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ABSTRACT

AIM: To find a more practical and effective formula than simple ABC/2 (sABC/2) to calculate the hematoma volume in patients with

subdural and parenchymal haemorrhage.

MATERIAL and METHODS: We reviewed the records of 157 patients who underwent brain computed tomography examinations
for stroke from January to October 2017. Our method, sABC/2 formula, and the planimetric method (the gold standard) were used

for measuring the volumes of hematoma.

RESULTS: The concordance in brain hematoma volumes calculated by sABC/2 and the proposed method as compared to
planimetry were 0.92 and 0.93, respectively (p<0.05). The proposed method calculates the subdural hematoma volumes much
better than the conventional one, and the root mean square error (RMSE) values were 32.17 and 20.62 ml for sABC/2 and our new
method, respectively, whereas the RMSE values for parenchymal hematomas were 25.01 and 20.46 ml for sABC/2 and our new

method, respectively.

CONCLUSION: Our new formula for calculating the volume of subdural and parenchymal hematomas is as practical as sABC/2 and

allows the clinician to apply the method bedside.
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B INTRODUCTION

he most devastating type of stroke is the intracerebral
I haemorrhage (ICH), and 30%-50% of the patients with
ICH die within 30 days of onset. The cerebral hematoma
volume is an independent predictor of clinical outcomes
and one of the scoring parameters used to predict monthly
morbidity and mortality of a patient (8). Thus, the calculation of
accurate hematoma volume at admission and its progression
during hospitalisation is crucial for clinical prognosis.

In neuroradiology, the most common and practical formula
to calculate hematoma volume is simple ABC/2 (sABC/2)
(2,4,6,8,11,13,15,16,18). The planimetric method, which
depends on a software, is the gold standard; however, in
practice, it is not yet available. The present study is about
the use of sABC/2, a practical formula for clinicians and
radiologists in the computation of acute parenchymal
hematoma (PH), and subdural hematoma (SH) volumes and
the derivation of a more effective formula.
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B MATERIAL and METHODS

This prospective study was approved by the hospital’s
institutional review board (no: 1491-987-10/1539). The data
of consecutive patients with acute cerebral hematoma,
presenting to the emergency department between January
and October 2017, were collected. A written informed consent
was waived by the local institutional review board.

Study Population

Brain computed tomography (CT) images of 157 patients,
who were admitted to the emergency department with the
diagnosis of acute haemorrhagic stroke, were enrolled in the
study. All patients underwent a brain CT without contrast
agent within 24 hours after the onset of symptoms. Diagnosis
was made by two radiologists (F.C, T.E.) and confirmed by a
neurologist (O.K).

A total of 79 patients with <18 years of age, brain tumour
and metastasis, traumatic haemorrhage, arteriovenous
malformation or image motion artefacts were excluded from
the study. Finally, 78 patients with 90 hematomas were
included in the study for further statistical analysis.

CT Technique

All examinations were performed on 64-slice CT scanner
(Brilliance 64; Philips Healthcare, Cleveland, Ohio, USA)
providing 4-cm coverage. Exposure parameters were 120
kV and 350 mAs. The collimation was 64x0.625 mm and the
images were obtained by axial acquisition. Matrix size was
512 x 512, and the field of view was 250 mm. In addition,
the images were reconstructed 3.0 mm thick on a transverse
plane.

Image Evaluation and Hematoma Volume Calculation
Methods

A total of 78 brain CT examination data sets were acquired
in Digital Imaging and Communications in Medicine (DICOM)
format. Appropriate image settings were performed for the CT,
according to the hematoma type. PHs were evaluated using
standard window widths (WW) and window levels (WL) to
assess brain parenchyma (WW: 80, WL: 30). The SHs were
evaluated with adjusted window settings to minimise the
underestimation of hematoma thickness due to the proximity
to the bone (WW: 250, WL: 100). The three lengths required
for the sABC/2 formula were hand-traced by the radiologist.
The two longest diameters [anteroposterior (A) and transverse
(B) diameters], perpendicular to each other, were calculated at
the level of the widest dimension on the axial image. For the
calculation of craniocaudal length (C), the number of the slices
between the start and end of the hematoma from the bottom
to top, was calculated and multiplied by the slice thickness of
3 mm. The units of all the lengths were in millimetres and those
of the volume in millilitres. Finally, hematoma volume was
calculated by the sABC/2 formula (Figure 1). The formulas,
such as C-weighted ABC/2 and 2/3sh in the literature, using
the area of the hematoma, are not practical (8,10,17). sABC/2
does not require area calculation and thus is considered as
‘simple’.
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The determination of hematoma shape and volume was
performed. The shape of the PH was categorised into regular
(round, ellipsoid and regular with convex margin) and irregular.
SHs were not classified according to shape.

The hematoma volumes were calculated with sABC/2 and
the proposed formula by a calculator as well as with the
planimetric technique using the ManSeg 2.6 software. The
planimetric analysis was performed using a semi-automated
segmentation and volume calculation programme ManSeg
2.6 (1). Moreover, a joint decision of the observers was made
in cases of disagreement, thus avoiding bias.

The Two Step Method for Cerebral Hematoma Volume
Calculation: TSM

When the correlation coefficient (r) between volume and
three lengths (anteroposterior, transverse and craniocaudal
diameters) of hematoma were investigated, it was observed
that there was a significant relationship between volume

Figure 1: An acute onset chronic subdural hematoma case: The
hematoma volume was calculated with both ABC/2 and our
proposed formula. The diameter of C was 51 mm [as the number
of the slice between the bottom and up (17 slice) was multiplied
with the slice thickness of 3 mm], the diameter of A and B was
101.4 mm and 19.4 mm, respectively.

SABC/2=101.4(A) x19.4 (B) x51(C)/2=50.16 ml

Proposed formula: 0.3ABC+30 = 0.3 x 101.4 (A) x 19.4 (B) x51
(C)+10=60.09 ml

[The result of the planimetric volume analysis (gold standart) of
the case was 58.95 ml. While sABC/2 methods underestimated
volume of hematoma with differences of 8.79 ml. The proposed
method TSM has only -1.14 ml of the volume difference.]



and anteroposterior diameter (r=0.80 for p<0.05). Therefore
we proposed two different linear functions to calculate the
hematoma volume according to the anteroposterior diameter
of the hematoma. In this work, the proposed linear functions
and the related threshold diameters were determined in two
steps.

While 30 ml was taken into consideration as a grading score
criteria for a hematoma volume, we firstly selected 45 ml as
a soft margin and applied least squares approximation to
hematomas that are lower and higher than 45 ml separately
and determined two different linear functions. Second, we
determined types of hematoma as regular parenchymal,
irreqular parenchymal, and crescent subdural hematoma.
For each category, the anteroposterior diameter, which has
the minimum error probability, determined as a threshold. In
order to designate the relevant diameter for the threshold,
we increased the threshold value 5 mm in each step and
calculated the conditional probability. We obtained 50 mm
diameter as the threshold for irregular and regular parenchymal
hematomas (Volume of all irregular and regular parenchymal
hematomas less than 50 mm in diameter were smaller than
45 ml. Also volume of all irregular and regular parenchymal
hematomas greater than 50 mm in diameter were large than
45 ml) and 70 mm diameter as threshold for crescent subdural
hematoma (87.5% of crescent subdural hematoma had less
than 70 mm in diameter were smaller than 45 ml. Also the
volume of all crescent subdural hematoma greater than 70
mm in diameter were large than 45 ml.) Two linear equations
for volume estimation of hematoma were given as,

If anteroposterior diameter < 50 mm for
regular parenchymal hematoma

If anteroposterior diameter < 50 mm for
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Statistical Analysis

Agreement between planimetry and TSM was evaluated using
Bland-Altman plots. Sensitivity, specificity, and AUC were
calculated. Root mean square errors of the methods were
obtained. Concordance between planimetry and volumes
obtained by other estimation methods were assessed using
t - test. Bland-Altman plots were generated for sABC/2 and
TSM methods in comparison to the planimetric method using
both original and log-transformed units.

B RESULTS

Total 90 cerebral hematomas from 78 patients (29 females, 49
males) were evaluated for this study. The patients’ mean age
with standard deviation (SD) was 52.35 + 22.47. The type and
number of hematomas are given in Table .

The results of hematoma volumes calculated by both sABC/2
and our proposed formula:

While sABC/2 methods overestimated planimetry with mean
differences of -8.51 ml the proposed method TSM has the
only -0.31 ml of the mean difference.

Bland-Altman analysis illustrated that all methods were
concordant with the planimetric method and no evidence of a
linear trend (Figure 2, 3).

Variability in the concordance between planimetry and the
two methods appeared to increase as volumes increased.
Therefore, geometric Bland-Altman plots were drawn in the
semi-log domain to evaluate concordance while compensating
for issues of increasing variability (Figure 4, 5).

V=045ABC +1 . Table I: The Number of Hematoma Types and Volumes
irregular parenchymal hematoma
If anteroposterior diameter < 70 mm for Hematoma Type and Volume (ml)
crescent subdural hematoma
Number (n) <30 mi >30 ml
If anteroposterior diameter > 50 mm for
regular parenchymal hematoma Subdural (n=48) 13 35
v-0aac a0 || IemROStrrdeete - SO for - Cerbelar 12 L
9 P ) Y ] Cerebral parenchymal (n=40) 26 14
If anteroposterior diameter > 70 mm for
crescent subdural hematoma Total (n=90) 4 49
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Figure 2: Arithmetic mean: Planimetry - sABC/2.
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Figure 3: Arithmetic mean: Planimetry - TSM (Two step method).
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Figure 5: Geometric mean: Planimetry / TSM (Two step method).

Planimetry to sABC/2 and TSM ratios were all very close to 1,
which means that these methods only slightly overestimated
and underestimated planimetry, respectively.

RMSE is another important metric for comparing methods.
Table Il and Table Il demonstrate the RMSE values for
hematomas less than 45 ml and greater than 45 ml respectively.
For small ICH volumes, 0.45ABC+1 and for large volumes
0.3ABC+30 perform better approximation than sABC/2 for all
types of hematomas.

Volume errors of cerebral hematoma for all cases are shown
in Figure 6.
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Concordance between planimetry, sSABC/2 and TSM were all
high and obtained as 0.92 and 0.93 respectively as seen in
Table IV.

Sensitivity and specificity values were obtained for
differentiating a cerebral hematoma volume of 30 ml. When
considering planimetry as the gold standard, sABC/2 had a
sensitivity of 95.6% at a specificity of 95.4% and AUC: .99,
TSM had a sensitivity of 91.3% at a specificity of 95.4% and
AUC: 0.99.
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Figure 6: Errors of sSABC/2 and two step method (TSM).
Table II: Root Mean Square Errors of ICH Volume for Less than 45 ml
Formula and 2RMSE
'ICH Type
ABC/2 (ml) 0.3ABC + 30(ml) 0.45ABC + 1(ml)
Subdural 13.93 21.43 9.38
Irregular parenchymal 8.53 25.46 8.07
Regular parenchymal 3.94 26.02 3.85
"ICH (intracerebral hemorrhage), 2RMSE( Root mean square error).
Table Ill: Root Mean Square Errors of ICH Volume for Greater than 45 ml
Formula and 2RMSE
'ICH Type
ABC/2 (ml) 0.3ABC + 30(ml) 0.45ABC + 1(ml)
Subdural 43.74 27.88 34.95
Irregular parenchymal 73.05 62.27 70.22
Regular parenchymal 27.46 16.09 17.74

"ICH (intracerebral hemorrhage), 2RMSE (Root mean square error).

Table IV: ICH Concordance for sABC/2 and TMS as Compared
to Planimetry

Method ICH 95% 2Cl
SABC/2 0.92 (.88-.95)
STSM 0.93 (.89-.95)

ICH (intracerebral hemorrhage), 2Cl (Confidential Interval), 3TSM (Two
Step Method).

B DISCUSSION

In the present study, the hematoma volumes calculated by
sABC/2 and our new formula were found to be close to the
values obtained by the planimetric method, and both the
formulas were found to be highly correlated between different
users.

Various grading scores have been used to predict the
prognosis of spontaneous PH (5). The ICH score is most
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commonly used and can be easily calculated based on
neurological examination and CT findings (5). The hematoma
volume is one of the scoring criteria of ICH score and assessed
as being lower or higher than 30 ml (1). Khan et al. found
that in patients with acute PH, the sensitivity and specificity
value of sABC/2 at distinguishing the volume over 30 ml was
93.3% and 91.1%, respectively (8). Likewise, as mentioned in
the literature (9,14), Hussein et al. found that the error rate of
sABC/2 was 10% in haemorrhages <20 cm?, whereas it was
37% in those >40 cm? (6). Wang et al. suggested the error
rate of SABC/2 as 9.9% in a haemorrhage volume of <20 ml,
16.7% in 20-40 ml and 37.1% in >40 ml (14). This error rate,
which increases parallel to the volume, generally tends to be
overestimated. In the present study, SABC/2 overestimated
planimetry, with mean differences of-8.51 ml, whereas TSM
method overestimated planimetry with only —0.31 ml of the
mean difference. For differentiating a hematoma volume of
>30 ml, sABC/2 had a sensitivity of 95.6% at a specificity of
95.4% and AUC 0.99, whereas TSM had a sensitivity of 91.3%
at a specificity of 95.4% and AUC 0.99, thus being close to
each other. It should be noticed that the values of sensitivity
and specificity are dependent on the number of cases that
have approximately 30 ml of volumes.

One of the difficulties in volume calculation is the shape of
the hematoma. Irregular and discrete shapes were calculated
using an ellipsoid volume formula. Xu et al. suggested
that erroneous outcomes were more likely because of the
hematoma shape compared to the hematoma volume (16).
Erroneous results generally tend to be overestimated, and
such erroneous results in hematoma with regular shape are
by 3.33 cm?® (9.76%) and in irregular-shaped hematoma by
7.19 cm? (18.37%). Huttner et al. reported the over-measured
volume by sABC/2 to be 32.1% in an irregular-shaped
hematoma (7). Similar to the previous studies (3,12), Khan et
al. found that sABC/2 was much better than another formula,
C-weighted ABC/2, for measuring irregular-shaped hematoma
(8). The planimetric correlation of our new formula and sABC/2
in irregular-shaped hematoma was 72.7%.

For SHs, there is no scoring system to determine the
treatment or prognosis. Although the indirect findings, such
as midline shift, could have been used in surgical decision
making, some of the studies have been done to calculate the
volume of subdural hematomas in the literature. Gebel et al.
reported that the correlation of SABC/2 with the planimetric
method for acute SH volume was high (average volume, 91.0
cm? and 82.4 cm? with the sABC/2 and planimetric method,
respectively), and it could be practically used at the bedside
(4). In chronic SH, Sucu et al. found that the correlation of all
the five different SABC/2 types, which they used at different
measurement points, was high (13). For parenchymal cases,
both the methods we used had approximately similar error
values; however, the proposed method had a correlation of
91% with planimetric volume, which was slightly better than
sABC/2 for subdural cases.

The initial diagnosis of ICH is generally made at the emergency
room, and the emergency teams from different departments
with different experiences work together. Therefore, the
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volume formula shall be easy to use. ABC/2 is an ellipsoid
volume formula and commonly used in radiology. Khan et al.
reported a highdegree of coherence amongst the readers,
comprising medical students, neurology residents and vascular
neurologists (ICC: 0.96), with regard to sABC/2 (8). However,
in a study about the reliability of SABC/2 amongst different
readers, Hussein et al. found that the planimetric method
correlation was lower for various readers with little experience
at the incident scene in comparison to an experienced
single reader (6). Divani et al. revealed that two radiologists
performed volume calculations at an imaging laboratory, and
found sABC/2 and planimetric method correlation to be high
(0.91-1.0) amongst the readers, reasoning a high applicability
rate of this formula (2). In the present study, a high degree of
correlation between our method and sABC/2 was evident as
well as between the two radiologists was observed (0.98). The
present method is less practitioner-dependent. Furthermore,
the degree of correlation between the planimetric method,
proposed formula and sABC/2 were calculated and found to
be equal.

The limitations of this study include a small sample size and
thus our new formula needs to be tested with larger groups of
patients. Furthermore, although the two formulas mentioned
in the study may be easily applicable, they were used by two
radiologists in the reporting room, rather than a practitioner or
a clinician at the place of incident.

B CONCLUSION

Our new formula has a high accuracy rate for both SHs and
PHs and may prove to be simpler to use, fast and deliver the
most accurate measurement, which would help the clinician in
bedside management of the patients.
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