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Abstract

Background: Computerised Tomography (CT) scan of brain is a useful tool to detect structural changes in the brain with accuracy and safety. Aging is
associated with gradual loss of normal brain tissue that can cause greater levels of decline in cognition and leads to low quality of life. This decline is
found to occur only after a particular age.

Material and Methods: The study was conducted on 98 healthy subjects belonging to both sexes between the ages of 20 — 85 years. CT scan was
performed to assess the size of the ventricles of the brain and cortical sulci.

Results: Data was analysed using appropriate software to know the significance of the change with aging. The cerebral ventricles were found to enlarge
along with thinning of the cortical sulci which was found to be significant (p<0.05).

Discussion: The enlargement is not uniform throughout the ventricular system and is found to be relatively early and significantly more in the frontal
brain regions which have a more complex structure with late maturation.
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1. Introduction

Aging is a normal physiological process with some degree of decline in cognitive functions like memory and reasoning and those with greater
levels of decline in cognition are more likely to have low quality of life . Brain function remains relatively stable during most of adulthood and may decline
after a certain age. Evidence suggests that early life mental ability may help protect against dementia 2. With aging, the number of nerve cells usually
decreases, although the number lost varies from person to person. The brain tends to compensate for these losses by redundancy, by making new synapses
between the existing nerve cells and in some cases by producing new nerve cells especially after brain injury or a stroke. The sub-ventricular zone retains
some neural stem cells which are capable of forming new nerve cells and synapses forming the basis for plasticity. With improvements in health care
systems, the life expectancy has gone up; as a result, the number of elderly in the population has increased even in developing countries like India. Hence,
importance is given to strategies to preserve cognitive and physiologic functions and prevent age related diseases. The gray and white matters are lost in
normal aging process leading to dementia though variations between individuals do exist®. The volume or size of the ventricular system of the brain is
considered to be one of the general parameters of brain development*. CT is a safe and non-invasive method to assess the ventricular system of the brain. It
is a painless, sophisticated x-ray procedure that obtains images of parts of the body that cannot be seen. Therefore these scans often result in earlier diagnosis
and more successful treatment of many diseases. Though computerized tomography imaging does involve x-rays, the diagnostic benefits generally outweigh
the risks of radiation exposure. The nuclei and white matter that abut the cerebral ventricles define their volume and size of the ventricles and serve as an
index of the changes across the whole central nervous system. Measurement of ventricular size comes with high reliability and high degree of automation.
Studies héive shown that volume of cerebral ventricles increases by 2.9% per annum on an average and rate of expansion of the ventricular size accelerates
with age °.

The aim of the present study was to assess the size of the ventricular system with normal aging process using CT scan.

2. Material and Methods

98 healthy subjects of both sexes between the ages of 20-85 years were included in the study. Patients attending the Radiology and Imageology
unit of a medical college hospital who had come for a CT scan of brain were included in the study. The subjects were divided into 6 groups. Subjects with
Diabetes mellitus, hypertension, mental deficits, family history of any neurological illness and any emotional or psychological trauma were excluded from
the study. Computerized Tomography scan using Toshiba Sub Second Real time Helical CT Scanner, Model — Asteon and Printer — DRYSTAR 3000
AGFA were used to study the structural changes in brain due to aging.

A semi - quantitative estimation of cerebral atrophy with the use of indices, which take into account the widths of cerebral ventricles and
subarachnoid spaces was done. In the study particiipants®; he parameters studied were Anterior Horn Quotient which is the ratio between the distance
between the two occipital horns of lateral ventricle and the maximum distance between the two frontal horns of lateral ventricle and is denoted as F/C and it
should normally be > 3.7. The Huckmann Index denoted by C+D is the sum of maximum distance (C) and minimum distance (D) between the two frontal
horns of lateral ventricles and should normally be < Scm. The width of the third ventricle (E) should be < 7mm and Pars centralis index (A/B) which is the
ratio between the width of the intracranial space and width of the body of lateral ventricle should be > 4.1. Frontal interhemispheric fissure should be < 3mm
and width of cortical sulci should be < 3mm.. Informed consent was taken from all the subjects participating in the study and the Institute Ethics committee
permission was obtained.
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3. Results
Analysed and tabulated using Epi info 2000 software. Computerised Tomography scan results showing width of CSF spaces.
Table 1: Anterior Horn Quotient (F/C)

S. No. Age Groups N Mean Age (yrs) SD (#) Mean F/C SD (#)
1 Group | - 21-30yrs 11 25 3.63 2.01 0.48
2 Group Il - 31-40 yrs 19 37.58 2.71 1.99 0.41
3 Group |11 - 41-50 yrs 18 45.83 3.11 1.9 0.47
4 Group 1V-51-60 yrs 18 56.78 3.02 1.86 0.28
5 Group V- 61-70 yrs 20 68.65 2.13 1.78 0.39
6 Group VI- 71+ yrs 12 78.58 2.62 1.72 0.25

The normal value for anterior horn quotient (F/C) > 3.7. From group I to group VI, the F/C was less than 3.7. Chi square = 0.45 and p = 0.5 which
is not significant.
Table 2: Huckmann Index (C+D)

S.No. Age Groups N Mean Age (yrs) SD () | Mean C+D (cm) SD (%)
1 Group | - 21-30yrs 11 25 3.63 4.13 0.83
2 Group I1 - 31-40 yrs 19 37.58 2.71 4.15 0.79
3 Group I11 - 41-50 yrs 18 45.83 311 4.87 0.65
4 Group 1V-51-60 yrs 18 56.78 3.02 4.82 0.99
5 Group V- 61-70 yrs 20 68.65 2.13 5.03 1.03
6 Group VI- 71+ yrs 12 78.58 4.62 5.35 0.67

Normal value for Huckmann Index (C+D) < 5cm. Group V and group VI had more than 5 cm. Chi square = 0.56 and p = 0.45 which is not
significant.
Table 3: Width of third ventricle (E)

S.No. Age Groups N Mean Age (yrs) SD (1) Mean E (mm) SD (3)
1 Group | - 21-30yrs 11 25 3.63 3.81 1.6
2 Group I1 - 31-40 yrs 19 37.58 2.71 4.47 1.65
3 Group I11 - 41-50 yrs 18 45.83 311 4.94 1.92
4 Group 1V-51-60 yrs 18 56.78 3.02 6.55 2.38
5 Group V- 61-70 yrs 20 68.65 2.13 6.5 2.16
6 Group VI- 71+ yrs 12 78.58 4.62 7.66 2.57

The normal value for the width of third ventricle (E) is < 7mm. In groups from I to V, the size of the third ventricle was less than 7mm, whereas
only in group VI, E was found to be more than 7 mm. Chi- square = 0.35 and p = 0.55 which is not significant.

Table 4: Pars Centralis Index (A/B)

S.No. Age Groups N Mean Age (yrs) SD (%) Mean A/B SD (3)
1 Group | - 21-30yrs 11 25 3.63 5.58 1.54
2 Group Il - 31-40 yrs 19 37.58 2.71 5.25 0.77
3 Group 111 - 41-50 yrs 18 45.83 3.11 5.13 1.2
4 Group 1V-51-60 yrs 18 56.78 3.02 5.05 1.37
5 Group V- 61-70 yrs 20 68.65 2.13 4.98 0.65
6 Group VI- 71+ yrs 12 78.58 4.62 4.77 2.61

The normal value for pars centralis index (A/B) is > 4.1. Pars centralis index is the space at the junction of the body of lateral ventricle with
posterior and inferior horns. All groups from | to VI had this value above 4.1. Chi- square was 0.12 and p = 0.73 which is not significant.

Table 5: Width of Frontal Interhemispheric fissure (FIF)

S.No. Age Groups N Mean Age (yrs) SD () | Mean FIF (mm) SD (%)
1 Group | - 21-30yrs 11 25 3.63 3.5 1.25
2 Group I1 - 31-40 yrs 19 37.58 2.71 3.68 1.38
3 Group 111 - 41-50 yrs 18 45.83 311 3.72 1.32
4 Group 1V-51-60 yrs 18 56.78 3.02 3.7 0.92
5 Group V- 61-70 yrs 20 68.65 2.13 4 1.26
6 Group VI- 71+ yrs 12 78.58 4.62 4.58 1.38

The normal value for frontal interhemispheric fissure (FIF) is < 3mm. In all groups from I to VI, the width of FIF was more than 3 mm. Chi-
square = 0.05 and p= 0.82 which is not significant.

Table 6: Width of Cortical Sulci (S)

S.No. Age Groups N Mean Age (yrs) SD (%) Mean S (mm) SD (%)
1 Group | - 21-30yrs 11 25 3.63 35 1.25
2 Group |1 - 31-40 yrs 19 37.58 2.71 3.68 1.38
3 Group 111 - 41-50 yrs 18 45.83 3.11 3.72 1.32
4 Group V- 51-60 yrs 18 56.78 3.02 3.7 0.92
5 Group V- 61-70 yrs 20 68.65 2.13 4 1.26
6 Group VI- 71+ yrs 12 78.58 4.62 4.58 1.38

The normal value for the width of cortical sulci (S) is < 3mm. The cortical sulcal width in all groups was found to be more than 3mm. Chi- square
was 11.83 and p = 0.0008 (<0.05) which was found to be highly significant.

4. Discussion

Age is an independent factor contributing to loss of cerebral tissue . Aging leads to gross and histopathological changes in the brain. Brain
shrinks and ventricles expand with healthy aging. Different areas of the brain react differently to aging °. The pattern of change is highly heterogenous as per
some studies and largest changes are seen in the neocortical regions like pre frontal and temporal cortices *****2 These variations may be explained by
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genetic factors as the development and morphogenesis of neocortical regions are autonomous processes that are controlled by multiple independent genes ®.
Rather than loss of neurons, shrinkage of neurons, shrinkage of synaptic spines and low number of synapses account for loss of brain tissue along with
greatly reduced length of myelinated axons. With regression of brain tissue especially the median nuclei of the thalami, there is ballooning of the 3™
ventricle and rounding of the angles of the lateral ventricles.

Table 1 show the coefficient of frontal horns, which is given by the ratio between the width of occipital horns and width of frontal horns of lateral
brain ventricles. This ratio is found to decrease gradually from 2™ to 7" decade of life though the decrease is not found to be significant indicating that tissue
loss occurs gradually till very late in life.

The Huckmann index, as shown in table 2 is the sum of the width of the frontal horns of lateral brain ventricles and width of interpeduncular
regions, also gives an estimation of cerebral atrophy. In the present study, there is only a small increase in this index with age and is not found to be
significant. It is only after the age of 60 years (group V and VI) the Huckmann’s index has crossed the normal values. This maybe because of the fact that
atrophic changes take place very late in life almost in the 7" or 8" decade of life in the lateral cortex causing minimal brain tissue loss. This may also be the
reason for very late changes taking place in the 3" ventricular size which is found to increase only in the 7" decade of life as shown in table 3.

The pars centralis index gives the ratio of width of skull to width of lateral parts of both lateral ventricles and is not found to be significant.

Width of frontal interhemispheric fissure also shows some increase from younger ages and more in the 7" decade of life. This is in accordance with previous
studies which attribute this change in neocortical regions to their complex structure and late maturation.

There is also widening of cortical sulci in the present study as shown in table 6 where the widening is found to start early in life, as early as the 3"
decade leading to lesser curvature and depth as also observed in previous studies'*. This change in geometry of cortical folding with aging can lead to
cognitive decline and is probably due to loss of grey matter which leads to thinning and widening of the cortical sulci, also causing a secondary widening of
the ventricles of the brain '3,

Recommendations & Conclusion

Computerised Tomography scan is a non-invasive and safe method to assess the changes taking place in brain with the normal physiological
aging process. If adopted by geriatric departments as a routine screening tool, several disorders of the brain if any, can be detected at an early stage and
necessary intervention may be done to avoid progress of the disease to a critical level. Also, the onset of severity of age related changes in the brain can be
delayed by adopting lifestyle changes like being mentally and physically active with advancing age.
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