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Hippocampal Volumetry in Normal Volunteers*

Eun Yeon Joo***** - Eun Kyung Lee*** - Woo Suk Tae*** - Seung Bong Hong***

Department of Neurology, ** Ewha Womans University School of Medicine,
Department of Neurology, *** Samsung Medical Center, Sungkyunkwan University School of Medicine

Methods Seventy—two healthy Volunteers (male 31 mean age 38 9years) were enrolled and
underwent 1.6mm thickness whole brain SPGR (Spoiled Gradient Recovery) MRI. The volume of
the hippocampus (HV) was calculated by the summation of the areas of all slices. The cerebrum,
cerebellum and midbrain were included for the intracranial volume (ICV). Whole cerebral volume
(WCV) and the ICV were calculated from multiplying total voxel count by the volume of one voxel.
Subjects were all right-handed and divided into young age (15—49years, N=57) and old age group
(58—83years, N=15). Mean HV, WCV, and ICV’s were compared according to age, gender, and
laterality.

Results : Mean right HV (3350.8 £368.4mm") was significantly larger than left one (3104.3
365.8mm”) in all ages(p<.05). Women's HVs normalized to ICV in right and left sides were defi-
nitely larger than those of men although there was no difference of absolute HV between women
and men. Mean WCV and ICV of men were significantly larger than those of women. Negative
correlation was observed between the age and the HV, WCV, or ICV (p<.05).

Conclusion : Qur results showed that right HV was bigger than left one, and normalized HVs of
women were larger than those of men. These findings provide normal database of HV in Korea and
are important to detect unilateral or bilateral hippocampal atrophy in various brain diseases inclu-
ding epilepsy.

KEY WORDS : Hippocampus * Cerebrum - Intracranium * Volumetry - Normal volunteers.
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2. 5 ANZFI¥(Brain Magnetic Resonance Ima-
ging)®l &S

A7185 94 1.5T GE MR scanner® 3D SPGR (Spor
led Gradient echo Recovery)¥H4l& o]-438} 243}
Ark SPGR MRIx= 7} 1.6mm F719) @8RS A%
B 12472 9Ab WHEAIZHtime of repetition) 30msec,
WA 7Htime of echo) 7msec, BHTHA 95, 542+
(flip angle) 455, FOV (field of view) 22X22cm, ma-
trix 256 X 192, ©37]314*(number of excitation) 1< T
MFR 3l 53T

3. Ao 9 g g 27

353 SPGR 942 Analyze TM(Biomedical Ima-

ging Resource, Mayo Foundation, Rochester, MN)
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Fig. 1. Anatomic landmarks of Hippocampus in coronal MR images. The borders of the hippocampus and the
amygdala were manually traced sequentially with a mouse-driven cursor. The volume of the hippocampus

was calculated by the summation of the areas of all slices. A : head. B-C : body. D : tail of hippocampus.

Fig. 2. The boundary of Intracranial volume (ICV) in sagittal MR images. The cerebrum, cerebellum and midbrain
were included for the ICV volume. Lateral limits of the ICV was defined as the right- and left-most slices of
the brain parenchyma on sagittal images, while the lower tip of the cerebellum as the lower limit.

A48k SUN workstation(SUN Microsystems,
Mountain View, CA) o]l 5% ¥ sjup9E ol vi= &
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ule] TR HAE Alold] FaL AXFIEE % FEst
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ToZ Yo g9 (region growing by pixel
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1. 24 %10t 2o(Absolute hippocampal volume,
aHV)2t 2% S0t 0(normalized hippocampal
volume, nHV)™®

ATl BE 9= aHVS 3350.8+368.4mm°, BT

HZ gHVS 3104.3+365.8mm’ 2 2% aHV7} o
$-218HA Atk (paired t—test, p<0.001). F-$-2] aHV
2}olE 246.5+ 142.4mm’0) 31, FAPES 2ol —38.3~
531.3mm’3ich

7} 8x}k] ICVE BT 95 nHV a3k 2.0+

0.2, 9jZR= 2.2+0.201% 29, &% nHV I A=
19402, 5jA= 2.0+0.22 B9 25 g2} S84
o ZH(Table 1).

AEE ol vz e o, 30 B 95 alHVe

3399.0+374.7mm°, #% aHVE 3131.9+372.8mm’,
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o] B $= aHVE 3304.2+362.5mm’, #E aHV
+ 3077.7+363.4mm’S oF F BT 9 aHV Y o]
L QItH(Table 2). 723v} HV Figke =Halel ICV
2 U B vt (nHVY) = 4ol BT 953

& 25 8 o Zith(student t—test, p=0.01)
(Table 2).

2. 3 U= o(whole cerebral volume, WCV)&
WY W BO(intracranial volume, ICV)
tpre] B WCVE 1103.7£88.9mm’e) s, F#

ICVE 1608.6+122.0mm>| 2t} BAe] H7 WCVe
1160.8£76.2mm°’| 4, B ICV 1696.9+89.7mm’
oln, oJAde] BF WCVE 1048.7+61.8mm’, B¢ ICV
= 1523.2+81.6mm’% WCVS ICV B5F A8t &
AeolA fralsiAl o Zrk(student T—test, p<0.001).

3. AP YU ME H7 fopemof

Aahd 29| pHVE 3¢ 25 xdERt 5954 3
TH(Table 3). =3 wdF @AY $F nHVSY 9%
A9 &3 & nHVE FAd 3o vl A

Table 1. Mean hippocampal volume in younger age group (N=57)

Hippocampus Volume (Mean +SD) Normal range
Right 3350.8+368.4 2614—4087.6
Left 3104.3+365.7 2372.9-3835.7
R-L 246.51142.4 -38.3— 5313
R/L 1.1+ 0.04 1.02- 1.18

R-L volume difference : right hiopocampus - left hip-pocampus v
pocampus/left hippocampus volume (mms3), Normal range :

rolume (M), R/L volume difference right hip-

(mean-2 SD) — (mean+28D) ]

Table 2. Comparison of absolute and normalized hippocampat volumes in different genders of younger age

group
Male (N=28} Female (N=29) p
Hippocampal Right 3399.0+374.7 3304.2+384.4 0.301
volume Left 3131.9+372.8 3077.7 £363.4 0.601
Normalized hippocampal Right 20+ 0.2 22+ 0.2 0.014*
volume Left 1.9+ 0.2 20+ 0.2 0.012*
Values indicate mean = SD(mm?3)
*Independent sample t-test, p<0.05.
Normalized hippocampal volume=Hippocampus Volume / Intracranial Volume X 108
Table 3. Comparison of normalized hippocampal volumes in different ages
Normalized hippocampal volume Young (N=57) Old(N=15) p
Right 2.1+0.2 1.9+03 0.010*
Left 1.9+0.3 1.8+0.2 0.043*

*[ndependent sample t-test, p<0.05.

Young Age Group : 15—49 years(mean=5D : 30.2%10.8), Old Age Group : 58—83 years(mean=SD : 72.3+7.8)
Normalized hippocampal volume=Hippocampus Volume/Intracranial Volume X 10¢

Table 4. Comparison of normalized hippocampal volumes in different ages and genders

Normalized hippocampal volume Young (N=28) OId(N=3) p
Right 20+0.2 1.6+0.3 0.021*
Male
Left 1.9+0.2 1.6+0.2 0.061
Normalized hippocampal volume Young{N=29) OId(N=12) p
Right 22+0.2 1.9+0.2 0.010*
Female
Left 2.0+0.2 1.8+0.2 0.034*

*Independent sample t-test (female), Mann-Whitney test(Male), p<0.05.
Younger Age Group : 15—49 years(mean =D : 30.2+10.8), Older Age Group : 58—83 years(mean +SD : 72.3+7.8)
Normalized hippocampal volume=Hippocampus Volume/Intfracranial Volume X 106
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Table 5. Correlations between hippocampal volume, intracranial volume, and whole cerebral volume and age

in younger age group (N=57)

r P
Right —-0.55 <0.001*
Absolute
Hippoccmpql Left -0.51 <0.001*
volume ! Right -0.31 0.095
Normalized
Left -0.25 0.031*
Intracranial volume —0.43 <0.001*
Whole cerebral volume —0.61 <0.001*

r - Pearson correlation coefficient. *Pearson Correlation, p<0.05.
Normalized hippocampal volume=Hippocampus Volume/intracraniat Volume X 104

Table . Correlations between hippocampal volume. intracranial volume, and whole cerebral volume and age

in different genders

r All(N=31) Young(N=28) Old(N=3)
Right nHV -0.36* —-0.03 0.87
Left nHV 0.27 0.03 0.34
Male
WCV -0.51* -0.33 —0.44
ICV -0.30 —-0.07 —0.84
All(N=31) Young (N=29) Old(N=12)
- ~ T RightrRV -04¥* o088 =05 ————
Left nHV —0.40* —-0.16 —0.46
Female
WCV -0.69* -0.25 —-0.72*
ICcvV —0.43* 0.01 —0.05

r : Pearson correlation coefficient, *Pearson Correlation, p<0.05.
Normalized hippocampal volume (nHV) =Hippocampus Volume/Intracranial Volume X 106

Young Age Group :

sinte] F37} Z{1tH(Table 4).
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15—49 years(mean=SD : 30.2+10.8), Old Age Group ' 58~83 years(mean=SD : 72.3£7.8)
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