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changes need to be quantifi ed, especially in cases with bilateral 
sclerosis, which accounts for 19%[5,6] of cases, and magnetic 
resonance (MR) normal intractable epilepsy, which forms 
15% of cases.[7] Quantitative analysis of the hippocampus 
using volumetry and T2 relaxometry is commonly being 
used in diffi  cult situations and also in research.[8] Quantifying 
hippocampal atrophy through magnetic resonance imaging 
(MRI) volumetry provides an independent source of 
information on seizure lateralization, expected postoperative 
outcome, and it may aid in appropriately selecting patients for 
invasive preoperative monitoring studies.[9]

In addition, hippocampal atrophy has been detected in other 
conditions such as major depression and Alzheimer’s disease. 
There are studies demonstrating hippocampal volume (HV) 
loss in chronic and recurrent depression. It has also been shown 
to occur in early depression and therefore, volume assessment 
has the potential in aiding early diagnosis.[10] Atrophic changes 
in the hippocampus have been detected in the early stages of 
development of Alzheimer’s dementia and this highlights its 
potential use in its diagnosis.[11]

There have been eff orts made to establish normative data 
for HV in the western population. We are commonly faced 

Introduction

Complex partial-onset epilepsies account for about 60% of 
all adult epilepsy cases. Temporal lobe epilepsy (TLE) is the 
most common type of complex partial-onset epilepsy referred 
for epilepsy surgery and is oĞ en refractory to antiepileptic 
drugs.[1] Mesial temporal sclerosis (MTS) is the most common 
cause of temporal lobe epilepsy..

[2] MTS was introduced as a 
term to encompass sclerosis, including the hippocampus and 
involves adjacent medial structures, such as the amygdala. 
MTS is a specifi c pathological diagnosis and the histological 
fi ndings consist of hippocampal formation atrophy, selective 
hippocampal subfi eld neuronal loss, and mesial temporal 
gliosis.[3,4] At times, subjective interpretation of size and signal 
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with a dilemma in clinical practice, where there is a need 
for lateralization of epilepsy on MRI, in cases of bilateral 
sclerosis and MR normal MTS. Detecting a size diff erence 
when compared to the apparently normal hippocampus, fails 
in these situations. It then becomes essential to compare the 
values with a normative data. The mean HV obtained from 
the western population varies from 2.78 cm3 to 3.91 cm3,[12-16] 
which we found to be very high for our patients. However, 
there have been no studies done to assess normal HV in the 
Indian population. Hence, we undertook this study; to assess 
HV in a normative data of 200 volunteers, using a manual 
method of segmentation, which is the most commonly used 
method in clinical practice. Similar studies have been done in 
other Asian countries and the mean volumes reported varied 
from 1.99 cm3 to 2.91 cm3.[17-19]

Materials and Methods

Study population characteristics
This is a study involving 200 healthy volunteers with no history 
of neurological disease, substance abuse, or injury. A mini-score 
assessment was done to rule out psychiatric diseases. As the 
study was based in a tertiary level neurocenter in the south, 
the study population was drawn from this region. Despite this, 
many of the volunteers were students and professionals, who 
had migrated from diff erent states in India and therefore, the 
results of the study are relevant to the whole Indian population. 
The age of the volunteers ranged from 18 to 40 years, with a 
mean age of 25.75 years. A breakup of the age of the volunteers 
is given in Figure 1. There were 134 males and 66 females. 
One hundred and forty-two volunteers were college educated 
and the remaining 58 were educated up to high school. MRI 
scans were done using a 3T Siemens Skyra MRI scanner. The 
relevant anatomical data was separated and transferred to a 
Siemens Syngo workstation, where it was assessed by a single 
observer under the guidance of a neuroradiologist, with more 
than 10 years of experience.

Segmentation method
The HV was assessed manually with Siemens Syngo soĞ ware, 
on T1-weighted MP RAGE images, using the coronal planes. 
Images of slice thickness 1 mm and interslice gap of 1 mm 
were used. Based on the review conducted by Konrad et al.,[20] 

a protocol was setup to manually segment the hippocampus 
for volumetry. The white maĴ er structures, alveus, and fi mbria 
were excluded. Internal landmarks were used wherever 
possible and external landmarks were used only where 
necessary, in combination with internal landmarks.

Superiorly — The alveus and the cerebrospinal fl uid (CSF) 
within the lateral ventricle.

Inferiorly — The white maĴ er of the parahippocampal gyrus 
below the subiculum.

Laterally — The CSF in the lateral ventricle.

Superomedially — CSF in the cisterna ambiens.

Inferomedially — Extend the inferior border of the cornu 
ammonis medially, with a straight horizontal line and 
considered all tissue above as hippocampus and below as 
parahippocampal cortex.

Anteriorly — The alveus, as an internal landmark, in 
combination with the appearance of CSF of the lateral ventricle, 
as an external landmark, to delineate the hippocampus from 
the amygdala.

Posteriorly — The lateral ventricle is used as an external 
landmark and the posterior end is localized in the slice, where 
an ovoid grey maĴ er starts to appear inferomedial to the trigone 
of the lateral ventricle.

This is illustrated in Figures 2, 3, and 4. Segmentation was 
done manually using a mouse cursor. To assess intraobserver 
variability, 20 of the subjects were selected randomly and 
hippocampal segmentation and volumes were reassessed by 
the same observer.

Statistical method
A paired t-test analysis was done to compare the two sets of 
volumes to assess intraobserver variability. The mean and 
standard deviation (SD) for right HV (RHV) and leĞ  HV (LHV) 

Figure 1: An illustration of the breakup of age among the 
volunteers

Figure 2: Hippocampus head. Red outline indicates segmented 
hippocampus. (a) Slice before the appearance of hippocampus 
head. (b) First slice showing the hippocampus head. (c) The 
arrow indicates the alveus, which separates the hippocampus 
from the amygdala
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were assessed. The upper and lower limits were calculated using 
95% confi dence intervals (2 SD), on either side of the mean. We 
used t-test analysis to understand the eff ect of age, sex, and 
education on H V. We divided the volunteers into two groups 
based on age (18-29 and 30-40), to study the eff ect of age.

Results

In the sample of 200 healthy volunteers from the Indian 
population that we assessed, the HV followed normal 
distribution with no skew. The mean HV was found to be 
2.411 cm3 (SD - 0.299). The mean RHV was 2.424 cm3 and the 
mean LHV was 2.398 cm3. The upper and lower limits for HV, 
calculated using 95% confi dence intervals (2 SD), were 3.009 
cm3 and 1.813 cm3, respectively. Equal variances were assumed 
when comparing gender and HV. A mean RHV of 2.491 in 
males and 2.288 in females was obtained, with the diff erence 
being statistically signifi cant (P < 0.001). This was mirrored in 
the LHV, with a mean of 2.447 in males and 2.298 in females (P 
< 0.001). When comparing education with HV, equal variances 
were not assumed with respect to the distribution of age 
between the two groups. There was no statistically signifi cant 
diff erence in mean volumes between college educated and 
school educated volunteers. Equal variances were assumed 
when comparing the two age groups with the HV and no 
statistically signifi cant variation was detected. The details of the 
statistical analysis are outlined in Table 1. The paired samples 
t-test, done to assess variation between the two volumes 
obtained from the 20 randomly selected volunteers, did not 
show a statistically signifi cant variation; thus, indicating good 
intraobserver agreeability. This is indicated in Table 2.

Discussion

The primary fi ndings in MTS are hyperintensity of hippocampus 
and hippocampal atrophy, which is detected by quantitative 
volumetry.[21-24] This is best appreciated on the coronal FLAIR 
sequence, which suppresses out the CSF signal from the 
uncal recess and the choroidal fi ssure, thus avoiding false 

Figure 4: Hippocampus tail. Red outline indicates segmented 
hippocampus. (a) Last slice showing tail of hippocampus as 
an ovoid grey mass medial to lateral ventricle. Arrow indicates 
lateral border of hippocampus delineated by CSF in lateral 
ventricle. (b) Slice beyond the hippocampus tail

ba

Figure 3: Hippocampus body. Red outline indicates segmented 
hippocampus. (a) Superior border delineated by alveus and 
cerebrospinal fl uid (CSF) of lateral ventricle. (b) CSF of the 
cisterna ambiens forming medial border. (c) White matter of the 
parahippocampal gyrus forming inferior border

a

b
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Table 1: Statistical analysis with t-test

 t-test for equality of means

Mean T Df Sig. (2-tailed)

RHV with gender

Male 2.49134 4.830 198 <0.001

Female 2.28752

LHV with gender

Male 2.44694 3.336 198 <0.001

Female 2.29830

RHV with education

C E 2.44363 1.466 198 0.144

S E 2.37622

LHV with education

C E 2.41860 1.514 198 0.132

S E 2.34719

RHV with age

18-29 years 2.43892 1.358 198 0.176

30-40 years 2.36988

LHV with age

18-29 years 2.41370 1.410 198 0.160

30-40 years 2.34016

Df = Degrees of freedom, Sig. = signifi cance, CE = College educated, 
SE = School educated, RHV = Right hippocampal volume, LHV = Left 
hippocampal volume, T = t test value 

Table 2: Intraobserver variability assessment with paired 
sample t-test

Mean N T Sig.(2-tailed)

Pair 1

RHV 1st assessment 2.33810 20 –0.129 0.899

RHV 2nd assessment 2.33975 20

Pair 2

LHV 1st assessment 2.37245 20 –1.088 0.290

LHV 2nd assessment 2.38240 20

Sig. = Signifi cance, RHV = Right hippocampal volume, LHV = Left hippocampal 
volume, N =Number of subjects , T = t test value
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positive high signal changes.[25] In a study performed by 
Berkovic et al., in 1995, the sensitivity of MRI for MTS was as 
high as 97%, and specifi city was 83%.[26] Other studies have 
shown that visual MRI interpretation of these features has 
sensitivities of 87-100%.[21,24] Therefore, MRI is the investigation 
of choice for diagnosing MTS. In a study conducted by 
Coan et al., HV identifi ed hippocampal sclerosis in 95% of 
electroencephalography (EEG) confi rmed MTS patients. The 
quantifi cation of HV and T2 signal can increase the detection 
of signs of MTS in approximately 28% of patients with mesial 
temporal lobe epilepsy (MTLE).[8] Studies have shown that a 
close correlation exists between histologically identifi ed cell 
loss in the hippocampus and atrophy detected by MRI volume 
measurements, and that quantitative MRI measurements can 
act as a surrogate for pathological identifi cation of presence 
and severity of hippocampal sclerosis.[27,28] Volumetry correctly 
lateralizes the side of MTS in 93% of patients.[29] The technique 
is a useful adjunct in a multidisciplinary, preoperative 
epilepsy evaluation, when T2-weighted MRIs do not reveal 
an epileptogenic mass lesion.[9]

Cole et al., conducted a meta-analysis, assessing studies 
demonstrating hippocampal atrophy in patients with the fi rst 
episode of depression. Cumulative analysis revealed atrophy in 
patients with fi rst episode major depressive disorder compared 
to controls for both leĞ  and right hippocampi (P - 0.03 and P - 
0.01, respectively). The average volume reduction was –4.0% for 
the leĞ  and –4.5% in the leĞ  hippocampus.[10] Apostolova et al., 
conducted a study involving 17 patients, where they assessed 
the utility of HV assessment in predicting the development of 
Alzheimer’s dementia. When compared to the controls, patients 
who went on to be diagnosed with mild cognitive impairment 
and Alzheimer’s dementia, had lower HV both at baseline and 
a 3-year follow-up. The drop in volume was signifi cant for both 
leĞ  (P - 0.001) and right (P < 0.02). The loss of volume mainly 
occurred in the subicular region and cornu ammonis.[11]

HV may be assessed by manual, semiautomated, or automated 
methods. Automated methods are user-independent and utilize 
geometric template matching methods to extract brain size and 
shape parameters. There are many types of soĞ ware such as 
Analysis of Functional NeuroImages (AFNI), Freesurfer and 
FMRIB (functional MRI of the brain) soĞ ware library (FSL). The 
main drawback of automated soĞ ware is the loss of anatomic 
specifi city, which may lead to errors. The drawback of manual 
methods is that it is time consuming and labor intensive.[30] 
Pardoe and Jackson[31] conducted a study comparing manual 
segmentation and automated methods for HV assessment, 
in reply to the study conducted by Coan et al.[8] They used 
the Freesurfer soĞ ware for automated assessment. Manual 
HV detects hippocampal sclerosis with a sensitivity and 
specifi city of 72 and 52%, respectively, with the area under 
the curve being 0.9. Automated volumetry had sensitivity and 
specifi city of 63 and 19%, repectively, with the area under the 
curve being 0.85.[31] Therefore, despite automated methods 
being less time consuming, they are not as accurate as manual 
methods. Moreover, manual methods can be used in centers 
which have access to MRI machines, without possessing the 
required soĞ ware.

The protocol used to segment the hippocampus is an important 
aspect of its volumetric assessment and the criteria used 

diff ers between institutions. The most contentious aspects of 
its delineation are the anterior and posterior limits along with 
the inferomedial border, along the extent of the hippocampus. 
In the protocol outlined above, we have used criteria which 
have been used most commonly in literature. Reliable internal 
landmarks such as the alveus and cornu ammonis were used 
whenever possible, with external landmarks used only where 
necessary and even then in combination with an internal 
landmark. Anatomical decisions that are not based on the 
intrinsic anatomy of the hippocampus, depend on the position 
of the hippocampus relative to external structures, rather than 
to the hippocampal anatomy, and thus can lead to a lack of 
uniformity while segmentation.[20]

We have aĴ empted to defi ne normative data for HV in the 
Indian population. We have found the mean HV to be 2.411 
cm3, with the mean RHV as 2.424 cm3 and the mean LHV as 
2.398 cm3. Using 2 SD, a lower limit of 1.813 cm3 can be set 
for the HV and values below this may be considered to be 
abnormal. From the analysis of our data, we did not detect any 
signifi cant associations between age and education and HV. 
We did detect a small but statistically signifi cant association 
between gender and HV, with males having slightly larger 
volumes than females. We have performed the segmentation 
on soĞ ware that is available in most laboratories and is easy 
to use.

Literature on western population, with comparable 
segmentation criteria had mean HV ranging from 2.78 cm3 
to 3.91 cm3.[12-16] When compared with the data we have 
obtained, the HV in the Indian population are smaller 
than those in the west. This indicates that using the data 
established in other population groups, to set limits for 
identifying disorders such as MTS, major depression, and 
Alzheimer’s dementia in the Indian population, may lead to 
erroneous diagnosis. It highlights the need for an established 
normative data set against which suspected patients may 
be compared. There have been some studies done in Asian 
literature with values ranging from 1.99cm3 to 2.91 cm3.[17-19] 
We have found higher values for the right hippocampus 
when compared with the leĞ  and this is something that is 
refl ected in the majority of articles on the topic. The higher 
volume in males is something that is mirrored in other 
studies as well.[13] There have not been any studies done 
to assess the eff ect of education on HV and our analyses 
indicate that there is no signifi cant association. Our study 
population included volunteers between 18 and 40 years 
and no variation was detected across this age-group, which 
is the most common age-group to undergo surgery for 
intractable epilepsy. With progression of age, HV regresses 
due to age-related atrophy of the brain.[19] This highlights 
the fact that the normative data will diff er in elderly people. 
As already discussed above, there is increasing value of HV 
as a biomarker for Alzheimer’s disease and there is a need 
for establishing normative data in the Indian population in 
this age-group as well.[11] More studies need to be done in 
this area.

Limitations
We acknowledge that the study is limited by the fact that the 
volumes have been assessed by only one observer. There is 
a need for validation of these fi ndings with further studies.
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Conclusion
The mean HV in this study is lesser than those found in 
literature based on the western population. The values obtained 
here may be adopted as a standard in the evaluation of patients 
with intractable epilepsy.

Acknowledgment

We thank Dr. DK Subbakrishna Professor and Head of the Biostatistics 
Department, NIMHANS for guidance during statistical analysis. We 
thank the Department of science and technology, Govt of India for 
providing funding.

References

1. Tellez-Zenteno JF, Hernandez-Ronquillo L. A review of the 
epidemiology of temporal lobe epilepsy. Epilepsy Res Treat 
2012;2012:630853.

2. Tatum WO 4th. Mesial temporal lobe epilepsy. J Clin Neurophysiol 
2012;29:356-65.

3. Cascino GD, Jack CR, Jr., Parisi JE, Sharbrough FW, Hirschorn 
KA, Meyer FB, et al. Magnetic resonance imaging-based volume 
studies in temporal lobe epilepsy: pathological correlations. Ann 
Neurol 1991;30:31-6.

4. Lencz T, McCarthy G, Bronen RA, Scott TM, Inserni JA, Sass KJ, 
et al. Quantitative magnetic resonance imaging in temporal lobe 
epilepsy: Relationship to neuropathology and neuropsychological 
function. Ann Neurol 1992;31:629-37.

5. Van Paesschen W, Connelly A, King MD, Jackson GD, Duncan JS. 
The spectrum of hippocampal sclerosis: A quantitative magnetic 
resonance imaging study. Ann Neurol 1997;41:41-51.

6. Quigg M, Bertram EH, Jackson T, Laws E. Volumetric magnetic 
resonance imaging evidence of bilateral hippocampal atrophy in 
mesial temporal lobe epilepsy. Epilepsia 1997;38:588-94.

7. Jackson GD, Kuzniecky RI, Cascino GD. Hippocampal sclerosis 
without detectable hippocampal atrophy. Neurology 1994;44:42-6.

8. Coan AC, Kubota B, Bergo FP, Campos BM, Cendes F. 3T MRI 
Quantifi cation of Hippocampal Volume and Signal in Mesial 
Temporal Lobe Epilepsy Improves Detection of Hippocampal 
Sclerosis. AJNR Am J Neuroradiol 2014;35:77-83.

9. Jack CR Jr., Sharbrough FW, Cascino GD, Hirschorn KA, O’Brien 
PC, Marsh WR. Magnetic resonance image-based hippocampal 
volumetry: Correlation with outcome after temporal lobectomy. 
Ann Neurol 1992;31:138-46.

10. Cole J, Costafreda SG, McGuffi n P, Fu CH. Hippocampal atrophy 
in fi rst episode depression: A meta-analysis of magnetic resonance 
imaging studies. J Affect Disord 2011;134:483-7.

11. Apostolova LG, Mosconi L, Thompson PM, Green AE, Hwang KS, 
Ramirez A, et al. Subregional hippocampal atrophy predicts 
Alzheimer’s dementia in the cognitively normal. Neurobiol Aging 
2010;31:1077-88.

12. Honeycutt NA, Smith CD. Hippocampal volume measurements 
using magnetic resonance imaging in normal young adults. 
J Neuroimaging 1995;5:95-100.

13. Pruessner JC, Li LM, Serles W, Pruessner M, Collins DL, 
Kabani N, et al. Volumetry of hippocampus and amygdala with 
high-resolution MRI and three-dimensional analysis software: 
Minimizing the discrepancies between laboratories. Cereb Cortex 
2000;10:433-42.

14. Szabo CA, Xiong J, Lancaster JL, Rainey L, Fox P. Amygdalar 
and hippocampal volumetry in control participants: Differences 
regarding handedness. AJNR Am J Neuroradiol 2001;22:1342-5.

15. Bhatia S, Bookheimer SY, Gaillard WD, Theodore WH. 
Measurement of whole temporal lobe and hippocampus for MR 
volumetry: Normative data. Neurology 1993;43:2006-10.

16. Hasboun D, Chantome M, Zouaoui A, Sahel M, Deladoeuille M, 
Sourour N, et al. MR determination of hippocampal volume: 
Comparison of three methods. AJNR Am J Neuroradiol 
1996;17:1091-8.

17. Chee MW, Low S, Tan JS, Lim W, Wong J. Hippocampal volumetry 
with magnetic resonance imaging: A cost-effective validated 
solution. Epilepsia 1997;38:461-5.

18. Zou L, Xiao J, Zhou X, Sun C, Xiong Y. [Hippocampal formations, 
amygdala and anterior temporal lobes: Normative volumetric 
measurements from MR imaging in normal adults of China]. 
Sichuan Da Xue Xue Bao Yi Xue Ban 2003;34:719-22.

19. Nurein MA EM, Ali TO, Jabir AM, Fadlalmola AM. MRI volumetry 
of the Hippocampus in Khartoum: Preliminary data. Khartoum 
Med J 2012;5:682-7.

20. Konrad C, Ukas T, Nebel C, Arolt V, Toga AW, Narr KL. Defi ning 
the human hippocampus in cerebral magnetic resonance images-
-an overview of current segmentation protocols. NeuroImage 1 
2009;47:1185-95.

21. Connor SE, Jarosz JM. Magnetic resonance imaging of patients 
with epilepsy. Clin Radiol 2001;56:787-801.

22. Chan S, Erickson JK, Yoon SS. Limbic system abnormalities 
associated with mesial temporal sclerosis: A model of 
chronic cerebral changes due to seizures. Radiographics 
1997;17:1095-110.

23. Kasasbeh A, Hwang EC, Steger-May K, Bandt SK, Oberhelman A, 
Limbrick D, et al. Association of magnetic resonance imaging 
identification of mesial temporal sclerosis with pathological 
diagnosis and surgical outcomes in children following epilepsy 
surgery. J Neurosurg Pediatr 2012;9:552-61.

24. Bronen RA, Fulbright RK, Spencer DD, Spencer SS, Kim 
JH, Lange RC, et al. Refractory epilepsy: Comparison of MR 
imaging, CT, and histopathologic findings in 117 patients. 
Radiology 1996;201:97-105.

25. Jack CR Jr., Rydberg CH, Krecke KN, Trenerry MR, Parisi JE, 
Rydberg JN, et al. Mesial temporal sclerosis: Diagnosis with 
fl uid-attenuated inversion-recovery versus spin-echo MR imaging. 
Radiology 1996;199:367-73.

26. Berkovic SF, McIntosh AM, Kalnins RM, Jackson GD, 
Fabinyi GC, Brazenor GA, et al. Preoperative MRI predicts 
outcome of temporal lobectomy: An actuarial analysis. Neurology 
1995;45:1358-63.

27. Watson C, Cendes F, Fuerst D, Dubeau F, Williamson B, Evans 
A, et al. Specifi city of volumetric magnetic resonance imaging in 
detecting hippocampal sclerosis. Arch Neurol 1997;54:67-73.

28. Cendes F, Andermann F, Gloor P, Evans A, Jones-Gotman M, 
Watson C, et al. MRI volumetric measurement of amygdala 
and hippocampus in temporal lobe epilepsy. Neurology 
1993;43:719-25.

29. Kuzniecky R, Hugg JW, Hetherington H, Butterworth E, Bilir E, 
Faught E, et al. Relative utility of 1H spectroscopic imaging and 
hippocampal volumetry in the lateralization of mesial temporal 
lobe epilepsy. Neurology 1998;51:66-71.

30. Keller SS, Roberts N. Measurement of brain volume using MRI: 
Software, techniques, choices and prerequisites. J Anthropol Sci 
2009;87:127-51.

31. Pardoe HR, Jackson GD. Manual hippocampal volumetry is a 
better detector of hippocampal sclerosis than current automated 
hippocampal volumetric methods. AJNR Am J Neuroradiol 
2013;34:E114-5.


