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Spontaneous Intracerebral Hematoma on
Diffusion-weighted Images: Influence of T2-

shine-through and T2-blackout Effects

Stéphane Silvera, Catherine Oppenheim, Emmanuel Touzé, Denis Ducreux, Philippe Page,
Valérie Domigo, Jean-Louis Mas, François-Xavier Roux, Daniel Frédy, and Jean-François Meder

BACKGROUND AND PURPOSE: On diffusion-weighted (DW) images, primary hematomas
are initially mainly hyperintense, and then hypointense during the first few days after stroke
onset. As in other brain disorders, variations in the T2 relaxation time of the hematoma
influence the DW imaging signal intensity. Our aim was to evaluate the contribution of the T2
signal intensity and apparent diffusion coefficient (ADC) changes to signal intensity displayed
by DW imaging through the course of hematoma.

METHODS: The MR images of 33 patients with primary intracranial hemorrhage were
retrospectively reviewed. Variations in T2-weighted echo planar images, DW imaging signal
intensity, and apparent diffusion coefficient (ADC) ratios (core of hematoma/contralateral
hemisphere) were analyzed according to the putative stages of hematoma, as seen on T1- and
T2-weighted images.

RESULTS: On both T2-weighted echo planar and DW images, the core of the hematomas was
hyperintense at the hyperacute (oxyhemoglobin, n � 11) and late subacute stages (extracellular
methemoglobin, n � 4), while being hypointense at the acute (deoxyhemoglobin, n � 11) and
early subacute stages (extracellular methemoglobin, n � 7). There was a positive correlation
between the signal intensity ratio on T2-weighted echo planar and DW images (r � 0.93, P <
.05). ADC ratios were significantly decreased in the whole population and in each of the first
three stages of hematoma, without any correlation between DW imaging findings and ADC
changes (r � 0.09, P � .6).

CONCLUSION: Our results confirm that the core of hematomas is hyperintense on DW
images with decreased ADC values at the earliest time point, and may thus mimic arterial
stroke on DW images. T2 shine-through and T2 blackout effects contribute to the DW imaging
findings of hyperintense and hypointense hematomas, respectively, while ADC values are
moderately but consistently decreased during the first three stages of hematoma.

MR imaging is increasingly used for the initial emer-
gent examination of patients presenting with sudden
neurologic symptoms owing to the high sensitivity of
diffusion-weighted (DW) imaging for the detection of
ischemic brain damage. Primary intracerebral hemor-
rhage is responsible for up to 15% of all strokes and
is associated with a high rate of mortality (1). There is
a body of literature (2–5) supporting the use of MR

imaging as the only technique for imaging patients
with acute stroke. In this setting, identification of the
intracranial hemorrhage by using MR imaging is crit-
ical to the determination of appropriate stroke man-
agement. On conventional MR images, the signal
intensity of the hematoma is relatively complex and
has been extensively studied (6–12). The signal inten-
sity of blood products typically changes over time, as
extravasated red blood cells degrade, resulting in pre-
dictable imaging patterns on T1-, T2-, and T2*-
weighted MR images. As DW imaging now plays a
crucial role in the evaluation of acute stroke, it be-
comes paramount to characterize hematoma on the
basis of DW imaging findings (13–17). In a first study,
Atlas et al (13) reported that restricted diffusion (i.e.,
low apparent diffusion coefficient [ADC]) was
present in early hematoma containing intact red
blood cell membranes and increased diffusion when
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tement d’Imagerie Morphologique et Fonctionnelle, Centre Hos-
pitalier Sainte-Anne, 1 rue Cabanis, 75674 Paris cedex 14, France,
oppenheim@chsa.broca.inserm.fr.

© American Society of Neuroradiology

AJNR Am J Neuroradiol 26:236–241, February 2005

236



red cell membranes had lysed. The latter result was
contested by others (16) who reported decreased
ADC even at the stage of extracellular methemoglo-
bin. Most hematomas are initially hyperintense on
DW images, and then hypointense during the first few
days after onset, as shown qualitatively by other
groups (13, 16). It has been suggested that variations
in the T2 relaxation time of a hematoma may affect
the signal intensity displayed by DW imaging (16, 17).
To test this hypothesis, we simultaneously analyzed
the T2-weighted echo planar and DW imaging signal
intensity variations and ADC changes throughout the
course of the hematoma.

Methods

Patients
Among all consecutive patients admitted to our institution

between June 2001 and August 2003, we retrospectively se-
lected those who fulfilled the following criteria: 1) sudden
onset of acute neurologic symptoms due to an intracerebral
hematoma; 2) MR imaging including DW imaging; and 3)
absence of underlying tumor, arterial or venous stroke, trau-
matic injury, or large arteriovenous malformation on initial
clinico-radiologic and follow-up examination, since these might
produce ADC changes. Thirty-three patients (12 women and
21 men; mean age, 56 years; range, 19–83) fulfilled these
criteria and constituted our study group. The median delay
from clinical onset to MR imaging was 27 hours (minimum �
2 hours; maximum � 10 days). When a patient underwent
sequential MR imaging, only the initial examination was con-
sidered for this study. Hematomas were presumed to be due to
hypertension in 16 cases, anticoagulation treatment in six cases,
and small arteriovenous malformation or aneurysm in four
cases. The cause of stroke remained unknown in seven cases,
three of which after digitized angiography.

MR Imaging
MR imaging was performed on a 1.5T system (1.5T Signa

Echospeed scanner, GE Medical Systems, Milwaukee, WI)
including at least the following three sequences: 1) axial or
sagittal T1-weighted sequence; 2) axial fast fluid-attenuated
inversion recovery sequence (matrix, 256 � 192; FOV, 24 � 24
cm; [TR/TEeff/TI], 9800/152/2300 ms; section thickness, 6 mm;
imaging time, 3.17 minutes); 3) axial T2-weighted baseline
acquisition (b � 0 s/mm2), and DW imaging were acquired with
a single shot echo planar spin-echo sequence (matrix, 128 �
128; FOV, 24 � 24 cm; 5000/88 ms [TR/TEeff]). The diffusion
trace images were calculated from three diffusion-weighted
acquisitions with the diffusion gradients sequentially applied
along each of the three orthogonal axes, with b � 1000 s/mm2,
� � 32 ms, � � 39 ms and G � 22 mT/m. All axial images were
acquired by using a 6-mm section thickness, no gap, and 20
sections enabling whole-brain coverage. Trace images were
generated and ADC maps calculated with a dedicated software
tool, without masking for background noise on T2-weighted
baseline images (b � 0 s/mm2) (Functool, General Electric,
Buc, France).

Image Analysis
Hematomas were qualitatively analyzed according to the

putative stages of brain hematoma, as determined from T1-
and T2-weighted pulse sequences, and classified into four
groups (intracellular oxyhemoglobin, intracellular deoxyhemo-
globin, intracellular and extracellular methemoglobin) (8). Be-
cause hematomas usually display a combination of blood prod-
ucts, this grouping was made on the basis of the major

component, as determined from the signal intensities on T1-
and T2-weighted pulse sequences. There were 11 hematomas
at the oxyhemoglobin stage (delay to MR imaging � 8 � 8
hours, mean � SD), 11 at the deoxyhemoglobin stage (delay to
MR imaging � 47 � 30 hours), seven at the methemoglobin
intracellular stage (delay to MR imaging � 63 � 40 hours), and
four at the methemoglobin extracellular stage (delay to MR
imaging � 85 � 103 hours). Thirty-one hematomas were su-
pratentorial and the two others were infratentorial. Hemato-
mas were lobar in 13 patients, located in the basal ganglia in 18
patients, and in the cerebellar vermis in two patients.

For each patient, the section on which the hematoma was
the largest and surrounded by a hypointense ring on the echo
planar T2-weighted echo-planar image (b � 0 s/mm2) was
selected and used for all following measurements (Fig 1). The
manual contouring of the hematoma was performed on T2-
weighted images because of its sensitivity to the susceptibility
magnetic effects and the similarity of spatial echo planar image
distortions with those of DW imaging (14, 15, 18). The outer
limit of the region of interest corresponded to the external limit
of the T2-hypointense ring, with care taken to avoid the T2-
hyperintense edema surrounding the core of the hematoma. In
one case, the hypointense ring was not clearly visible on the
echo planar T2-weighted image, and the entire area of hyper-
intensity was contoured. Regions of interest were mirrored
onto the uninvolved contralateral hemisphere. For each hema-
toma, the signal intensity was visually graded as hyper-, iso-, or
hypointense relative to the contralateral parenchyma on T2-
weighted echo planar and DW images acquired at each stage of
the hematoma. ST2 and SDW corresponded to the average
signal intensity of the hematoma measured in arbitrary values
on T2-weighted echo planar and DW images, respectively.
rSDW and rST2 corresponded to the signal intensity ratio (ipsi-
lateral/contralateral) measured on DW and T2-weighted echo
planar images, respectively. ADC, mirADC, and rADC corre-
sponded to the mean absolute ADC values in the core of the
hematoma, the mirror region of interest, and the ratio of these
mean ADC values.

Statistical Analysis
SDW and ST2 at each evolving stage of hematoma were

compared with mirSDW and mirST2, respectively, by using a
paired non-parametric Wilcoxon test. The relationship be-
tween rST2, rADC, and rSDW was tested by using a Pearson
correlation test. ADC was compared with mirADC in the
whole population and in each subgroup of hematoma by using
a paired non-parametric Wilcoxon test. Since the hypothesis of
intraclass equality of variances was not satisfied, we used the
Kruskal-Wallis rank test to look for differences in rSDW, rST2,
and rADC values between the four hemorrhagic stages. The
level of significance was set at P � .05.

Results
As illustrated in Figure 2, the core of hyperacute

(n � 11) and late subacute (n � 4) hematomas was
hyperintense, while acute (n � 11) and early subacute
(n � 7) hematomas were hypointense relative to the
normal-appearing brain parenchyma on both DW
and T2-weighted echo planar images. Signal intensity
ratios varied significantly between stages on DW (P �
.001) and T2-weighted echo planar images (P � .01).
Accordingly, rSDW and rST2 were significantly in-
creased at the hyperacute stage (rSDW: P � .007; rST2:
P � .01), while these ratios were significantly de-
creased at the acute (rSDW: P � .004; rST2: P � .003)
and early subacute stages (rSDW: P � .03; rST2: P �
.02). Significance was not reached for rSDW or rST2 in
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the late subacute group (n � 4). There was a signif-
icant positive correlation between rSDW and rST2 (r �
0.93, P � .05) for the whole population, which re-
mained significant when T2-hyperintense (r � 0.76,
P � .05) and T2-hypointense (r � 0.92, P � .05)
hematomas were analyzed separately (Fig 3). In the
whole population, the ADC was significantly de-
creased when compared with the mirADC (P � .001).
This remained significant within each subgroup, ex-
cept in the late subacute group (P � .06). Mean
absolute ADC values were 695 � 10�6 mm2/s at the
hyperacute stage, 713 � 10�6 mm2/s at the acute
stage, 740 � 10�6 mm2/s at the early subacute stage,
and 677 � 10�6 mm2/s at the late subacute stage.
rADCs were 0.81 at the hyperacute stage, 0.82 at the
acute stage, 0.82 at the early subacute stage, and 0.76
at the late subacute stage (Fig 4), without any signif-
icant difference in the rADC between all four stages
(P � .89, 3° of freedom). No correlation existed be-
tween rADC and rSDW (r � 0.09, P � .6).

Discussion
Several studies have suggested that MR imaging is

a reliable screening method for primary intraparen-
chymal hemorrhage (2–5, 7) and have documented
the patterns of evolving hematoma on conventional
MR images. These MR imaging patterns remain
somewhat complex and are further complicated by
the advent of new MR imaging techniques, such as
DW imaging. Although DW imaging is probably not
the key sequence for the diagnosis of intraparenchy-
mal hematoma, it is mandatory to further our under-
standing of the signal intensity variations of primary

hematomas on the basis of DW imaging findings to
reduce the risk of misdiagnosis. Among factors that
contribute to the DW imaging signal intensity
changes of a hematoma over time, the restriction of
diffusion and the level of T2 signal intensity changes
may play an important role (13, 16, 17). To assess
these hypotheses, we simultaneously analyzed the T2-
and DW imaging signal intensity variations and ADC
changes in the evolving hematoma. Our quantitative
analysis showed that similar signal intensity changes
were observed on DW and T2-weighted echo planar
images throughout the course of the hematoma, while
ADC values were uniformly lowered at all four stages
of hematoma.

Other investigators have recognized that the hema-
toma signal intensity on DW images varies with time
(4, 16, 17), but have not thoroughly quantified these
signal intensity changes. We quantitatively confirm
that, at the hyperacute stage, the core of the hema-
toma is mainly hyperintense on DW images. Evolu-
tion into “acute” hematoma, when oxygenated hemo-
globin turns into deoxygenated hemoglobin, is
identified as a marked hypointense core on DW im-
ages (17). This low DW imaging signal intensity has
been shown to persist at the early subacute stage,
while late subacute hematoma displays DW imaging
hyperintensity (13, 16, 17).

Further analysis of our data indicated that the
ADC values of hematomas (including hyperacute,
acute, and early subacute stages) were moderately but
significantly reduced compared with those of the con-
tralateral, normal brain parenchyma. These data
strengthen the main findings of Atlas et al (13), as
well as those of other groups (15, 16), who showed

FIG 1. Manual contouring of the hematoma.
A, On the T2-weighted echo planar image (b � 0 mm2/s) on which the hematoma appears largest, the outer limit of the region of

interest corresponded to the T2-hypointense ring.
B, The region of interest is copied on the diffusion-weighted image (b � 1000 mm2/s).
C, Mean absolute ADC values are computed in the region of interest. Mirror region of interest is placed on the contralateral hemisphere

to compute the rADC.
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FIG 2. T2 shine-through (A, D) and T2 blackout effects (B, C) in intracerebral hematomas.
A, Hyperacute hematoma in a 28-year-old man. The frontal lobe hematoma is isointense on a T1-weighted, hyperintense on a

fluid-attenuated inversion recovery (not shown), T2-weighted, and DW image acquired with low ADC values.
B, Acute hematoma in a 19-year-old woman. The right capsule–thalamic hematoma is isointense on a T1-weighted (not shown),

hypointense on a T2-weighted, and hypointense on a DW image with low ADC values.
C, Early subacute hematoma in a 54-year-old man. The right parietal lobe hematoma is hyperintense on a T1-weighted (not shown),

hypointense on a T2-weighted, and hypointense on a DW image acquired with low ADC values.
D, Late subacute hematoma in a 73-year-old man. The right temporo-occipital hematoma is hyperintense on a T1-weighted (not

shown), hyperintense on a T2-weighted, and hyperintense on a DW image acquired with low ADC values.
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that restriction of diffusion is present in early intra-
cranial hematomas without parenchymal infarction.
Importantly, the reduction in ADC values that we
observed did not significantly differ between the dif-
ferent stages of the hematomas. Such a steady de-
crease in ADC values would be expected to produce
DW imaging hyperintensity, which should remain sta-
ble throughout the course of hematoma. The clear
variation in DW imaging signal intensity according to
the stage of the hematoma implies that factors other
than ADC values influence the signal intensity on
DW images. Indeed, DW imaging is not a simple map
of diffusion motions but is a composite of contribu-
tions from diffusion and T1 and T2 effects. Because
of these spillover effects, the DW images should be
interpreted with reference to images obtained with
other sequences, such as T2-weighted sequences and
ADC maps. The term “T2-shine-through” has been
coined to describe the substantial contribution of T2
hyperinstensities observed on DW images. First stud-
ied in ischemic stroke (19–21), this effect has since

been described in a wide range of brain disorders
(22). For hematomas, as expected, T2-hyperintense
hematomas were also hyperintense on DW images,
with a strong correlation between the signal intensity
measured on T2-weighted and DW images. In con-
trast to hyperacute ischemic stroke, which lacks T2
signal intensity changes, the T2 shine-through effect
in hyperacute hematoma seems to be an important
component of the signal intensity on DW images. At
the acute and early subacute stages, hematomas share
the feature of hypointensity on T2-weighted images.
These T2-hypointense hematomas were equally hy-
pointense on DW images. The correlation we ob-
served between the T2-weighted and DW image sig-
nal intensity in T2-hypointense hematomas suggests a
contribution of the “T2 blackout effect,” which is the
corollary of the T2 shine-through effect.

Our study had some limitations. First, we chose to
analyze globally the core of the hematoma, thus
masking local signal intensity and ADC changes. This
analysis was carried out on a single representative
section, where the hematoma was the largest and the
T2-hypointense ring most visible and thus most
clearly distinguishable from the perihematoma. Al-
though it could be argued that 3D region-of-interest
analysis would have been more appropriate, our
method minimizes the risk of partial volume effect
with the perihematoma. Furthermore, our quantita-
tive results corroborate our qualitative results, as well
as other previous descriptive analyses. Second, to
reduce the risk of computing erroneous ADC values
for T2-hypointense hematomas, we did not mask for
background noise. This could have potentially intro-
duced some noise in ADC measurements. Using this
method, the ADC values we computed for T2-hypoin-
tense hematomas were lower than those of Maldjian
et al (17), who reported normal ADC values in a
similar population of patients. Yet, normal ADC val-
ues add further evidence of the contribution of T2
blackout effect to the DW imaging signal intensity
drop. Third, the respective contribution of proton
density and T1 effect on DW imaging has not been
addressed here. Proton density–weighted sequences
were not part of the comprehensive stroke MR im-
aging protocol performed in most of our patients, and
T1-weighted images were often obtained in the sag-
ittal plane, hindering precise co-registration with axial
DW images. T1 effects might not be a major compo-
nent of DW imaging signal intensity. In particular, at
the hyperacute stage, the hematoma is mainly isoin-
tense on T1-weighted images, and at the early sub-
acute stage opposite signal intensity variations are
usually observed on T1-weighted and DW images.

Conclusion
Our data, obtained by using gradient strengths with

b values of 1000 s/mm2, indicate that in the core of the
hematoma: 1) ADC values are moderately but signif-
icantly decreased during the initial three stages of
hematoma, without any significant variation through-
out the course of the hematoma; 2) T2 shine-through

FIG 3. Signal intensity ratios according to the hematoma
stages (mean � SD). Throughout the course of the hematoma,
the signal intensity ratio on DW (rSDW) and on T2-weighted echo
planar (rST2) images are positively correlated (r � 0.93, P �.05).

FIG 4. Signal intensity ratio on DW images (rSDW) and ADC
ratio (rADC) according to the stage of intracerebral hematomas
(mean � SD).

While rSDW shows significant changes throughout the course
of the hematoma, rADC values are moderately and significantly
decreased throughout the course of hematoma (P � .001). No
correlation is observed between rADC and rSDW (r � 0.09, P � .6).
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effects contribute to the signal intensity of hyperin-
tense hematomas on DW images, and similarly, T2
blackout effects contribute to the signal intensity of
hypointense hematomas on DW images. This extends
to hematoma, the well-known principle that DW im-
aging signal intensity changes should be interpreted in
light of the T2 signal intensity changes, especially at
the earliest time point, when both hematoma and
acute ischemic stroke are strikingly hyperintense on
DW images. Improving our knowledge of the typical
DW imaging–ADC patterns of primary hematoma
could help in the diagnosis of secondary hematoma,
which remains a challenging radiological problem.
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