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Summary: We describe MR imaging findings applying gra-
dient echo (GRE) T2*-weighted and fluid-attenuated inver-
sion recovery (FLAIR) MR images at 3T to three patients
with hyperacute subarachnoid and intraventricular hemor-
rhage from ruptured aneurysms. Hyperacute subarachnoid
and intraventricular hemorrhages (SAH and IVH) were
more clearly visualized as an area of decreased signal
intensity on GRE T2*-weighted sequences than on FLAIR
sequences in all three patients. These preliminary results
suggest that acute SAH and IVH with GRE T2*-weighted
imaging can be reliably diagnosed at 3T.

Previous studies have demonstrated that fluid-at-
tenuated inversion recovery (FLAIR) sequences are
very sensitive to acute (�12 hours) subarachnoid
hemorrhage (SAH) and acute (�48 hours) intraven-
tricular hemorrhage (IVH) at 1.5T (1, 2). One study
described the high accuracy of gradient-echo (GRE)
T2*-weighted imaging in the detection of acute (�4
days) SAH at 1.5T (3). We have found no reports of
MR imaging findings of hyperacute SAH and IVH on
GRE T2*-weighted and FLAIR sequences at 3T. We
report the preliminary results of GRE T2*-weighted
and FLAIR sequences at 3T applied to three patients
with hyperacute SAH and IVH.

Case Reports

We obtained MR images after diagnosing SAH by CT scan.
The MR imaging studies were performed by using a whole-
body 3T system (Signa VH/i, General Electric, Milwaukee, WI)
in three patients within 12 hours (mean 6.9 hours) after the
onset of symptoms. The MR imaging protocol consisted of fast
FLAIR (TR/TE, 8802/161 ms; inversion time, 2200 ms) and
GRE T2*-weighted (TR/TE, 325/20 ms; flip angle, 15) images.
Conventional spin-echo (SE) noncontrast T1-weighted images
(TR/TE, 600/14 ms) and fast spin-echo (FSE) T2-weighted

images (TR/TE, 4500/106.9 ms) were also obtained. The aver-
age time gap between CT scan and MR imaging was 3.3 hours.

Case 1

A 65-year-old woman had a sudden-onset headache. CT
scan obtained 7.3 hours after the ictus showed SAH in the
sylvian fissures and interhemispheric fissure as well as IVH in
the 3rd and both lateral ventricles (Fig 1A). FLAIR images
obtained 10.3 hours after the ictus showed the SAH as an area
of mildly increased signal intensity relative to brain paren-
chyma and subtle IVH as area of mildly increased signal inten-
sity relative to CSF (Fig 1B). GRE T2*-weighted images clearly
showed the SAH and IVH as areas of decreased signal intensity
(Fig 1C). FSE T2-weighted images also showed the IVH as
area of decreased signal intensity in the lateral and 3rd ventri-
cle but did not visualize the Sylvian SAH (Fig 1D). Preopera-
tive noncontrast time-of-flight (TOF) MR angiography visual-
ized a left anterior communicating artery aneurysm. An
external ventricular drain (EVD) was inserted, and the aneu-
rysm was clipped.

Case 2

A 52-year-old woman had a sudden-onset dull headache. A
CT scan obtained 1.3 hours after the ictus showed a diffuse
SAH and IVH in the 3rd ventricle (Fig 2A). FLAIR images
obtained 5.1 hours after ictus showed the SAH as areas of high
signal intensity relative to brain parenchyma in the Sylvian
cisterns bilaterally but did not show the IVH (Fig 2B). GRE
T2*-weighted images showed an obvious SAH and IVH as
areas of decreased signal intensity (Fig 2C). Preoperative non-
contrast TOF MR angiography demonstrated a left anterior
communicating artery aneurysm. The aneurysm was treated
surgically.

Case 3

A 47-year-old man had a severe sudden-onset headache. A
CT scan obtained 2.5 hours after the ictus showed a SAH in the
Sylvian and basal cisterns as well as over the left hemisphere
cortical sulci. The IVH was not evident on the CT scan. FLAIR
images obtained 5.5 hours after the ictus showed the SAH as
area of high signal intensity relative to brain parenchyma in the
subarachnoid spaces and the IVH as areas of mildly increased
signal intensity relative to CSF in the lateral ventricles. GRE
T2*-weighted images revealed decreased signal intensity in the
subarachnoid space and ventricle. Preoperative noncontrast
TOF MR angiography visualized an aneurysm involving the left
M1 segment of the middle cerebral artery. Surgery confirmed
the ruptured aneurysm.

Discussion
Recent advances in high-field technology and the

increased availability of 3T MR imaging units have
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opened the possibilities for a variety of exciting im-
provements in clinical and research applications of
MR imaging. At 3T, augmentation of susceptibility
effects induces several disadvantages, including a
shortening of T2 and T2*, signal intensity loss, and
geometric distortion. Associated advantages, however,
need to be considered. One example is the increased
sensitivity to deoxyhemoglobin-induced susceptibility,
which in turn improves the quality of functional MR
imaging and the detection of hemorrhage (4).

Hyperacute SAH in patients within 12 hours of
symptom onset can be detected by using FLAIR se-
quences at 1.5 or 1T (1, 5, 6). In these reports, FLAIR
images clearly visualized SAHs as area of high signal
intensity; however, 66% of hyperacute IVHs were not
visualized by using FLAIR images (1). MR findings
on FLAIR images in our patients are in accordance
with those in the literature, except that the signal
intensity of hemorrhage was not greatly increased.
The possible cause of different signal intensity of

SAHs and IVHs on FLAIR is combination of short-
ening of T1 and T2* relaxation time at 3T. The
markedly shortened T2* may decrease the signal in-
tensity of hemorrhage, compared with 1.5T. Another
explanation is long TE of our imaging parameter,
which may counteract the hyperintensity of the SAH
on FLAIR.

One case of hyperacute SAH and IVH has been
reported by using GRE T2*-weighted sequence (7).
In this report, hyperacute SAH and IVH were of
mildly decreased signal intensity on GRE T2*-
weighted images and showed increased signal inten-
sity relative to the CSF on FLAIR and spin-echo
T2-weighted images. In our cases, the hyperacute
hemorrhage was of very low signal intensity on GRE
T2*-weighted images. FSE T2-weighted images
showed the IVH as area of decreased signal intensity
relative to CSF. These different appearances of hy-
peracute hemorrhage on MR images may be ex-
plained by multiple factors: different field strength;

FIG 1. Case 1, a 65-year-old woman
with hyperacute SAH and IVH due to a
ruptured left anterior communicating ar-
tery aneurysm.

A, CT scan (7.3 hours postictus) shows
an SAH and IVH in the both Sylvian fis-
sures, the anterior interhemispheric fis-
sure, and the occipital horns of both lateral
ventricles.

B–D, MR images obtained 10.3 hours
postictus. Axial FLAIR image (B) shows
high signal intensity in the anterior inter-
hemispheric fissure and both Sylvian fis-
sures (black arrows). A layered area mildly
increased signal intensity is evident in oc-
cipital horn of the left lateral ventricle
(white arrow). Axial GRE T2*-weighted im-
age (C) shows decreased signal intensity
in the interhemispheric and both Sylvian
fissures, 3rd ventricle, and occipital horns
of both lateral ventricles (arrows). Axial
fast spin-echo T2-weighted image (D)
shows linear low signal intensity in the
anterior interhemispheric fissure (arrow)
and blood-CSF layered pattern of the IVH
(arrowheads) in the occipital horns of both
lateral ventricles.
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different imaging delay time (�1 hour as opposed to
5.5 hours); hemorrhage pattern, especially IVH layer
form (blood-CSF fluid-fluid level). Higher field
strength, increased susceptibility effect, and longer
MR imaging delay time increase the amount of de-
oxyhemoglobin. In addition, dependently layered
IVH contains more packed RBC clusters. All of these
factors increase magnetic susceptibility of deoxyhe-
moglobin (i.e., shorten T2* and signal intensity loss)
in hyperacute hemorrhage on GRE T2* and to a
lesser extent on FSE T2-weighted sequences. The
augmented signal intensity loss due to deoxyhemoglo-
bin is more readily detected on GRE T2*-sequence.
Because FSE T2-weighted sequence has less suscep-
tibility effect than GRE T2*-weighted, a diluted SAH
is difficult to visualize by using FSE T2-weighted
imaging. One of the limitations of GRE T2*-weighted
sequences is that the strong susceptibility artifact at
the skull base cannot be reliably distinguished from
low signal intensity due to subarachnoid blood.

In addition to FLAIR and GRE sequences, proton-
attenuation (PD)–weighted imaging also had high
sensitivity to detect SAH (1, 8). Wiesmann et al (1)
reported that PD-weighted images had higher sensi-
tivity to detect IVH and were less sensitive to artifact
than were FLAIR images. But our study did not
include PD-weighted images because they are not
routine neuroimaging sequences at our institution.

CT is still widely and most commonly used to ex-
clude intracerebral hemorrhages and SAHs because
CT has excellent accessibility, compared with MR
imaging, in acutely ill patients. CT-based diagnosis of
a SAH may also be difficult in the posterior fossa
because of bone artifacts as well as with small
amounts of blood. Moreover, MR imaging is also
effective in the diagnosis of an acute SAH (1, 6) and

diffusion-weighted (DW) images provide additional
information of brain damage directly attributable to
SAH (9). Accuracy of detection of SAH by using DW
imaging is controversial. Wiesmann et al (1) reported
that DW imaging could not detect SAH in all 13 SAH
cases. Fiebach et al (8), however, reported that DW
images visualized SAH as high signal intensity in four
of five cases. Thus, further studies aimed at the diag-
nostic reach of DW imaging in acute SAH are
worthwhile.

Conclusion

GRE T2*-weighted sequence at 3T demonstrated
hyperacute SAH and IVH areas of decreased signal
intensity in our patients. And GRE T2*-weighted
images appear to be more sensitive than FLAIR im-
ages in the detection of hyperacute SAHs and IVHs
at 3T. Our findings in high-grade SAHs (Fisher grade
4), however, may justify further studies in low-grade
SAHs that especially are located at the anterior basal
and pontine cisterns.
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