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BAGBEFMEEME (ERMHREERRITESE#E R ETTRPIIEER))
TR 24 FEERIENTZEREE -

7 7oV (R AERREER - /MR E RIEE) O
WA ROREL L BREOREICET TR

MPEREE . RE o (EEEHRFEDIGRFER)
MAESTEE : RE & (RERFEFMHAEAFER)
T AR RERFEFERERNE )

MEER

IR BEERL R B RF, BEKELEOKXFEFRICT, 77— ReRMEmANER
MEERZ A IR{LIAE (idiopathic bilateral ganglionic calcification) D BFE 69 FliZ-D\
T. SLC20A2 &G OEBEEEEIIREEIC L 2T 21T o7z, FEF9FRF4E
FC. IEEG] 47 Bl 3 HICTRIBETFOEEEZRD, ThbaT, TRETIIRED
RWHRER ThoTc, SLC20A2ERBIMTHE—EDZ A FITRH T, BRER. A
[RAEORREIIZRMEICE A TV, R—BEFERZFOEFIM CIIBERAER. B
A R A 2% < . HEEL L7~ phenotype 28T A REEMENRH D L E X iz,

SLC20A2 3 code 3 5% L /XJEHToH5H type Il sodium-dependent phosphate
transporter 2 (PiT-2) DEEERRIT D72, F£3°, PiT-2 @ polyclonal & monoclonal ®#f
KEHWT, 7y MMZRBE L~ PiT-2 @ immunopositivity IZ#RE, /NMEEE D
BHNICED DAL, AL ATz —or, MENEHRICHRIBDOND
TEERAH L, SHICBETRD LN SLC20A2 D& RTEREEZEA LTz CHO

Rz fER L, Y (POEMRREELMREL TV D,

A BB

7 7 —/VRITEARIC, REXATHE T, @\
BIRBEBRIZEEE 2 R E k3 HEEB L UTHE
mEh a1, UL, ElomEriET
FELNSHAFEE L], &I, EEMIZ
(idiopathic basal ganglia calcification
(IBGC) L AFrA @A & TV D, IMFEFIDIEH,
FiEF (familial IBGC (FIBGC)) DOTEEN
ML TS, TNE TEDORRELRTFEE
L <.
IBGC1 (14q) [3]
IBGC2 (2q37) [4]
IBGC3 (8p11.21) [5]

IBGC4 (5¢32) [6]
VG SN TE R, BIMNCBIT HFER T
FriZ IBGC3 MFEEERET & L THRESEIZE
DAHEEIE N E G [7], A
2B B FHEFR L OHLEEI O IBGC EFIZ
BT 5 IBGC3 OREBETF SLC20A2 DE
BEOHEER X UOBERIOFEIC VT, 2FD
b EE D DNA DINEZT - IER IR KT,
B KE, KRR —7 o —2FETLE
HKRE L ORI TRET L7z,

IHlit, ZORRERBETFTHD SLC204A2
MR code T BHX NI ETHD type III

sodium- dependent phosphate transporter



2 (PiT-2) D5 FIRREDFEIA %17 5

B .#FE 55

EE—RT v — FMRETTY 7 — VAR
DD IER GEFIEZE : 1) BHE CT I TR
FIEH and/or /IREERIZICHKEH D . 2)
Rt R EDOMANA KR EEZ T T 5. 3)
MAERIEE &2 L5 2AHHERRE, SMED
BEfE., BUWERZ OfORENRINTE D)
kovf%%ﬁ&%&ﬁbto%@¢fsg
Mizk 63 7> DNA a2 Z# =, IBGC @
PENCEET D 2 L AR TEFRAI 8K
% (20 #) . IMEHI 41 FliZHE (&FF 37
BiE%) . SLC20A2 &in+F O EFEHEIEEFIR
EVEIZ X AT 21T o 72, RRWITL T, K
RRFAHENE DA T 5 8 EF DB TFH#E
T3, BIFREB#ESER TSRV 1
FEG &2 RS, &5 68 FEFIOERKRIER, &
B FEITFERIZOWTEN L, BRENRETE
1T-7z,

AEIRH U SLC20A2 DEETERY

EA L7 CHO fiflaz Ef+ 5,

PiT-2 @ polyclonal & monoclonal D HLik
ZRAWT, Ty MlEBRET D,

(fREE~DERE)

v hT A BETREITFZEICET S M
eV, FhENIERRT, KB K
FBIUOREKRFONAMEBFEEEZER DK
m._.@%cl: ZE L7, DNA OBRIZHT--

EHREPHANVCA V74— N a®
Vbéﬁﬁbtoit\@kﬁﬁ@@@ﬁw
WOWTHDICEE LN, FFEEZITL
7o F T EFFRICOWVT S MR IZIBVT
REBEZEROARE /T,

C HERR
FIEH 9 F Y 4 F2 T SLC20A28151
EREEHBED (44.4%), VT HLFHREET

ol

F%1 ;6B THEEILDHY ., 3HIXA

JRiE72 L) Tik. MRNAERIEEZ T T2 26T
BLEFERLZROL—F T, AKIEAALI
RDBITCIIERIZ R o 1o, B EF O ERHFAE
Wik, BBEaEEETAIETHY , EEEEE
FixHbhzhoTz,

FR 2, RR3EFFA—DEBETFEEELR
oo THH 2RFROEHINTNE, K5 F
DOFFIE CTETT DMAMEET. S—F Y
= A L% 2L, EHH CT TIXm Al RN EER,
ISR IR EZ & DI R R B B e/ KL &
T,

FR 4 T4 &M, TL R —F Y
S ALTHRIE LT, 73 HbF, BEE CT CTHFE
HRICERLRARLEZRD, FLERITHFEER
RN AEIRALDBFRD B e, 79 Bk, ik T
FET L7, BURRWZ L2, #ImTIBGC I
BT HAKIT, N—F Y URERET
DIRBEFT R BB HILT,

IMFEBI T 47 Bl 3 ] (6.4%) TERIGFE
B A2 D, EHF 1 #liX Paroxysmal
kinesigenic choreo -athetosis # 29 % 24 %
BEHGITH o, FEF 2, 3IXENEN T2 7
M, 18 BBEM T, MMSE IE#E &b 22
ROBREFRMBEER T 288 o, PIB-PET T
T7IivaA ROLERRNZ L bHERINLTWY
Do

PiT-2 @ immunopositivity IZERIRE, /MM
ZEDE HAICRD b, MlaL~<LTik
Fliioa—ar, MENEMEIZHR, 72X
A MIEBR<BD LN, AV ITFR
oA NI T TITIERBO LR T,

¥ 72 SLC20A2 (2R % 6%7‘:’2{%75’%7\ L
7 CHO Milaz 58 CTh V. 5% DOireiE
Prichvag

D.E%
AWFZe T, SLC20A2 DERIIZWER 9 F



FH A FRD 44.4%Z, HFEF 47 FiH 3 5
D 6.4%IZRD bV, ROREMET 7 —
IVIRIZBWT, BEOHWRERERFTHD
LEZ N, SLC20A2 EEHIFTlE—E
DEA TIERBOT, BRIER., AIRICORE
HEREICEA TV, —F T, A—&RE7F
75 B FOREFIFH CIXERRAER .. BEIGRETAIC
LA % < . phenotype ZH 7 5 A gEMEN
brEEZ LN,

Lth. SbRBHEL LT, IBGC4 DFEEH
BIE+ PDGFRB OEEROENTZ1T5, £
SLC20A2 \ZEBDFED bR D> = FKIiE G
WZOWTIET Y — MR 21T 5,

PiT-2, PiT-1 O#aEMT 21T\, IBGC 3
JED AN =X LEMHAL, HEBIZEH LA
HEERFEZ BT,

E #&%

AF D FIBGC i2B\W\ T, SLC20A2 134 %
DEWRREBEFTH O ERZBIOBEREIR.
AR OREIIZHFEEICECH, FA—EREF
EERPFEOEMM CIXERICEL L
phenotype ZH T 5 AIREMEDR H D,

PiT-2 ® immunopositivity [¥==—12 >/
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REAFGBR AR S MR EFE RN AFE (AR ETRITZESRE))

SRR RS

BARDEGIZE TS SLO20A? DIRFE

Mo EE . RE & (RERZFEFHHEAR - BFEH)
WEEmAE - IWE B R (RRREEFEWHEEAF - BEF)
IRTER FLIRER R MR
HAXFE, mIBERES, BPHRE (B ILKFEFSHBERENR)
e #E  (BIIRFEEEREELAERERS)
WHE B, mARE", &FHE RE o (KEERKFEEVIGEE)

Y OREBE

MAER

LML H D EFE R DRI,

HAERND 37 gk bREZBE 7 7 — /U (RERMERANE RIS - /MXEIR
BAIKAGE) DOBFE 61 iz oW\WT, SLO20A2 BinF DEBEEERF IR EEIC X HiF
W& AT - e, FIEG] 8 5% T 3 Z5R T, IZEHI 41 FlHh 1 Gl CTRIEIEFOERERDI,
THHET, TRNETICHEDRWHFHERTH >7z, SLC20A2 EEBFIFTIE—ED
A IR BARER, FIRIEOBREISZHREICEA TV, —F T, A—&EF
ERZFHOEHFIM TIIRRENR, BE&FT RICEERDSZ <. O phenotype ZHT

A BFFEEH

77— RIXRERAREOBMNAER/L, BX
VS RHRIERT BT HHEETHD, WH
BIOZ, BEGFINZHEMONLTND, FiE
77— VRORRBEFESE LT, 14q[1],
2q37 [2] , 8pll1.21 [3] 2MEM L L TEgPIL
TUW7=28, 2012 &2 8pll2l BT D
SLC20A2 &=F7. 77 —/VIRORREE
Fo—o2 b LTHEINL [4], REGTFOD
IO T 7 —NRBEICEDDHEER L O
FREGSEICBE L TRET L7,

B W35

AMOMBNREME, NEHRENEL
MR, 77— VRB DD ERF (EFIE
Y1) BEE CTIC TRIMEJERZ and/or /MM

EREZICAK LDV, 2) WEERSEEOKAN
BIRKIWREEZEFT D, 3) MAAK{EE X7
L2 2REMHEER, SMEDOBEE. BRYUESZ
DMDOEBNERITE D) IOV TERIEL
BARHE U7, 37 fiE%k 61 0 a% 4 ER| > DNA
BiEPEE S, FEFA8FE%R (204]) | I
¥4 41 Blic>E | SLC20A2&=FDEREE
HEFIRTEIRIC X DT 21T - 72,

(REE~DEE)

v N7 A BETFRETIZCICE T A mE
fBEHCHEV, KRB RFEMRGHEEZERESOD
HEERDOY LIZEM LT, DNA OFRIIHT=
ST, EREFAVWTA Y 7+ —A K ayv
T MEREG L, £72. BABROBRVE
VM DOWTHSIZER L, IR E1T- 72,



C HFoEfE R

FKIEHI 8 Z%H 3 FHR T SLC20A2&I5T
EREH LD (37T%). WTNHFHRELT
HoTz,

FR1 986 6B THRILDY ., 3HITHA
R L) Tk, MNAKRIEZF S 526 T
BEFERZTBOL—F T, AREEA LI
IRWBITTIIERIT e o T, BREIOERKE
RiZ, BEAKEBETRETHY | EBHERE
ElZH ool

F% 2, FRIEIFA—DOBETEEEZRD
Tzo D 2FROEFTNTIE, £ 5 F
DOFE THEITT 2R AMEREERT., S—F Y
=X L% 2L BEH CT TITmRIRMMEER .,
/NI IREZ & LI R SIS E B e R IR b &
DTz,

MEEFITIE 43 Bl 1 6] (2.3%) TEEBTFE
R EF . Paroxysmal kinesigenic choreo

-athetosis # 21 % 24 B MHH TH - 7=,

D.ER

SLC20A2 DERIIFER 8 ZXRY 3 F%
37% THRH LI, MFEH 43 FIF 1 4] 2.3%
TH LI, BIEDRFEMET 7 —RIZBN
T, HEORBWEREBELEFTHDLLEELX LN
7co SLC20A2 EEFIBTII—EDF A 7
AOT. BRRER., FRIEOBREITSFEMEIC
BATWEe, — KT, AI—E&BEFEREELFO
FE GBI CIIERARER. EGRET RIZEL AR Z
<. F{l?D phenotype #H T B FREMENH D
EEZ LN,

E .55

KT ORBEEZ 7 — VHRITEB W T,
SLC20A2 ZHEEOREWREEEFTHY .
ZRFIOBEEER, ARICOBREILISZERMEIC
B, A—E&EFERLF OEFIM CIXE

Ll L 7z phenotype # BT D FIREMHED & D,
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BAG BRI EM S EAMERBSERRFEFE (HiattR BRI FE))
SR IERE E

T7—IVRRUVBRERRBIZE TS SLC20A2, RNASEHZB EATF DR

MIRESHEE © E AR RERFEEIHRENR)
MEHE . BPEE  GIRKFEFIBHEAR)

MAEE

BEETHDLLEZDND.

RIZONTE XY — MRATF 24TV,

BERDHDLEADND.

7 7 —IVIRBE 8 BllZOVNT, SLC20A2 &G T DOEBEERFIREEIZ L BN %
TV, 86IF 3B CRIBETFOEREZRDZ. 3 OEERF, Wb IhE TIoRE
DIRVHFHER TH o7z, RERIFMIBIT D7 7 —/VRORRE LTHe Y OHEE
EEDDLEEZ LN, KRBOBWIZEWNT, REGEFOLEEROEELERTHI LN

Flo, 77— NVREA L, BEEERSIREE T SLC20A2EENPBRETH-T- 2K
2H 1 ZRRTHEBBEBHORERETH S
Aicardi-Goutiéres syndrome D JRFERZ T Thbd BRNASEH2BERFOERZHERL
Te. ADT 7 —VIRBEIZBWTS, FEBLENREBL LTS, BIIcHZs4

A.HFEER

77— VIREBEOZEICEL, EMEIC
THREERERTF L LTHRE Sz SLC2042 & fm
FAZOWT, EEERERFIREEIC X DT
21TV, KEDO 7 7 — RBEIC 5 SHEE
B OBEROBHICE L TR 5.
Fiz, 77— VRORRE R DFHELTE
BRNICRET I ENT, 77— VHREF L,
B EF S B LR T SLC2042 BNt T
BHoOT=FRIZDODWT XY — LB 21TV,
TEREBRT 5.

(HEE~DEE)

b hT L - BEFRETPIRICET S mE
fEEHC eV, MEMEFEEZESOERROL
LIZEME Lz, DNA OB H Tz > Tk, &
EHEAWTA v T74—L K- artr bE2E
B/Liz. £z, BABROIYHFNTONT

TOICEEL, MRE{To7k.

B. BFsE i
SLC20A2 BAGF D B BEHE KBS IAEHT : 8 FEHI
IR K FEFEM BT 4 FEBI
ENEREREY S & — 1 fEH

HRHREEREFEERE ¥ —  3EH
(3 EM & b FHFIT, 2 F1Z DNTC & 2H)

T — LMET 3 KR

iR CUIMERHEE) OFRFR

LR (BRETFEE) OF%R

Ekl (BRESEE) OFR

C. HFFEfE R

7 7 —ViREE 8 Bl OWT, SLC20A2 &
BT OEBEEERSREEIC L DT 2T,
5h 3B TRIEGEFOER (73 ) BEHRE
HBofl, 7L —A 7 NER1H) 2RO,



3 DOERIE, WThbIhETIIHEDR
WHHER TH - 72, BRI, 3 flvT
nt 70 RO THEENAKILETEHIN
TEY, BAOMERTOAMHNEEL TR
L.

72, 77— NVREREL, EEREEEIIRE
BT SLC20A2ERBRMETH 72 2 FRITD
WTC=H Y — AMEFTEZITY, 9B 1 FRFRFRT/hH
BRES OEBR TH D Aicardi-Goutieres
syndrome DRRBERF Th D RVASEHZB BIn
FOERZHR L.

D. B

SLC204A2 BIZTFDERIZHOWTIL, SEIME
L7 8flF 3B TROLN, AFITBITD
77 —RORRE LT, e oEEY S
WAHZENHELNE ST, BRRMICITER
HEREIE T 2368 L CRR O 2D, EEEREER
WZOWTHENRYONY = —a VBRRLN
2. SLC2042 BREZHTHEFIZEBNT, A
JRALLIA DFRIER S 7 7 — VIR O—BR & L
TIRZTREWVONE I D, SHOBREDLE
EEZOLND.

T2, XY —AERFICES>T 1 ERT
Aicardi-Goutieres syndrome DR ELZF T
B RNVASEHIB BT EREMNRHINLZ &
HE, RAD T 7 —VREBEEICBWT S RE
BAERERL LTEYT, BHICH-I0E
BhHHEEZEZDOND.

E. &0

SLC2042 BIETFERIL, ARIIBITLHT7 7
—URDOREE L TR OEEEZ ED D &
EZz b, REBOZWICENT, RERF
DEBRODERLHERTHIENEETHD &
Ezbhd. Fl, 77— NVHEO—FRT
Aicardi-Goutieres syndrome DR K ERF T
5B RNASEHZB BRFIZERNPRO LN Z
LMD, RAD T 7—HRICBWTHRIER

EEMERL LTRT, ZHCHIZDZ L0
BETHDLIEEADND.
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BEFERFMRE M e (EIEMREFTRITEES)

ST EE

SRR EE

SLC2042 75 code 35 PiT-2 DJFTE - ¥EEEMEAT

MraesoE - RE
W E

T (I RIERL R MBI T
NLERER (5 BEMRZEYIERE)

AR (BEERKRFEYRESE)
mARRRE (b BIER RFEDIERS)
eFHE (BRERREEDGRY)

R E

W, FEPDL, 77— ARORRELET & LT SLC2042 PiT-2) BRRIESNTZ. PiT-2 137
MU ANMEKESEY VBN T U RAR—Z— L LT, MIEANO U AMEEEERICESE LTS EE X
LBNTVWS, ZTHETPIT2 IXMERNDIZITETOERBICERTIHILEZONTWVWS, —F, PiT-2
DRENIZRB T HREELMREETITATH S, 4%, 77 —VROBEHBFEE X5 LT, PiT-2
DN FICET 2 RITERICEE ThH D, <7 AME AV TEFNR X URERRFIIC
FRNT AT o 72, FERITRMEEERE., /MM E S LMNEEIC PIT-2 347 LT\, £7z, PiT-2
FBEAIAICE L T, B E MEANRMEICRE L TWAZ ERHALNE o7, Zh
5 DRLRIT BRIEEIT T O PiT-2 DEERERFT &L &R T 7 7 — VRFIEMEF OMBICEE TH 5,

A. BFEEM

FEICCREEEEFE L THREINE
SLC204A2 7S code §% PiT-2 IZDOW\WT, =7 &
it & A T2 A LR B L ORI MR RO fEAT
ZFEH L, BENICIIT B PiT-2 BB RKE
MR AR LT 5,

B. MRS

PiT-2 2R&kT 52 00DF ) 7 u—F L bR
V7 e—FAfEEAWT, 7y Mz £
B3 L UM B b 22 I AT L7,

(B E~DELE)
I R R REBYERFEZRE R OAGR
BT, MEAT LIz

C. R
FHER T, 21U E T2 PiT-2 OFT B FE

TV IR - Bl L RIS VW TH, &
K FRROBHEDHER CTE =, £ 2T, S MiER
MWHERE LY 7% AW T Western
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High frequency of calcification in basal ganglia on brain
computed tomography images in Japanese older adults

Megumi Yamada,' Takahiko Asano,” Kouichirou Okamoto,* Yuichi Hayashi,' Masayuki Kanematsu,?
Hiroaki Hoshi,? Yasuhisa Akaiwa,® Takayoshi Shimohata,® Masatoyo Nishizawa,® Takashi Inuzuka' and
Isao Hozumi'?

Departments of ' Neurology and Geriatrics, *Radiology, Graduate School of Medicine, Gifu University, *Laboratory of Medical Therapeutics
and Molecular Therapeutics, Gifu Pharmaceutical University, Gifu, Departments of *Neurosurgery, *Neurology, Brain Research Institute,
Niigata University, Niigata, Japan

Aim: To investigate the frequency of calcification in the basal ganglia and the dentate nuclei in the cerebellum, and
compare the difference in age and area, we examined the brain computed tomography (CT) images of all patients in
two representative university hospitals in Japan.

Methods: We examined the brain CT images of 2526 patients in Gifu University Hospital (UH) and 2573 patients
in Niigata UH. These patients were examined in these hospitals from October 2009 to September 2010.

Results: Punctate calcification of the basal ganglia was observed in 435 of 2526 patients (17.2%) in Gifu UH and
530 of 2573 patients (20.6%) in Niigata UH. The frequency of calcification increased with age. Patchy calcification of
the basal ganglia was observed in 32 (1.3%) and 50 patients (1.9%) in Gifu UH and Niigata UH, respectively. Among
patients aged over 65 years, 24 (2.1%) and 34 (3.1%) patients showed patchy calcification in Gifu UH and Niigata UH,
respectively. Calcification of the cerebellar dentate nuclei was detected in just seven and four patients in Gifu UH and
Niigata UH, respectively.

Conclusion: Compared with previous reports, the frequency of calcification of the basal ganglia in this study
markedly increased. This might be because of the increased number of older adults and the increased sensitivity of
CT. Geriatr Gerontol Int 2012; ee: ee—ee,

Keywords: basal ganglia, calcification, cerebellar dentate nucleus, diffuse neurofibrillary tangles with calcification,
Fahr's disease.

Introduction

Calcification of the basal ganglia was first reported in
1850 by Delacour.! Calcification in the brain usually
occurs bilaterally, and is commonly detected in the basal
ganglia, dentate nucleus, thalamus, and centrum semio-
vale.? Pathological calcification in these areas has been
detected on computed tomography (CT) images in
various disorders, such as endocrinological, genetic,
infectious, metabolic, and neoplastic and idiopathic dis-
orders (so-called Fahr’s disease).®
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CT is considered a more sensitive technique than
magnetic resonance imaging system (MRI) for the
detection of calcification. Previous studies, mainly in the
1980s, showed that the frequency of calcification in
the basal ganglia detected by CT is in the range of
0.3-10%.** Nowadays, resolution of CT has been well
developed and the numbers of older adults are more
than before. Therefore, the frequency of calcification on
the CT image should be re-evaluated at each age group.

Recently, more patients with diffuse neurofibrillary
tangles with calcification (DNTC) have been detected in
autopsy cases in Japan, and also found in the USA.*
They showed various degrees of calcification of the
basal ganglia from being punctate to patchy on
CT images. The post-mortem examinations of such
patients showed that diffuse neurofibrillary tangles were
widespread in the cerebral cortex, and that calcification
of the small vessels and capillaries was widespread in the

doi: 10.1111/ggi.12004 | 1



M Yamada et al.

brain. However, neither diffuse neurofibrillary tangles
nor calcification of vessels can be detected by CT, MR,
single photon emission computed tomography
(SPECT) and positron emission tomography (PET).
Only CT can detect punctate and patchy calcifications
in the basal ganglia and the cerebellum, which appears
similar to the tip of an iceberg on radiological images of
the brain. Recently, MRI has been more frequently
carried out than CT to examine the brain. However, the
sensitivity of CT has increased in recent years compared
with that in the 1980s. The elderly population has
rapidly increased in recent years.

In the present study, we investigated the frequency of
calcification in the basal ganglia and dentate nuclei in
the cerebellum of patients who underwent CT in two
representative university hospitals in Japan over period
of 1 year. We aimed to show the existence of more
patients with Fahr's disease and DNTC, respectively, by
an up-to-date CT study in Japan.

Methods

Patients and study area

The study was carried out at two university hospitals:
Gifu University Hospital (Gifu UH) in Gifu City and
Niigata University Hospital (Niigata UH) in Niigata
City. Gifu, a city with a population of 420.000, 270 km
west of Tokyo, is situated around mountains. Niigata, a
city of 800,000, 250 km north of Tokyo, faces the Japan
Sea. The percentage of older adults (aged over 65 years)
is the same (23%) in both cities. Both university hospi-
tals had almost the same numbers of outpatients
(between 1200 and 1500) per day.

The numbers of patients who underwent CT between
October 2009 and September 2010 were almost the
same: 2526 in Gifu UH and 2573 in Niigata UH. The
number of older adults was 1163 in Gifu UH and that in
Niigata UH was 1042. The numbers of patients at
various decades of ages in both hospitals are shown in
Figure 1. Both hospitals had almost the same numbers
of patients who underwent CT.

CT was carried out by using Light Speed Ultra (GE
Healthcare, Tokyo, Japan), Light Speed Ultra 16 (GE
Healthcare) and Brilliance 64 (PHILIPS, Tokyo, Japan)
in Gifu UH, and Toshiba Aquilion 64 (Toshiba,
Tokyo, Japan) in Niigata UH with a 5-mm slice width,
80-100 of window width, 30-40 window mean.
However, the sensitivity of CT did not differ signifi-
cantly among these machines, at least for the detection
of calcification.

The CT images were evaluated by the same three
experienced neurologists. The study was approved by
both the Ethics Committee of Gifu University, Graduate
School of Medicine and the Ethics Committee of
Niigata University, Graduate School of Medicine.
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Figure 1 Numbers of patients who underwent computed
tomography at various decades of age in Gifu University
Hospital (#) and Niigata University Hospital (OJ).

Inclusion criteria

The criteria of calcification in the brain were as follows:
1 High-density areas appeared at the globus pallidus
and/or dentate nucleus in the cerebellum on plain

CT.

2 The high-density areas were more than 13 HU than
the surrounding brain tissues.™

3 Hematoma, tumors, foreign bodies and other identi-
fied high-density areas were excluded.

4 The size and extent of lesions met the following
definitions:

a Punctate lesions: having a maximum diameter of

less than 10 mm or being sporadic.

b Patchy lesions: having a maximum diameter of

10 mm or more.

Representative CT images of patients with calcifica-
tion are shown in Figure 2. The definition of Fahr’s
disease remains controversial. However, here it is
defined as an idiopathic, non-arteriosclerotic calcifica-
tion associated with cerebral vessels, particularly those
in the basal ganglia, dentate nucleus, cerebral and cer-
ebellar white matter.

Statistical analysis

The patients were classified into two groups: the
younger (younger than 65 years-of-age) and elderly (65
years-of-age or older) groups, on the basis of age at the
time of CT. The x*-test was carried out to analyze the
relationship between the frequency of calcification and
age. All analyses were carried out with Microsoft Excel
(Microsoft Corp, Redmond, WA, USA). The level of
significance was P < 0.01.

Results

Among the 2526 patients in Gifu UH, 43S showed
punctate calcification (17.2%) and 32 showed patchy

© 2012 Japan Geriatrics Society
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Figure 2 Representative computed tomography images of
brain with calcification. (a) Punctate lesions. (b,c) Patchy
lesions. (c) A patient with Fahr's disease.
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calcification (1.3%) in the globus pallidus (Table 1).
Among the 2573 patients in Niigata UH, in contrast,
530 showed punctate calcification (20.6%) and 50
showed patchy calcification (1.9%) in the globus palli-
dus. Among the elderly patients, 24 (2.1%) in Gifu UH
and 34 (3.1%) in Niigata UH showed patchy calcifica-
tion. However, no significant differences were observed
between the two university hospitals.

First, we focused on the age distribution of punctate
lesions. The number of patients with such lesions was
high in the elderly (Fig. 3). The frequency of punctate
calcification was higher in the elderly group than in the
younger group, but no significant difference was
observed between Gifu UH and Niigata UH (Fig. 4).

Second, we focused on the age distribution of patchy
lesions. The number of patients with such lesions was
high in the elderly group. The frequency of patchy cal-
cification was significantly higher in the elderly group
than in the younger group in both Gifu UH and Niigata
UH (Fig. 4), which showed a statistically higher signifi-
cant difference in Niigata UH (P < 0.0005) than in Gifu
UH (P < 0.001).

Calcification of the dentate nucleus in the cerebellum
was observed in seven patients in Gifu UH and four
patients in Niigata UH. All of these patients except one
also showed patchy calcification of the basal ganglia.
One exceptional elderly patient showed only punctate
calcification, which might have been vascular in origin.
The total number of calcifications in the dentate
nucleus in the cerebellum was much smaller than
expected. The etiologies were determined to be Fahr’s
disease and leukodystrophy in Gifu UH and secondary
hypoparathyroidism in Niigata UH in the younger
group. Five of the seven patients in Gifu UH and three
of the four patients in Niigata UH were elderly. We were
unable to obtain clinical information in detail, such as
whether the elderly patients with calcification in both
the basal ganglia and dentate nuclei in the cerebellum
suffered from dementia. Calcification in these patients
was incidentally found on their CT images taken
because of to a head injury.

Discussion

Calcification of the cerebellar dentate nucleus and/or
basal ganglia is detected at rates of 40-72% of autopsy
cases, and microscopic calcification in these areas exists
more frequently.’ Chemical analysis showed that
calcium is the major element of calcification among
minerals, and calcium hydroxylapatite (Caio[PO4]s[OH]:)
is a major component. Hydroxylapatite can be found in
the teeth and bones in the human body. The other
components are zinc, iron and magnesium. CT enables
the detection of calcifications as high-density areas when
the amount of components surpasses a certain limit."



572 (49%)

167

Women

591 (S1%)

Elderly
117

Men

1163 (56%)
284 (24%)

613 (45%)

Women

750 (55%)

Younger
67

Men

1363 (54%)

1185 (47%)

252

Women

1341 (53%)

All
Men

2526

Table1 Numbers and percentages of patients with punctate and patchy calcification

Gifu UH
Total

151 (11%)

183

435 (17.2%)

Punctate
Patchy
Niigata UH

17

7

24 (2.1%)

2

8 (0.6%)

23

32 (1.3%)

526 (50%)

201

516 (50%)

139

1042 (51%)

764 (50%)
119

767 (50%)

71

1531 (59%)

1290 (50%)

321

1283 (50%)

2573

Total

340 (31%)

190 (13%)

209

530 (20.6%)

Punctate
Patchy

12 22

34 (3.1%)

8

16 (1.1%)

30

50 (1.9%) 20

UH, University Hospital.
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Figure 3 Numbers of patients with punctate calcification
detected on computed tomography images at various
decades of age in Gifu University Hospital (M) and Niigata
University Hospital (0).
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Figure 4 Percentages of patients with punctate and patchy
calcification detected on computed tomography images of
younger and elderly groups. The y>-test was carried out to
analyze the relationship between the frequency of
calcification and age. *P < 0.001, *#P < 0.0005. The
frequency of punctate calcification in the elderly group was
significantly higher than that in the young group. The
statistical significance of the difference was observed to be
higher in Niigata University Hospital (**P < 0.0005) than in
Gifu University Hospital (*P < 0.001).

The mechanism underlying calcification remains
unclear. The endothelial cells of capillaries and arteri-
oles or pericytes, which control endothelial cells, are
assumed to be damaged first for some reason. Subse-
quently, vascular permeability increases and the plasma
protein leaks into the extravascular space. Deposits of
electron-dense calcium bodies were found in the capil-
lary walls and parenchyma by electron microscopy,'
and were referred to as false calcification. Finally, the
accumulation of calcium results in calcification in the
lesion.?

The reason why the basal ganglia is vulnerable to
calcium deposition also remains to be elucidated.
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