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Abstract: This study aimed to establish and validate a new volume estimation method for chronic subdural hematoma (CSDH) based on the shape of CSDH similar to ellipsoid. Forty-six CT scans diagnosed as CSDH were reviewed.
Based on the shape of CSDH more close to crescent or ellipsoid, we derivated a volume formula, and calculated
the hematoma volume by using v (formula), v (2/3sh), v (1/2abc) and v (1/3abc), respectively, with computerassisted volumetric analysis (CAVA) as gold standard. There are no statistical differences between v (formula) and
v (Gold standard) groups (63.42 ± 9.92 vs. 63.42 ± 9.92, P > 0.05), whereas the hematoma volumes of v (2/3sh),
v (1/2abc) and v (1/3abc) groups significantly differed from v (formula) or v (Gold standard) group (71.69 ± 13.58,
81.40 ± 15.59, and 51.82 ± 9.92, P < 0.05). Besides, there was a significant correlation between v (formula) and
v (Gold standard) groups using Pearson coefficient (r = 0.978, P < 0.001), suggesting that all of the hematoma
volumes calculated by v (formula) is close to real volumes. In summary, the present study demonstrated the better
validity and accuracy of our formula in estimating subdural hematoma volumes compared with 1/2ABC, 1/3ABC
and 2/3Sh formula.
Keywords: Chronic subdural hematomas, hematoma volume, computer-assisted volumetric analysis, new volume
estimation method

Introduction
Chronic subdural hematoma (CSDH) is a frequently encountered curable disease in neurosurgical practice, especially in the elderly population [1, 2]. It is characterized by the persistent
hematoma by encapsulation in the subdural
space which could evoke an inflammatory reaction [3, 4]. Recently, the increasing incidence
has underlined the need for a simple and accurate method to determinate the volume of
CSDH, as it is essential for the physicians’ decisions on a timely and appropriate treatment [5,
6].
Clinically, computer-assisted volumetric analysis (CAVA) has been used as the gold
standard, but it is strenuous [7]. Currently,
1/2abc, the other most commonly used method for CSDH volumes, is confirmed to be a simple and effective estimation of hematoma volume [7]. However, the irregular shapes of CSDH
makes its accuracy and validity for assessment

of CSDH volumes still questionable [7], as the
source of the 1/2abc formula is derivative from
the shape of hematoma similar to a sphere, but
in fact the shape of CSDH is more close to crescent or ellipsoid [6]. Therefore, a more simple
accurate approach for the calculation of CSDH
volume is urgently needed. In this study, we
aimed to establish and validate a new volume
estimation method for CSDH based on the
shape of CSDH similar to ellipsoid.
Materials and methods
Patient
A total of 46 patients (mean age 46 ± 12.46)
who were diagnosed with chronic subdural
hematoma in the Department of Neurosurgery
of our hospital from July, 2012 to March, 2015
were included in this study. The computed
tomography (CT) scans data of these patients
was collected.
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Figure 1. The ellipsoid was being cut in a plane perpendicular to the major axis, with the intercepted part to be the
ellipsoid missing.

The formula derivation of ellipsoid missing
volume
With a plane to cut a section of ellipsoid and
the part of the proceeds of the so-called ellipsoid missing, outer and inner circles are respectively the margins of two ellipsoid missing.
Hence, the volume of crescent-shape is equal
to the subtractive volume of two ellipsoids
missing. The volume of fusiformate is equal to
the sum of two ellipsoids missing volume. Here
it is the focus on solving the volume of ellipsoid
missing: Assuming arbitrary ellipsoid Equation
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the Z axis and make them perpendicular to the
Z axis, that is z = d (d∈[0, c]) and z = c, and then
calculate the volume of ellipsoid between that
part of two planes.
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If assuming the height of the ellipsoidal crown
is h, then d = c - h, into the Equation above that
volume of ellipsoid missing is:
V=

rabh
`1 - h j
c
3c
2

(1)

The formula derivation of crescent-shaped hematoma volume
As the ellipsoid missing volume would be calcu2
rabh
lated by the formula V =
`1 - h j , the
c
3c
ellipsoid equation and the height of ellipsoid
missing must be known first, hence, the following purpose is to seek the value of a, b, and c.
Any one of ellipsoid is being cut in a plane which
is perpendicular to the major axis Z, as shown
in Figure 1, leaving intercepted part to be the
ellipsoid missing.
Then we intercept ellipsoid missing using equidistantly parallel planes parallel to the long axis
Z, which is similar to the process of CT scans,
and then get different sections of ellipsoid
missing, among which there must be a maximum cross-section and sub-section of the ellipsoid missing, as shown in Figure 2.
Thereafter we select the maximum cross-section and separate it from the ellipsoid missing
for further analysis (Figure 3). The maximum
cross-section outer margin of the ellipsoid
missing is must be an elliptic equations, by
measuring then know the largest diameter and
wide diameter is a1 and b1, respectively.
Due to the outer margin of the maximum crosssection being elliptic equations, we set the
2
2
y
x
a
Equation as 2 + 2 = 1 , take (b-b1, 1 ) into
b
c
2
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Crescent-shaped volume is equal to the volume
subtraction between the outer margin to inner
edge of ellipsoid missing volume, that is V =
V1-V2
2
2
2
rkb1 ^4b1 + 3a1 h
V=
4 b ^b - b h^a 2 + 4b b h
1
1
2
1
1 2
2
2
2
rkb3 ^4b3 + 3a1 h
(5)
4 b ^b - b h^a 2 + 4b b h
3
3
4
1
3 4
In the above formula, a1 is the long axis of the
maximum cross-section, b1 is the outer margin
wide shaft of the maximum cross-section, b2 is
the outer margin wide shaft of the sub-section,
b3 is the inner margin wide shaft of the maximum cross-section, b4 is the inner margin wide
shaft of the sub-section, and k is thickness.

-

Figure 2. The ellipsoid was intercepted by equidistantly parallel planes parallel to the long axis.
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model assuming that b = c), and then obtain
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the elliptic Equation

2

+

Similarly, we select the sub-maximum crosssection intercepted from ellipsoid missing, and
the outer margin of this section is bound to be
an ellipse and on the projection line of point A
which is on the outer margin of the sub-maximum cross-section (Figure 4).
As shown in Figure 5, we take A coordinate point (b-b1+b2, k) into the Equation
(b - b1 + b2) k2
+ 2 = 1 , where b1 and b2 are the
2
a
b
wide diameters of maximum cross-section and
sub-maximum cross-section.
bk
a=
2
(3)
2
^
b b - b1 + b2h
Simultaneous Equation 2 and 3 to obtain:
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(4)
a= 4
2
b1 ^b1 - b2h^ a1 + 4b1 b2h
The formula ofellipsoid missing volume is

rabh
`1 - h j , where a is the axis of the
c
3c
ellipsoid, h is the height of ellipsoid missing
that is b1, so, h = b1.
2
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The a, b and c are substituted into the volume
formula of ellipsoid missing, get the ellipsoid
missing volume of the outer margin:
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Data analysis
The cephalic hematoma imaging was performed by Japanese Toshiba aquilion 64 spiral
CT with 5 mm slice thickness to determine the
length and width of scheduled slice of hematoma as well as the thickness of hematoma by
computer software. Subsequently, the hematoma volume was calculated by using v (formula),
v (2/3sh), v (1/2abc) and v (1/3abc), respectively. We considered CAVA as gold standard,
during which the hematoma margins were
hand-traced by the radiologist on each axial
slice. Then the hematoma volume (cm3) on that
particular slice was calculated as the product
of the area of the traced hematoma (cm2) multiplying the corresponding slice thickness (cm).
The sum of the volumes on each slice gave the
total hematoma volume.
Statistical analyses
The discrepancy of all hematoma volume value
and percent deviations from the gold standard
were analyzed with one-way analysis of variance (ANOVA; Welch and Brown-Forsythe method), and post hoc pairwise comparisons were
performed with Fisher’s least significant difference (LSD) test. In addition, correlation coefficients were in turn obtained using Pearson
coefficients; then, the effects of different estimated methods on hematoma volumes and
percent deviations were respectively analyzed
by error bars and box plots. Data were
expressed as mean ± SD, and all statistical
analyses were performed using the SPSS 19.0
statistical software (SPSS Inc., IL, USA). A
P-value of less than 0.05 was considered statistically significant.
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Figure 3. The maximum cross-section image from ellipsoid missing.

Figure 4. The sub-maximum cross-section intercepted from ellipsoid missing.
Figure 6. Scatter plot of correlations between v (formula) and v (Gold standard) groups.

Figure 5. The mean volumes of CSDH by each method were analyzed by one-way analysis of variance.
CSDH, chronic subdural hematomas; *, P < 0.05 vs.
formula; #, P < 0.05 vs. Glod standard.

Results
The volumes of CSDH were calculated respectively by the following methods: 1) v (formula),
2) v (2/3sh), 3) v (1/2abc), 4) v (1/3abc), 5) v
(Gold standard). The one-way ANOVA results
indicated that there are no statistical differences between v (formula) and v (Gold standard)
groups (63.42 ± 9.92 vs. 63.42 ± 9.92, P >
0.05, Figure 6), whereas the hematoma volumes of v (2/3sh), v (1/2abc) and v (1/3abc)
groups significantly differed from v (formula) or
v (Gold standard) group (71.69 ± 13.58, 81.40
6201

± 15.59, and 51.82 ± 9.92, P < 0.05, Table 1).
Besides, there was a significant correlation
between v (formula) and v (Gold standard)
groups using Pearson coefficient (r = 0.978, P <
0.001), suggesting that all of the hematoma
volumes calculated by v (formula) was close to
real volumes.
Discussion
Intracerebral hematoma volume has been validated to be an independent predictor for poor
outcome and mortality by early correlative
research [8-10]. Precise determination of hematoma volume is also one of the important
influence factors for an appropriate treatment
in clinical work [11, 12]. Thus, it is necessary
for physicians to have a simple reliable method
to measure the hematoma volume.
Considering the shape of subdural hematoma was closer to crescent, we found that
the calculation method of ellipsoidal missing
volume could assess the hematoma volume
more precisely. For convenience in clinical
Int J Clin Exp Med 2017;10(4):6198-6203
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was spherical, whereas the
shape of some hematoma in
particular area was special for
Mean
Methods (I)
Methods (J)
P-value
95% CI
its anatomical relationship;
difference (I-J)
especially the subdural hemav (formula)
v (2/3sh)
-9.18 ± 2.50 < 0.001 -14.10--4.27
toma was in a shape similar to
v (1/2abc)
-18.90 ± 2.50 < 0.001 -23.82--13.98
comma or camber. In addition,
v (1/3abc)
10.68 ± 2.50 < 0.001 5.76-15.60
maximum hematoma length
v (Gold standard) -0.91 ± 2.50 0.714
-5.83-4.00
and width have been recently
v (2/3sh)
v (1/2abc)
-9.71 ± 2.50 < 0.001 -14.63--4.80
confirmed to be not necessarily
v (1/3abc)
19.87 ± 2.50 < 0.001 14.95-24.78
located on the same slice by
Sucu et al [6]. Hence, the result
v (Gold standard) 8.27 ± 2.50
0.001
3.35-13.19
obtained from the method of
v (1/2abc)
v (1/3abc)
29.58 ± 2.50 < 0.001 24.66-34.50
1/2abc in above situation has
v (Gold standard) 17.98 ± 2.50 < 0.001 13.07-22.90
discrepancy with actual volv (1/3abc) v (Gold standard) -11.60 ± 2.50 < 0.001 -16.51--6.68
ume. On the contrary, the methData were expressed as mean ± SD. A P-value < 0.05 was considered statistically
od of 1/3ABC was associated
significant.
with a problem that hematoma
volume was underestimated in
work, we derived the formula of crescent (
many situations [7], as evidenced by a calculated of 51.82 ± 9.92 in comparison with gold
rkb ^ 4b + 3a h
rkb ^ 4b + 3a h
V =
standard (63.42 ± 9.92). Although some schol4
4
b ^ b1 - b h^ a + 4b b h
b ^ b - b h^ a + 4b b h
ars maintain a viewpoint that the data assessed
), the formula needs length and width of hemaby means of 2/3sh had no significant differtoma on adjacent maximum slice. We also simence with gold standard [7], this study did demply made a programming to make the calculaonstrate an overestimated subdural hematoma
tion briefer that physicians can directly obtain
volume (71.69 ± 13.58) compared with gold
the result by inputting specific measured data
standard (63.42 ± 9.92).
in clinical work.
Considering it was too intricate to use our forIn the present study, we considered CAVA as
mula for the calculation of subdural hematoma
the gold standard, and calculated the hematovolume directly in clinical practice, it was necma volume by using v (formula), v (2/3sh), v
essary to develope a formula program so that
(1/2abc) and v (1/3abc), respectively. The
physicians could obtain the result by only inputresults showed a similar hematoma volume
ting relevant data to the given program. Hence,
between v (formula) and v (Gold standard)
further study were needed focusing on developgroups (P > 0.05). Besides, a further significant
ing and installed our grogram in mobile phones,
correlation between the two groups (r = 0.978,
computers or tablet PC etc. Therefore, the comP < 0.001) also validated the accuracy of our
putational complexity should not be the obstaformula most close to real volumes. This could
cles for clinical hematoma volume estimation.
be explained by the fact that estimation error
was more significantly associated with hemaIn conclusion, the present study demonstrated
toma shape compared with hematoma size
the better validity and accuracy of our formula
[13].
in estimating subdural hematoma volumes
Table 1. Pairwise Comparisons of the mean volumes of CSDH
(LSD Test)
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However, the 1/2abc method (81.40 ± 15.59)
overestimated the subdural hematoma volume
compared with gold standard (63.42 ± 9.92),
which was consistent with Huttner et al who
had also validated that the result obtained
from the 1/2abc method measuring irregular
shape of hematoma volume was overestimated about 15% and 32% in comparison with
actual volume [14]. Despite of its convenience,
the method of 1/2abc was theoretically
deduced with the assumption that hematoma
6202

compared with 1/2ABC, 1/3ABC and 2/3Sh
formula.
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