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Abstract
Background The imaging appearance of neoplastic hematoma can be complicated by the presence of a large hematoma,
even on magnetic resonance imaging (MRI). We describe the role of MR perfusion (MRP) in detecting neoplastic
hematomas in patients with intraparenchymal hematoma (IPH).
Material andMethods A retrospective reviewwas performed for consecutive patients with IPH, whereMRP was performed.
Routine, post-gadolinium MRI and MRP were analyzed. All patients were either operated on for evacuation of IPH or
followed up on imaging. The MRP parameters of cerebral blood volume (CBV) and cerebral blood flow (CBF) and pattern
of enhancement (peripheral linear vs. nodular) were recorded. Sensitivity, specificity, positive (PPV) and negative predictive
values (NPV) were calculated for these parameters for diagnosing neoplastic hematoma.
Results Of 116 patients with MRP, 16 patients (male 8; mean age—65.5 years) had IPH on their initial MRI. For diagnosing
neoplastic hematoma, the sensitivity, specificity, PPV and NPV for increased CBF and CBV were 100%, 88.9%, 87.5%,
and 100%; for peripheral linear enhancement were 100%, 28.6%, 50%, 100% and for nodular enhancement were 85.7%,
77.8%, 75% and 12.5%, respectively. The combination of peripheral linear enhancement and increased CBF and CBV
showed 100% sensitivity, specificity, PPV and NPV.
Conclusion In our small series, the combination of peripheral linear enhancement and increased CBF and CBV showed
100% sensitivity, specificity, PPV and NPV for diagnosing a neoplastic hematoma. These findings need to be validated in
a larger study.

Keywords Neoplastic Hematoma · MRI · Neoplastic hematoma · Magnetic resonance perfusion · Idiopathic
intraparenchymal hematoma

Introduction

Differentiation of a primary or idiopathic intraparenchymal
hematoma (IPH) from a neoplastic hematoma is a common
clinical dilemma. In most cases, the differential diagnosis
is based on imaging and clinical history. Computed tomog-
raphy (CT) scan features favoring neoplastic hematoma in-
clude atypical location, multiple hemorrhagic sites, dispro-
portionate edema, or a nodule along the periphery of the
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hematoma; however, magnetic resonance imaging (MRI),
with its overall superior tissue characterization and spatial
resolution, is considered a better technique [1, 2]. On MRI,
features suggestive of a neoplastic hematoma include mixed
intensity appearance of the hematoma, identification of ab-
normal soft tissue in or adjacent to the IPH and enhance-
ment of this soft tissue. The predictable sequence of T1 and
T2 signal characteristics seen in IPH is often not observed
in neoplastic hematoma. The evolution of T1 hyperintensity
(subacute methemoglobin) from the periphery to the center
is seen in idiopathic IPH, whereas subacute methemoglobin
is known to remain at the periphery for a longer duration
in a neoplastic hematoma. The presence of a discontinu-
ous or irregular hemosiderin rim along with persistent or
increasing edema in the late stage of development is more
consistent with neoplastic hematoma [1, 2].

Although these features may serve as useful guidelines,
they must be interpreted in the context of the overall clin-
ical picture, because they are relatively nonspecific. In
most cases, reliable differentiation of a primary IPH from
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a neoplastic hematoma requires repeated imaging over time.
Most patients may also need a biopsy. The MRI appearance
can be complicated by the presence of a large hematoma
and this is particularly problematic in the subacute phase,
where patchy enhancement of the hematoma itself makes
the detection of neoplastic hematoma extremely difficult.

Perfusion studies have been used for the diagnosis and
characterization of tumors [3–8]. Perfusion imaging has
also been used in lobar hematomas [9]; however, perfusion
has not been used (to our knowledge) in the detection of
underlying malignancy in patients with IPH. The purpose
of our study was to investigate the role of MR perfusion
(MRP) in the detection of underlying malignancy in pa-
tients with IPH.

Materials andMethod

A retrospective review was performed for consecutive pa-
tients who had an MRP done in a 6-month period. The study
was approved by the institutional research ethics board.

Fig. 1 Patient presented with large right frontal hematoma. Head MRI with FLAIR (a), pregadolinium T1 (b) and postgadolinium T1 (c) images
done 3 weeks later showed heterogeneous peripheral and nodular enhancement on postgadolinium T1 image (c). MR perfusion done on the same
day showed increased blood flow (d) and volume (e) at the periphery of the hematoma (arrow). Time-intensity curve (f) confirmed the increase in
the blood volume (with higher area under the curve) compared to the contralateral normal appearance of white matter

Patient selection

All patients with IPH on initial head CT scan with follow-up
MRI of head and MRP, were included in our study. Patients
who underwent MRP for known malignancy were excluded
from the study. All patients were either followed up on
imaging or were operated on for evacuation of IPH. Patients
who underwent surgery had pathological confirmation of
the diagnosis. Patients who did not undergo surgery were
followed up clinically as well as on imaging with contrast-
enhanced MRI.

Image acquisition

The MRI was acquired using 1.5T magnet (Signa, GE,
Boston, MA). The brain tumor MRI protocol in our in-
stitution included axial T2-weighted imaging, fluid-attenu-
ated inversion recovery imaging (FLAIR), isotropic diffu-
sion-weighted imaging (DWI), T2*-weighted images pre-
gadolinium and postgadolinium T1-weighted images and
MRP, which was acquired using a published protocol [7].

K



Diagnosing Neoplastic Hematoma: Role of MR Perfusion 265

Fig. 2 Patient presented with
left parietal hematoma. Head
MRI (a, b) done on day 1
showed no enhancement on
postgadolinium T1 image (b).
The MR perfusion done on the
same day showed increased
blood volume (c) at the periph-
ery of the hematoma (arrow).
Gradient images (d) from MRI
done 8 months later showed
resolution of the hematoma. No
enhancement was shown on any
of the follow up-images

Image analysis

The MRI was analyzed by a fellowship trained neuroradi-
ologist with more than 7 years of experience (JS). Routine
pregadolinium and postgadolinium MRI were evaluated for
evidence of peripheral linear or nodular pattern of enhance-
ment. Relative cerebral blood flow (rCBF) and relative
cerebral blood volume (rCBV) maps of MRP were qualita-
tively analyzed (Figs. 1 and 2). The volume of hematoma
was calculated on the initial diagnostic CT scan using
the a+ b+ c/3 formula on https://www.mdcalc.com/abc2-
formula-intracerebral-hemorrhage-volume.

Statistical analysis

Contingency table analysis with sensitivity, specificity, pos-
itive and negative predictive of rCBF, rCBV, peripheral lin-
ear and nodular pattern of enhancement for diagnosis of
underlying malignancy were performed and a receiver op-
erating characteristic (ROC) curve was generated. Student’s
t test and the χ2-test were done to compare continuous and
categorical variables, respectively, and p value of less than
0.05 was considered significant.

Results

Out of 116 patients with MRP done in the 6-month study
time period, 16 patients (male8; female 8; mean age—65.5

K

https://www.mdcalc.com/abc2-formula-intracerebral-hemorrhage-volume
https://www.mdcalc.com/abc2-formula-intracerebral-hemorrhage-volume


266 J. J. S. Shankar, N. Sinha

Table 1 Description of patients with cerebral hematoma

Patient Age
(years)

Sex Location CBF CBV Peripheral
enhancement

Nodular
enhancement

Follow-up
diagnosis

1 65 M Rt Frontal " " Yes Yes Glioblastoma

2 69 M Lt Temporal N N Yes Yes No tumour

3 50 M Rt Fronto-parietal " " Yes Yes Glioblastoma

4 62 F Lt Temporo-occipital N N Yes Yes No tumour

5 62 F Lt Temporo-occipital N N Yes No No tumour

6 55 M Rt Fronto-parietal " " Yes No Glioblastoma

7 69 F Lt Parietal N N No No No tumour

8 55 M Lt Fronto-parietal N N Yes No No tumour

9 76 M Lt Parietal " " No No No tumour

10 54 M Rt Parietal " " Yes Yes Melanoma

11 66 F Lt Occipital " " Yes Yes Glioblastoma

12 82 F Lt Parieto-temporal " " Yes Yes Glioblastoma

13 54 F Rt Thalamic N N Yes No No Tumour

14 82 F Lt Occipital N N Yes No No Tumour

15 70 F Rt Temporal N N Yes No No Tumour

16 77 M Rt Parietal " " Yes Yes Metastasis

M male, F female, CBF cerebral blood flow, CBV cerebral blood volume, N normal, Rt right, Lt left

years, range 50–82 years) had IPH on initial head CT with-
out known malignancy (Table 1). The mean interval be-
tween patient’s hospital presentation and MR study was
5 days (range 1–21 days), seven patients underwent surgery
and were proven to have neoplastic hematoma (5 glioblas-
toma, 1 melanoma, and 1 metastasis). The other 9 pa-
tients were followed up on imaging which did not demon-
strate any underlying neoplasm. The two groups were sim-
ilar in their age (p= 0.67) and sex (p= 0.13). The average
volume of neoplastic hematoma (27.5ml) was not signifi-
cantly different (p= 0.14) compared to that of non-neoplas-
tic hematoma (12.3ml).

Table 2 shows the sensitivity, specificity, positive (PPV)
and negative predictive values (NPV) for peripheral linear
or nodular enhancement, increased rCBF and rCBV as well
as combination of rCBF and rCBV and peripheral linear en-
hancement for diagnosing neoplastic hematoma. The ROC
curves are seen in Fig. 3.

Table 2 Sensitivity, specificity, positive (PPV) and negative predictive
values (NPV) for peripheral enhancement, nodular enhancement and
increased CBF and CBV on MR perfusion for diagnosing underlying
malignancy in IPH

Peripheral
enhancement

Nodular
enhancement

Increased CBV
and CBF

Sensitivity 100 85.7 100

Specificity 28.6 77.8 88.9

PPV 50 75 87.5

NPV 100 12.5 100

CBF cerebral blood flow, CBV cerebral blood volume

Only one patient (patient number 9) had an increase
in rCBF and rCBV in IPH with no underlying neoplasm
(Fig. 2). Because there was suspicion of underlying neo-
plasm based on MRP findings, this patient had a close
follow-up with MRI and MRP 1 month later. There was
decrease in both rCBF and rCBV on follow-up and the IPH
showed complete resolution with no underlying neoplasm.

Discussion

To our knowledge, this is the first study to report the role
of MRP compared to routine MRI for diagnosing neoplas-
tic hematoma. A neoplastic hematoma needs more urgent
management and will have a different prognosis. Several
features have been described on routine imaging for the di-
agnosis of a neoplastic hematoma [1, 2]. These imaging fea-
tures are complicated by the enhancement of the IPH in the
subacute phase. Increased rCBF and rCBV on MRP had the
highest sensitivity, specificity, PPV and NPV for diagnos-
ing a neoplastic hematoma. Peripheral linear enhancement
by itself had lower specificity and PPV. The combination
of peripheral linear enhancement and increased rCBF and
rCBV had 100% sensitivity, specificity, PPV and NPV for
diagnosing a neoplastic hematoma (Fig. 3).

Increased rCBF and rCBV was falsely positive in only
one patient (Fig. 2) and we could not find any definitive
reason for this. All other patients with neoplastic hematoma
showed enhancement on the postcontrast study. Location of
the IPH in this patient over the convexity of brain may have
resulted in volume averaging with adjacent vessels resulting
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Fig. 3 ROC curve of peripheral
linear enhancement, nodular
enhancement, increased cerebral
blood flow (CBF) and cerebral
blood volume (CBV) and com-
bination of increased CBF and
CBV with peripheral enhance-
ment for diagnosing neoplastic
hematoma

in increased rCBF and rCBV. Another possibility could be
an underlying vascular malformation that was obliterated
after hemorrhage or a postictal phenomenon; however, we
did not see any enhancement or vascular malformation on
the initial or follow-up images.

The usual causes of neoplastic hematoma are high-
grade gliomas and metastases, such as renal, thyroid and
melanomas [2]. Perfusion imaging has been very useful in
identifying the neoplastic lesions from other pathologies
and has also been used to differentiate higher grade tu-
mors from lower grade tumors [3–7]. Our study is the first
to suggest that MRP may help in diagnosing neoplastic
hematoma.

Most patients with IPH routinely undergo postcontrast
MRI. We recommend that MRP can be performed by ad-
ministering the same volume of gadolinium in these pa-
tients. Acquisition and postprocessing of MRP adds ap-
proximately 5min of MR time. TheMRP software is widely
available in most of the academic and private settings. In-
corporating MRP into the MRI protocol will increase the
sensitivity and specificity as well as increase the PPV and
NPV in diagnosing underlying malignancy in patients with
IPH. If MRP is not available, similar information can be
obtained from CT perfusion (CTP) [10]; however, minor
drawbacks of CTP for this indication include an additional
study, injection of iodinated contrast and a small dose of
radiation.

Limitations

This is a retrospective study of a small number of patients
with a single reader; however, this study generates an im-
portant hypothesis for the use of perfusion in diagnosing
underlying malignant causes of IPH. An additional limita-
tion is that our study did not include patients with under-
lying vascular malformations and MRP must also be tested

for the identification of vascular causes of IPH. We also did
not do any quantitative analyses. Since we wanted to make
this a practical tool and qualitative analysis of MRP by itself
showed very high diagnostic value. We plan a prospective
larger study in patients with IPH, where we plan to perform
quantitative as well as qualitative analysis with inter-rater
reliability.

Conclusion

In our small series, MRP appears to be an important addi-
tional tool for diagnosing neoplastic hematoma as it showed
very high sensitivity and specificity as well as PPV and
NPV. This important finding needs to be tested in a larger
study.
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