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Hemorrhage Detected Using MR Imaging in the Setting
of Acute Stroke: An In Vivo Model

John Perl II, Jean A. Tkach, Martin Porras-Jimenez, Michael Lieber, Nancy Obuchowski, Jeffrey S. Ross,
Xia Ping Ding, Paul M Ruggieri, David M. Shearer, Kaveh Khajavi, and Thomas J. Masaryk

BACKGROUND AND PURPOSE: The treatment algorithm for acute cerebrovascular acci-
dents has traditionally sorted these accidents as either hemorrhagic or nonhemorrhagic, and
MR imaging, with its ability to allow expeditious assessment of vascular substrates and regional
blood volume, is well suited for this purpose. Our purpose was to delineate the accuracy of
MR imaging in acute, hemorrhagic forms of stroke during the time frame considered beneficial
for intervention in an animal model.

METHODS: Eighteen dogs with small, iatrogenic parenchymal, subarachnoid hemorrhage
(SAH), or both were serially scanned over the initial 6-hour postictal period. Confirmatory
pathologic specimens and 3-hour postictal CT scans were obtained in all animals. The MR and
CT studies were then interpreted in a blinded fashion by two neuroradiologists for the presence
of hemorrhage. The results were subjected to receiver operating characteristic analysis.

RESULTS: MR imaging depicted acute parenchymal hemorrhage and SAH with a high de-
gree of accuracy at 1.5 T. This finding was independent of each of the time points studied
during the 6-hour window. For SAH, the MR accuracy for reader 1 was 0.86 (95% CI, 0.76–
0.97); for reader 2, accuracy was 0.85 (95% CI, 0.71–0.99). The CT accuracy for the two
readers was 0.42 (95% CI, 0.26–0.58) and 0.66 95% CI, 0.43–0.89), respectively. Fluid-atten-
uated inversion-recovery images improved the conspicuity of SAH on MR images and, along
with spin-density–weighted spin-echo sequences, helped to establish the hemorrhagic nature.
For parenchymal hemorrhage, the MR accuracy for reader 1 was 0.90 (95% CI, 0.81–0.99);
for reader 2, accuracy was 0.93 (95% CI, 0.84–1.00). With CT, the accuracy of reader 1 was
0.91 (95% CI, 0.85–0.97) whereas for reader 2 accuracy was 0.76 (95% CI, 0.69–0.83). Paren-
chymal hemorrhage detection and diagnosis was best with T2*-weighted gradient-echo images.

CONCLUSION: MR imaging with appropriately selected sequences appears able to provide
information regarding the presence (or absence) of hemorrhage in an acute stroke model re-
quisite to the initiation of treatment.

The treatment algorithm for acute cerebrovascular
accidents has traditionally sorted patients on the ba-
sis of nonhemorrhagic or hemorrhagic conditions
as determined by findings on emergency CT studies
(1–6). The recent Food and Drug Administration
(FDA) approval and clinical application of throm-
bolytic therapy for acute stroke has reemphasized
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this important distinction, as well as highlighted the
need for rapid diagnosis and treatment (7). While
additional information (the level of vascular occlu-
sion, viability, and volume of brain at risk) is crit-
ical in advancing acute stroke therapy, the time ex-
pended acquiring these CT data will delay
treatment and possibly exacerbate the injury. MR
imaging, with its ability to allow expeditious as-
sessment of the vascular substrate and to acquire
dynamic studies of regional blood volume, coupled
with diffusion techniques and parenchymal imag-
ing, make it particularly amenable to this applica-
tion (8, 9). As alternative treatments become avail-
able (eg, intra-arterial thrombolysis), efficient and
accurate triage of selected patients for particular
therapies will require such ancillary data (10).

Nevertheless, the sensitivity of MR imaging for
the detection of acute intra- and extra-axial blood
during the narrow therapeutic window remains par-
amount and is still open to question. To date, this
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TABLE 1: Diagnostic accuracy of MR imaging for detecting subarachnoid hemorrhage (SAH)

Time No. with SAH No. without SAH Accuracy* (95% CI)
No. of True-Positive

Findings (Sensitivity, %)
No. of True-Negative

Findings (Specificity, %)

Reader 1
Baseline
0 hour
1 hour
2 hours
4 hours
6 hours

2
11
11
12
11
10

16
6
6
6
6
4

0.41 (0.31–0.51)
0.96 (0.87–1.00)
0.91 (0.79–1.00)
0.79 (0.65–0.94)
0.82 (0.67–0.97)
0.85 (0.70–1.00)

0/2 (0)
10/11 (91)
9/11 (82)
7/12 (58)
7/11 (64)
7/10 (70)

13/16 (81)
6/6 (100)
6/6 (100)
6/6 (100)
6/6 (100)
4/4 (100)

Overall† 55 28 0.86 (0.76–0.97) 40/55 (73) 28/28 (100)

Reader 2
Baseline
0 hour
1 hour
2 hours
4 hours
6 hours

2
11
11
12
11
10

16
6
6
6
6
4

0.28 (0.16–0.41)
0.91 (0.79–1.00)
0.76 (0.54–0.98)
0.84 (0.68–1.00)
0.86 (0.73–1.00)
0.90 (0.77–1.00)

0/2 (0)
9/11 (82)
8/11 (73)
9/12 (75)
8/11 (73)
8/10 (80)

9/16 (56)
6/6 (100)
4/6 (67)
5/6 (83)
6/6 (100)
4/4 (100)

Overall† 55 28 0.85 (0.71–0.99) 42/55 (76) 25/28 (89)

* Nonparametric estimate of the area under the ROC curve.
† The overall estimate does not contain the baseline data.

issue has been addressed by retrospective analyses
of studies in patients presenting with acute focal
deficits, only a fraction of whom were evaluated
within the therapeutic window and none of whom
were administered thrombolytics on the basis of the
MR studies alone (11–13). The purpose of this
study was to investigate the combined sensitivity
and specificity of conventional spin-echo (SE) T1-
weighted, spin-density (SD)–weighted, T2/T2*-
weighted gradient-echo (GRE), and fluid-attenuat-
ed inversion-recovery (FLAIR) MR sequences to
small amounts of parenchymal and subarachnoid
hemorrhage (SAH) during the first 6 hours in an in
vivo animal model.

Methods
Eighteen mongrel dogs were examined: 12 with iatrogenic

SAH, six with parenchymal hematomas in one or both hemi-
spheres, and three with both. Animal Care Committee approval
was obtained before the start of the investigation.

Anesthesia induction was with thiopental 20 mg/kg IV (50
mg/mL concentration) to effect. The parenchymal hemorrhage
was created by injecting fresh arterial autologous blood (1 mL)
into the brain parenchyma through a burr hole using a 22-gauge
spinal needle. SAH was created by injecting 2 mL of arterial
blood mixed with 2 mL of autologous CSF with a 22-gauge
spinal needle inserted into the subarachnoid space through a
cisternal puncture. The volume of iatrogenically introduced
blood was intentionally small so as to minimize anatomic dis-
tention due to gross mass effect. The animals were euthanized
at the completion of the 6-hour imaging protocol. Postmortem
examination was performed in each animal to confirm the lo-
cation(s) of the iatrogenic hemorrhage.

MR imaging was performed with a 1.5-T whole-body unit.
The animals were imaged in the supine position using a clin-
ical transmit/receive head coil at the following intervals: before
hemorrhage (baseline), immediately after ictus, and at 1, 2, 4,
and 5½ hours after ictus. Each MR study was completed within
a half hour and consisted of a conventional T1-weighted SE
sequence, a conventional double-echo SD/T2-weighted SE se-

quence, a fast FLAIR sequence, and a T2*-weighted GRE se-
quence. Contiguous axial images were acquired in an inter-
leaved fashion using acquisition parameters similar to those
used in human clinical protocols (see Table 1). A noncontrast
CT study was also performed 3 hours after ictus with the fol-
lowing parameters: 5-mm section thickness, 140 Kv, 274 to
360 mA, 1.5-second scan cycle, 140-mm field of view, and
512 3 512 matrix.

All 108 MR examinations were interpreted in a random
fashion by two neuroradiologists who were blinded to the an-
imal’s identity, the presence or absence of intervention, and
the time the scan was acquired relative to iatrogenic ictus. The
location, size, and signal of all imaging abnormalities and the
diagnosis (presence or absence of blood) were recorded, as was
the contribution of each MR pulse sequence to the interpreta-
tion in view of the expected findings predicted from prior ret-
rospective studies (11, 14–16). More specifically, parenchymal
hemorrhage was expected as a heterogeneous mass with a ring-
like area of low signal intensity relative to adjacent brain pa-
renchyma on both T1- and T2-weighted images, possibly with
a surrounding area of high signal edema on T2-weighted stud-
ies. Arterial SAH was expected to be higher in signal intensity
than CSF on T1-weighted SE and GRE images as well as on
SD and FLAIR sequences, but lower in signal intensity relative
to CSF on T2-weighted images. This may be regarded as a
complete or partial reversal of the expected CSF/parenchymal
contrast that often results in blurring of the CSF/brain
interface.

The interpreters assessed each image with respect to paren-
chymal hemorrhage and SAH, and expressed their confidence
in each diagnosis as a percentage (0% to 100%). These data
were subsequently analyzed in terms of diagnostic accuracy by
measuring the area under the receiver operating characteristic
(ROC) curve. Nonparametric estimates of the ROC area were
computed (17). To estimate the ROC area for parenchymal
hemorrhage, a hemisphere rather than a subject was considered
the unit of observation, as with SAH. In computing the ROC
area for parenchymal hemorrhage, we compared hemispheres
with parenchymal hemorrhage to hemispheres without paren-
chymal hemorrhage (including SAH). Similarly, in computing
the ROC area for SAH, we compared animals with SAH to
animals without SAH (including animals with parenchymal
hemorrhage). To accommodate the correlation of parenchymal
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TABLE 2: Diagnostic accuracy of MR imaging for detecting parenchymal hemorrhage

Time

No. with
Parenchymal
Hemorrhage*

No. without
Parenchymal
Hemorrhage* Accuracy† (95% CI)

No. of True-Positive
Findings (Sensitivity, %)

No. of True-Negative
Findings (Specificity, %)

Reader 1
Baseline
0 hour
1 hour
2 hours
4 hours
6 hours

0
12
13
13
13
9

36
22
21
23
21
19

· · ·
0.87 (0.76–0.99)
0.89 (0.79–0.99)
0.92 (0.83–1.00)
0.91 (0.82–1.00)
0.92 (0.80–1.00)

· · ·
10/12 (83)
12/13 (92)
12/13 (92)
12/13 (92)
8/9 (89)

35/36 (97)
20/22 (91)
18/21 (86)
21/23 (91)
19/21 (91)
18/19 (95)

Overall‡ 60 106 0.90 (0.81–0.99) 54/60 (90) 96/106 (91)

Reader 2
Baseline
0 hour
1 hour
2 hours
4 hours
6 hours

0
12
13
13
13
9

36
22
21
23
21
19

· · ·
0.89 (0.78–1.00)
0.92 (0.82–1.00)
0.95 (0.87–1.00)
0.93 (0.83–1.00)
0.94 (0.83–1.00)

· · ·
10/12 (83)
12/13 (92)
12/13 (92)
12/13 (92)
8/9 (89)

35/36 (97)
20/22 (91)
18/21 (86)
20/23 (87)
19/21 (91)
18/19 (95)

Overall‡ 60 106 0.93 (0.84–1.00) 54/60 (90) 95/106 (90)

* Denotes number of hemispheres.
† Nonparametric estimate of the area under the ROC curve.
‡ The overall estimate does not contain the baseline data.

hemorrhage test results between hemispheres within a subject,
we applied a nonparametric analysis for clustered ROC curve
data (18). For all analyses, we used a significance level of .05
(ie, 95% CI). Individual pulse sequences were rated as to their
contribution to each diagnosis (in addition to the above-de-
scribed diagnostic accuracy confidence ratings). Data on the
contribution of each MR imaging sequence to the detection
and diagnosis were analyzed by Friedman’s x2-test.

The area under the ROC curve was interpreted as the prob-
ability that a randomly chosen subject with SAH (or random
hemisphere with parenchymal hemorrhage) would be scored
with greater suspicion than would a randomly chosen subject
(or hemisphere) without SAH (or parenchymal hemorrhage).
If MR imaging has no ability to show the distinction between
SAH (or parenchymal hemorrhage) and a non-SAH (or non-
parenchymal hemorrhage), then the ROC area would theoret-
ically be 0.5. If the CI for the true ROC area contains 0.5,
then there is insufficient evidence that the diagnostic technique
in question is any better than, for example, a coin flip. In
addition, the diagnostic accuracies of MR imaging and CT in
the detection of SAH were statistically compared via the z-test.
A similar comparison between MR imaging and CT for paren-
chymal hemorrhage was also performed.

CT scans were interpreted blindly in the usual fashion; blood
proteins were expected to appear as an area of high-attenuation
coefficient in the subarachnoid space or brain parenchyma, de-
pending on the location of the hemorrhage (19–21). As with
the interpretation of the MR studies, interpretations of the
3-hour CT scans were subjected to the same ROC analysis (17,
18).

Results
Postmortem examination confirmed the presence

of parenchymal hemorrhage or SAH or both in
each subject. Tables 1 and 2 summarize, by reader,
the results of the diagnostic accuracy of the MR
study. Several studies were interrupted because of
inadequate anesthesia or subject motion (hence, the
variability of n at each time point). In Table 1, es-

timates of diagnostic accuracy for detecting SAH
are given; Table 2 shows estimates of diagnostic
accuracy for detecting parenchymal hemorrhage.
The results are summarized at each time point and
then pooled to produce an overall estimate of di-
agnostic accuracy within the therapeutic window.
In addition to the estimates of diagnostic accuracy,
the tables also give the number of observations at
each time point, the number of observations in
which the reader indicated some (ie, .0%) confi-
dence in the presence of SAH (Table 1) or paren-
chymal hemorrhage (Table 2), and the average con-
fidence score for those cases.

In Table 1, for reader 1 at baseline, two subjects
have SAH and 16 do not. In the two subjects with
SAH, the reader did not detect (at any confidence
level) the SAH, so there are no true-positive scores
out of a possible two. In the 16 cases without SAH,
the reader assigned some confidence to the pres-
ence of SAH in three cases (average confidence
score, 60.0). Thus, at baseline, the 95% CI for the
ROC area for reader 1 does contain 0.5, and the
95% CI for reader 2 is completely below 0.5. Note
that (for either reader) the 95% CI for time points
0 hour, 1 hour, 2 hours, 4 hours, and 6 hours do
not contain 0.5. Therefore, for these time points,
MR imaging is significantly better than chance for
predicting the presence of SAH.

The overall estimate of diagnostic accuracy for
detecting SAH (excluding baseline) was 0.86 for
reader 1 (95% CI, 0.76–0.97) and 0.85 for reader
2 (95% CI, 0.71–0.99). In other words, we are 95%
confident that reader 1 is able to distinguish SAH
from non-SAH 76% to 97% of the time, and that
reader 2 is able to make this distinction 71% to
99% of the time. For each reader, we also tested
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FIG 1. A–F, T1-weighted (A), SD-weighted (B), T2-weighted (C), FLAIR (D), and GRE (E) MR images and CT scan (F) of SAH at the
level of the cervicomedullary junction in the same canine. Blood is seen on the MR images (obtained 2 hours after ictus) as an area of
high signal obscuring the CSF-brain interface on the left (arrows). This is most conspicuous on the FLAIR image (D) and is not seen
to any significant degree on the T2-weighted image (C) or the CT scan (F), performed 1 hour later.

whether the diagnostic accuracy at the 0-hour time
point differed from the diagnostic accuracy at the
6-hour time point. The differences were not statis-
tically significant at the .05 level (reader 1: P 5
.07; reader 2: P 5 1.00).

In Table 2, the diagnostic accuracy for detecting
parenchymal hemorrhage at baseline could not be
estimated, since there were no hemispheres with
parenchymal hemorrhage. After baseline, all the
ROC areas could be estimated; neither of the 95%
CIs for the two readers contained 0.5, indicting that
MR imaging is better than chance for predicting
presence or absence of parenchymal hemorrhage.
Also, as with the SAH data, the results were pooled
across the five time points for each reader to arrive
at an overall estimate of diagnostic accuracy for
detecting parenchymal hemorrhage. Excluding
baseline, this was 0.90 for reader 1 (95% CI, 0.81–
0.99) and 0.93 for reader 2 (95% CI, 0.84–1.00).
In other words, we are 95% confident that reader
1 is able to distinguish parenchymal from nonpar-
enchymal hemorrhage 81% to 99% of the time, and
that reader 2 is able to make this distinction 84%
to 100% of the time. For each reader, we also tested
the diagnostic accuracy at the 0-hour time point
against that at the 6-hour time point. The differ-

ences in diagnostic accuracy were not statistically
significant (reader 1: P 5 .19; reader 2: P 5 .18).

Also measured were the relative contributions of
each scan/pulse sequence to the diagnosis of SAH
and parenchymal hemorrhage (Figs 1 and 2, re-
spectively). With SAH, lesion detection was much
better with fast FLAIR, but the conventional SD-
weighted SE and T2*-weighted GRE sequences
were also important in establishing the hemorrhagic
diagnosis (Fig 1). For the SAH studies, the con-
ventional T1- and T2-weighted SE images fre-
quently failed to provide any useful information for
detection or diagnosis. Parenchymal hemorrhage
was identified in every canine at least at one time
point by MR imaging. In the case of parenchymal
hemorrhage, the T2*-weighted GRE sequences
were most helpful for the detection and diagnosis
of lesions (Fig 2). For the detection of lesions, the
fast FLAIR images were the second most helpful,
but for diagnosis, the T2-weighted SE images were
the second most helpful. Conversely, the conven-
tional T1- and SD-weighted SE images were found
not to be beneficial in the evaluation of parenchy-
mal hemorrhage. These findings were consistent,
independent of the time at which the images were
acquired relative to the time of hemorrhage crea-
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FIG 2. A–F, T1-weighted (A), SD-weighted (B), T2-weighted (C), FLAIR (D), and GRE (E) MR images and CT scan (F) of parenchymal
hemorrhage within the right hemisphere in the same canine. All MR studies were performed 2 hours after ictus and show a focus of
low-signal susceptibility artifact near the vertex, which, on the 3-hour CT scan, is found to be iatrogenically introduced gas (arrow). The
T1-weighted image (A) does not show the parenchymal hemorrhage, whereas the SD-weighted image shows only vague loss of the
gray/white junction (arrowhead, B). T2-weighted (C) and FLAIR (D) images display the heterogeneous hematoma with a ring of low
signal (arrowhead) surrounded by vasogenic edema (open arrow). GRE image (E) prominently shows only heterogeneous susceptibility
effect in the area of the hematoma (arrowhead), while CT scan shows the typical high-attenuation mass (F).

tion. An example of false-negative detection ap-
pears in Figure 3.

Tables 3 and 4 summarize the results of the di-
agnostic accuracy aspect of the CT studies obtained
by readers 1 and 2. In Table 3, the estimates of
diagnostic accuracy for detecting SAH are given;
Table 4 shows the estimates of diagnostic accuracy
for detecting parenchymal hemorrhage. The overall
estimate of diagnostic accuracy for detecting SAH
was 0.42 for reader 1 (95% CI, 0.26–0.58) and 0.66
for reader 2 (95% CI, 0.43–0.89). Hence, we are
95% confident that reader 1 is able to distinguish
SAH from non-SAH 26% to 58% of the time, and
that reader 2 is able to make this distinction 43%
to 89% of the time (Fig 1). Note that (for both
readers) the 95% CIs contain 0.5. Thus, in this in-
stance, there is no evidence that CT was useful (ie,
significantly better than guessing) in distinguishing
non-SAH from SAH in this animal model.

For reader 1, the difference in accuracy between
MR imaging (0.79) and CT (0.42) in detecting
SAH was statistically significant (P , .001, z-test).
However, for reader 2, the difference in accuracy
between MR imaging and CT (0.84 versus 0.66) in

detecting SAH was not statistically significant (P
5 .12, z-test).

Table 4 shows the diagnostic accuracy of CT for
detecting parenchymal hemorrhage. For both read-
ers, the 95% CIs do not contain 0.5; thus, CT is
significantly better than guessing for predicting the
presence or absence of parenchymal hemorrhage.
The overall estimate of diagnostic accuracy for de-
tecting parenchymal hemorrhage was 0.91 for read-
er 1 (95% CI, 0.85–0.97) and 0.76 for reader 2
(95% CI, 0.69–0.83) (Fig 2).

For reader 1, the difference between MR imag-
ing (0.90) and CT (0.91) in detecting parenchymal
hemorrhage was not statistically significant (P 5
.74, z-test); for reader 2, the difference between
MR imaging (0.93) and CT (0.76) was significant
(P , .001, z-test).

Discussion
In 1995, the rt-PA Study Group of the National

Institute of Neurologic Disorders and Stroke
(NINDS) reported improved outcomes at 90 days
in patients with presumed ischemic stroke treated
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FIG 3. Hyperacute parenchymal hemorrhage.
A–C, T1-weighted (A), T2-weighted (B), and FLAIR (C) MR images obtained immediately after creation of parenchymal hemorrhage

show a false-negative abnormality not detected by either reader.
D–F, T1-weighted (D), T2-weighted (E), and FLAIR (F) MR images in the same animal 1 hour after creation of the hemorrhage show

the obvious abnormality in the area of the corpus callosum, consistent with hyperacute parenchymal hemorrhage. All abnormalities were
detected by both readers on all sequences.

TABLE 3: Diagnostic accuracy of CT for detecting SAH

No. with
SAH

No without
SAH Accuracy* (95% CI)

No. of True-Positive
Findings (Sensitivity, %)

No. True-Negative
Findings (Specificity, %)

Reader 1
Reader 2

12
12

6
6

0.42 (0.26–0.58)
0.66 (0.43–0.89)

0/12 (0)
6/12 (50)

5/6 (83)
5/6 (83)

* Nonparametric estimate of the area under the ROC curve.

TABLE 4: Diagnostic accuracy of CT for detecting parenchymal hemorrhage

No. with
Parenchymal
Hemorrhage*

No. without
Parenchymal
Hemorrhage* Accuracy† (95% CI)

No. of True-Positive
Findings (Sensitivity, %)

No. of True-Negative
Findings (Specificity, %)

Reader 1
Reader 2

13
13

23
23

0.91 (0.85–0.97)
0.76 (0.69–0.83)

10/13 (77)
7/13 (54)

21/23 (91)
21/23 (91)

* Denotes number of hemispheres.
† Nonparametric estimate of the area under the ROC curve.
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with intravenous rt-PA within 3 hours of the onset
of symptoms. On the basis of these findings, the
FDA subsequently approved the use of rt-PA for
the treatment of acute stroke (7). Because of the
3-hour time-to-treat constraint imposed by the
study protocol, pretreatment imaging was limited
to CT in order to exclude patients with a possible
hemorrhagic component to their neurologic deficit.
Conversely, this and previous work suggest that ad-
ditional diagnostic information (eg, the site and size
of vessel occlusion, the extent of infarction, and the
residual viability of adjacent brain parenchyma)
may be helpful in optimizing present treatment reg-
imens and in defining those of the future (10, 22–
25). In this context, interest has been directed to-
ward considering the feasibility of a single
expeditious diagnostic examination. MR imaging
and dynamic spiral CT scanning have both been
proposed as possible alternatives to simple, unen-
hanced axial CT of the brain parenchyma. While
CT traditionally has afforded the ability to image
the brain parenchyma along with the potential to
examine the vasculature and blood flow (26, 27),
MR imaging has been viewed as particularly ap-
pealing owing to the high sensitivity of diffusion-
weighted imaging to the early changes of cytotoxic
edema in addition to the capacity to delineate vas-
cular anatomy and physiology (8, 9, 12, 25, 28–
30).

As thrombolysis is the only proved therapy for
acute stroke, but is associated with an increased
risk of intracranial hemorrhage, the exclusion of an
underlying hemorrhage remains paramount. Owing
to the multiplicity of available MR techniques as
well as the evolutionary MR appearance of blood
products at various field strengths, the sensitivity
of MR imaging to hemorrhage has never had the
same simple black/white distinction (literally) that
has characterized CT. Recent retrospective clinical
reports have suggested that carefully performed
MR examinations may possess the necessary sen-
sitivity to parenchymal hemorrhage to allow its ex-
peditious, and exclusive, use in the evaluation of
acute cerebrovascular events (11, 13). Recent re-
ports indicate that the signal-intensity pattern is
consistent with magnetic susceptibility effects of
paramagnetic deoxygenated hemoglobin within in-
tact erythrocytes (31).

The results of the present study show that MR
imaging can show acute parenchymal hemorrhage
and SAH with a high degree of sensitivity in an in
vivo model in the time frame presently considered
effectual for acute stroke intervention. FLAIR im-
ages improve the conspicuity of the SAH lesion on
MR images and, along with SD-weighted SE im-
ages, help to establish the hemorrhagic nature of
the lesion. For parenchymal hemorrhage, detection
and diagnosis is best with T2*-weighted GRE im-
ages. Additional optimization of FLAIR sequences,
to reduce CSF flow artifacts, and implementation
of volume GRE imaging, with its improved spatial
coverage, may improve this sensitivity.

In this study, the sensitivity of a tailored MR
examination to parenchymal hemorrhage appears to
be at least comparable to that provided by CT with-
in the first few hours after ictus. Clearly, as the
European Cooperative Acute Stroke Study dem-
onstrated, the inability to diagnose completed isch-
emic infarction accurately may impact patient out-
come, as might the catastrophic misdiagnosis of the
far less common parenchymal hemorrhage in a pa-
tient treated with thrombolytics (1, 2).

Somewhat unexpected were the results of the
MR and CT studies performed in subjects with
SAH. In retrospect, these results are not surprising,
and may reflect interpretive bias relative to MR im-
aging and limitations in the design of the animal
model relative to CT. In particular, prior to this
study, CT was (and has remained) the imaging ex-
amination of choice for acute cerebrovascular
events at our institution, in large part because of
our active participation in prospective stroke treat-
ment protocols, which dictate the screening exam-
ination (10). The lack of experience with routine
clinical MR examination of acute SAH may have
played a role in what appears to be the overzealous
interpretation of the baseline MR images. Addi-
tionally, the model consisted of injecting a rela-
tively small amount (2 mL) of autologous blood
into a small subarachnoid space surrounded by the
dense bone of the canine posterior fossa. These
conditions are remote from clinical practice and,
when coupled with the presence of beam-hardening
artifacts, become unfavorable to the diagnostic ca-
pabilities of CT. In practice, the extent of bleeding
necessary to produce a clinical picture of stroke
consistent with either SAH or bland infarction (ie,
a higher Hunt-Hess grade or a total neurologic def-
icit of less than 4 on the National Institute of Health
Stroke Scale) is unlikely to be ignored by either
technique on the basis of tissue contrast and such
secondary signs as mass effect and hydrocephalus.

Conclusion

In the setting of significant time constraints, the
potential of future therapies in the form of alter-
native routes of administration (10) and neuropro-
tective agents (24, 32–34) will require more objec-
tive diagnostic data in order to guide therapy
rationally (35). MR imaging alone, with appropri-
ately selected sequences, appears able to provide
the requisite information for the initiation of
treatment.
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