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Background: Radiological markers that are useful in the diagnosis of normal pressure
hydrocephalus include the Bicaudate index (BCI) and the Evans index (El), which are practical
indicators of ventricular volume. Worldwide, variation exists in normative studies for both these
indices. The majority of research for El and BCl is based on data from the Western population.
The study has been performed on the South Karnataka population. Aims and Objectives: This
study’s goal is to derive age and gender specific cutoff values on normative data of Evans
and BCI. Materials and Methods: This was a prospective and observational study.Patients
referred to “RL Jalappa Hospital” for computed tomography (CT) scan of the brain who
meet the inclusion criteria will be included in this study. CT brain of all the patients will be
performed in Siemens Somatom emotion 16 slice CT scanner. Ninety-seven were selected
for this study, and El and BCI were calculated for them. Results: The mean value of El and
BCl in our study was 0.26+0.02 and 0.1167 £0.02, respectively. The difference in El and
BCl between males and females shown significant statistical difference between males and
females but the values increased as increase in age. Conclusion: Our study for South Indian
population concludes that El and BCIl have a significant statistical difference between males
and females. Both El and BCI values increase with age. Hence cutoff values of El and BCI
index according to age and gender are important for evaluation of hydrocephalus.
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INTRODUCTION

Hydrocephalus is caused by an imbalance in the production
and absorption of cerebrospinal fluid (CSF), which results
in the swelling of the brain.'

Aside from clinical evaluation, radiographic investigations
such as computed tomography (CT) and magnetic
resonance imaging play a significant role in the diagnosis of
hydrocephalus. The size of the ventricle is used to diagnose
hydrocephalus on imaging;

CT scanning is the most extensively used and least
expensive method for brain imaging, Linear ratio measures

on CT can be used to investigate ventricular size. Among
these, Evan’s index (EI) and Bicaudate index (BCI) are
the most basic evaluation. Evan’s ratio is calculated by
dividing the transverse diameter of the anterior horns of
the ventricles by the maximum internal diameter of the
skull on encephalographic films.?

EI gives the assessment of the degree of ventricular
enlargement. The diagnostic cutoff value is >0.3.

BCl is defined as the ratio of the width of bilateral lateral
ventricles at the level of the head of the caudate nucleus
to distance between inner tables of the skull at the same
level’ Apart from the evaluation of ventriculomegaly, BCI
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is used for the diagnosis of Huntington’s chorea, cerebral
atrophy, and multiple sclerosis.

Aims and objectives

The objectives of the study are as follows:

1. To assess Evans and BCI among South Karnataka
population using computer tomography.

2. To derive age and gender specific cutoff values on
normative data of Evans and BCI.

MATERIALS AND METHODS

Prospective and observational study

Patients referred to “RL Jalappa Hospital” for CT scan of
the brain who meet the inclusion criteria will be included
in this study.

CT brain of all the patients will be performed in Siemens
Somatom emotion 16 CT scanner. Axial sections will be
obtained at 5 mm slice thickness from skull base to the vertex.
Images will then be reconstructed to 1.5 mm slice thickness.
Then, the DICOM images will be analyzed on viewing console.

Measurements will be taken with in-built linear calipers which
are calibrated to 0.1 mm. Widest anterior horn width (AHW)
of the cerebral lateral ventricles and widest Inner Diameter
of the Skull (IDS) will be taken to calculate in EI (Figure 1).

The ratio of the width of bilateral lateral ventricles at the
level of the head of the caudate nucleus (ICD) to distance
between inner tables of the skull at the same level (IMAX)
will be taken to calculate BCI (Figure 1).

Inclusion criteria

Only patients with neurological complaints who were
referred for a CT scan to the department of radiology
during the study period and whose CT reported to be
normal will be included in this study.

Exclusion criteria
Patients suffering from intracranial or intraventricular
pathology were excluded from the study.

Analysis and statistical methods
Study design
This was a prospective and observational study.

Sample size

Atul Dhok et al., had reported the mean (SD) EI and BCI
to be 0.2707 (0.0304) and 0.112 (0.03368), respectively,
among the study subjects.

Assuming the expected population standard deviation to
be 0.03 for indices and employing t-distribution to estimate
sample size, the study would require a sample size of 97

202

Figure 1: Computed tomography brain axial view A=Maximum width of
the frontal horns of the bilateral lateral ventricles, B=Maximum internal
diameter of the skull, C=Width of bilateral lateral ventricles at the level
of the head of the caudate nucleus, D=Distance between inner tables
of the skull at the same level
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Figure 2: Age-wise distribution of the patients in the study population

subjects to estimate a mean with 95% confidence and a
precision of 0.006.

The sample size was calculated using the formula:

2 2

_ Z 1-a/ 2‘Z

n = —d >
Where,

Z is the standard deviation

d is the absolute precision

1—0t/2 is the desired confidence level

Statistical analysis

Data will be entered using Microsoft Excel and analyzed
using the Statistical Package for the Social Science (SPSS)
standard version 20. All continuous variables will be
summarized using mean (SD) or median (IQR) depending
on the normality of the distribution. Categorical variables
will be summarized using proportions. Normality will be
assessed using Shapiro—Wilks test and homogeneity of
variance will be checked using Levene’s test. Comparison
of various indices across sub-groups (age categories or sex)
will be done using independent samples t-test. P<0.05 will
be considered statistically significant.
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RESULTS

Of total 97 subjects included in study;A total of 97
normal head CT scan images were retrieved and analyzed,
comprising 58 (59.7%) males and 37 (38.1%) females.
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Figure 3: Distribution of Evans index in different age groups

Five and 70 years were the minimum and maximum
ages, respectively, and the mean age was 35.81 years
(Figure 2). The mean values AHW ~ 28.43, MICD ~
100.64, EI ~ 0.26, ICD ~ 12.64, IMAX ~107.21, BCI
~ 0.116, respectively. The overall mean value of EI was
0.26£0.02; with a minimum and maximum value of 0.21
and 0.31, respectively. The overall mean value of BCI was
0.1167%£0.02; with a minimum and maximum value of 0.09
and 0.18, respectively. The average ages for females and
males were 34.9119.3 and 37.14£18.00 years, respectively
(Tables 1 and 2).

DISCUSSION

The practical variables frequently utilized in the diagnosis
of hydrocephalus are EI and BCI. There are two types
of hydrocephalus: Communicative (or non-obstructive)
and non-communicating (or obstructive). Cystic lesions,
tumors, or membrane blockage to CSF outflow are
the causes of obstructive hydrocephalus. In rare cases,
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Figure 4: Distribution of Bicaudate index in different age groups
Statistics
Sex Age AHW MICD El ICD IMAX BCI
F
N
Valid 37 37 37 37 37 37 37
Missing 0 0 0 0 0 0 0
Mean 37.14 28.7681 106.8934 0.2674 12.8592 107.1681 0.1188
Standard deviation 18.805 3.20392 5.83067 0.02054 2.97139 2.45857 0.02596
Minimum 5 24.60 99.80 0.21 9.48 100.10 0.09
Maximum 70 35.60 120.10 0.30 18.90 111.60 0.17
M
N
Valid 58 58 58 58 58 58 58
Missing 0 0 0 0 0 0 0
Mean 34.97 28.2284 106.4876 0.2637 12.5019 107.2392 0.1154
Standard deviation 19.364 3.05496 5.43134 0.02155 2.80515 1.94746 0.02492
Minimum 6 24.60 99.88 0.21 9.51 102.00 0.09
Maximum 70 33.10 118.90 0.31 18.00 110.91 0.18

AHW: Anterior horn width, MICD: Maximum intracranial diameter, El: Evan’s index, ICD: Intercaudate distance, IMAX: Distance between inner table at the level of measurement of ICD,

BCl: Bicaudate index
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Statistics
Age group El BCI
1-10
N
Valid 9 9
Missing 0 0
Mean 0.2458 0.0958
Std. Deviation 0.00442 0.00559
Minimum 0.24 0.09
Maximum 0.25 00.10
11-20
N
Valid 16 16
Missing 0 0
Mean 0.2506 0.1036
Std. Deviation 0.00923 0.01526
Minimum 0.24 .09
Maximum 0.27 14
21-30
N
Valid 18 18
Missing 0 0
Mean 0.2529 0.0954
Std. Deviation 0.01217 0.01068
Minimum 0.21 .09
Maximum 0.26 0.13
31-40
N
Valid 13 13
Missing 0 0
Mean 0.2581 0.1127
Std. Deviation 0.01739 0.01796
Minimum 0.21 0.10
Maximum 0.29 0.16
41-50
N
Valid 12 12
Missing 0 0
Mean 0.2814 0.1225
Std. Deviation 0.02067 0.03036
Minimum 0.22 0.10
Maximum 0.30 0.18
51-60
N
Valid 14 14
Missing 0 0
Mean 0.2891 0.1445
Std. Deviation 0.00637 0.01100
Minimum 0.28 0.12
Maximum 0.31 0.16
61-70
N
Valid 13 13
Missing 0 0
Mean 0.2792 0.1457
Std. Deviation 0.02100 0.01092
Minimum 0.22 0.12
Maximum 0.30 0.17

increased CSF production may be caused by disease in
the choroid plexus, which controls CSF production.*>*
The most typical kind of hydrocephalus in children and
young adults is obstructive hydrocephalus. In rare cases, a
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complicated form of hydrocephalus (such as meningitis)
develops when both CSF absorption and flow are
disrupted. The frontal horn index, occipital horn index,
frontooccipital horn ratio (FOHR), frontooccipital horn
index ratio, and decrease FOHR are currently taken into
account when making a diagnosis of hydrocephalus.”

El

The maximum frontal horn width divided by the
largest inner skull diameter is known as the EIL It
was first suggested by Evans in 1942 and is used in
encephalography to infer the ventricular system’s
expansion. Evans came to the conclusion that the ratio
of the transverse diameter of the anterior horns to the
internal diameter of the skull could be used as an index
to evaluate ventricle size after retrospectively analyzing
the 53 encephalograms of normal patients performed at
the Children’s Hospital of Michigan and Harper Hospital.
More notably, this study demonstrated that values over
0.30 indicate definitive ventricular enlargement, whereas
values between 0.20 and 0.25 indicate normal ratio, early
or doubtful enlargement, and 0.25 to 0.30, respectively.
Hamidu et al., discovered that although the mean EI
for men was higher than for women, this difference
was not statistically significant.® The difference in mean
EI between males and girls in our study was shown to
be statistically significant [Table 2 and Figure 3|. For
EI, values above 0.30 indicated pathological ventricular
dilatation, whereas values between 0.25 and 0.30 indicated
borderline enlargement.

BCI

BCI is used to diagnose Huntington’s chorea, cerebral
atrophy, and multiple sclerosis in addition to ventriculomegaly
examination. The difference in mean EI between males and
girls in our study was shown to be statistically significant
(Table 2 and Figure 4). The BCI for hydrocephalus
has a cutoff value of 0.25. Our study’s BCI value was
0.112%0.0337, which is comparable to the results of studies
by Dupont and Rabinstein.,” and Park et al."” Our research’s
highest value was 0.22, which was somewhat higher than
that of Pelicci et al., study.

Limitations of the study

Our findings come from an examination of patients from
a particular center. A multicenter analysis would resultin a
more reliable cutoff index finding. Patients above 70 years
of age were not included in study.

CONCLUSION

Our study for south karnataka population concludes that
EI and BCI have a significant statistical difference between
males and females. Both EI and BCI values increase
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with age. Hence, cutoff values of EI and BCI index resonance imaging of noncommunicating hydrocephalus. World
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