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Objective : Diffusion-weighted magnetic resonance imaging (DW-MRI) has proven useful in the study of the natural history
of ischemic stroke. However, the potential of DW-MRI for the evaluation of chronic subdural hematoma (CSDH) has not been
established. In this study, we investigated DW-MRI findings of CSDH and evaluated the impact of the image findings on
postoperative outcomes of CSDH.

Methods : We studied 131 CSDH patients who had undergone single burr hole drainage surgery. The images of the subdural
hematomas on preoperative DW-MRI and computed tomography (CT) were divided into three groups based on their signal intensity
and density : 1) homogeneous (iso or low) density on CT and homogeneous low signal intensity on DW-MRI; 2) homogeneous (iso
or low) density on CT and mixed signal intensity on DW-MRI; and 3) heterogeneous density on CT and mixed signal intensity on
DW-MRI. On the basis of postoperative CT, we also divided the patients into 3 groups of surgical outcomes according to residual
hematoma and mass effect.

Results : Analysis showed statistically significant differences in surgical (A to B : p<0.001, A to C : p<0.001, B to C: p=0.129) and
functional (A to B: p=0.039, A to C: p<0.001, B to C: p=0.108) outcomes and treatment failure rates (A to B : p=0.037, Ato C: p=0.03,
B to C: p=T1) between the study groups. In particular, group B and group C showed worse outcomes and higher treatment failure
rates than group A.

Conclusion : CSDH with homogeneous density on CT was characterized by signal intensity on DW-MRI. In CSDH patients,
performing DW-MRI as well as CT helps to predict postoperative treatment failure or complications.

Key Words : Hematoma, Subdural, Chronic - Diffusion magnetic resonance imaging.

*Received : June 22,2016 e« Revised : December 1,2016 eAccepted : March 3, 2017

* Address for reprints : Jong-1l Choi, M.D, Ph.D.
Department of Neurosurgery, Hallym University Kangnam Sacred Heart Hospital, 1 Singil-ro, Yeongdeungpo-gu, Seoul 07441, Korea
Tel : +82-2-829-5179, Fax : +82-2-829-0219, E-mail : thithd@korea.ac kr

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2018 The Korean Neurosurgical Society 97


mailto:thlthd@korea.ac.kr

J Korean Neurosurg Soc 61 | January 2018

INTRODUCTION

Chronic subdural hematoma (CSDH) is a common intra-
cranial hemorrhagic disease and is relatively more prevalent in
geriatric patients"'”. Clinical presentations in CSDH patients
generally include headache, dysarthria, and hemiparesis,
which are similar to symptoms of cerebral infarction™”. Al-
though there is occasionally no obvious history, 60—80% of
cases of CSDH are due to head trauma®"”. Therefore, in pa-
tients without a history of trauma, clinical symptoms alone
may be difficult to differentiate between CSDH and cerebral
ischemic stroke. Diffusion-weighted magnetic resonance im-
aging (DW-MRI) has proven useful in the study of the natural
history of ischemic stroke and is currently a promising tech-
nique for the early detection of cerebral infarction in routine
clinical practice*"”. Consequently, many CSDH patients un-
dergo DW-MRI as the first diagnostic imaging study because
of the need to differentiate between CSDH and cerebral in-
farction, and several cases have been confirmed to be CSDH
using DW-MRI.

Some institutions treat CSDH based on computed tomog-
raphy (CT) findings, and there are several reports of treatment
outcomes associated with features of hematoma on CT***.
However, there are few studies of treatment outcomes related
to signal intensity of hematoma on DW-MRI. CT scan re-
mains the most important imaging method in the initial eval-
uation of CSDHs'". It is a faster, cheaper and more available
technique than DW-MRI. However, DW-MRI provides more
precise localization and determination of the extent of hema-
toma and its mass effect on adjacent structures’. DW-MRI is
more advantageous in the case of isodense and heterodence
CSDHs on CT scans™*”. CT and DW-MRI of CSDHs detect
various patterns, which can be attributed to many factors in-
cluding the age of the hematoma, the presence of rebleeding
and the hematocrit status of the patient.

The purpose of this study is to predict the course and prog-
nosis of treatment in patients with CSDH through DW-MRI.
We reviewed preoperative DW-MRI, CT, and postoperative
CT images in 131 patients with CSDH who underwent burr
hole drainage surgery at a single medical center. We divided
these patients into three groups based on the signal intensity
on DW-MRI and features of hematoma on CT and investigat-
ed treatment outcomes in each group to determine the clinical
significance of DW-MRI in CSDH patients.
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MATERIALS AND METHODS

We studied 131 consecutive patients with CSDH at our in-
stitution from January 2012 to June 2015, and who had re-
ceived single burr-hole drainage surgery. CSDH was defined
as the radiographic finding of a subdural fluid collection sur-
rounded by a typical neomembrane that contained dark red

4,6,9,11,12 . . .
. Diagnosis was confirmed by

or brown liquid blood
preoperative CT and DW-MRI in all patients. We performed
DW-MRI after a CT scan for those patients with proven his-
tory of head trauma within 3 months and who showed neuro-
logic deficits such as headache, dysarthria and hemiparesis.
For those without any trauma history, we performed DW-
MRI first, then followed by CT scan on the day of, or 1 day
prior to surgery.

Preoperative DW-MRI was performed on admission using
a 3.0-T superconducting system (3T Achieva X-series; Philips
Healthcare, Best, The Netherlands). Single-shot echo-planar
DW-MRI was obtained in three orthogonal motion probing
gradients (repetition time/echo time=9800/76 ms, field of
view 220X220 mm, slice thickness 3 mm with a 1 mm gap,
matrix 174xX174 mm, MPG of 1 mT/m, and maximum b-fac-
tor of 1000 s/cm”). Postoperative CT was obtained at 1, 4, and
8 weeks, and 6 months after surgery.

All patients underwent a single burr hole procedure under

general anesthesia. A burr hole trephination was placed over

Fig. 1. Appearance of subdural hematomas on diffusion-weighted
magnetic resonance imaging (DW-MRI) and preoperative computed
tomography (CT). A : Homogeneous density on CT and homogeneous
signal intensity on DW-MRI. B : Homogeneous density on CT and mixed
signal intensity on DW-MRI. C : Heterogeneous density on CT and mixed
signal intensity on DW-MRI.



the maximum thickness of the hematoma, usually at the pari-
etal eminence of the parietal bone. Dura and outer pseudo-
membranes were opened in a cruciate fashion. The hematoma
was removed by rinsing with warm saline and gentle aspira-
tion, and the cavity was irrigated and filled with sterile saline.
A closed drainage system with a silicone catheter was left in
the subdural space for 2 or 3 days™*”.

The radiologic characteristics of the subdural hematomas
on preoperative CT and DW-MRI were divided into three
groups by two neurosurgeons in our institution, based on
their density and signal intensity : 1) homogeneous (iso or low)
density on CT and homogeneous low signal intensity on DW-
MRI; 2) homogeneous (iso or low) density on CT and mixed
signal intensity on DW-MRI; and 3) heterogeneous density on
CT and mixed signal intensity on DW-MRI (Fig. 1). Two neu-
rosurgeons assessed imaging findings of CT and DW-MRI in-
dependently without being influenced by each other. If the
image classification of the two neurosurgeons did not match,
we reviewed and discussed the image together to derive the
agreed classification.

The results of surgical outcomes and functional prognosis
were evaluated and compared using methods from previous

+ 1,6,14,19
studies

). The pre- and postoperative (follow-up period of
6 months) hematoma thickness was measured using CT to
calculate the brain expansion rate as : (preoperative hematoma
thickness—postoperative hematoma thickness)/preoperative
hematoma thicknessx100 (%). Surgical outcome was defined
by the degree of brain expansion as good (>80%), partial (50—
80%), or none (<50%)"™"”. Good functional prognosis was de-
fined using a modified Rankin Scale (mRS) of 0-2, while poor

functional prognosis was graded as 3—6, after 3 months'*'"”.

Table 1. Baseline characteristics of groups in this study
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Treatment failure was defined as the occurrence of symptoms
and signs attributable to an ipsilateral hematoma seen on CT
within the follow-up period of 6 months*™*".

Statistical analyses were performed using the Statistical
Package for the Social Sciences version 18.0 for Windows
(SPSS Inc., Chicago, IL, USA). Chi-squared test and Fisher’s
exact test were used to assess the postoperative outcomes and
treatment failure, and to compare the groups in this study.
Differences were considered significant at p values of less than

or equal to 0.05.

RESULTS

Baseline characteristics of CSDH patients

A total of 131 patients were enrolled in this study, with 58,
30, and 43 patients in groups A, B, and C, respectively. The
mean age of all patients was 68£17 years and the mean age in
groups A, B, and C was 70£14 years, 64120 years, and 68+16
years. Of 131 cases, 85 were male (64.9%) and 46 were female
(35.1%), with a patient sex distribution as follows : group A, 37
males and 15 females; group B, 22 males and 13 females; and
group C, 26 males and 18 females. Fifty-one of the patients
(38.9%) had a history of hypertension, 35 (26.7%) had diabetes
mellitus, and 35 (26.7%) were on antiplatelet or anticoagulant
drugs; 41.4%, 26.7%, and 44.2% of patients in groups A, B,
and C had been treated for hypertension, and 22.4%, 33.3%,
and 27.9% for diabetes mellitus, respectively. Antiplatelet or
anticoagulant drugs were taken by 22.4%, 30.0%, and 30.2%
of patients in groups A, B, and C, respectively. There was a
definite history of head trauma in 71 cases (54.2%); 51.7%,

Factor Overall patients Group A Group B Group C p-value
No. of patients 131 58 30 43
Mean age (years) 68 70 64 68 0.488
Sex 0431
Male 85 37 22 26
Female 46 15 13 18
Hypertension 51 24 8 19 0.863
Diabetes mellitus 35 13 10 12 0497
History of trauma 71 30 20 21 0.861
Antiplatelet or anticoagulant drug 35 13 9 13 0.365
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Table 4. Statistical comparisons between groups

p-value
O Swgieal  Puncionl reatment filure
AtoB <0.007 0.037
AtoC <0.001 <0.001 0.03
BtoC 0129 0.108 1.000

Fig. 2. Postoperative computed tomography of each group in this study.
A :Favorable surgical outcomes. B and C: Poor surgical outcomes.

66.7%, and 48.8% of patients in groups A, B, and C had a his-
tory of trauma.

No statistical difference between groups was noted regard-
ing baseline characteristics such as age, sex, and history of hy-
pertension, diabetes mellitus, trauma, or use of antiplatelet or

anticoagulant drugs (Table 1).

Treatment failure

The rate of treatment failure was 8.4% (7 of 131) after the
first burr hole operation for CSDH (Table 2). Treatment fail-
ures in groups A, B, and C were reported as 0 (0.0%), 3
(10.0%), and 4 (9.3%), respectively. Statistical evaluation of
treatment failure rates showed a significant difference between
groups A and B and groups A and C (p=0.037 and p=0.03, re-
spectively), but there was no difference between groups B and
C (p=1) (Tables 3 and 4).
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Analysis of surgical outcome for brain expansion

Analysis of surgical outcomes was performed in 131 pa-
tients; 58 patients (44.2%) had a good outcome, 46 (35.1%)
had a partial outcome, and 27 (20.6%) had none. In group A,
44 patients (75.9%) had a good outcome, 11 (19.0%) had a par-
tial outcome, and 3 (5.2%) had none. In group B, 11 (36.7%)
had a good outcome, 9 (30.0%) had a partial outcome, and 10
(33.3%) had none. In group C, 3 (7.0%) had a good outcome,
26 (60.4%) had a partial outcome, and 14 (32.6%) had none.
Statistical comparison of surgical outcomes showed a signifi-
cant difference between groups A and B and groups A and C
(p<0.001 for both comparisons). However, there was no statis-
tically significant difference between groups B and C
(p=0.129). Thus, groups B and C had poorer surgical out-
comes than group A (Tables 3 and 4). Fig. 2 shows the postop-
erative CT results for each group.

Functional outcome

Opverall, 37 patients (28.2%) had poor functional outcomes.
In group A, 51 patients (88.0%) had a good functional out-
come and 7 (12.1%) had a poor outcome. In group B, 21 pa-
tients (70.0%) had a good outcome and 9 (30.0%) had a poor
outcome. In group C, 22 patients (51.2%) had a good outcome
and 21 (48.8%) had a poor outcome. Statistical comparison of
functional outcomes showed a significant difference between
groups A and B and groups A and C (p=0.039 and p<0.001,
respectively), but there was no significant difference between
groups B and C (p=0.108). Therefore, groups B and C had
poorer functional outcomes than group A, similar to the re-
sults for surgical outcome and treatment failure rates (Tables 3
and 4).

DISCUSSION

CT for CSDH

CT is useful for predicting CSDH outcome in several ways.
CT is considered the most important diagnostic tool for

CSDH, although conventional MRI has superior image quali-

4,6,16

ty
with homogeneous density are less likely to recur and hemato-

) In previous studies, it was reported that hematomas

mas with heterogeneous density have a greater likelihood of

1,4,9,13,19,24,

treatment failure . Moreover, it has been reported that
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Table 5. Outcome based on CT or DW-MRI only

Surgical outcome

Functional prognosis (mRS) Treatment failure

No. of (% of brain expansion rate)
patients  Good Partial None Good
(>80%)  (50-80%)  (<50%) p-value 0-2) Poor (3-6) p-value Yes  None p-value

Density on CT

Homogeneous 88 55 20 13 0.506 72 16 <0.001 3 85 0.095

Heterogeneous 43 3 26 14 22 21 4 39

Total 131 58 46 27 94 37 7 124
Signal intensity

on DW-MRI

Homogeneous 58 44 1 3 <0.001 51 7 0.002 0 58 0.017

Mixed 73 14 35 24 43 30 7 66

Total 131 58 46 27 94 37 7 124

CT : computed tomography, DW-MRI : diffusion-weighted magnetic resonance imaging, mRS : modified Rankin Scale

layering and mixed-density hematoma types have a marked
tendency to rebleed, and that mixed- and high-density he-
matomas showed recent bleeding™*"**". The incidence of
CSDH recurrence in the high- and mixed-density groups
was significantly higher than that in the low- and iso-density
groups ™" However, it was not possible to precisely pre-
dict treatment failure or postoperative outcomes based on
preoperative CT findings alone, because the classification of
CT findings can be subjective.

In our study, the treatment failure rate in the heterogeneous
density group (9.3%) based on preoperative CT scans was
higher than that in the homogenous density group (3.4%).
However, other than for functional outcome, there was no
statistically significant difference between the two groups.
The prediction of outcomes and treatment failure rates based
on preoperative CT did not reflect the true treatment failure
rates and postoperative surgical and functional outcomes in
CSDH (Table 5).

DW-MRI for CSDH

DW-MRI is based on the movement of water molecules,
and some changes in DW-MRI are indicative of changes in the
water molecules™”. Structured hematomas usually involve
thick, fibrous, collagenous membranes and blood clots. Calci-
um, hemosiderin, and cholesterol accumulate in the mem-
branes and trabeculae. In contrast, the liquid component ap-
pears as low signal intensity on DW-MRI, similar to that of
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normal cerebrospinal fluid™*'"?. Further subdivided by appar-
ent diffusion coefficient (ADC) value, DW-MRI shows the
liquid component of a subdural hematoma as low intensity,
with a higher ADC value than the solid component, and the
brain tissue as high intensity”'”". The ADC values of low-in-
tensity areas on DW-MRI reflect a combination of cerebrospi-
nal fluid and extracellular methemoglobin from the blood
clot™". The high-intensity areas in a subacute hematoma on
DW-MRI are believed to mainly consist of extracellular met-
hemoglobin'”. The low-intensity areas also match the high-in-
tensity areas on conventional MRI (T1- and T2-weighted im-
aging)”""*”. The low-intensity areas, based on ADC values, are
considered to represent fluid containing extracellular methe-
moglobin, and are influenced by molecular water diffusion. A
subdural hyperintense band on DW-MRI is considered to re-
flect comparatively recent hemorrhage from the outer mem-
brane, and the ADC value of the hyperintense band is close to
that reported for intracellular and/or extracellular methemo-
globin™"". The subdural hyperintense band on DW-MRI is
conspicuous, in contrast to adjacent normal tissues, because
the liquid components in CSDH appear with low intensity,
and the dura mater appears with iso- and/or low intensity™""".
Consequently, a mixed signal intensity area and hyperintense
band on DW-MRI indicate that CSDH has a solid component
or relatively fresh bleeding.

In our study, the postoperative outcomes and treatment
failure rates of cases with mixed signal intensity were signifi-

cantly different from those of the homogeneous type (Table 5).



Several studies have shown that the type of signal intensity in
DW-MRI is correlated with the risk of rebleeding”>'*""'"**”.

Moreover, in some cases, CSDH with homogeneous density
on CT shows mixed signal intensity on DW-MRI. Treatment
failure rates in these cases are similar to those in cases of het-
erogeneous density on CT and mixed signal intensity on DW-
MRI (Table 3). This may indicate that burr hole surgery for
CSDH requires preoperative DW-MRI to predict the risk of
treatment failure and postoperative outcomes.

The benefits of conventional MRI versus CT in the evalua-
tion of CSDH have already been outlined, especially in cases
with homogeneous density on CT*". However, the longer time
to acquire results and the higher cost are some of the advan-
tages of conventional MRI*'"**”. DW-MRI and measurement
of ADC values in CSDH were useful for rapid identification of

solid and liquid hematomas in the subdural space'*"”.

Other risk factors

Previous studies did not show a difference in treatment fail-
ure rates between male patients and female patients with
CSDH""'*** but older patients had a higher risk of treatment

4,9,14,16,24

failure . There are few studies in the literature regarding

the risk of high treatment failure rates in CSDH patients with

M7 Diabetic patients have capillary vasculop-

hypertension
athy, and there is a significant capillary network on the outer
membrane in CSDH"*""*. Consequently, the vasculopathy
may lead to hematoma recurrence.

Other studies have reported that trauma is the most impor-
tant factor in CSDH, with a greater likelihood of recurrence in
patients with a history of trauma**'"**. Moreover, the use of
antiplatelet and anticoagulant drugs is strongly related to the
occurrence and recurrence of CSDH**'""*",

There are several limitations of the current study. First, the
number of patients was small. Second, this was a retrospective
study and is therefore subject to potential sources of selection

bias, in addition, there was no control group.

CONCLUSION

In this study, we divided patients into three groups, based
on DW-MRI and CT findings, with the following results.
CSDH with homogeneous density on CT showed mixed signal

intensity on DW-MRI in some cases. In mixed signal intensity

DW-MRI for Chronic Subdural Hematomas | Lee SH, et al.

types of DW-MR], treatment failure and poor outcome rates
in CSDH were increased. Thus, in CSDH patients, performing
DW-MRI helped to detect cerebral infarction at an early stage
and predict postoperative treatment failure or outcome. Com-
pared with conventional MRI, DW-MRI also had advantages

with regard to the cost and time required to obtain results.

PATIENT CONSENT

The patient provided written informed consent for the pub-

lication and the use of their images.
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