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Abstract

Background: Bedside ABC/2 methods of measuring intracerebral hemorrhage
(ICH) volumes are valuable clinical and research tools. The two most common methods
of bedside calculation are the ABC/2 formula and the sSABC/2 formula.

Methods: We retrospectively reviewed 142 consecutive spontaneous ICH patients
admitted to our institution from November 1, 2009 to October 1, 2010. ICH volume
was calculated using both ABC/2 and sABC/2 methods. Based on the ICH volume
calculated by the ABC/2 formula, the patients were divided into 3 groups: small (<
30cc), medium (30-60cc) and large (> 60cc).

Results: Among 142 patients with ICH, the location was deep in 68 (47.8%),
lobar in 52 (36.6%), and infratentorial in 22 (15.4%). The mean volume of ICH using
ABC/2 was 17.5 cc (range, 0.19 to 90.3) and using sABC/2 was 30.4 cc (range, 0.26
to 171). The mean difference in volumes between ABC/2 and sABC/2 was 12.8 cc
(SD + 17.6). The mean percentage difference in volumes between ABC/2 and sABC/2
was 76.9% (SD + 39.7). The differences between the volume by sABC/2 and ABC/2
increased with larger ICH volumes, with the equation of the regression line as follows:
sABC2 = 0.2959659 + 1.7190626 ABC2 (p < 0.0001).

Conclusion: sABC/2 and ABC2 methods do not correlate, and the differences
between the methods increase with larger ICH volumes. Clinicians should be aware of
the limitations of bedside ICH volume measurement tools.

INTRODUCTION

The ABC/2 formula has been validated as a reliable and quick
bedside method of measuring intracerebral hemorrhage (ICH)
volume on CT. Kwak first estimated ICH volume on CT using the
formula for the volume of an ellipsoid and estimating 1 to be 3,
thus yielding the ABC/2 formula [Kwak] (Figure 1) [1]. Kothari
added a weighting scale to the value of C (C= the number of
approximate cuts weighted by % area of ICH seen per cut (< 25%
= 0 slices, 25-50% = 0.5 slices, and > 75% = 1 slice) *(referred
to as ABC/2 formula) [2] (Figure 1). This is in contrast to the
Kwak formula which simply uses the total number of slices the
hemorrhage is seen for its vertical measurement (Figure 1). We
sought to directly compare the Kothari ABC/2 formula with the
Kwak sABC/2.

PATIENTS AND METHODS

With approval from the Institutional Review Board, we
retrospectively reviewed 142 spontaneous ICH patients admitted
to our institution from November 1, 2009 to October 1, 2010
with CT brain available for review. We excluded patients with
SAH, traumatic ICH, multifocal ICH, hemorrhage into tumors, or
isolated intraventricularhemorrhage (IVH). CT brainimages were
independently reviewed by board-certified vascular neurologist
or neurointensivist for ICH volume measurements. The ABC/2
method (Figure 1) was used based upon prior published
description using weighted percentage for C measurement [2].
The sABC/2 method was based upon prior published description
(Figure 1) [1,3]. ICH volume was calculated using both ABC/2
and sABC/2 methods and a sample of the calculations used on
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the same CT are shown in (Figure 2). Based on the ICH volume
calculated by the ABC/2 formula, the patients divided into 3
groups: small (< 30cc), medium (30-60cc) and large (> 60cc). All
statistical analysis was performed using commercially available
statistical software (JMP 6).

RESULTS

Among 142 patients with ICH, the location was deep in 68
(47.8%), lobar in 52 (36.6%), and infratentorial in 22 (15.4%).
The mean age was 62.5 years old (range, 28.5 to 93.3) Sixty four
patients (45%) had intraventricular hemorrhage.

The mean volume of ICH using ABC/2 was 17.5 cc (range,
0.19 to 90.3) and using sABC/2 was 30.4 cc (range, 0.26 to 171).
The mean difference in volumes between ABC/2 and sABC/2
was 12.8 cc (SD + 17.6). The mean percentage difference in
volumes between ABC/2 and sABC/2 was 76.9% (SD + 39.7). The
differences between the volume by sABC/2 and ABC/2 increased
with larger ICH volumes, with the equation of the regression line
as follows: SABC2 = 0.2959659 + 1.7190626 ABC2 (p < 0.0001)
(Figure 3).

There were 111 in the small ICH group (mean volume 5.6cc),
25 patients in the medium ICH group (mean volume 32.7cc), and
6 patients in the large ICH group (mean volume 65.1cc) based
upon the ABC/2 method. The mean difference in volume of ICH
comparing sABC/2 and ABC/2 was 5.6 cc for small ICH, 32.7 cc
for medium ICH, and 65.1 cc for large ICH (p <0.0001) (Table
1). The mean percentage difference in volume of ICH comparing
sABC/2 and ABC/2 was 78.4% for small ICH, 69.2% for medium
ICH 30-60cc, and 81.9% for large ICH (p 0.56).

DISCUSSION

Bedside ICH volume estimation is based upon the volume of
an ellipsoid, which is 4/3 m (A/2) (B/2) (C/2). If one estimates Tt

A = maximum hematoma
diameter (cm)

B = maximum diameter
perpendicular to A on the
same slice (cm)

C* = vertical height (cm)

-4 ABC)=-ABC
Volume 31T(2)(2)(§) >

Figure 1 ABC/2 vs sABC/2 formula calculations

*C in the Kwak sABC/2 formula = the number of slices in vertical
plane x slice thickness (cm)

*C in the Kothari ABC/2 formula = the number of slices in vertical
plane x slice thickness (cm), as calculated by a comparison of each CT
slice with hemorrhage to the CT slice with the largest hemorrhage
on that scan. If the hemorrhage area for a particular slice is > 75%
of the area seen on the slice where the hemorrhage was largest, the
slice was considered 1 hemorrhage slice for determining C. If the area
is ~25% -75% of the area, the slice is considered half a hemorrhage
slice; and if the area is <25% of the largest hemorrhage, the slice was
not considered a hemorrhage slice.
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largest ICH = 756% 25-50% < 25%
CT slice thickness = 0.5¢cm,A=3.3¢cm,B=27cm
Kothari ABC/Z formulaC =33 x 2.7 x [(5x 1)+ (2x 1/2) + (2 x 0)] x (0.5} = 8.9 cc
2
Kwak sABC/2 formulaC =33x 2.7 x 8 x (0.5) = 17.8cc
2

Figure 2 Example of ICH volume calculations using ABC/2 versus
sABC/2 methods.
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Figure 3 Relationship of sSABC/2 compared with ABC/2.
Linear Fit sSABC2 = 0.2959659 + 1.7190626 ABC2.

Table 1: Differences (mean and percentage) between ABC/2 and
sABC/2 by ICH size.

AL I <30cc |30-60cc >60cc P value
Category

Mean difference (cc) 5.6 32.7 65.1 <0.0001
Percentage difference 78.4 69.2 81.9 056

(%)

to be 3, this yields the formula ABC/2 (i.e. sABC/2). ICH volumes
are a robust predictor of mortality and morbidity in ICH [4], but
in clinical and research use, there are variations of the bedside
method used to calculate ICH volume (Figure 2). Both methods
(ABC/2 and sABC/2) have been reported to have contradictory
results, with some reporting good correlation with computer
based analysis and others reporting significant differences,
depending on the type of ICH studied.

Kothari reported the ABC/2 formula correlated well with
computer-assisted analysis [2]. However, with larger ICH and
irregular shaped hematomas, there is significant overestimation
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error compared to computer volume analysis [5,6]. Xu showed
ICH volume was larger with ABC/2 (58.4 cm3 vs 50.4) and that
the error was associated more with irregular hematoma shape
than with size [5]. Divani showed significant measurement error
comparing ABC/2 with 3 dimensional volumes, which was worse
for irregular shaped ICH [6].

The sABC/2 formula has also been compared to computer
based volume analysis with similar findings as the Kothari
ABC/2. Broderick used sABC/2 to report that ICH volumes are
a robust predictor of mortality and morbidity in ICH [4]. In the
GUSTO trial, there was excellent correlation between sABC/2 and
computer volume analysis (68.7 cm® by sABC/2 vs 63.3 cm?® by
computer) [3]. Wang demonstrated that sABC/2 overestimated
ICH volume compared to computer volume analysis (43.6ml vs
33.8ml) and this error is volume dependent, with overestimation
seen with larger ICH [7]. The sABC/2 has been adopted by most
clinical academic training programs as an easier bedside method
of measuring ICH volume quickly. The sABC/2 formula has also
been used for screening in clinical studies of ICH such as MISTIE,
ATACH and CLEAR [8-12].

In the literature both the Kothari and Kwak formulas are
referred to as “ABC/2”, causing confusion as these formulas vary
specifically in how the vertical “C” measurement is calculated.
Huttner evaluated ABC/2 in warfarin-related ICH, but did not
specify which formula was used in the methods (sABC/2 vs
ABC/2) and referenced both Kwak and Kothari’'s papers [13].
The ATACH study reported that the ABC/2 method had high
variability when compared with centralized volumetric software
with ABC/2 method overestimating volume compared to
computer based analysis [14]. However, ATACH cited the Kothari
paper for ABC/2, but in practice used the Kwak sABC/2 formula
for screening in its study protocol. Although the bedside method
overestimated ICH volume, the authors concluded that this did
not necessarily limit the usefulness of SABC/2 in determining
eligibility for a clinical trial in populations with small volume ICH,
as this led to infrequent protocol violations [14].

Bedside methods overestimate the volume of ICH compared
with computer based analysis because most ICHs are not precisely
ellipsoid in shape. Thus, these formulas appear to be more
accurate in populations with small ellipsoid ICH, but perform less
well in populations with larger ICH or irregular hematoma shape.
The imprecision of bedside methods can be expected to increase
with larger ICH or anti-coagulation related ICH (which tend to
be irregularly shaped). Some have advocated using an ABC/3
formula to compensate for this consistent over-estimation, but
found ABC/3 underestimated the volume ellipsoid shaped ICH by
20% [13].

The limitations of our paper include the retrospective nature
and lack of volumetric data. However, the goal of this paper
was not to determine which beside methods is more accurate
compared to volumetrics, but rather the goal was to state that
there are 2 differing ICH volume formulas that give disparate
results, and clinicians need to be aware of the differences.

CONCLUSION

There are differing bedside methods of measuring ICH,
including sABC/2 and ABC2 method. Our study is the first to
compare the ABC/2 method directly with the SABC/2 method.
Our data shows the sABC/2 and ABC2 method results do not

correlate, and the differences between the methods increases
with larger ICH volumes. sABC/2 consistently overestimates the
size of the ICH volume compared with ABC/2 method. Clinicians
and researchers should clarify which bedside ICH volume analysis
method they are using as the 2 methods are not equivalent.
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