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Evaluation of Evan’s Index in South
Indian Population using Computed

Tomography

ABSTRACT

Introduction: Imbalance in the production and absorption
of cerebrospinal fluid results in the enlargement of
ventricular system called hydrocephalus. For the early and
precise diagnosis of type of hydrocephalus, knowledge
of ventricular size is mandatory. Ventricular size can be
studied by linear or volumetric measurements, out of which
linear ratios of the width of ventricles to the width of skull
or brain is the easiest reproducible method. Evan’s Index
(El) is one such ventriculo graphic index. Evan’s index is an
important parameter in the diagnosis of normal pressure
hydrocephalus, in follow up cases of ventriculoperitoneal
shunt, alcoholism, dementia and many more conditions.
Therefore, developing a baseline reference data of Evan’s
index will be useful in a wide range of clinical conditions.

Aim: To establish normal baseline value for Evan’s index in
South Indian population with respect to gender and age.

Materials and Methods: Total 100 subjects aged between
5 to 90 years, comprising of 54 males and 46 females,

INTRODUCTION

Two percent of brain volume is constituted by ventricles of
the brain. Lateral ventricles contribute about 82 % of the
total ventricular system [1]. Imbalance in the production and
absorption of cerebrospinal fluid results in the enlargement
of ventricular system called hydrocephalus [2]. For the early
and precise diagnosis of type of hydrocephalus, knowledge
of ventricular size is mandatory. Computed Tomography
(CT) is an accepted procedure in identifying a wide range
of pathologic processes and measuring the ventricular
size. In Indian scenario, as compared to MRI, CT still
remains an easily available, affordable and faster mode of
brain imaging. Ventricular size can be studied by linear or
volumetric measurements, out of which linear ratios of the
width of ventricles to the width of skull or brain is the easiest
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with normal CT brain were analysed retrospectively.
Subjects with intracranial and intraventricular pathology
were excluded. Axial CT brain was obtained in Siemens
Somatom scope multislice CT scanner. El was measured
as the linear ratio of the widest anterior horn width of the
cerebral lateral ventricles to the widest inner diameter of
the skull. Student’s ‘t’ test and one-way-ANOVA was used
to estimate the difference in ventricular size based on sex
and across the age groups respectively.

Results: The mean El in our study population was 0.27
+ 0.04 in males, 0.26 + 0.03 in females and an overall
mean is 0.27 + 0.03. No significant statistical difference
was observed in the El between males and females. With
advancing age, mild increase in Evan’s index was noted.

Conclusion: Mean El of 0.27 + 0.03 in our study supports
the adaptation of international guideline cut-off value of El >
0.30 in the diagnosis of hydrocephalus in our South Indian
population as well. El is less technical, easily reproducible,
less time consuming and can be used in routine practice.

reproducible method. Evan’s Index is one such ventriculo
graphic index. It is the ratio which compares the maximum
width of the frontal horns of the lateral ventricle to the
maximum transverse diameter of the inner table of the skull
[3]. Evan’s index is an important parameter in the diagnosis of
Normal Pressure Hydrocephalus (NPH), in follow-up cases of
ventriculoperitoneal shunt [4], alcoholism, dementia and many
more conditions. Therefore developing a baseline reference
data of Evan’s index will be useful in a wide range of clinical
conditions.

MATERIALS AND METHODS

Patient selection: This retrospective study was conducted
in the Department of Radiology, Karpagam Faculty of
Medical Sciences and Research, Coimbatore during the
period between 1t June 2016 and 315t July 2016. Total 100
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subjects, aged between 5 to 90 years, with normal CT brain
were analysed for this study. All the subjects were divided
into sub groups based on age and sex. The study subjects
comprise of 54 males and 46 females. The study included
seven paediatric patients. Out of it two patients were between
5-10 years of age and five patients were between 11-18 years
of age.

Inclusion Criteria: Of all the patients referred for CT brain
to Department of Radiology, between the study period with
neurological complaints, only those patients whose CT were
reported to be normal were included in this study.

Exclusion Criteria: Patients with intracranial and
intraventricular pathology were excluded from the studly.

CT brain of all the patients was performed in Siemens
Somatom Scope multislice CT scanner. Axial sections were
obtained at 5 mm slice thickness from skull base to the vertex.
Images were then reconstructed to 2 mm slice thickness.
Then the DICOM images were analysed on viewing console.
Measurements were 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) were taken as shown in [Table/Fig-1].

Evan’s Index is derived by AHW divided by IDS.

[Table/Fig-1]: Axial CT image showing the widest anterior horn
width of the cerebral lateral ventricles (green line) and widest inner
diameter of the skull (blue line).

International Journal of Anatomy, Radiology and Surgery. 2017 Jul, Vol-6(3): RO28-R0O31

Arun Kumar S et al., Evaluation of Evan’s Index in Indian Population using Computed Tomography ..I

STATISTICAL ANALYSIS

The statistical analyses were performed using software SPSS
version 23. All data were expressed as mean and standard
deviation, and presented in tables. Student’s ‘t’ test was
used to estimate the difference in ventricular size based on
sex. One-way ANOVA was used to check for differences in
ventricular dimensions across the age groups. The p-value <
0.05 was considered as statistically significant.

RESULTS

The mean Evan’s index in our study population was 0.27 +
0.04 in males, 0.26 + 0.03 in females and an overall mean is
0.27 + 0.03. No significant statistical difference was observed
in Evan’s index between males and females [Table/Fig-2].
With advancing age, mild increase in Evan’s index was noted
[Table/Fig-3] with statistically significant difference among the
age groups (p < 0.001). Males have larger widest AHW of
the cerebral lateral ventricles and widest IDS as compared to
females across all age groups [Table/Fig-3].

Mean+=SD p-value
Males Females |Males+Females
AHW (mm)| 3.41+£0.45 | 3.18+0.34 3.3+0.42 0.005*
IDS (mm) |[12.51£0.52|12.06+0.47 | 12.30+0.54 <0.001*
Evan’s 0.27+0.04 | 0.26+0.03 0.27+0.03 0.161 NS
Index

[Table/Fig-2]: Descriptive statistics of ventricular dimensions

Versus sex.

*Significant at 1% level NS — Not Significant

Age Sex n Ventricular Parameters Mean+SD

group AHW IDS El
(years)
Male 12 | 3.0740.37 | 12.67+0.42 | 0.24+0.02
<o |Female 2.45+0.35 | 12.05+0.07 | 0.21+0.04
Male + | 4/ | 5 984042 | 12.58+0.44 | 0.240.03
Female
Male 13 | 3.34+0.40 | 12.45+0.59 | 0.27+0.03
o1 _ a0 |Female | 20 | 3.17+0.34 | 12.27+0.46 | 0.26+0.02
Male + | 55 | 53044037 | 12.34:0.52 | 0.2620.02
Female
Male 14 | 3.52+0.43 | 12.43+0.53 | 0.28+0.04
4160 |Female | 16 | 322+0.23 | 11.820.43 | 0.27+0.02
Male + | 59 | 3374037 | 12.1120.56 | 0.28+0.03
Female
Male 15 | 3.63+0.42 | 12.51+0.54 | 0.29+0.03
e |Female 3.28+0.35 | 12.0:0.46 | 0.27+0.03
Male + | 5, | 350+0.42 | 12.32+0.56 | 0.28+0.03
Female

[Table/Fig-3]: Ventricular parameters versus age group and sex.
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DISCUSSION

Hamidu AU et al., [3] in 488 subjects of adult Nigerian
population observed an increase of Evan’'s Index with
advancing age with mean El of 0.252 + 0.04. Similar increase
of El with advancing age is observed in our study too [Table/
Fig-3]. However, mean El in our study is 0.27 + 0.03. This
difference in the mean El between these two studies could
be due to dominant middle age population with mean age of
37.26 years in study by Hamidu AU et al.,[3] and also due to
ethnic difference in size of the skull.

Increase in El with advancing age is due to the following facts.
With increasing age and decreasing body mass of index, there
is reduction in the brain weight and increase in the ventricle
size [5]. Brain atrophy is compensated by increase in the
ventricle size, however still, the El does not exceed 0.3 [3].

In the Indian study by Patnaik P et al., [6] in 120 patients
mean El was 0.27 + 0.035. This value is identical to the mean
El of our study, which is 0.27 + 0.03. However, statistically
significant difference was noted in the El value between males
and females in study by Patnaik P et al., with El value of 0.28
+ 0.04 in males and 0.26 + 0.03 in females [6]. In our study,
no statistically significant difference was observed in El value
between males and females.

Women have smaller brain size, around 110-115 gm lesser
than males. As compared to males, they also have smaller
lateral ventricles with proportionately smaller cerebral
hemispheric size [5]. The absence of statistically significant
difference in El value between males and females in our study
could probably be attributed to proportionately smaller size of
lateral ventricles and cerebral hemispheric size in females.

Another Indian study by Patnaik P et al., [7] in 60 patients
also shows mean El as 0.27 + 0.035. Evan index of > 0.30
is the cut-off value for the diagnosis of hydrocephalus as per
international guidelines [8,9]. According to the study by Synek
etal., [10] and Gwaler J et al., [11], normal El should be 0.29 or
lower. Kosourov Ak et al., [12] in 2002, in their study observed
a mean Evan’s Index ranging from 0.22 to 0.28 in adults.

Normal pressure hydrocephalus comprises of ventricular
enlargement, gait disturbance and urinary incontinence [13].
The commonest problem in diagnosing NPH lies in the method
of proving the degree of hydrocephalus which is in excess of
the degree of atrophy. El of > 0.30 with presence of clinical
symptoms confirms the diagnosis of NPH.

Von Bezing H et al., [14] in their study concluded that linear
measurements of hydrocephalus in tuberculous meningitis
were more reliable than volumetric ratios.

A Study by Wilk R et al., [15], on 507 children, was divided
into two groups of children’s with normal CT brain (381
patients) and with abnormal CT brain (126 patients). Data’s

from children with normal CT brain was used to establish the
reference values. Mean reference value of Evan’s index was
0.263 + 0.034 for 0 — 12 months of age, 0.253 + 0.028 for >12
— 36 months of age, 0.247 + 0.019 for > 3 — 6 years of age,
0.248 + 0.028 for > 6 — 9 years of age, 0.250 + 0.023 for > 9 -
12 years of age, 0.252 + 0.019 for > 12 — 15 years of age and
0.251 + 0.022 for > 15 — 18 years of age. According to this
study, Evan’s Index was only weakly age dependent, however
no statistically significant difference in the Evan’s index among
consecutive age groups was observed. In our study, Evan’s
Index in age group of <20 years was 0.24 + 0.03. In this age
group, two patients were between 5-10 years, five patients
were between 11-18 years and seven patients were between
18- 20 years in our study.

Sari E et al., [16], in study on 517 patients aged between 0-18
years, mean Evan’s Index was between 0.23 and 0.28. In
paediatric population, brain parenchyma grows more than the
ventricles, hence the Evan’s Index decreases with age [16].
Comparison of Evan’s Index between present study and other
similar studies were represented in [Table/Fig-4].

Author Evan’s Index
Present study 0.27 +£0.08
Hamidu AU et al., [3] 0.252 + 0.04
Patnaik P et al., [7] 0.27 £ 0.035
Kosourov AK et al., [12] 0.22t0 0.28
Wik R et al., [15] (Paediatric sample) 0.2181t00.312
Sari E et al., [16] (Paediatric sample) 0.23100.28

[Table/Fig-4]: Comparison of Evan’s Index between present study

and other similar studies.

Evan’s Index can be used in both pediatric and adult population
in assessing the degree of hydrocephalus [3], and in many
other neurological and psychiatric disorders producing
ventriculomegaly like cerebral atrophy, dementia, normal
pressure hydrocephalus, multiple sclerosis, autism disorders
[17] etc., and also in follow-up cases of ventriculoperitoneal
shunt [4].

LIMITATION

Relatively small paediatric sample size is one of the
limitations of our study. Isolated use of Evan’s Index
can lead to missing of ventriculomegaly in cases where
occipital horn of lateral ventricle expands earlier than the
frontal horns is considered as a limitation.

CONCLUSION

Our study has established the normal range of Evan’s
index in South Indian population with respect to age and
sex. Mean El of 0.27 + 0.03 in our study supports the
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adaptation of international guideline cut-off value of El
> 0.30 in the diagnosis of hydrocephalus in our South
Indian population as well. El is less technical, easily
reproducible, less time consuming and can be used in
routine practice.

REFERENCES

[1] Akdogan I, Kiroglu Y, Onur S, Karabuluti N. The volume
fraction of brain ventricles to total brain volume: a computed
tomography stereological study. Folia Morphol (Warsz). 2010;
69(4):193-200.

[2] Haslam RHA. Hydrocephalous. In:Behrman RE, Kliegman
RM, Nelson WE, Vaughan VC. (eds). Nelson Text Book of
Pediatrics, 14th edition. Philadelphia, W.B. Saunders Co
1992; page 1487.

[38] Hamidu AU, Olarinoye-Akorede SA, Ekott DS, Danborno
B, Mahmud MR, Balogun MS. Computerized tomographic
study of normal Evans index in adult Nigerians. J Neurosci
Rural Pract. 2015;6(1):55-58.

[4] Hashimoto M, Ishikawa M, Mori E, Kuwana N. Study of
INPH on Neurological Improvement (SINPHONI). Diagnosis
of idiopathic Normal pressure hydrocephalus is supported
by MRI-based scheme: A prospective cohort study.
Cerebrospinal Fluid Res. 2010;7:18.

[5] Skullerud K. Variations in the size of the human brain.
Influence of age, sex, body length, body mass index,
alcoholism, Alzheimer changes, and cerebral atherosclerosis.
Acta Neurol Scand Suppl. 1985;102:1-94.

[6] Patnaik P, Singh V, Singh D, Singh S. Age and gender related
variations in lateral ventricle brain ratios. International Journal
of Health Sciences & Research. 2016; 6(5):78-84.

[7] Patnaik P, Singh V, Singh S, Singh D. Lateral ventricle ratios
correlated to diameters of cerebrum-A study on ct scans of
head. J Anat Sciences. 2014; 22(2):5-11

(8]

[9]

(0]

1]

2]

(3]

[14]

[19]

[16]

7]

Toma AK, Holl E, Kitchen ND, Watkins LD. Evans’ index
revisited: The need for an alternative in normal pressure
hydrocephalus. Neurosurgery. 2011;68:939-44.

Tullberg M, Jensen C, Ekholm S, Wikkelsg C. Normal pressure
hydrocephalus: vascular white matter changes on MR images
must not exclude patients from shunt surgery. AUONR Am J
Neuroradiol. 2001;22:1665-673.

Synek V, Tuben JR, DuBoulay GH. Comparing Evans’ Index
and computerized axial tomography in assessing relationship of
ventricular size to brain size. Neurology (NY). 1976;26:231-33.
Gawler J, DuBoulay GH, Bull JHD, Marshall J. Computerized
Tomography: A comparison with pneumoencephalography
and ventriculography. J Neurology, Neurosurgery, Psychiatry.
1976;39:203-11.

Kosourov AK, Gaivoronskij IV, Rokhlin GD, Blagova IA, Panfilenko
AF. In vivo assessment of various parameters of the brain
ventricles with magnetic resonance tomography. Morfologiia.
2002;122:71-73.

Moore DW, Kovanlikaya |, Heier LA, Raj A, Huang C, Chu KW, et
al. A pilot study of quantitative MRI measurements of ventricular
volume and cortical atrophy for the differential diagnosis of normal
pressure hydrocephalus. Neurol Res Int. 2012;2012:718150.
Von Bezing H, Andronikou S, Van Toorn R, Douglas T. Are linear
measurements and computerized volumetric ratios determined
from axial MRI useful for diagnosing hydrocephalus in children
with tuberculous meningitis? Childs Nerv Syst. 2012;28:79-85.
Wilk R, Kluczewska E, Syc B, Bajor G. Normative values for
selected linear indices of the intracranial fluid spaces based on
CT images of the head in children. Pol J Radiol. 2011;76(3):16-
25.

Sar E, San S, Akgiin V, Ozcan E, Ince S, Babacan O, Saldir M,
et al., measures of ventricles and Evans’ Index: From neonate to
adolescent. Pediatr Neurosurg. 2015;50(1):12-17.

Jackson DC, Irwin W, Dabbs K, Lin JJ, Jones JE, Hsu DA,
Stafstrom CE, et al. Ventricular enlargement in new-onset
pediatric epilepsies. Epilepsia. 2011;52(12):2225-32.

AUTHOR(S):

Dr. Arun Kumar S.
Dr. S.Meena Kumari
Dr. M.Vijai Anand
Dr. R.Saraswathy
Dr. M.Rajeshwari

o s O =

PARTICULARS OF CONTRIBUTORS:

1. Associate Professor, Department of Radiology,
Karpagam Faculty of Medical Sciences and
Research, Coimbatore, Tamil Nadu, India.

2. Consultant Radiologist, Department of Radiology,
Karpagam Faculty of Medical Sciences and
Research, Coimbatore, Tamil Nadu, India.

3. Assistant Professor, Department of Anatomy,
Karpagam Faculty of Medical Sciences and
Research, Coimbatore, Tamil Nadu, India.

4. Senior Resident, Department of Radiology, Karpagam
Faculty of Medical Sciences and Research,
Coimbatore, Tamil Nadu, India.

5. Assistant Professor, Department of Community

Medicine, Karpagam Faculty of Medical Sciences and
Research, Coimbatore, Tamil Nadu, India.

NAME, ADDRESS, E-MAIL ID OF THE
CORRESPONDING AUTHOR:

Dr. Arun Kumar S.,

Department of Radiology, Karpagam Faculty of
Medical Sciences and Research, Pollachi Main Road,
Othakalmandapam, Coimbatore-641032,

Tamil Nadu, India.

E-mail: drsarunkumar1982@gmail.com

FINANCIAL OR OTHER COMPETING INTERESTS:
None.

International Journal of Anatomy, Radiology and Surgery. 2017 Jul, Vol-6(3): RO28-RO31

Date of Publishing: Jul 01, 2017



