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Objectives—The American Heart Association recently redefined TIA to exclude patients with infarction on neuroimaging.
Given its advantages, MRI/diffusion-weighted imaging (DWI) was recommended as the preferred imaging modality.
We determined how frequently MRI/DWI was performed for TIA and ascertained the proportion of clinically defined
TIA patients who had ischemic lesions on DWI in our community in 2005.

Methods—All clinically defined TIA cases among residents of a 5-county region around Cincinnati who presented to
emergency departments were identified during 2005. Demographics and medical history, whether MRI/DWI was
performed, and DWI findings were recorded. Generalized estimating equations were used to compare groups to account
for the design of the study and multiple events per patient.

Results—Of 834 TIA events in 799 patients, 323 events (40%) had MRI/DWI performed. Patients who had MRI/DWI were
younger (mean, 66 vs 70 years; P�0.03), had less severe prestroke disability (baseline modified Rankin Scale score, 0;
44% vs 34%; P�0.02), were less likely to have previous stroke or TIA (42% vs 56%; P�0.002), and were less likely
to have atrial fibrillation (10% vs 16%; P�0.01). Of the 323 events with DWI, 51 (15%) had evidence of acute
infarction. Patients with positive DWI were older (75 vs 64 years; P�0.0001) and more likely to have atrial fibrillation
(21% vs 7%; P�0.002).

Conclusion—Performing MRI/DWI on all clinically defined TIA patients in our community would reveal more cases of
actual infarction but would more than double current use. Future studies should assess whether MRI/DWI is warranted
for all TIA patients. (Stroke. 2010;41:2218-2222.)
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The long-accepted definition of TIA is an episode of
sudden onset of neurological deficit in a vascular distri-

bution that completely resolves within 24 hours.1 With the
advent of multimodal MRI with diffusion-weighted imaging
(DWI), multiple single-center and registry studies have re-
ported that acute ischemic lesions are found in 12% to 67% of
TIA patients by DWI.2–10 A meta-analysis of these studies
reported an aggregate 39% positive DWI rate among patients
with clinically defined TIA.10,11 Because the 24-hour duration
in the aforementioned TIA definition was arbitrary, a tissue-
based definition of TIA was proposed to classify patients as
having a TIA only if the symptoms fit the clinical syndrome
and no ischemic lesion is identified by neuroimaging.12 It has
been suggested that if this tissue-based definition is adopted,
then the estimates of the annual incidence of TIA in the
United States would be reduced by 33%, whereas the inci-

dence of ischemic stroke would increase by 7%.13 The
American Heart Association recently issued a statement
redefining TIA as “a transient episode of neurological dys-
function caused by focal brain, spinal cord, or retinal ische-
mia, without acute infarction.”11 MRI with DWI was recom-
mended as the preferred brain diagnostic imaging modality.

The frequency of MRI utilization in the evaluation of TIA
patients in recent years is unknown. A study conducted from
1992 to 2001 in centers across the United States found that
MRI was performed in �5% of TIA cases but that the
frequency of neuroimaging (MRI or CT) had increased by
�70% from 1992 to 2001. The proportion receiving MRI vs
CT was not reported.14 Only 3% of TIA patients had an MRI
within 30 days in a Canadian study conducted in 2000.15 We
sought to determine the proportion of clinically defined TIA
patients who were evaluated with MRI/DWI in 2005 and,
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among these, the proportion with ischemic lesions identified
on DWI. We hypothesized that few TIA cases would be
evaluated by MRI/DWI, and that �40% of patients who had
MRI/DWI would have an acute ischemic lesion identified.

Materials and Methods
Greater Cincinnati/Northern Kentucky
Stroke Study
The Greater Cincinnati/Northern Kentucky Stroke Study is a
population-based epidemiological study of stroke in blacks and
whites specifically designed to measure temporal trends in incidence
and racial differences in incidence of stroke and stroke risk factor
profiles. The Greater Cincinnati/Northern Kentucky Stroke Study
population is defined as the 1.3 million residents of the Greater
Cincinnati/Northern Kentucky region, which includes 2 southern
Ohio counties and 3 contiguous Northern Kentucky counties that
border the Ohio River. Included in this area are 16 hospitals.
Although residents of nearby counties seek care at the 16 hospitals,
only residents of the 5 study area counties were included as cases.
The study period was from January 1, 2005 to December 31, 2005.

The methods of case ascertainment and data collection have been
previously reported.16 Briefly, study nurses retrospectively reviewed
and abstracted the medical records of all inpatients with primary or
secondary stroke-related International Classification of Diseases-9
discharge diagnoses (430–436) from the 16 acute care hospitals in
the study region. In addition, strokes not found by inpatient screening
were ascertained by monitoring all stroke-related visits to hospital
emergency departments (ED; with the exception of Cincinnati
Children’s Hospital), 16 public health clinics, and 14 hospital-based
outpatient clinics and family practice centers. If stroke was listed as
the primary or secondary cause of death by 1 of the 5 county
coroners’ offices, then it was also included. Further monitoring was
performed by examining the records of potential stroke cases in a
random sample of 51 of the 832 primary care physicians’ offices and
25 of the 126 nursing homes in the Greater Cincinnati/Northern
Kentucky region. This sampling was necessary given the large
number of physician offices and nursing homes in the region. Events
found by out-of-hospital monitoring were cross-checked against
inpatient records to prevent double counting. Once cases of stroke or
TIA were identified, a study nurse abstracted the medical record
using standardized case report forms. Abstracted data included
symptoms and duration, point of first health care provider contact
(eg, 911/emergency medical services, ED, primary doctor), ED
physical examination findings and complete vital signs, medical and
surgical history, medications before stroke/TIA, social history/
habits, baseline modified Rankin Scale score, diagnostic tests per-
formed in the ED or during hospitalization (including MRI/DWI)
and rates, treatments, and short-term outcomes. Only imaging studies
performed during hospitalization were included. When available,
exact times for MRI/DWI were recorded. Otherwise, the date
MRI/DWI was performed was recorded. When available, symptom
onset time and duration were recorded. Otherwise, onset times were
categorized into 6-hour windows during the day, based on time last
seen normal: morning (6:01 AM–12:00 PM), afternoon (12:01 PM–
6:00 PM), evening (6:01 PM–12:00 AM), and after midnight (12:01
AM--6:00 AM). Exact durations of TIA symptoms, in hours and
minutes, were recorded when available. Although the exact duration
of symptoms was unknown in some instances, cases were included
as TIA only if it was clear that the symptoms resolved. If exact
durations were not available, then durations were classified as �10
minutes, 10 to 60 minutes, or �60 minutes when possible. For
analysis, all symptom durations were collapsed into these 3 catego-
ries. Each patient’s modified Rankin Scale score was determined by
retrospective chart review.

Study physicians reviewed every abstract and decided whether a
stroke or TIA had occurred. The physicians assigned stroke subtype
and mechanism to each verified case based on all available infor-
mation, using definitions previously reported.1,16 For this analysis,
only patients classified as having clinically defined TIA and evalu-

ated in the ED were included. Data management and descriptive and
comparative analyses were performed using SAS versions 8.02 and
9.2, respectively (SAS Institute). Population estimates were obtained
by including the sampling weights in all analyses as dictated by the
study design. Generalized estimating equations17 were used to
examine the bivariate differences between patients with MRI/DWI
and those without, and also to examine the bivariate differences
between those with DWI-positive vs DWI-negative rates. This
methodology also accounted for those patients with �1 event in the
time period studied. The working correlation structure giving the
best model fit was obtained. A binary or multinomial distribution
was specified for categorical variables, as appropriate. Values are
reported as raw frequencies with weighted percentages or weighted
means with standard errors.

Results
In 2005, the records of 1907 events coded as TIA were
examined by study nurses; 837 events were determined not to
meet the clinical definition for TIA. Of the 1070 events that
were abstracted by the research nurses, physician review
determined that 236 were not TIA or strokes. Overall, 834
TIA events in 799 patients within our population were
evaluated in an ED; 27 patients had 2 events each, and 4
patients had 3 events each.

Among the 834 events, 323 (40%) were evaluated by
MRI/DWI. Of the 31 patients with multiple TIA events,
MRI/DWI was performed for both events in 2 patients, 17
underwent MRI/DWI for 1 presentation but not for addi-
tional presentations, and 12 did not undergo MRI/DWI for
any presentation. Patients who had MRI/DWI on at least 1
presentation were slightly younger (mean age, 66 vs. 70
years; P�0.03) and had less prestroke disability (baseline
modified Rankin Scale score, 0; 44% vs 34%; P�0.02) than
patients who did not undergo MRI/DWI. They were also less
likely to have had a previous stroke or TIA (42% vs 56%;
P�0.002), less likely to have preexisting diabetes (24% vs
31%; P�0.04), and were less likely to have atrial fibrillation
(10% vs 16%; P�0.01; Table 1). Gender, race, presence of
focal weakness, presence of speech deficit, and symptom
duration did not differ between patients who had MRI/DWI
and those who did not. Exact duration of TIA symptoms was
available for 628 of the 834 events. Duration was determined
to be �10 minutes in 5 of the remaining 206 events, between
10 and 60 minutes in 16 events, �60 minutes in 180 events,
and unknown in 5 events. In total, duration was �10 minutes
in 84 events, between 10 and 60 minutes in 284 events, and
�60 minutes in 461 events.

Among patients who did have MRI/DWI performed, an
acute ischemic lesion was identified in 51 (15%). Patients
with positive DWI were older than those with negative DWI
rates (mean age, 75 vs 64 years; P�0.0001) and were more
likely to have atrial fibrillation (21% vs 7%; P�0.002; Table
2). Race, gender, previous stroke or TIA, pre-onset disability,
history of diabetes, symptom severity, and symptom duration
were not associated with a positive DWI rate. In patients who
had MRI/DWI performed, 93% had the imaging study com-
pleted within 2 days of symptom onset (Table 3).

Discussion
In our study of clinically defined TIA patients, we found that
40% of TIA events were evaluated by MRI/DWI, and that
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15% of these had ischemic lesions identified on DWI. The
frequency of MRI/DWI utilization in our study region was
much higher than reported by Edlow et al,14 who found that
MRI was performed in �5% of TIA cases in their study of the
National Hospital Ambulatory Medical Care Survey from
1992 to 2001. Our MRI utilization rates were also much
higher than the 3% reported in a Canadian study.15 Despite
our relatively high rates of MRI utilization, performing
MRI/DWI in all cases of TIA would more than double the
current number of MRI performed for TIA in our community.
Using the Medicare reimbursement rate of $535.42 for the
technical fees (ie, no physician billing included) of an
MRI/MRA with contrast,18 performing an additional 478
MRI/DWI imaging studies within our community in 2005
would have resulted in �$250 000 of additional costs. Ex-
trapolating the findings in our study to the United States, with
an estimated 240 000 TIA per year,19 thus may result in a
minimum of $70 million increase in annual costs for the
evaluation of TIA.

Our 15% positive DWI rate is less than half the 39%
aggregate positive DWI rate reported in a recent meta-anal-
ysis of 19 studies.10,11 The largest of the studies involved 300
TIA patients seen nonurgently at a TIA/minor stroke referral
clinic. The positive DWI rate in that study was 16%. Within
that study, the likelihood of a positive DWI rate decreased
nonlinearly with longer time from symptom onset.3 The

Table 1. Comparison of TIA Patients With and Without DWI

TIA Events With
MRI/DWI (n�323)

TIA Events Without
MRI/DWI (n�511) P

Age (yr), mean
(SEM, range)

65.9 (1.76, 20–97) 70.4 (1.16, 23–100) 0.03

Estimated initial NIH
Stroke Scale,
median (IQR, range)

1 (0–2, 0–9) 1 (0–2, 0–23) 0.26

Pre-onset modified
Rankin, frequency
(weighted % of
non-missing)

0.02

0 127 (44.1) 165 (34.4)

1 85 (24.9) 126 (24.0)

2 to 4 111 (31.0) 218 (41.6)

Race, frequency
(weighted % of
non-missing)

0.15

Black 48 (13.4) 54 (10.3)

White 272 (85.7) 454 (89.2)

Other 3 (0.8) 3 (0.6)

Gender, frequency
(weighted % of
non-missing)

0.66

Female 184 (56.9) 295 (59.0)

Male 139 (43.1) 216 (41.0)

Previous stroke or
TIA

149 (41.7) 278 (55.7) 0.002

Diabetes 85 (23.8) 163 (31.0) 0.04

Atrial fibrillation 34 (9.5) 82 (15.6) 0.01

Focal weakness 194 (63.0) 304 (58.1) 0.42

Speech deficit 176 (54.8) 272 (54.6) 0.97

Symptom duration 0.71

�10 min 30 (8.4) 54 (10.4)

10–60 min 119 (37.6) 165 (34.6)

�60 min 174 (54.1) 287 (55.0)

DWI indicates diffusion-weighted imaging; IQR, interquartile range; NIH,
National Institutes of Health; SEM, standard error of the mean.

Table 2. Comparison of DWI-Positive and DWI-Negative
TIA Patients

DWI-Positive
(n�51)

DWI-Negative
(n�272) P

Age (yr), mean
(SEM, range)

75.2 (2.09, 49–93) 64.2 (1.92, 20–97) 0.0001

Estimated initial NIH
Stroke Scale,
median (IQR, range)

0 (0–2, 0–8) 1 (0–2, 0–9) 0.90

Pre-onset modified
Rankin Scale score,
frequency (weighted
% of non-missing)

0.60

0 21 (38.2) 106 (45.2)

1 13 (31.0) 72 (23.8)

2 to 4 17 (30.9) 94 53.3)

Race 0.75

Black 7 (12.7) 41 (13.6)

White 44 (87.3) 228 (85.5)

Other 0 (0) 3 (1.0)

Gender 0.67

Female 29 (60.0) 155 (56.3)

Male 22 (40.0) 117 (43.7)

Previous stroke or
TIA

18 (32.7) 131 (43.3) 0.20

Diabetes 14 (25.4) 71 (23.5) 0.77

Atrial fibrillation 12 (21.8) 22 (7.3) 0.002

Focal weakness 31 (56.3) 163 (64.2) 0.37

Speech deficit 29 (60.0) 147 (53.8) 0.48

Symptom duration 0.61

�10 min 4 (7.3) 26 (8.6)

10–60 min 19 (34.5) 100 (38.1)

�60 min 28 (58.2) 146 (53.3)

DWI indicates diffusion-weighted imaging; IQR, interquartile range; NIH,
National Institutes of Health; SEM, standard error of the mean.

Table 3. Time From Symptom Onset to MRI/DWI

No. of Calendar Days
After Onset Total DWI-Positive (%)

Same day 58 7 (12)

Next day* 185 26 (14)

2 59 13 (22)

3 14 2 (14)

4 5 3 (60)

5 1 0

13 1 0

Total 323 51

DWI indicates diffusion-weighted imaging.
*May or may not be �24 hours from onset.
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median time from symptom onset to MRI in the study was 17
days (interquartile range, 10–23). More than 90% of patients
in our study had MRI performed within 2 days of symptom
onset (Table 3). Thus, we do not believe delays in performing
MRI/DWI contributed to our relatively low positive DWI
rate. Further, multiple studies with DWI performed �24
hours from onset have reported positive rates of 30% to
67%.4–6 The inclusion of these single-center and imaging
registry studies in the meta-analysis may have skewed the
overall rates of positive DWI higher than may be the case
within the general population.

We found that patients evaluated with MRI/DWI were
younger and were less likely to have traditional stroke risk
factors, such as a previous stroke or TIA, preexisting diabe-
tes, or atrial fibrillation. They were also less likely to have a
preexisting disability as defined by modified Rankin Scale
score. However, patients in whom DWI rates were positive
were older and more likely to have atrial fibrillation (Table
2). Thus, our reported rate of positive DWI may be lower than
is truly the case. Our findings regarding the association of
older age and atrial fibrillation with a positive DWI rate are
consistent with some publications but are in contrast to
others.6,20 It is unknown whether performing MRI/DWI in all
TIA patients in our community would double the positive
DWI rate and place our positive rates at the level reported in
the meta-analysis.10,11 The fewer imaging studies in older
patients at higher risk may represent a more aggressive
approach to evaluation of younger patients without a clear
TIA etiology, whereas older patients with atrial fibrillation or
other presumed etiology may be less likely to be evaluated
with MRI. However, it may be that older patients may have
pacemakers or other contraindications that preclude perfor-
mance of MRI.

We did not find any associations between symptom type or
duration and the likelihood of a positive DWI rate. This is in
contrast to other reports that suggest that motor deficits and
duration of symptoms were associated with a positive DWI
rate.4,20–22 The discrepancy of our findings with these reports
may relate to differences in the populations studied. Two
studies were conducted at a single center in Spain,21,22

another was conducted at a center in France,20 and a single-
center study of 42 patients was conducted in the United
States.4 By comparison, our large study of a biracial patient
population comprised 16 hospitals in our region.

Our study had several limitations. First, cases were iden-
tified retrospectively from inspection of medical records, and
there is always a risk of incomplete case ascertainment.
However, prospective monitoring of all ED patients is not
feasible. Also, because we limited our study to ED TIA
patients and MRI/DWI was not performed in all cases of TIA,
our 15% positive DWI rate may represent a biased estimate of
the “true” DWI positive rate among clinically defined TIA
patients. However, no estimates of MRI/DWI use to date
have included all presenting TIA cases. Further, the large
number of patients evaluated by DWI in our study is
comparable to the largest study previously published on the
subject. Another limitation of our study is that we included
only cases that were adjudicated by stroke physicians (after
review of all available data) as true TIA. In clinical practice,

the decision to perform an MRI after admission is often based
on the early differential diagnosis, in contrast to our reliance
on the ultimate discharge diagnosis to identify cases. Thus,
our methodology would have excluded cases that met a
clinical definition of a TIA but in which MRI revealed a
different discharge diagnosis. Last, the findings of practice
patterns in our community may not be generalizable to other
communities.

Performing MRI/DWI on all clinically defined TIA pa-
tients in our community would reveal more cases of actual
infarction. However, given current imaging practice patterns,
marked increases in the use of MRI would be needed to
evaluate every TIA patient using the preferred imaging
modality as per the current national guideline. Future studies
should assess the cost-benefit of any such increases in the use
of MRI/DWI for TIA, whether longer-term outcomes are
improved by increased rates of neuroimaging and whether
MRI/DWI is warranted for all TIA patients.
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