
Introduction

Spontaneous intracerebral hematoma is often attrib-
uted to systemic hypertension or amyloid angiopathy,
but there are a number of other causes, such as pri-
mary brain tumor, metastasis, or vascular malforma-
tion [1]. One of the principal clinical concerns is to
distinguish a tumor that has bled from a non-neo-
plastic hematoma. At our institution the radiologic
evaluation of a patient with a cerebral hematoma that
might be caused by a tumor includes CT of the chest,
abdomen, and pelvis to search for a primary malig-
nancy. Stereotactic brain biopsy may be performed if
a primary brain tumor is suspected or if chest and
body CT do not identify a primary tumor. If tumor
is the cause for an intracerebral hematoma, the
prognosis is poorer than for non-neoplastic hematomas
[1, 2, 3].

CT is often performed initially to distinguish the
acute presentation of ischemic stroke from that of
intracerebral hemorrhage. Early investigations found
that CT was useful for detecting intracerebral hema-
toma, but subsequent reports suggest that it may not be
of similar value for revealing the cause [4]. MRI has also
been performed to investigate the cause of intracerebral
hematoma and one study found that MRI performed
within 72 h of hospital presentation provided a specific
new diagnosis in 22% of patients with intracerebral
hematoma [5]. However, this study did not evaluate the
usefulness of specific diagnostic signs on MRI. The
complex appearance of an acute or subacute hematoma
on MRI makes image interpretation more challenging
[6, 7]. An alternative to early imaging is MRI after the
hemorrhagic mass and edema have resolved, but this
could delay diagnosis and therapy of an intracerebral
hematoma with a treatable cause [8, 9].
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Abstract We evaluated a method for
quantifying vasogenic edema (VE)
on MRI to identify brain hemato-
mas caused by neoplasms. We per-
formed a blinded review of 68 acute
and subacute hematomas caused by
neoplasms (22), hypertension or
presumed amyloid angiopathy (27),
or vascular malformations (19). The
extent of vasogenic edema was
quantified on an axial T2-weighted
image using the VE ratio: the
maximum width of high signal sur-
rounding a hematoma and the mean
diameter of the hematoma. Hema-
tomas caused by neoplasm were
associated with more vasogenic
edema (mean VE ratio 104%±15%;

mean VE width 2.4±0.7 cm) than
non-neoplastic hematomas (mean
VE ratio 37%±5%; P =0.001).
When the width of VE was equal to
or more half the diameter the
hematoma (VE ratio 50%), the po-
sitive predictive value for tumor was
66%; when it was equal to or more
than the diameter, the positive
predictive value was 71%. All six
hematomas with VE ratios ‡150%
were caused by neoplasm.
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Previous investigations have suggested that certain
signs may provide clues to the cause of a brain
hematoma on MRI [10, 11, 12, 13, 14, 15]. In a study
of serial MRI, Atlas et al. [10] reported five discrimi-
natory features of hemorrhagic intracranial neoplasms:
irregular hemosiderin rim, nonhemorrhagic neoplastic
tissue, marked signal heterogeneity, delayed evolution,
and pronounced or persistent edema. However, this
study relied on both acute and follow-up MRI, did not
include a comparison cohort of non-neoplastic hema-
tomas, and proposed no objective criteria for ‘‘pro-
nounced edema’’. Our purpose was to evaluate the
diagnostic importance of vasogenic edema (VE) as a
sign of tumor presenting as intracerebral hematoma. In
particular, our hypothesis is that a simple method of
quantifying the relative amount of vasogenic edema
surrounding an intracerebral hematoma will help to
classify hematomas correctly as neoplastic or non-
neoplastic.

Methods

A search of our reporting system identified contrast-enhanced MRI
of the brain, that contained the terms ‘‘hematoma’’ or ‘‘hemor-
rhage’’ in the body or conclusion of the report. The medical records
were then reviewed and only cases in which MRI had been
performed within 1 week of clinical presentation were included.
Another inclusion criterion was a diagnosis of cause based on a
suitable reference standard: brain biopsy, serial follow-up imaging,
or conventional catheter angiography. Exclusion criteria included a
history of recent head trauma or brain surgery, hemorrhage pri-
marily in the subarachnoid, subdural, or intraventricular space,
and hemorrhagic infarction.

Contrast-enhanced-MRI was performed at 1.5 tesla and in-
cluded axial and parasagittal T1-weighted, conventional spin-echo
images before and after 0.1 mmol/kg gadopentetate dimeglumine
or gadoiamide intravenously, axial fast spin-echo T2-weighted,
fluid-attenuated inversion recovery, and two-dimensional, fast
low-angle shot, gradient-echo T2*-weighted images. Axial, fat-
saturated, fast spin-echo T2-weighted images were performed with
TR 4000–5000 ms, effective TE 90–140 ms, and 5 mm slice thick-
ness, 2 mm interslice gap, 173·230 mm field of view and matrix
154·256.

Each MRI examination was reviewed by a board-certified
neuroradiologist blinded to the diagnosis. The site of the hema-
toma was classified as cerebral lobar, basal ganglia, or posterior
cranial fossa. Hematomas were classified as acute (isointense or
minimal low-signal on T1- and marked low signal on T2-weighted
images) or early subacute (high signal on T1- and marked low
signal on T2-weighted images).

On the axial T2-weighted image on which the hematoma was
visually assessed to be largest, its mean diameter was determined by
taking the average of its longest diameter and its diameter per-
pendicular to that (Fig. 1). In a few cases, a T2*-weighted image
was used to help define the margin of the hematoma, but mea-
surements were made on the T2-weighted image. On that same
image, vasogenic edema (VE) was measured as the maximum
distance from the edge of the hematoma to the peripheral margin
of high signal. We defined the VE ratio as follows: VE ratio
(%)=(maximum width of edema‚mean diameter of hema-
toma)x100. Thus, if the width of the zone of vasogenic edema is
half the mean diameter of the hematoma, the VE ratio is 50%.

The two-sided Student’s t -test was used to compare the relative
size and VE ratio between the different causes of hematoma.
Fisher’s exact test was used to compare the relative frequency
distribution of hematoma site. A P value of £ 0.01 was taken to be
statistically significant.

Results

A total of 68 enhanced-MRI examinations are the
materials of this investigation, and include studies on 37
males and 31 females of mean age 51 years (range, 1–85).
MRI was performed an average of 4.3 ± 1.5 days (mean
± standard deviation; range, 1 day to 7 days) after
initial clinical presentation.

Based on criteria of open or stereotactic biopsy (27),
serial imaging (30), and catheter angiography (10), we
classified the etiology of the brain hematoma into one of
three causes. The hematoma was attributed to neoplasm
in 22 cases; brain biopsy was performed an average of
4.8 weeks (range 1–8 weeks) after initial MRI with
pathologic diagnoses of glioblastoma multiforme (in
eight cases), metastases (nine), low grade astrocytoma
(three), and one case each of anaplastic astrocytoma and
primitive neuroectodermal tumor. Hypertension or
amyloid angiopathy (HAA) was the presumed cause
in 27 cases based on follow-up CT or MRI (in 22 cases),
negative angiography in three , and biopsy in two. In
these cases, follow-up CT or MRI was performed on
average 10.2 weeks after the initial MRI (range

Fig. 1 Method for quantifying vasogenic edema around a hema-
toma. On the axial T2-weighted image in which the hematoma
appears largest, its mean diameter is determined as the average of
its greatest diameter and its orthogonal. Vasogenic edema is
measured on the same image as the maximum distance from the
edge of hematoma to the periphery of the margin of high signal
around it (x). The VE ratio, expressed as a percentage, is: (maximal
width of edema‚mean diameter of hematoma)x100%
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1–31 weeks). The hematoma was attributed to a vascu-
lar malformation in 19 cases. A pial arteriovenous
malformation was diagnosed on conventional catheter
angiography (in eight cases), typically performed within
48 h of the MRI, or brain biopsy (in two). The diagnosis
of cavernous hemangioma was made by brain biopsy in
four cases or on follow-up MRI after resolution of the
acute hematoma (in five). The diagnosis on follow-up
MRI was based on the typical appearances.

We classified 27 hemorrhages (40%) as acute and 41
(60%) as early subacute. The majority (51; 73%) were in
the cerebral lobes, followed by the basal ganglia (10;
16%) and posterior cranial fossa (seven; 11%). There
was no significant difference (P =0.28) in cause based
on site since 75% of spontaneous, 61% of vascular
malformation hemorrhages, and 86% of neoplasm-

associated hematomas were in the cerebral lobes. The
mean diameter of the hematomas was 3.2 cm for spon-
taneous, 3.3 cm for vascular malformation, and 3.8 cm
for the neoplasm group, with no significant difference in
the size between groups (P =0.08).

For hematomas associated with neoplasms, the
mean VE ratio was 104±15% (mean±standard error;
standard deviation 69%; range 7–300%) and the
average width of edema 2.4 cm±0.2 cm (standard
deviation 0.9 cm) (Figs. 2, 3). The mean VE ratio was
26±2% (standard deviation 12%; range, 5–50%) for
hematomas attributed to hypertension or amyloid an-
giopathy, and 52±10% (standard deviation 42%;
range 5–140%) (Figs. 4, 5) for those with vascular
malformations. Thus, for non-neoplastic hematomas
(spontaneous and vascular malformation groups com-

Fig. 2a, b A 14-year-old child
with coagulopathy and right
inferior parietal lobar hema-
toma. a Axial T1-weighted spin-
echo image shows a high-signal
mass (open arrow) consistent
with a subacute lobar hema-
toma. b On a fast spin-echo
T2-weighted image, the mean
diameter of the hematoma is
2.3 cm and the width of vaso-
genic edema (between arrows) is
3.2 cm; the VE ratio is 139%.
Biopsy showed metastatic
osteosarcoma

Fig. 3a, b A 6-year-old child
with an acute right pontine
hematoma. a CT shows dense
hemorrhage (arrow) in the right
side of the pons. b Fast spin-
echo T2-weighted image 2 days
later shows an enlarging hema-
toma (open arrow) that mea-
suring 2.9 cm in average
diameter. The maximum width
of asymmetric high signal
around it 2.9 cm (between small
white arrows); the VE ratio is
thus 100%. Biopsy revealed a
glioma
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bined), the mean VE ratio was 37±5% (standard
deviation 31%) and average edema width was
0.9±0.1 cm (standard deviation 0.5 cm). Both the VE
ratio (P =0.009) and the width of the zone of vaso-
genic edema (P =0.0001) were significantly greater for
neoplasm-associated hematomas.

Of the 29 hematomas with a VE ratio ‡50%, 19
(66%) were associated with a neoplasm; the sensitivity,
specificity, positive and negative predictive values of this
cutoff point were 86, 78, 66, and 92% respectively. Of

the 14 with a ratios‡100%, that is, where the zone of
edema was at least as wide as their mean diameter, 10
(71%) were associated with a tumor; the sensitivity,
specificity, positive and negative predictive values were
45, 91, 71, and 78%, respectively. All six hematomas
with a VE ratio‡150% were caused by neoplasm.

Discussion

The diagnosis of tumor as the underlying cause of an
intracranial hematoma is both difficult and important.
Although neoplasms account for only 2–10% of all
brain hematomas, the prognosis is much more grave
than other causes [1, 2, 3]. Significant hemorrhage is
associated with up to14% of brain metastases, particu-
larly lung carcinoma and melanoma, and with 2–4% of
primary brain neoplasms, notably glioblastoma multi-
forme, oligodendroglioma, and ependymoma [3, 16, 17].
Our study extends the observations of Atlas et al. [10],
detailed above, by suggesting a simple method for
quantifying edema around a hematoma. We realize that
a more accurate method of measuring the hematoma
and edema would have been to trace and summate re-
gions of interest on each image to obtain a volume.
However, the VE ratio is more simple and practical. Our
findings corroborate the observation of Atlas et al. [10]
that tumor-associated hematomas are surrounded by a
wider zone of high signal on T2-weighted images than
non-neoplastic hematomas.

Although we have used the term ‘‘vasogenic edema’’,
high signal around a tumor on T2-weighted images has
been attributed to interstitial edema, microscopic infil-

Fig. 4a, b A 7-year-old girl with
an acute left temporal lobe
hematoma. a Fat-saturated fast
spin-echo T2-weighted image
shows a hematoma, mean
diameter 2.2 cm and a 0.9 cm
collar of high signal; the VE
ratio is 41%. b Contrast-en-
hanced T1-weighted image
shows a focal area of enhance-
ment (arrow) corresponding to
the nidus of an arteriovenous
malformation on angiography

Fig. 5 A 78-year-old man with a left superior parietal hematoma.
Fast spin-echo T2-weighted image shows a 3.5 cm lobar hematoma
(open arrow). Maximum width of high signal around it (between
small black arrows) is 1.5 cm and the VE ratio is 43%. Contrast-
enhanced MRI 3 months later showed no evidence of tumor or
vascular malformation
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trative tumor, or both. Peritumoral edema is predom-
inantly vasogenic since ‘‘leaky’’ neoplastic microvessels
permit extravasation of water, electrolytes, and plasma
proteins into brain tissue [18, 19]. Hyperpermeability
occurs because a structural deficiency of the blood
brain barrier [20, 21]. The porous neovessels may also
be relatively more friable and predispose to intratu-
moral hemorrhage [22, 23]. But in addition to a defi-
ciency of endothelial integrity, both primary brain
tumors and metastases have been shown to produce
vascular endothelial permeability and growth factors
[19, 21]. These cytokines act directly on endothelial
cells to increase permeability selectively to proteins and
are also potent mitogens that induce angiogenesis [24].
High signal around both high- and low-grade primary
brain tumors may also be explained by microscopic,
infiltrative tumor [25, 26]. In white matter beyond tu-
mor margins defined by contrast-enhanced MRI, and
in some cases even beyond surrounding high signal,
nests of tumor can be identified in stereotactic biopsy
specimens [25]. This is true even in low-grade neo-

plasms that are grossly well-defined at neurosurgery or
on imaging [26].

There are several limitations to our study. First, this
is a retrospective investigation and other imaging
signs of intracerebral hematoma, such as focal con-
trast enhancement or multiplicity, may be of similar
or greater diagnostic value. A prospective study should
be performed to confirm the independent diagnostic
value of the VE ratio. Second, this is a highly selected
group of patients who were imaged because a referring
physician believed MRI during the acute clinical pre-
sentation might be of diagnostic benefit. MRI may not
be indicated in all patients with acute intracerebral
hematoma, since it has only been shown to change the
diagnosis in a minority [5]. Third, patient selection may
be considered in interpreting our results since some
patients succumb to the effects of acute hematoma
before radiologic investigation is possible, and there-
fore our study group probably represents a less gravely
ill population.
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