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Introduction

Chronic subdural hematoma (CSDH) is a relatively com-
mon disease encountered in neurosurgical practice, occurring 
at a rate of 1-2 per 100,000/year. With advanced imaging 

technologies, such as computed tomography (CT) and mag-
netic resonance image (MRI), many studies have been con-
ducted to understand the pathophysiological mechanisms, 
progress, recurrence, and predisposing factors for CSDH, but 
pathogenesis remains controversial.10) Known risk factors for 
CSDH are trauma, old age, alcohol addiction, epilepsy, a 
blood coagulation disorder, anticoagulant use, brain atrophy, 
and subdural hygroma. Brain atrophy and subdural hygroma 
expand the subdural space, which increases the frequency of 
CSDH occurrence. However, studies analyzing the degree of 
subdural space expansion and its association with the fre-
quency of CSDH are insufficient. In particular, almost no 
studies have quantified volume of the subdural space and the 
risk for CSDH. Therefore, in this study, we measured subdu-
ral space volume in patients diagnosed with CSDH after head 
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trauma on subsequent CT scans using a volumetric measure-
ment method and investigated the effects of the subdural 
space on the occurrence of CSDH. 

Materials and Methods

A total of 1,186 patients visited the emergency room and 
outpatient clinic at our hospital after head injury from Janu-
ary 2010 to December 2014. Patients, who had undergone 
surgery for CSDH in time of visiting the hospital (n=179), 
patients in whom surgery was performed within 7 days due 
to hemorrhage aggravation (n=62) and patients with initial 
Glasgow Coma Scale (GCS) score ＜12 points (n=73) were 
excluded from the study. A retrospective study was carried 
out on 872 patients. Among the 872 patients, CSDH necessi-
tating surgical treatment was identified in 51 patients (CSDH 
group). Age and sex matched 50 patients were selected as a 
control group among the 821 patients using the randomiza-
tion function in the Excel program to minimize the effects of 
other risk factors except subdural space volume, and a com-
parative analysis was performed on 101 patients. 

Intracranial volume (ICV), and cerebral hemisphere and 
subdural spaces were measured using sequential volume 
mapping in the Gamma-Plan program ver. 10.1 (Elekta In-
struments AB, Stockholm, Sweden). Infra-tentorial volume 
was excluded. Two neurosurgery residents and one neuro-ra-
diologist measured cross-sectional volume on CT scans per-
formed on patients during hospitalization without any pre-

liminary information on the patient, and the mean of each 
measured value was calculated. To reflect differences in ICV 
between patients, ratios between ICV and the brain and sub-
dural space volume were measured, and were respectively 
designated as the brain volume index (BVI) and subdural 
volume index (SVI). In addition, receiver operating charac-
teristic (ROC) curve analysis was conducted to evaluate utili-
ty and cut-off value between the two indices. Three apprais-
ers analyzed the initial CT scans of all patients, and maximum 
depth of the subdural space was measured on both sides as an 
indirect measure of subdural space volume. The larger of the 
two measured values was called unilateral subdural depth, 
and the sum of subdural space depth on both sides was called 
bilateral subdural depth. 

Statistical analysis was carried out with SPSS version 20.0 
for Windows software (SPSS Inc., Chicago, IL, USA). The t-
test and chi-square test were utilized, and a p-value ＜0.05 was 
considered significant.

Results

The mean age of all participants was 64.8 years (range, 17 
to 87 years). Mean ages of the control and CSDH groups were 
63.1 and 66.6 years, respectively (p=0.205). There were 36 
male patients and 14 female patients in the control group, and 
38 male patients and 13 female patients in the CSDH patient 
group (p=0.776). Mean GCS scores at the first visit were 14.3 
and 14.7 in the control and CSDH groups, respectively. No 

TABLE 1. Summary of risk factors between control and CSDH groups

Factors Control group (%) CSDH (%) p value
Total patients 50 51
Age (years) 63.1 66.6 0.205

Gender 0.776

M 36 38
F 14 13

Admission Glasgow Coma Score 14.3 14.7 0.320
Past medical history

Diabetes mellitus 8 (16.0) 12 (23.5) 0.342
Hypertension 26 (52.0) 28 (54.9) 0.770
Cerebral infarction 9 (18.0) 13 (25.5) 0.362
Cardiac disease 10 (20.0) 11 (21.6) 0.846
Hematologic disease 2 (4.0) 1 (2.0) 0.546

Antithrombotic agent 17 22
Aspirin, clopidogrel, etc. 14 18 0.431
Warfarin 3 4 0.715

Social history
Heavy smoker 8 5 0.134
Heavy alcoholics 5 3 0.692

CSDH: chronic subdural hematoma
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differences in known risk factors or medication and social his-
tory were observed between the two groups (Table 1).

Mean ICV in the control group was 1,297.5 mL, and that 
in the CSDH group was 1,301.7 mL. Mean cerebral hemi-
sphere volumes were 1,213.2 mL and 1,174.5 mL in the con-
trol and CSDH groups, respectively. No differences in intra-
cranial or cerebral volume were detected between two 
groups. However, the BVI was significantly different be-
tween two groups (93.6% vs. 90.9%, p=0.003) (Table 2). 
When the BVI was divided into 3% intervals, a significant 
result was observed between SVI and occurrence of CSDH 
(Table 3). Cut-off value of BVI was 94.8% (sensitivity, 82.9% 

and specificity, 47.8%), and the area under the curve (AUC) 
was 68.1% (poor) (Figure 1).

Unlike brain hemispheric volume, subdural space volume 
differed between two groups (50.9 mL vs. 75.4 mL) (p= 

0.021). The mean SVI was 4.3% in the control group and 
6.1% in the CSDH group (p=0.001). When the SVI was di-
vided into 2.5% intervals, a significant result was observed 
between the SVI and the occurrence of CSDH (Table 3). Cut-
off value of SVI was 6.6% (sensitivity, 37.2% and specificity, 
86%), and the AUC was 77.3% (fair) (Figure 1). Among the 
overall patient characteristics, age and the SVI were moder-
ately positively correlated (R=0.57, p＜0.0001), and coeffi-

TABLE 3. Brain volume index and subdural volume index between control and CSDH groups

Total=50 Control group [total=50 (n)] CSDH group [total=51 (n)] p value
Brain volume index (%) 0.045

90≤ 7 18
90-93 11 12
93-96 15 11
96＜ 13 6

Subdural volume index (%) 0.038
≤2.5% 18 10
2.5-5% 20 17
5%＜ 12 24

CSDH: chronic subdural hematoma

TABLE 2. Volume and subdural depth measurements between control and CSDH groups

Control group CSDH group p value
Intracranial volume (mL) 0.082

Mean 1,297.5 1,301.7
Min/max 1,080.4/1,568.2 1,049.4/1,561.7

Brain volume (mL) 0.138
Mean 1,213.1 1,174.5
Min/max 986.7/1,542.6 886.4/1,401.9

Brain volume index* (%) 0.003
Mean 93.6 90.9
Min/max 76.9/98.5 81.7/98.8

Subdural volume (mL) 0.021
Mean 50.9 75.4
Min/max 1.9/207.7 8.8/248.7

Subdural volume index† (%) 0.001
Mean 4.3 6.1
Min/max 0.1/14.1 1.3/17.9

Unilateral subdural depth‡ (mm) ＜0.0001
Mean 2.8 5.3
Min/max 0/7 0/12.4

Bilateral subdural depth§ (mm) ＜0.0001
Mean 4.8 9.3
Min/max 0/11.9 0/24.2

*brain volume/intracranial volume ×100%, †subdural volume/intracranial volume ×100%, ‡maximum depth of subdural space 
in both side, §sum of maximum depth of subdural space in both side. CSDH: chronic subdural hematoma 
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cient of determination was 56.8% (Figure 2).
Mean unilateral subdural depth was 2.8 mm in the control 

group and 5.3 mm in the CSDH group. Mean bilateral sub-
dural depth was 4.8 mm in the control group and 9.3 mm in 
the CSDH group (p＜0.0001, p＜0.0001) (Table 2). When uni-
lateral subdural depth was divided into 2 mm intervals and 
the bilateral subdural depth was divided into 3 mm intervals, 

significantly different results were seen between each group 
and the occurrence of CSDH (Table 4). Cut-off value of the 
unilateral subdural depth in the CSDH group was 4.5 mm, 
and cut-off value of the bilateral subdural depth in the CSDH 
group was 6.2 mm. The AUC values were 67% and 77.2%, 
respectively. The unilateral and bilateral subdural space depth 
values were moderately correlated with the SVI (R=0.68, 
R=0.72, p＜0.0001), and the coefficient of determination was 
R2=0.47 for unilateral and R2=0.52 for bilateral subdural 
depth, respectively. 

Discussion

Approximately one-third of patients with CSDH have a 

FIGURE 1. Relationship between the subdural volume index 
(SVI) and brain volume index (BVI) in the control and chronic 
subdural hematoma (CSDH) groups. Cumulative distribution of 
BVI and SVI between the control and CSDH groups. The cut-
off value of SVI was 6.6% (sensitivity, 37.2% and specificity, 
86%) with area under the curve (AUC) of 77.3%. The cut-off 
value of BVI was 94.8% (sensitivity, 82.9% and specificity, 
47.8%) with AUC of 68.1%. Note that CSDH group was mark-
edly higher than SVI and BVI cut-off values. 
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FIGURE 2. Relation between the subdural volume index (SVI) 
and bilateral subdural depth. The relationship between the SVI 
and bilateral subdural depth. The correlation coefficient was 
0.72 (p＜0.0001), indicating that the SVI increases as bilateral 
subdural depth increases.

TABLE 4. Unilateral and bilateral subdural depth between con-
trol and CSDH groups

Control group 
[total=50 (n)]

CSDH group 
[total=51 (n)]

p value

Unilateral subdural 
depth* (mm)

＜0.0001

≤2 17 5
2-4 19 13
4＜ 14 33

Bilateral subdural 
depth† (mm)

＜0.0001

≤3 16 5
3-6 13 8
6-9 14 13
9＜ 7 25

*maximum depth of subdural space in both side, †sum of 
maximum depth of subdural space in both side. CSDH: chron-
ic subdural hematoma
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history of minor trauma, and risk factors other than brain at-
rophy and subdural hygroma are old age, chronic alcohol ad-
diction, blood coagulation disorders, anticoagulant use, and 
epilepsy.2,3) In this study, 50 age and sex-matched patients 
were randomly selected as the control group to reduce the ef-
fect of other factors on CSDH except subdural space volume. 
Thus, the baseline clinical characteristics were not different 
between the two groups, which can be considered appropri-
ate random sampling. As a result of age and gender matched 
random sampling, baseline clinical characteristics were not 
different between two groups, and this can be considered as 
performance of random sampling in an appropriate manner.

With various methods for the brain volumetric analysis us-
ing CT and MRI, many international studies have been con-
ducted on the brain atrophy caused by alcoholism or Al-
zheimer’s disease, and other aging phenomena.5,7) In domestic 
studies, image analysis of brain atrophy was mainly evaluat-
ed by the cross-sectional image or using simple distance 
measuring method, however, few studies have measured the 
brain volume to assess the CSDH or identify the level of pro-
gression.

Ge et al.5) studied changes in brain volume according to age 
in 54 adults by MRI, and reported that brain volume was 
1,071.4 mL in a group with mean age of 67 years (≤50 years), 
and 1,217.7 mL in a group with mean age of 32 years (＜50 
years). In our study, mean brain volume of 101 patients was 
1,178.2 mL, 1,193.6 mL for those 50 years or higher, and 
1,268.1 mL in those less than 50 years. As head sizes differed 
in each individual patient, it was difficult to determine the ac-
tual level of brain atrophy using only brain hemispheric vol-
ume. Therefore, we compared the BVI between 2 groups; 
90.9% of CSDH group and 93.6% of control group with sta-
tistical significance (p=0.003) (Table 2).

Post-traumatic subdural fluid collection is observed in 6% 
of thses patients, and is known to expand the subdural space 
and accelerate formation of an outer membrane in the subdu-
ral space.4,9) This outer membrane forms new internal capil-
laries and sinusoidal blood vessels that easily penetrate the 
plasma component to increase the subdural space.8) In addi-
tion, repetitive bleeding occurs along with regression of cap-
illary endotheliocyte, which precedes CSDH.4,10) We found 
that subdural space volume was larger in the CSDH group 
than in the control group. We conducted comparative analy-
sis of SVI to reflect individual head size, and detected differ-
ence between CSDH group and the control group.

In this study, ROC curve was used to assess the utility and 
cut-off value of BVI and SVI. As a result, SVI was a better 
measure to reflect occurrence of CSDH. Considering the sen-
sitivity and the specificity of BVI and SVI, brain atrophy ex-

pands the subdural space but actual occurrence of CSDH re-
quires more than specific level of subdural space expansion.

Measuring brain and subdural space volumes increases 
time and effort consumption realistically, and requires a com-
plex process, therefore, it is difficult to be applied to all pa-
tients during an actual clinical trial. Ambarki et al.1) volumet-
rically analyzed brain atrophy and brain volume changes by 
MRI and compared traditional linear measures such as the 
Evans index (EI) and frontal and occipital horn ratio (FOHR). 
Both EI and FOHR showed strong quantitative linear rela-
tionships, but the prediction interval was too large, and it was 
difficult to reflect brain volume and atrophy using only a tra-
ditional linear measures. Gebel et al.6) applied the existing 
ABC/2 formula to patients with subdural hemorrhage, indi-
rectly measured intracerebral hemorrhage volume, and com-
pared it with a volumetric analytical value. They reported 
that the modified ABC/2 formula had a very high quantitative 
linear relationship with actual volume. In this study, the max-
imum depths of both the subdural spaces were measured to 
indirectly reflect the SVI, and both showed moderate linear 
relationship with the SVI in a simple correlation analysis. 
However, it was possible to moderately predict (fair grade) 
the occurrence of CSDH using only the sum of the bilateral 
subdural depth values; therefore, it is expected to be easily 
applicable to an actual clinical study. 

The limitations of this study are that it was a retrospective 
analysis, and characteristics and volumes of the 821 patients 
were not compared with the CSDH group due to a time limi-
tation.

However, despite this limitation, this study was significant 
with respect to the quantitative analysis of the relationship 
between CSDH, brain atrophy, and subdural space. A regres-
sion analysis and prospective cohort study should be con-
ducted in the future considering other risk factors.

Conclusion

We quantitatively analyzed the relationship between 
CSDH, brain atrophy, and the subdural space. Brain atrophy 
plays a role in the occurrence of CSDH. The SVI more reli-
ably predicted the occurrence of CSDH than that of BVI, 
which reflected brain atrophy. The sum of subdural depth on 
both sides can be used to predict the occurrence of CSDH in 
clinical practice.

■ The authors have no financial conflicts of interest. 
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