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Abstract

Introduction: Cerebral ventricular enlargement occurs as a natural aging process but also has been 
associated with many neurological disorders. Whether this enlargement is primary or secondary to 
these pathological conditions remains controversial. Objective of the study was to tabulate and create 
normal references values for maximum width of third ventricle in Nepalese population according to 
age group and gender.

Methods: MTW was determined in two hundred  (112 males and 88 females) and age ranging 
between 1- 93 years who had normal Computed tomography scan (CT scan) of the head .The data 
collected was analyzed with statistical program IBM SPSS version 20.

Results: Measurements of MTW in both males and females of the normal groups revealed no 
significant difference. No significant difference in MTW was noticed till the age of 49 years. Significant 
differences were noticed between 49 - 93 years of age.

Conclusions: This study corroborated well with normal MTW values published in literatures from 
other parts of the world. However normal values specific to our local population becomes more 
relevant in interpreting CT scan of head in Nepal.

_______________________________________________________________________________________
Keywords:  cerebral atrophy; computed tomography scan; hydrocephalus; maximum width of third 

ventricle.
_______________________________________________________________________________________ 

______________________________________
Correspondence: Dr. Amit Shrestha, Department of Radiology, 
Nepal Medical College & Teaching Hospital,  Attarkhel, Jorpati, Nepal. 
E-mail: austrygypsy@gmail.com, Phone: +977-9851056016.

INTRODUCTION

Brain grows rapidly in early life and reaches its 
maximum weight by third decade and regression 
begins thereafter.1-4 But regression, which involves both 
cerebrum and cerebellum, tends to be slow at first, but 
it accelerates with advancing age, beginning usually 
by the seventh decade.5  The median and paramedian 
parts of the brain show regression early, and the third 
ventricle slowly begins to widen. In 1962, Yakovlev 
studying the "growth and maturation" of the nervous 
system, noted regression of the median nuclei of the 
thalami and widening of the third ventricle beginning 
by the fifth decade, and possibly before, and also a 
progressive diminution of the massa intermedia that 

joins the thalami.6  Morel and Wildi  measured the volume 
of the ventricles of 423 fixed brains of individuals 
55- 99 years old and noted a progressive increase 
in ventricular size up to the ninth decade.7  Knudson 
studied changes in ventricular size with aging by making 
casts of the ventricles of 185 fixed brains considered 
to be normal.8 There was considerable variation in size 
up to the seventh decade; thereafter the size increased 
rapidly, but one-third of the over 70 years group still 
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fell within the size range of 90% of the 20-40 year 
group.8  The ventricles of males were larger than those 
of females, and the left lateral ventricles were usually 
larger than the right.8 Cerebrospinal fluid (CSF) within 
the ventricle could be in excess or markedly reduced, 
and these could be the only sign of an intracranial or 
intraventricular disease. The linear dimensions of the 
3rd ventricle can be a key to some of these findings. 
The dimension of third ventricle can vary with various 
factors such as age, gender, body mass index (BMI) 
and various populations.9 The third ventricle, “ventricles 
tertiuscerebri,” is one of four connected, cerebrospinal 
fluid-filled cavities of the human brain.10 It is a median 
cleft between the two thalami, bordered inferiorly by 
the hypothalamus, communicates rostrally with lateral 
ventricle through interventricular foramina and caudally 
with fourth ventricle via cerebral aqueduct. The third 
ventricle develops from the central canal of the neural 
tube which in the future develops as the space of the 
diencephalon.11

Many studies by various authors have measured 
width of the third ventricle among both diseased and 
normal individuals using different imaging modalities 
like ultrasound, magnetic resonance imaging (MRI) 
and CT scan. Turner et al measured the width of the 
third ventricle among patients with multiple sclerosis 
and compared it against his control group using MRI, 
reported the width was much larger than the controls 
studied.12 The third ventricle width among preterm’s 
were measured by Davies et al using cranial ultrasound, 
used in the diagnosis and assessment of ventricular 
enlargement in preterm infants and reported to have 
found no gender variation in his study.13 Schimmel 
et al showed significant enlargement in the length 
and width of the third ventricle among the infants 
with Trisomy 21 compared to the control group of 
unaffected newborns.14 Benedict et al compared the 
width of the third ventricle among patients of multiple 
sclerosis and normal subjects; the width among the 
control group was much smaller, as enlargement of 
the ventricles were observed in multiple sclerosis with 
associated neuropsychological impairment.15 According 
to Schochet, the brain undergoes many gross and 
histopathologic changes with advancing age, and also 
in various dementias, with regression of brain tissue 
leading to ballooning of the third ventricle and rounding 
of the angles of the lateral ventricles.16 Studies by 
LeMay attributed this ballooning of the third ventricle 
to a regression of the median nuclei of the thalami and 
a progressive diminution of the massa intermedia that 
joins them.17 Various studies by Andreasen et al, Kido et 
al and Huber et al clearly show an increase in the CSF 
spaces in dementia especially in Alzheimer’s disease 
and Parkinson’s disease.18-20 According to Corsellis 
and Creasy and Rapoport this was due to reduction in 

the size of nerve cells.21,22  Haaga reported ventricular 
enlargement to be a more sensitive indicator of cortical 
atrophy due to increasing age and dementias.23  Studies 
by McRae et al and Scott et al show larger lateral 
ventricles in epilepsy and depression respectively.24,25

The practice of using the reviewer's experience or 
observing a change in the shape of the ventricles can 
be very subjective, hence the need for normal values. 
This will enable early detection of changes due to 
intrinsic and extrinsic pathology. It is also important to 
monitor and evaluate response to therapy in patients 
being treated for hydrocephalus. Therefore the aim of 
this study was to assess the range of MTW in normal 
Nepalese population and evaluate the variation in size 
determined by the age and gender. Objective was to 
tabulate reference values for the same.

METHODS

Cross sectional study was performed in 200 patients 
(112 males and 88 females) at Nepal Medical College 
and Teaching Hospital, Jorpati, Kathmandu, Nepal 
between January and March 2016. Patients referred for 
plain CT scan of the head for symptoms ranging from 
headache, seizures, vomiting, loss of consciousness, 
ipsilateral weakness, and abnormal behavior to head 
trauma were included in this study. CT scan was 
performed in Toshiba Aquilion 64 multidetector CT 
scanner (Toshiba Medical System, Japan). Only cases 
interpreted as normal were included in the study. 
Exclusion criteria included presence of infarctions, intra 
or extra axial hemorrhage, mass, fracture of cranial 
vault or any other craniofacial injury which could have 
affected the measurements of MTW. Since chronic 
alcoholism leads to premature cerebral atrophy, such 
cases were excluded from the study.26  The patient was 
placed on the CT table and the head was centralized, 
supported and stabilized for correct alignment and to 
reduce motion artifacts. Volumetric plain CT scan of 
head was performed with angle of 15 – 20 degrees 
to and one centimeter above canthomeatal line which 
represented the lowest tomographic section which 
passed through the base of skull. Tube voltage was 
120 peak kilo voltage (KVp), tube current was 210 
milliampere second (mAs) and slice thickness was 0.5 
mm. Cases were reviewed by a single radiologist with 
more than 8 years experience. Images were studied on 
512 x 512 matrixes with fixed window width of 90 and 
window level of 40 to reduce intraobserver variability. 
The widest diameter of the third ventricle at the level of 
foramen of Monroe anterior to inter-thalamic adhesion 
(massa intermedia) was measured in millimeters (mm) 
on each patient on axial images using an on screen 
linear electronic caliper (Figure 1).

Tables with age group, gender and corresponding 
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normal MTW were tabulated using IBM SPSS Statistics 
20 Version. Statistical differences, if any, in between 
different age group was calculated by independent 
T test. For evaluating the statistical significance of 
MTW between different ages Anova test was used. 
Comparisons with various other studies of MTW in 
normal populations were also made.

Results

In our study, the youngest patient was 1year old; whereas 
the oldest was 93 years (mean age 38.08 years). 112 
(56%) of the patients were male and the remaining 88 
(44%) were female. MTW increased with advancing 
age, however statistically significant increment only 
occurred after fifth decade onwards ( p value = 0.001 
to 0.000). There was considerable variation in size up 
to the fifth decade; thereafter the size increased rapidly. 
MTW were greater in males as compared to females but 
the difference was not statistically significant (p value 
= 0.111). The mean MTW of the total patients was 
4.46 ± 1.86. The smallest MTW was 1.70 mm at and 
the largest MTW was 12.70 mm.

Figure 1. Measurement of MTW on plain axial CT 
Scan of head at level of Foramen of Monroe.

Table 2. Mean MTW distribution according to age 
groups.

Age range Mean MTW (mm) SD

0 – 9 yrs 3.1100 1.01154

10 – 19 yrs 3.5037 .93376

20 – 29 yrs 3.8068 .90820

30 – 39 yrs 3.6351 1.03742

40 – 49 yrs 4.4292 1.22420

50 – 59 yrs 5.2955 1.23113

60 – 69 yrs 5.2750 1.87705

70 – 79 yrs 6.9333 2.24877

>80  yrs 9.2000 2.51339

The differences of MTW between the different age 
groups were statistically very significant with p-value 
of 0.000. However the differences in MTW among 
males and females of different age groups were not 
statistically significant (Table 2). 

Table 3. Mean MTW distribution according to age 
groups and gender.

Age 
range

No. of 
patients

Male Female
p-value

MTW SD MTW SD

0-9 10 2.66 1.078 3.56 .795 0.172

10-
19

27 3.59 .955 3.32 .914 0.486

20-
29

44 3.91 .927 3.68 .892 0.404

30-
39

37 3.80 1.02 3.27 1.02 0.146

40-
49

24 4.83 1.05 3.94 1.28 0.074

50-
59

22 5.78 1.21 4.81 1.09 0.062

60-
69

16 6.40 2.44 4.60 1.10 0.060

70-
79

12 7.68 3.11 6.40 1.42 0.355

>80 8 9.96 2.95 7.93 .95 0.304

Discussion

As discussed above, the width of the third ventricle may 
be the key findings in several disease processes and 
important in monitoring treatment of hydrocephalus. 
Due to its midline location, well defined regular oblong 
shape and innate contrast between the surrounding soft 
tissue and CSF, its measurements are more accurate 
and highly reproducible as compared to other ventricles. 

Although principle aim of this study was to derive normal 
references values of MTW for Nepalese population, the 
data corroborated well with multiple similar studies 
from various parts of the world involving different races 
(Table 3).27-35 Finnish study conducted by Soininen et 
al in 1982 found MTW to be higher than rest of the 
studies probably due to the fact that the study included 
both normal control group and patients with Alzheimer’s 
disease and multi infarct dementia.27

Two other studies in Caucasian race by Brinkman et al 
(in 1981) and Gawler et al (in London, 1975) showed 
mean MTW to be slightly higher than our population.28,29  
However all three studies did not include gender 
dependent MTW. Studies in African population in 
Negroid race by Ahmed et al  (between 2009 -12, Zaria 
– Nigeria) and Usman et al (between 2007 – 2012, 
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West Nigeria) found MTW to be comparable to present 
study although it was slightly higher in latter study.30,31 
This could be due to larger number of subjects in both 
studies, being 488 and 926 respectively. Interestingly, 
study by Zauhair et al (in 2009, Iraq) revealed MTW to 
be lesser in both males and females as compared to our 
study.32 Even though, the age range was comparable 
(10-69 years), their subjects were smaller in number 
(112). In more recently conducted study in similar 
region of Middle East, Moawia et al (in 2015 ,Saudi 
Arabia) with 152 study population, discovered MTW to 
be higher in both males and females than this study.33 
Two studies in India by D’Souza et al (in 2007, Goa) 
and Mathew et al  (in 2012, Punjab) compared well with 
present research.34,35 However the latter study was 
performed with MRI which probably explains higher 
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