our
study. A previous review showed that symptom duration
over 60 minutes was associated with the presence of DWI
lesions in TTA patients (28). The proportion of a TIA
lasting 60 minutes or longer was in the range of 30% to
83%, which was greater than that of a general population
of patients with TIAs (28). Another study demonstrated
that symptom duration greater than 12 hours was associated
with presence of DWI lesions (8). However, in the present
study, the median duration of TIAs was 20 minutes with
an IQR of 5-68 minutes, which was much shorter than
that of previous studies. Apart from this, there were only
5 patients with atrial fibrillation in the present study,
and the proportion of patients with large vessel stenosis
or with severe limb disorders was small. This might be
due to the wide application of intravenous thrombolysis,
thrombectomy, and multimodal imaging in China (31-35).

Multiple CT or MR perfusion sequences and analysis
softwares are available to assess cerebral perfusion (36,37).
Previous studies used Time to Peak (T'TP) and mean transit
time (MTT) to detect persistent perfusion lesions following
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TIAs (8,24,38,39). The application of automated Tmax to
identify ischemic penumbra has been widely used recently
(23,40). A previous study has shown that the automated
T'max map is more sensitive in assessing perfusion lesions
in patients with TIA than TTP and MTT (24). We used
an automated arterial input function detection and delay-
invariant deconvolution software named RAPID to
automatically evaluate Tmax maps (23). Tmax >4 s seems
to be optimal for early assessment of critically hypoperfused
brain areas, which is consistent with a previous report (25).
The threshold Tmax >4 s at a volume of 10 mL is optimal
for predicting infarct growth with the maximal sensitivity and
specificity (15). Hence, in the present study we considered
Tmax >10 mL as an indicator of significantly low perfusion.

Prevalence of MR perfusion abnormality

Our study showed a 73.9% (34/46) prevalence of MR
perfusion abnormality (Tmax >4 s >0 mL) in patients
with DWI-negative TIAs and 45.7% (21/46) (Tmax >4 s
>10 mL) had an acute focal PWI lesion without showing a
DWI lesion. This rate is similar to that of a Canadian study
with a prevalence of 42% (15), but higher than that of the
other two studies with a prevalence of 23% (16) and 25% (9),
respectively.

There are two main reasons for this high prevalence in
the present study. Firstly, the difference between our and
other studies is likely due to the use of discrete measurements
of perfusion. Five different perfusion parameters are most
commonly used to define perfusion abnormalities (37): time
to peak contrast concentration (T'TP) (9), cerebral blood
volume (CBV), cerebral blood flow (CBF) (16), mean transit
time (MTT) (9), and time at which the deconvolved residue
function reaches its maximum value (T'max) (16). However,
automated Tmax is more sensitive than MTT in revealing
hypoperfusion lesions in TTA patients with negative DWI
findings (9,24). Secondly, different analysis methods may
produce different results. RAPID, an automated software,
was used in the present study to calculate the volume of
perfusion. This software might be more sensitive than Matlab
7.4 (The Mathworks) (15) or observers (9,16). Therefore, in
the present study, the proportion of perfusion abnormalities
calculated by RAPID on Tmax maps is higher than previous
studies.

Risk factors associated with MR perfusion abnormalities

There are multiple potential clinical risk factors of MR
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perfusion abnormalities in the context of TIA. Previous
studies investigated the relationship between the time of
symptom onset, baseline PWI and perfusion abnormalities
in patients with anterior circulation TIAs. It was found that
there was an increased incidence of PWI abnormalities in
patients scanned within 12 hours of symptom onset (8). In
the present study, the median time of the first symptom
onset to the baseline MR perfusion (perfusion_first) is
5 days with an IQR of 2-11 days. We found that the shorter
the time from onset to perfusion is, the easier it is to find
hypoperfusion after a TIA. This was further confirmed
in the multiple logistic regression analysis, suggesting
that time from symptom onset to the baseline PWI is an
independent predictor of perfusion abnormalities in patients
with hemispheric TIAs.

The primary finding of the present study was that limb
weakness was an independent risk factor of hypoperfusion
greater than 10 mL. Previous findings suggest that acute
PWTI lesions may be due to persistent microvascular
injury without reperfusion which results in hypoperfusion
(9,41). Lesions leading to limb weakness in the anterior
circulation are mainly located in areas with much oxygen
consumption, poor collateral circulation, and susceptibility
to hypoxia and ischemia.

In the present study, the widely used ABCD’ score was
not associated with perfusion deficit, which is similar to
what was reported by previous studies (16,42). The possible
explanation for this might be that the ABCD’ score is
based on patients’ clinical factors and does not include
information about brain hemodynamics though unilateral
limb weakness is an important part of the ABCD” scoring
system. The present study found that limb weakness was
a significant predictor of hypoperfusion over 10 mL and
limb weakness may be useful in identifying high-risk TIA
patients.

MRA and perfusion

Two studies have suggested that hypoperfusion lesions
are less likely to be detected in TIA subjects who have a
significant intracranial occlusion or carotid stenosis that can
be visualized on MRA (8,9). In the present study, 25.8% of
the patients had evidence of an ipsilateral proximal artery
stenosis or occlusion on MRA. However, acute PWI lesions
were not associated with vascular stenosis. The median
volume of Tmax >4 s was 9 mL, which may reflect occlusion
of distal intracranial vessels that were not well visualized on
MRA. Therefore, MRA findings seem to be an inadequate
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surrogate for PWI abnormalities in TIA patients due to
anterior circulation lesions.

The present study has a number of limitations. Firstly, it
is a retrospective study that may introduce unknown subject
selection bias. Moreover, it has a relatively small sample
size that does not have enough power. Hence, prospective
studies with a large sample size are required to confirm our
findings. Secondly, it is a cross-sectional study and can not
pinpoint the direct causality between hypoperfusion and
the risk factors in TIA patients. A longitudinal design can
help to investigate the direct causal relationship between
risk factors and MR hypoperfusion in future studies.
Thirdly, all subjects were recruited from one local hospital.
Therefore, conclusions should be treated with caution.
Fourthly, in the present study, imaging and clinical follow-
up were not completed. It is unclear whether the perfusion
abnormalities observed were reversible or have progressed
to cerebral infarction after initial imaging. In addition, it
was impossible to determine whether some of the PWI
lesions were chronic.

In conclusion, hypoperfusion could be found in
hemispheric TIA patients even when PWI was examined
48 hours after the symptom onset. The shorter the time
from symptom onset to the initial PWI is, the more likely
it is to find PWI lesions. Men with limb weakness are
more likely to have severe hypoperfusion and may develop
cerebral infarction. However, larger prospective studies are
needed to confirm these findings.
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