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Summary
Background Although the use of magnetic resonance imaging (MRI) for the diagnosis of acute stroke is increasing, 
this method has not proved more eff ective than computed tomography (CT) in the emergency setting. We aimed to 
prospectively compare CT and MRI for emergency diagnosis of acute stroke. 

Methods We did a single-centre, prospective, blind comparison of non-contrast CT and MRI (with diff usion-weighted 
and susceptibility weighted images) in a consecutive series of patients referred for emergency assessment of suspected 
acute stroke. Scans were independently interpreted by four experts, who were unaware of clinical information, 
MRI-CT pairings, and follow-up imaging. 

Results 356 patients, 217 of whom had a fi nal clinical diagnosis of acute stroke, were assessed. MRI detected acute 
stroke (ischaemic or haemorrhagic), acute ischaemic stroke, and chronic haemorrhage more frequently than did CT 
(p<0·0001, for all comparisons). MRI was similar to CT for the detection of acute intracranial haemorrhage. MRI 
detected acute ischaemic stroke in 164 of 356 patients (46%; 95% CI 41–51%), compared with CT in 35 of 356 patients 
(10%; 7–14%). In the subset of patients scanned within 3 h of symptom onset, MRI detected acute ischaemic stroke 
in 41 of 90 patients (46%; 35–56%); CT in 6 of 90 (7%; 3–14%). Relative to the fi nal clinical diagnosis, MRI had a 
sensitivity of 83% (181 of 217; 78–88%) and CT of 26% (56 of 217; 20–32%) for the diagnosis of any acute stroke.

Interpretation MRI is better than CT for detection of acute ischaemia, and can detect acute and chronic haemorrhage; 
therefore it should be the preferred test for accurate diagnosis of patients with suspected acute stroke. Because our 
patient sample encompassed the range of disease that is likely to be encountered in emergency cases of suspected 
stroke, our results are directly applicable to clinical practice. 

Introduction
Magnetic resonance imaging (MRI) is generally thought to 
be better than computed tomography (CT) for the diagnosis 
of acute stroke, but this belief has never been substantiated 
for the full range of patients in whom this diagnosis is 
suspected. Patients who present to the emergency room 
with stroke-like symptoms might have cerebrovascular 
disease (ischaemic or haemorrhagic) or various other non-
vascular disorders. The ideal imaging modality for 
assessment of patients with acute stroke should accurately 
detect both cerebral ischaemia and intracranial 
haemorrhage, and discriminate cerebro vascular causes 
from other causes. CT is the most common imaging 
modality used to assess patients with suspected stroke. 
This method is widely available, fast, easy, and less 
expensive than MRI. However, although CT is sensitive to 
acute intracranial haemorrhage, it is not sensitive to acute 
ischaemic stroke. Studies suggest that CT is insuffi  ciently 
sensitive for the diagnosis of acute ischaemia, is subject to 
substantial inter-rater variability in interpretation, and 
might not be better than MRI for detection of acute 
intracranial haemorrhage.1–4 

MRI off ers advantages for the assessment of acute 
stroke. Changes of acute ischaemic injury are detectable 
sooner with MRI than with CT, especially with diff usion-

weighted imaging, and ischaemic stroke diagnosis with 
MRI has greater interobserver and intraobserver reliability 
than CT, even in readers with little experience.5–8 Historical 
concerns that MRI is not suffi  ciently sensitive to detect 
acute intracranial haemorrhage in the earliest hours from 
onset have been addressed by studies that show gradient-
echo MRI is as accurate as CT in patients with focal stroke 
symptoms within 6 h of symptom onset.1,3 However, the 
relative diagnostic yield of MRI and CT for routine 
emergency assessment of possible stroke, irrespective of 
time from onset, severity of symptoms, or ultimate 
diagnosis (cerebrovascular or otherwise), had not been 
investigated. We aimed to prospectively compare CT and 
MRI for the detection of acute stroke in the full range of 
patients who present for emergency assessment of stroke-
like symptoms.

Methods
Study participants and clinical diagnosis 
This study was a single-site, prospective comparison of CT 
and MRI for the assessment of acute stroke. It took place 
from Sept, 30, 2000, to Feb, 25, 2002, at Suburban Hospital, 
a community hospital in Bethesda, Maryland, USA, in 
accordance with the institutional review boards of both 
the hospital and the National Institute of Neurological 
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Disorders and Stroke. A consecutive series of patients 
referred to the hospital’s stroke team because of suspicion 
of acute stroke were eligible, irrespective of time from 
onset, symptom severity, or ultimate clinical diagnosis. 
The decision to use imaging was initiated by the emer-
gency physician on suspicion of an acute stroke and before 
assessment by a stroke specialist. Emergency clinical 
assessment, including the National Institutes of Health 
stroke scale (NIHSS), was done by the stroke specialist 
according to the stroke centre routine. Assessments were 
typically made within an hour of one or both scans, 
although exact times of the clinical assessments were not 
routinely recorded, and the NIHSS might not have been 
used if the physician decided the diagnosis of stroke was 
unlikely. Patients were excluded from the present analysis 
if either CT or MRI was not done. Reasons for exclusions 
included contraindications to MRI, symptoms strongly 
suggestive of subarachnoid haemorrhage, initiation of 
antithrombotic or thrombolytic treatment before the 
completion of both scans, or inability to complete both 
scans in time to allow thrombolytic treatment within 3 h 
of the onset of symptoms. Results from a subset of these 
patients were previously reported in a multicentre 
comparison of MRI and CT for diagnosis of intracranial 
haemorrhage under 6 h.3

The order of scanning was not randomised because such 
a requirement would have necessitated clinically 
unjustifi able delays in patient assessment and manage-
ment. By design, MRI was to be done before CT, and the 
scans were to be initiated within 120 min of each other, but 
patients who did not meet this requirement were not 
excluded from the primary analysis. 

The fi nal clinical diagnosis was that documented in the 
patient’s hospital record during the admission by the 
responsible stroke-team neurologist, on the basis of all 
available clinical information, including acute and 
follow-up brain imaging and ancillary testing. Patients 
with imaging evidence of cerebral infarction were given 
a fi nal diagnosis of ischaemic stroke even if defi cits were 
transient. The diagnosis of transient ischaemic attack 
was reserved for transient defi cits (less than 24  h dur-
ation) without imaging evidence of infarction.

Imaging techniques and analysis
For MRI we used a 1·5 T scanner (GE Signa, General 
Electric, Milwaukee, WI, USA). Only patients for whom 
gradient-echo imaging and diff usion-weighted imaging 
sequences had been completed were eligible for enrolment. 
Gradient-echo imaging parameters were fi eld of view 
24 cm, repetition time (TR) 800 ms, echo time (TE) 20 ms, 
fl ip angle 30°, and acquisition matrix 256×192. Diff usion 
imaging parameters were fi eld of view 24 cm, TR 6000 
ms, TE 72 ms, acquisition matrix 128×128, and b values of 
0 and 1000 s/mm² isotropically weighted. Both sequences 
yielded 20 contiguous slices that were 7 mm thick axial-
oblique. Although other imaging sequences were also 
obtained, we did not assess them. For non-contrast CT we 

used either a Somatom Plus scanner (Siemens, Iselin, NJ, 
USA) or a Lightspeed scanner (General Electric). Images 
were acquired in the orbitomeatal plane with 5 mm slice 
thickness from the skull base through the vertex.

Images were analysed by two expert neuroradiologists 
and two expert stroke neurologists, who were not 
connected with the care of patients and were unaware of 
all clinical information. Readers viewed the images 
independently, and were asked to record evidence of acute 
ischaemic stroke, acute haemorrhage, chronic 
haemorrhage, no acute stroke, or a combination of these.

Digital images were presented to readers with 
commercially available software that enabled readers to 
adjust the contrast, brightness, and size of the images. 
All images were devoid of patient identifi ers. For MRI 
interpretation, readers were provided with images from 
the gradient-echo imaging and diff usion-weighted 
imaging sequences; diff usion-weighted imaging 
sequences included b=0, T2-weighted images. If the 
gradient-echo images were not interpretable because of 
motion artifact, readers were asked to use the b0 
component of the diff usion-weighted images for 
haemorrhage detection. For CT interpretation, readers 
were provided with image sets adjusted for bone windows 
and conventional brain windows, and were allowed to 
adjust brightness and contrast on the displayed images. 
The CT and MRI images were randomly sorted, and pairs 
(CT and MRI) corresponding to each patient were 
presented on diff erent days to avoid recognition of 
imaging fi ndings by readers. For a case to be judged 
positive for the diff erent variables of interest, the 
interpretation needed to be concordant for at least three 
of the four independent readers. The number of acute 
stroke diagnoses might be fewer than the sum of the 
subtypes if patients had both subtypes. 

Statistical analysis 
The primary hypothesis was that MRI is better than CT 
for the diagnosis of all forms of acute stroke. Secondary 
hypotheses were that MRI is better than CT for detection 
of acute ischaemic stroke, and that it is not worse than CT 
for detection of acute intracranial haemorrhage. We used 
McNemar’s paired proportion test to measure the 
concordance between MRI and CT for each diagnosis. 
The hypothesis that was expected to show the smallest 
diff erence—comparison of MRI to CT for diagnosis of 
intracranial haemorrhage—was used to decide the target 
sample size. Therefore, the null hypothesis was that MRI 
was worse than CT for the detection of intracranial 
haemorrhage, and the alternative hypothesis was that 
MRI was not worse than CT for the detection of 
intracranial haemorrhage. On the assumption that MRI 
would be 2·5% more sensitive than CT, and that the 
proportion of discordant pairs would be 3·5%, with an 
80% power, we decided that a sample size of 380 would be 
needed to reject the null hypothesis by the McNemar 
paired proportion test. 
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Sensitivity, specifi city, and accuracy of blinded CT and 
MRI diagnosis obtained in this study were estimated in 
relation to fi nal clinical diagnosis. The signifi cance of 
correlated proportions was tested with the McNemar test. 
For this comparison, the diagnostic categories for the 
admission were acute stroke (acute ischaemic stroke, 
acute intracranial haemorrhage) or not acute stroke 
(including transient ischaemic attack). Logistic regression 
analysis was used to examine predictors of false-negative 
MRI outcomes.

Role of the funding source
The corresponding author is an employee of the funding 
source. The corresponding author had full access to all 
the data in the study and had fi nal responsibility for the 
study design, data collection, data analysis, data 
interpretation, writing of the report, and decision to 
submit for publication.

Results
Over 18 months, 450 patients were screened and 94 were 
excluded—49 because of MRI contraindications (ie, 
electronic implants, severe patient agitation or claustro-
phobia, or medical instability); 34 because CT was not 
obtained because of failure to follow protocol or because 
treatment was initiated immediately after MRI; and 11 
because CT was uninterpretable (ie, severe patient move-
ment or failure to save scans). All MRIs were judged 
adequate for the panel of readers to make an interpretation 
of presence or absence of acute stroke, even if their 
quality was degraded by motion or other artifacts. 

The study sample size was 356 patients. The median 
age of these patients was 76 years (range 21–100). The 
median time from symptom onset to MRI imaging was 
367 min (range 36 min to 8 days; interquartile range 2 h 
32 min to 8 h 34 min). The median time from symptom 
onset to CT imaging was 390 min (36 min to 8 days; 
2 h 52 min to 8 h 51 min). The median diff erence in start 
time between MRI and CT imaging was 34 min earlier 
for MRI (236 min earlier to 212 min later; 26–41 min 
earlier). MRI was done before CT in 304 (85%) patients. 

Table 1 shows that of the 356 patients referred because 
of clinically suspected stroke, acute stroke was the fi nal 
clinical diagnosis for almost two-thirds. Acute stroke was 
detected in 185 of 356 (52%; 95% CI 47–58) with MRI and 
59 of 356 (17%; 13–21) with CT. Table 2 shows that 
detection of all acute strokes (ischaemic or haemorrhagic) 
was more frequent with MRI than with CT (p<0·0001). 
The four readers unanimously agreed on the presence or 
absence of acute stroke in 286 cases (80%, 76–84%) with 
MRI and 207 (58%, 53–63%) with CT (table 3).

Ischaemic acute stroke was the fi nal clinical diagnosis 
in more than half the study population. Table 1 shows 
that MRI detected ischaemic acute stroke in 164 of 
356 patients and CT in 35 of 356. Table 2 shows similar 
detection rates in patients scanned within 3 h of symptom 
onset, acute ischaemic stroke was detected by MRI in 

almost half of these 90 patients, and by CT in less than a 
tenth. In the 131 patients scanned between 3 h and 12 h 
of symptom onset, acute ischaemic stroke was detected 
by MRI in 53 (41%; 32–49%), and by CT in 16 (12%; 
7–19%). 

Table 2 shows that acute intracranial haemorrhage was 
detected by MRI in 23 of 356 patients (6%, 4–10%) and by 
CT in 25 (7%, 5–10%). For the detection of all forms of 
intra cranial haemorrhage (acute or chronic), MRI was 
better than CT (p<0·0001). When only intraparenchymal 

CT MRI Clinical diagnosis

Acute stroke 59 (17%, 13–21%) 185 (52%, 47–58%) 217 (61%, 56–66%)

Acute ischaemic stroke 35 (10%, 7–14%) 164 (46%, 41–51%) 190 (53%, 48–59%)

Acute intracranial haemorrhage 25 (7%, 5–10%) 23 (6%, 4–10%) 27 (8%, 5–11%)

No stroke 297 (83%, 79–87%) 171 (48%, 43–53%) 139 (39%, 34–44%)

Data are number (% of total sample, 95% CI). 

Table 1: Blinded imaging diagnosis compared to fi nal clinical diagnosis

Total sample <3 h from onset (n=90)

CT+ CT− p value CT+ CT− p value

Acute stroke MRI+

MRI−

56

3

129

168

<0·0001 16

1

33

40

<0·0001

Acute ischaemic stroke MRI+

MRI−

32

3

132

189

<0·0001 6

0

35

49

<0·0001 

Intracranial haemorrhage 

(acute or chronic)

MRI+

MRI−

23

2

66

265

<0·0001 10

1

18

61

<0·0001

Acute intracranial haemorrhage MRI+

MRI−

21

4

2

329

ns 9

2

1

78

ns

Acute haematoma or haemorrhagic 

transformation

MRI+

MRI−

18

2

2

334

ns 7

2

1

80

ns

Any haematoma or haemorrhagic 

transformation (acute or chronic)

MRI+

MRI−

19

1

13

323

0·002 8

1

3

78

ns

Chronic intracranial haemorrhage MRI+

MRI−

0

0

73

283

<0·0001 0

0

22

68

<0·0001

CT=computed tomography. MRI=magnetic resonance imaging. MRI+=positive diagnosis with MRI. MRI−=negative 

diagnosis with MRI. CT+=positive diagnosis with CT. CT−=negative diagnosis with CT. Data are numbers of patients. 

P values calculated by McNemar’s paired proportion test. NS=not signifi cant.

Table 2: Paired proportion analysis of CT vs MRI for the diagnosis of stroke 

Yes No CT (n) MRI (n)

Acute stroke 0

1

2

3

4

4

3

2

1

0

168

96

33

20

39

124

30

17

23

162

Acute ischaemic stroke 0

1

2

3

4

4

3

2

1

0

193

97

31

17

18

149

32

11

20

144

Acute intracranial 

haemorrhage

0

1

2

3

4

4

3

2

1

0

316

15

0

4

21

309

13

11

6

17

Table 3: Agreement between diagnoses by the four readers
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haematoma or haemorrhagic transformation were 
considered (ie, aside from diagnoses of haemorrhage 
consisting of chronic microbleeds only) diagnosis of 
intracranial haemorrhage (acute or chronic) was more 
frequent by MRI than by CT (p<0·002). MRI was better 
for the detection of chronic haemorrhage (p<0·0001). 

The relative sensitivity and specifi city of CT and MRI 
were then assessed by comparison of blinded MRI and 
CT diagnoses with the fi nal clinical diagnosis, as 
summarised in table 4. Acute stroke was the fi nal 
diagnosis by treating physicians in 217 of 356 patients 
(61%), including acute intracranial haemorrhage in 
27 (8%), and transient ischaemic attack in 50 (14%). In 
89 of 356 patients (25%) the fi nal diagnosis was not 
cerebrovascular disease. In 190 patients with a fi nal 
clinical diagnosis of acute ischaemic stroke, the median 
severity by NIHSS score was 3 (range 0–37). 

When compared with the fi nal clinical diagnosis, MRI 
had a higher sensitivity than CT for all acute stroke and 
for acute ischaemic stroke (p<0·0001 by McNemar test). 
For diagnosis of acute intracranial haemorrhage, MRI 
had a sensitivity of 81% (95%CI 61–93%) and a specifi city 
of 100% (98–100%), compared with 89% (70–97%) and 
100% (98–100%), respectively, for CT. Relative to a fi nal 
clinical diagnosis of acute stroke, MRI had an accuracy of 
89% (85–92%) and CT of 54% (49–59%). 

MRI was positive in 157 of 190 (83%; 77–88%) cases of 
acute ischaemic stroke, with a false-negative rate of 17% 
(12–24%). No cases of false-negative MRI were positive on 
CT. By stepwise multivariable logistic regression, false-
negative MRI diagnoses of ischaemic stroke were 
associated with brainstem location (adjusted odds ratio 
7·3, 95% CI 2·2–25·0), time from symptom onset to scan 
less than 3 h (5·8, 2·3–14·9), and NIHSS score of less than 
4 (3·2, 1·3–7·9). Of the 31 ischaemic stroke patients with 
two or more predictors, the false-negative rate was 15 of 
31 (48%; 31–67%), whereas the false-negative rate was 17 of 
169 (10%; 6–16%) with either no predictor or only one. Two 
patients had all three predictors; both were false negatives. 

The treating physicians with knowledge of clinical 
localisation and additional imaging data had identifi ed an 
acute lesion at the time of the clinical event on diff usion-
weighted imaging in 23 of the 32 masked false-negative 
cases.

Discussion
We report that MRI is more eff ective than CT for the 
diagnosis of acute stroke in a typical patient sample. Our 
sample was representative of the range of patients who 
are likely to present with a clinical suspicion of acute 
stroke, including patients who ultimately proved to have 
a diff erent diagnosis. Therefore, our results are directly 
applicable to clinical practice.

The earliest comparisons of MRI to CT in the diagnosis 
of acute stroke, from the early 1990s, before clinical 
diff usion-weighted imaging and gradient-echo imaging 
were routine, showed that acute infarcts were visible 
more frequently on MRI than on CT and that that these 
modalities were much the same for detection of 
intracranial haemorrhage.6,7 In the mid 1990s, diff usion-
weighted imaging entered the clinic and showed promise 
of greater sensitivity for stroke diagnosis than 
conventional MRI, especially in the initial hours after 
stroke onset, and for the detection of small lesions.5,9 
Early reports that compared diff usion-weighted imaging 
MRI with CT estimated sensitivities of 86–100% for 
diff usion-weighted imaging and 42–75% for CT, but were 
limited by potential biases in patient selection and image 
assessment.8,10–15

The greater overall sensitivity of MRI for acute stroke 
in this study is attributable to its eff ectiveness for 
detection of acute ischaemic stroke. Diagnostic rates for 
acute intracranial haemorrhage were much the same for 
MRI and CT. MRI with diff usion-weighted imaging was 
both more eff ective within the critical fi rst 3 h and in the 
entire sample. Acute ischaemic stroke was diagnosed 
with MRI in 46% of patients but with CT in only 10%. Of 
the 190 patients with fi nal clinical diagnosis of ischaemic 
stroke, independent, blinded assessment with MRI 
diagnosed ischaemic stroke in 83% of patients, and in 
16% with CT. This study accords with the reported 
diff erence between MRI and CT, but our rates of imaging 
diagnoses were lower in both modalities than those in 
previous studies.8,10–15 

In our sample, 25% of the patients with suspected acute 
stroke had fi nal diagnoses other than cerebrovascular; 
this rate is consistent with other samples of consecutive 
patients who present to emergency departments with the 
initial diagnosis of acute stroke.16,17 Because the accuracies 
of diagnostic tests are overestimated in non-representative 
samples,18 we would expect that the true accuracies of 
MRI and CT in acute stroke in this study would be lower 
than those previously reported. The addition of angio-
graphic and perfusion acquisitions to CT might have 
increased the accuracy of this modality and made the 
results more similar to those of MRI.

n Acute stroke Acute ischaemic stroke

CT MRI CT MRI

Sensitivity

All 356 26% (20–32) 83% (78–88) 16% (12–23) 83% (77–88)

>12 h 135 22% (14–33) 91% (82–96) 16% (9–27) 92% (83–97)

3–12 h 131 29% (19–41) 81% (70-89) 20% (12–33) 81% (69–90)

<3 h 90 27% (17–40) 76% (64–86) 12% (5–24) 73% (59–84)

Specifi city

All 356 98% (93–99) 97% (92–99) 98% (94–99) 96% (92–99)

>12 h 135 98% (89–100) 96% (86–99) 98% (90–100) 97% (88–99)

3–12 h 131 97% (87–99) 98% (90–100) 96% (87–99) 99% (91–100)

<3 h 90 100% (85–100) 96% (79–100) 100% (89–100) 92% (78–98)

Data in parentheses are 95% CI. 

Table 4: Sensitivity and specifi city of blinded imaging diagnosis by time from onset to scan
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False-negative diff usion-weighted imaging scans in 
ischaemic stroke do arise. We estimated the false 
negatives from such MRI scans at 17%. Two of the 
predictors of false-negative diff usion-weighted imaging—
brainstem location and NIHSS of less than 4—could 
relate to small lesions that escape visual detection, 
especially in locations such as the brainstem, in which 
they might be diffi  cult to distinguish from the 
hyperintensity of incompletely suppressed anisotropic 
diff usion or susceptibility artifacts. The practitioner must 
be cognisant of the possibility of false negatives with 
diff usion-weighted imaging for ischaemic stroke and 
note the presence of clinical factors that predispose to 
such stroke.

These results accord with our previous fi nding that MRI 
might be as accurate as CT for diagnosis of intracranial 
haemorrhage.3 This expanded sample showed that MRI 
was not worse than CT for the detection of acute 
intracranial haemorrhage. These results are also consistent 
with previous reports that MRI can accurately detect acute 
intracranial haemorrhage.1,7,19–23 Thus, clinicians who use 
MRI as the sole imaging modality in acute stroke can be 
assured that a negative MRI excludes acute intracranial 
haemorrhage as eff ectively as does a negative CT. Since 
MRI was done before CT in most patients in our study 
(77% of cases of intracranial haemorrhage), the MRI signal 
changes associated with intracranial haemorrhage could 
have been less conspicuous than they would have been at 
a later stage. Nevertheless, the potential time bias did not 
seem to aff ect the rate of detection of intracranial 
haemorrhage by MRI in this cohort. 

In this study neither MRI nor CT achieved 100% 
sensitivity for the diagnosis of acute intracranial 
haemorrhage. When compared with the fi nal clinical 
diagnosis there were four cases of clinically confi rmed 
acute intracranial haemorrhage that were misdiagnosed 
by the readers on MRI. In two cases readers erroneously 
classifi ed acute haemorrhages as chronic; in another (in 
which the gradient-echo imaging scan was not available) 
readers missed an acute intracranial haemorrhage in 
their interpretation of the diff usion-weighted imaging 
MRI; and in a fourth case, a left frontal acute intracranial 
haemorrhage was not diagnosed by the readers. When 
detection by CT images was compared with the fi nal 
clinical diagnosis there were three false-negative cases of 
acute intracranial haemorrhage: a subdural haematoma, 
a haemorrhagic metastasis, and a temporal lobe haema-
toma were not diagnosed by the readers. Previous studies 
have also noted that cases of acute haemorrhagic 
transformation could be seen on gradient-echo imaging 
but not on CT.3

Although CT scanning has been the criterion that is 
standard for diagnosis of acute stroke, our study shows 
that use of CT is no longer justifi able on the basis of 
diagnostic accuracy alone. Logistical and fi nancial 
arguments in favour of CT as the preferred emergency 
test can be made—non-contrast CT is generally more 

accessible for emergency use, even in facilities at which 
MRI is available, and the fi xed and variable costs of CT 
scanning are less than for the costs of MRI scanning. 
Would the improvement in diagnostic accuracy off ered 
by MRI enhance patient outcomes and cost-eff ectiveness 
enough to justify the necessary increases in expense and 
eff ort? A comparison of immediate CT with delayed CT 
for acute stroke showed that correct early diagnosis by 
immediate CT scanning increased inde pendent survival, 
informed subsequent treatment and management 
decisions, reduced costs, and increased quality-adjusted 
life-years.24 A similar analysis, comparing immediate CT 
with immediate MRI, would help to quantify the potential 
eff ect of increased early diagnostic accuracy of MRI on 
health-care costs and quality of stroke outcomes. Since 
immediate MRI allows more accurate diagnosis than 
immediate CT, it might increase the cost-eff ectiveness of 
stroke care, since defi nitive treatments and secondary 
prevention could be initiated sooner than with CT alone. 

A potential bias was introduced by our decision not to 
randomise the order of scanning. However, since abnor-
malities become more conspicuous over time with both 
MRI and CT, the probability of detection of stroke was 
biased in favour of CT, which was done after MRI in our 
study. Therefore this bias cannot account for our results. 

The selection bias against patients who were judged 
too medically unstable to undergo MRI probably 
eliminated severe strokes that would be readily detectable 
on imaging, and thus falsely decreased the sensitivity to 
some degree. Our study included the typical acute stroke 
population, and therefore skewed the distribution 
towards mild cases. This feature of our sample might 
explain why we recorded lower CT sensitivity and a 
greater diff erence between CT and MRI than studies that 
excluded cases less severe than a minimum criterion 
according to an established stroke diagnosis.8 This 
diff erence between our fi ndings and other studies 
persisted at later times from onset. 

Although the need for urgent management of patients 
with transient ischaemic attacks and mild stroke has 
been increasingly recognised,25,26 accurate diagnosis on 
the basis of clinical presentation and CT scanning can be 
especially diffi  cult in these patients. MRI is more 
sensitive than CT for severe stroke, but the diff erence 
might not be clinically signifi cant if a systematic method 
for CT reading is used.27 Nevertheless, because mild 
stroke and transient ischaemic attack make up most 
stroke admissions to a general hospital emergency 
department, our fi ndings are directly applicable to real-
world practice.

MRI can be used as the sole modality for the emergency 
imaging of patients with suspected acute stroke, whether 
ischaemic or haemorrhagic. The high diagnostic accuracy 
of MRI was the same for scans within the fi rst 3 h as it 
was for the entire sample, and thus is relevant to patients 
who might be eligible for standard thrombolytic treatment 
of stroke. Many stroke centres use MRI as the basis of 
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thrombolytic treatment decisions,28 and where MRI is 
immediately available for emergency stroke diagnosis, 
initiation of thrombolytic treatment will not be 
substantially delayed.29 

Since imaging studies in acute stroke are usually 
interpreted by non-specialists, the imaging modality with 
the highest sensitivity and the highest intra-rater and 
inter-rater reliability for diagnosis of ischaemic stroke by 
non-specialists—MRI—should be used.8 Because MRI is 
more eff ective for detection of acute ischaemia, and can 
detect acute and chronic haemorrhage, it should be the 
preferred test for accurate diagnosis of patients with 
suspected acute stroke. 

Contributors

All authors participated in the data analysis and reporting stage of this 

manuscript, and have seen and approved the fi nal version. 

Confl ict of interest statement

We declare that we have no confl ict of interest. 

Acknowledgments

This research was supported by the Intramural Research Program of the 

National Institutes of Health, National Institute of Neurological Disorders 

and Stroke. We thank Patricia Lyall, Sarah Hilton, Vicki Hyneman, 

Elissa Landes, Lisa Menon, and all the members of the NIH Stroke Team 

for their invaluable collaboration. Neal Jeff ries provided statistical advice. 

References
1 Fiebach JB, Schellinger PD, Gass A, et al. Stroke magnetic 

resonance imaging is accurate in hyperacute intracerebral 
hemorrhage: a multicenter study on the validity of stroke imaging. 
Stroke 2004; 35: 502–06.

2 Grotta JC, Chiu D, Lu M, et al. Agreement and variability in the 
interpretation of early CT changes in stroke patients qualifying for 
intravenous rtPA therapy. Stroke 1999; 30: 1528–33.

3 Kidwell CS, Chalela JA, Saver JL, et al. Comparison of MRI and CT 
for detection of acute intracerebral hemorrhage. JAMA 2004; 292: 
1823–30.

4 Wardlaw JM, Mielke O. Early signs of brain infarction at CT: 
observer reliability and outcome after thrombolytic treatment—
systematic review. Radiology 2005; 235: 444–53.

5 Warach S, Gaa J, Siewert B, Wielopolski P, Edelman RR. Acute 
human stroke studied by whole brain echo planar diff usion-
weighted magnetic resonance imaging. Ann Neurol 1995; 37: 
231–41.

6 Mohr JP, Biller J, Hilal SK, et al. Magnetic resonance versus 
computed tomographic imaging in acute stroke. Stroke 1995; 26: 
807–12.

7 Bryan RN, Levy LM, Whitlow WD, Killian JM, Preziosi TJ, 
Rosario JA. Diagnosis of acute cerebral infarction: comparison of 
CT and MR imaging. AJNR Am J Neuroradiol 1991; 12: 611–20.

8 Fiebach JB, Schellinger PD, Jansen O, et al. CT and diff usion-
weighted MR imaging in randomized order: diff usion-weighted 
imaging results in higher accuracy and lower interrater variability in 
the diagnosis of hyperacute ischemic stroke. Stroke 2002; 33: 2206–10.

9 Warach S, Chien D, Li W, Ronthal M, Edelman RR. Fast magnetic 
resonance diff usion-weighted imaging of acute human stroke 
Neurology 1992; 42: 1717–23.

10 Gonzalez RG, Schaefer PW, Buonanno FS, et al. Diff usion-weighted 
MR imaging: diagnostic accuracy in patients imaged within 6 hours 
of stroke symptom onset. Radiology 1999; 210: 155–62.

11 Kelly PJ, Hedley-Whyte ET, Primavera J, He J, Gonzalez RG. 
Diff usion MRI in ischemic stroke compared to pathologically 
verifi ed infarction. Neurology 2001; 56: 914–20.

12 Lansberg MG, Albers GW, Beaulieu C, Marks MP. Comparison of 
diff usion-weighted MRI and CT in acute stroke. Neurology 2000; 
54: 1557–61.

13 Lövblad KO, Laubach HJ, Baird AE, et al. Clinical experience with 
diff usion-weighted MR in patients with acute stroke. 
AJNR Am J Neuroradiol 1998; 19: 1061–66.

14 Mullins ME, Schaefer PW, Sorensen AG, et al. CT and conventional 
and diff usion-weighted MR imaging in acute stroke: study in 691 
patients at presentation to the emergency department. Radiology 
2002; 224: 353–60.

15 Urbach H, Flacke S, Keller E, et al. Detectability and detection rate 
of acute cerebral hemisphere infarcts on CT and diff usion-weighted 
MRI. Neuroradiology 2000; 42: 722–27.

16 Nor AM, Davis J, Sen B, et al. The Recognition of Stroke in the 
Emergency Room (ROSIER) scale: development and validation of a 
stroke recognition instrument. Lancet Neurol 2005; 4: 727–34.

17 Libman RB, Wirkowski E, Alvir J, Rao TH. Conditions that mimic 
stroke in the emergency department. Implications for acute stroke 
trials. Arch Neurol 1995; 52: 1119–22.

18 Lijmer JG, Mol BW, Heisterkamp S, et al. Empirical evidence of 
design-related bias in studies of diagnostic tests. JAMA 1999; 282: 
1061–66.

19 Edelman RR, Johnson K, Buxton R, et al. MR of hemorrhage: a new 
approach. AJNR Am J Neuroradiol 1986; 7: 751–56.

20 Atlas SW, Thulborn KR. MR detection of hyperacute parenchymal 
hemorrhage of the brain. AJNR Am J Neuroradiol 1998; 19: 1471–77.

21 Linfante I, Llinas RH, Caplan LR, Warach S. MRI features of 
intracerebral hemorrhage within 2 hours from symptom onset. 
Stroke 1999; 30: 2263–67.

22 Patel MR, Edelman RR, Warach S. Detection of hyperacute primary 
intraparenchymal hemorrhage by magnetic resonance imaging. 
Stroke 1996; 27: 2321–24.

23 Fiebach JB, Schellinger PD, Gass A, et al. Stroke magnetic 
resonance imaging is accurate in hyperacute intracerebral 
hemorrhage: a multicenter study on the validity of stroke imaging. 
Stroke 2004; 35: 502–06.

24 Wardlaw JM, Seymour J, Cairns J, Keir S, Lewis S, Sandercock P. 
Immediate computed tomography scanning of acute stroke is cost-
eff ective and improves quality of life. Stroke 2004; 35: 2477–83.

25 Rothwell PM, Giles MF, Flossmann E, et al. A simple score (ABCD) 
to identify individuals at high early risk of stroke after transient 
ischaemic attack. Lancet 2005; 366: 29–36.

26 Johnston SC, Gress DR, Browner WS, Sidney S. Short-term 
prognosis after emergency department diagnosis of TIA. JAMA. 
2000; 284: 2901–06.

27 Barber PA, Hill MD, Eliasziw M, et al. Imaging of the brain in 
acute ischaemic stroke: comparison of computed tomography 
and magnetic resonance diff usion-weighted imaging. 
J Neurol Neurosurg Psychiatry 2005; 76: 1528–33.

28 Hjort N, Butcher K, Davis SM, et al. Magnetic resonance imaging 
criteria for thrombolysis in acute cerebral infarct. Stroke 2005; 36: 
388–97.

29 Kang DW, Chalela JA, Dunn W, Warach S. MRI screening before 
standard tissue plasminogen activator therapy is feasible and safe. 
Stroke 2005; 36: 1939–43.


	Magnetic resonance imaging and computed tomography in emergency assessment of patients with suspected acute stroke: a prospec
	Introduction
	Methods
	Study participants and clinical diagnosis
	Imaging techniques and analysis
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


