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Abstract

A 59-year-old male presented with a left organized subdural hematoma. The hematoma appeared as a
homogeneous low density area on brain computed tomography and as hyperintense and isointense area
on both fluid-attenuated inversion recovery and T2-weighted magnetic resonance (MR) imaging. Echo-
planar diffusion-weighted MR imaging showed a crescent hyperintense area under the dura mater and
an irregular hypointense area over the brain surface in the left subdural space. The apparent diffusion
coefficient (ADC) values of the solid and liquid hematoma were 0.86± 0.32× 10－3 and 2.56± 0.39×
10－3 mm2/sec, respectively. The ADC value of the solid hematoma was similar to acute subdural or
intraparenchymal hematoma, and that of the liquid was similar to cerebrospinal fluid. Burr-hole
surgery failed to remove all the hematoma, and he complained of persistent headache. The hematoma
was removed through a craniotomy without further neurological deficits. Organized subdural hemato-
ma often requires craniotomy for evacuation because of its solid content. Diffusion-weighted MR
imaging and measurement of ADC values can differentiate solid from liquid hematoma, so are useful
for selection of the surgical procedure.
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Introduction

Burr-hole trepanation is now considered adequate
for the treatment of chronic subdural hematoma
and provides good postoperative outcomes.1,12,13)

However, craniotomy is often necessary for the
evacuation of organized subdural hematoma. There-
fore, the preoperative diagnosis is quite important.
The combination of brain computed tomography
(CT) and magnetic resonance (MR) imaging is useful
to select the therapeutical strategy.5) We recently
reported that diffusion-weighted MR imaging can
differentiate solid from liquid hematoma in the
subacute stage.9) Here, we discuss the usefulness of
diffusion-weighted MR imaging and apparent
diffusion coefficient (ADC) values of the organized
subdural hematoma.

Case Report

A 59-year-old male with a history of diabetes
mellitus presented with headache, transient ischem-
ic attack in the right upper limb, and motor aphasia
occurring two times within 2 days. Brain CT showed
a homogeneous low density area in the left subdural
space with midline shift (Fig. 1 left). The lesion in
the left subdural space was not enhanced by contrast
medium, but the slightly enhanced rim over the left
brain surface suggested the inner membrane of
subdural hematoma (Fig. 1 right). The left subdural
space was appeared as hyperintense and isointense
associated with a trabecular structure on both fluid-
attenuated inversion recovery (FLAIR) (repetition
time [TR]/echo time [TE]/inversion recovery＝
8000/108/2000 msec) and T2-weighted MR imaging
(TR/TE＝ 3000/99.7 msec) using a 1.5-T supercon-
ducting system (Fig. 2). Single-shot echo-planar
diffusion-weighted MR imaging obtained in three
orthogonal motion probing gradients (MPGs)
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Fig. 1 Brain computed tomography scan showing
a homogeneous low density area in the left
subdural space with midline shift (left). The
lesion in the left subdural space was not
enhanced by the contrast medium, but the
enhanced rim over the left brain surface
(right, arrowheads) suggests the inner
membrane of subdural hematoma.

Fig. 2 T2-weighted (left) and fluid-attenuated
inversion recovery magnetic resonance
images (right) showing a homogeneous
hyperintense and isointense area associated
with a trabecular structure.

Fig. 3 Diffusion-weighted magnetic resonance
image (left) showing a crescent hyperintense
area under the dura mater and an irregular
hypointense area over the brain surface in
the left subdural space. The hyperintense
and hypointense areas corresponded to the
hypointense and hyperintense areas on the
apparent diffusion coefficient (ADC)
mapping image (right). The ADC values of
the hyperintense and hypointense areas in
the subdural hematoma, corona radiata,
and lateral ventricle were measured respec-
tively. Circles (30 mm2) indicate the regions
of interest.
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(TR/TE＝ 4800/83.3 msec, field of view 200× 200
mm, slice thickness 8.0 mm with a 2.0 mm gap,
matrix 128× 128 mm, MPG of 14 mT/m, and
maximum b1-factor of 1000 sec/cm2 and minimum
b0-factor of 0 sec/cm2) showed a crescent hyperin-
tense area under the dura mater and an irregular
hypointense area over the brain surface in the left
subdural space (Fig. 3 left). The ADC value was
calculated based on the Stejskal and Tanner
equation, ADC＝ ln(SI1/SI0)/(b0－ b1), where SI0 and
SI1 are the pixel signal intensities acquired from the
diffusion-weighted MR imaging with b0 and b1,

respectively.15) The ADC mapping image was creat-
ed by this calculation on a pixel-by-pixel basis. The
average ADC values of the areas (30 mm2) appearing
as hyperintense and hypointense on the diffusion-
weighted MR imaging in the hematoma were 0.86±
0.32× 10－3 (mean± standard deviation) and
2.56± 0.39× 10－3 mm2/sec, respectively (Signa
Horizon Infinity EXCITE; General Electric Medical
Systems, Tokyo) (Fig. 3 right).

Burr-hole surgery was performed but only about
20 ml of dark brown fluid was aspirated on the day
after admission. The presence of organized tissues
in the left subdural space was confirmed through
the burr hole, so no measurement of intracranial
pressure or subdural drainage was performed.
Although he had no further ischemic neurological
deficits, he complained of persistent headache after
the burr-hole surgery. Therefore, osteoplastic left
frontoparietotemporal craniotomy was performed
17 days after the admission. The dura mater could
easily be separated from the outer membrane. The
outer membrane was oozy and about 3 to 5 mm in
thickness (Fig. 4 left). Gray or yellow-greenish paste-
like materials including some yellowish fluid were
found under the outer membrane (Fig. 4 right). The
paste-like materials and yellowish fluid were totally
evacuated, revealing the thin inner membrane and
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Fig. 4 Operative photographs showing the hematoma was composed of gray or yellow-greenish
paste-like materials including some yellowish fluid (right, arrow) underneath a thick, oozy
outer membrane (left). There was a thin inner membrane (right, asterisk), and the brain
surface was intact.
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normal brain surface.
The postoperative course was uneventful and his

headache disappeared.

Discussion

The MR imaging appearance of chronic subdural
hematoma is usually described as a short T1 and long
T2 pattern, since the extracellular methemoglobin
induces marked shortening of the T1 relaxation time
and prolongation of the T2 relaxation time.4,14) If the
concentration of free methemoglobin is decreased
by dilution, absorption, or degradation, the subdural
hematoma is usually slightly hypointense to isoin-
tense relative to the gray matter on the short TR/TE
images.2)

Organized or partially calcified hematomas ap-
pear as mixed lesions consisting of slightly hypoin-
tense and hyperintense areas on T1-weighted MR
imaging, with heterogeneous web- or net-like ap-
pearances in the hematoma cavities.T2-weighted MR
imaging shows the calcification as characteristic
heterogeneous structures in the hematoma cavity.5)

T1- and T2-weighted MR imaging of the muddy com-
ponent shows hyperintense areas caused by the
presence of free methemoglobin.3) On the other
hand, CT shows organized or partially calcified
hematomas as heterogeneous moderate high den-
sity,5) mixed density with high density inner mar-
gins,3) or inhomogeneous density without a niveau.6)

In our case, the subdural hematoma appeared as a
homogeneous low density area on CT and as a
hyperintense and isointense area associated with a
trabecular structure on both FLAIR and T2-weighted

MR imaging. Unfortunately we did not perform T1-
weighted MR imaging, and so we could not make an
initial preoperative diagnosis of organized subdural
hematoma. The craniotomy subsequent to the initial
burr-hole surgery confirmed that the hematoma
consisted of liquid and solid components.

Retrospectively, preoperative diffusion-weighted
MR imaging and measurement of the ADC value
in the subdural hematoma were useful for dis-
criminating the solid and liquid hematoma in the
subdural space. The gray or yellow-greenish paste-
like materials appeared as hyperintense with an
ADC value of 0.86± 0.32× 10－3 mm2/sec, which is
similar to those of acute subdural hematoma (0.71±
0.21× 10－3 mm2/sec, n＝ 3), acute intracerebral
hematoma (0.58± 0.16× 10－3 mm2/sec),7) and nor-
mal internal capsule and corona radiata (0.60± 0.10
× 10－3 mm2/sec).8) Diffusion-weighted MR imaging
is sensitive to the movement of water molecules,
so any changes in diffusion reflect changes in the
environment of the water molecules.10,11) Organized
hematoma is generally composed of thick, fibrous,
collagenous neomembrane and old thrombosis-like
clot consisting of a large amount of fibrin. Deposits
of calcium, hemosiderin, and cholesterin are present
in the neomembranes and trabeculae.5) Therefore,
the low ADC value of the gray or yellow-greenish
paste-like materials and thick neomembrane may be
due to the heavily impeded water mobility caused by
the high viscosity and cellularity of the hematoma,
rather than any paramagnetic effect. In contrast,
the yellowish fluid appeared as hypointense on
diffusion-weighted MR imaging with an ADC value
of 2.56± 0.39× 10－3 mm2/sec, which is similar to
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that of normal cerebrospinal fluid (2.87± 0.38×
10－3 mm2/sec, n＝ 10). The high ADC value in the
yellowish fluid reflects the random translational
motion of the water molecule, or so-called Brownian
motion.10,11)

Craniotomy is required for the evacuation of or-
ganized and/or calcified chronic subdural hemato-
ma.3,5,6,13) Therefore, the preoperative diagnosis of
organized chronic subdural hematoma is important
for planning the therapeutical strategy. The combi-
nation of diffusion-weighted MR imaging and
measurement of the ADC value can differentiate
solid from liquid components, so may be useful for
the selection of the proper surgical procedure in
cases of chronic subdural hematoma.

References

1) Ernestus RI, Beldzinski P, Lanfermann H, Klug N:
Chronic subdural hematoma: Surgical treatment and
outcome in 104 patients. Surg Neurol 48: 220–225,
1997

2) Fobben ES, Grossman RI, Atlas SW, Hackney DB,
Goldberg HI, Zimmerman RA, Larissa TB: MR
characteristics of subdural hematoma and hygromas
at 1.5T. AJNR Am J Neuroradiol 10: 589–595, 1989

3) Fujioka M, Okuchi K, Miyamoto S, Sakai T, Tsumoda
S, Iwasaki S: Bilateral organized chronic subdural
haematomas: High field magnetic resonance images
and histological considerations. Acta Neurochir
(Wien) 131: 265–269, 1994

4) Hosoda K, Tamaki N, Masumura M, Matsumoto S,
Maeda F: Magnetic resonance images of chronic
subdural hematomas. J Neurosurg 67: 677–683, 1987

5) Imaizumi S, Onuma T, Kameyama M, Naganuma
H: Organized chronic subdural hematoma requiring
craniotomy. Five case reports. Neurol Med Chir
(Tokyo) 41: 19–24, 2001

6) Ishida Y, Kawai S, Maekawa M, Kim YK, Nishitani
M, Hattori Y, Nishilubo Y: [Atypical chronic sub-
dural hematoma requiring craniotomy for treatment.
A report of 3 cases]. CT Kenkyu 9: 585–590, 1987 (Jpn,
with Eng abstract)

7) Kang BK, Na DG, Ryoo JW, Byun HS, Roh HG, Pyeun
YS: Diffusion-weighted MR imaging of intracerebral
hemorrhage. Korean J Radiol 2: 183–191, 2001

8) Kuwahara S, Kawada M, Uga S: Chronic subdural
hematoma with vasogenic edema in the cerebral
hemisphere. Case report. Neurol Med Chir (Tokyo) 41:
196–200, 2001

9) Kuwahara S, Koan Y, Fukuoka M, Miyake H, Ono Y,
Moriki A, Mori K, Mokudai T, Uchida Y, Wada Y:
[Diffusion-weighted imaging of traumatic subacute
subdural hematoma. Report of two cases]. No Shinkei
Geka Sokuho 13: 979–983, 2003 (Jpn, with Eng
abstract)

10) Le Bihan D: Molecular diffusion, tissue microdynam-
ics and microstructure. NMR Biomed 8: 375–386,
1995

11) Le Bihan D, Breton E, Lallemand D, Grenier P,
Cabanis E, Laval-Jeantet M: MR imaging of intravox-
el incoherent motions: application to diffusion and
perfusion in neurologic disorders. Radiology 161:
401–407, 1986

12) Markwalder TM, Steinsiepe KF, Rohner M, Reichen-
bach W, Markwalder H: The course of chronic sub-
dural hematoma after burr-hole craniostomy and
closed-system drainage. J Neurosurg 55: 390–396,
1981

13) Mori K, Maeda M: Surgical treatment of chronic
subdural hematoma in 500 consecutive cases: clinical
characteristics, surgical outcome, complications,
and recurrence rate. Neurol Med Chir (Tokyo) 41:
371–381, 2001

14) Sipponen JT, Sepponen RE, Silvula A: Chronic
subdural hematoma: Demonstration by magnetic
resonance. Radiology 150: 79–85, 1984

15) Stejskal EO, Tanner JE: Spin diffusion measure-
ments: Spin echoes in the presence of a time-depen-
dent field gradient. J Chem Phys 42: 288–292, 1965

Address reprint requests to: S. Kuwahara, M.D.,
Department of Neurosurgery, Kochi Gamma Knife
Center, Mominoki Hospital, 6–1 Tsukanohara, Kochi
780–0952, Japan.


