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Summary

The present study was performed to clinically clarify the pathogenesis of hypertensive cardiac
hypertrophy (HT) and hypertrophic cardiomyopathy (HCM). Exercise thallium-201 (TI-201) myo-
cardial scintigraphy using a bicycle ergometer was performed for controls, HT and HCM. The
scintigrams were evaluated by the circumferential profile analysis. Furthermore, the changes in T1-201
dynamics in exercise T1-201 scintigraphy with verapamil injections were examined in these three groups.

Analysis of exercise T1-201 scintigraphy without verapamil injections showed that the initial up-
take did not differ among the three groups, but the washout rate three hours after the TI-201 injec-
tions (WR;) did differ among the three groups. Although the WR; of HT did not differ from
that of the controls, the WR; of HCM was lower than that of the controls.

The WR3 with and without verapamil were compared. Although the WR with verapamil
injections equalled that without verapamil injections in the controls and HT, the WR; with
verapamil injections decreased more than did that without verapamil injections in HCM.

As an index of great and rapid changes in circulation, the washout rate one hour after the TI1-201
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injection (WR;) was calculated. The WR; without verapamil did not differ among the three
groups and did not differ from that with verapamil injections in each group.

These results suggest that T1-201 dynamics of HT differ from those of HCM and lowering of
the WR; in HCM may not be caused by disturbance in the microcirculation, but rather by distur-
bance of Tl-clearance through the cell membrane and its cytoplasm.
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DIERIFEEBILBORETH > T, LA
LIELH—OOFMBERL SR TVWS. K, T
DO HT G E L EE IR ARBL D E LA FE S
h, zoORELFEBICEL, S JEoRA»R
EhTws. BRELHECKEBICEL T, &
BN DBRAMETD R0 BEEY 722 L R /N B IR B
= it o kg, Ca?t-overload®, & X
Uh7a7Iy - KBMRRO REY 0 8B #E
shTtws., —F, BlEEERLOREICEL
<b, BHUMEREELVL Ca?t HHRE2D
RENEELShTWS. LML, EMIBITBZ
NOTEBOREILEVHERT S TR S
¥, TOFMIRHATHS.

4R, Do IFEBMAREE L LT thallium-
201 DL v F T T 74— (DY v F) BERL
Sobh), BREEEOCL ST, OFHRBHEE
¥ bRHTE sz Rmo T A, Zhb
DERE b LT, Faide MBI BIERELG
5 (hypertrophic cardiomyopathy : HCM) nJ&
EErHEHLIICTHZLEAMNLE LT, —KEREXR
LTHB HCM L ZRMEERD T 5 BILERE
JES(» (hypertensive cardiac hypertrophy : HT)
ISEBAROG Y v F BTV, BEvH L (wash-
out rate : WR)!® o5 X v [l o R &2 1T
ol R TRRBRIE S, WEREL LICHE
#orERREEE, Ca*t RHRE, Ca¥ FHHlof
FHESREsh TR Y, EEAROH Y v F T
Bl verapamil %5 L, =» TI-201 higic k&
ETEBIz oW T LIRE L.

xt ES

Table 1 157+ & 9 I, LEFFICTYR~ABE
L, BEOBERELEITT2 b REEZEDL
- f=%tREE (control #8) 13 4, D= =2 —Kic T
HHEE H 5 W IiFEBHEEDN 2mm PLEo
AfEtrEmmEERERE HT#) 124, BIVE
AR R B RV DFE R AL X 2%
PO RE ST O FB] X1V iIkS B L HCM
BT &% w5 E Lz, 3RRICE EREL B
¥, ERR, BRE, RAOWKREA, EBiREE L
DEERTHIREE, DRCHELRETHho
EBROSUHHITHRI VRS L. i, ERE
DR Tl RELRETIERE 2T 28 bR X
BRI L7z,

Vil &

1. Lxza-—-F
Dxa—RRETHEERYNLEPRER
(IVSTd), friEk#iE=%EE (PWTd) %5l
L, zofx =R (LVWT) & L.

2. afLgYYFss74— (Fig. 1)
EBARMICIABE LT —F—2 A, ]
BAGIIZ T 25 watt X VBRAAL, 2434Eic 25 watt
FTOWMBRTHELEMANEITo . AFMOKTA
13 double product (REEHAME X .L>Fa%K) 4 25 X
100 ¥@BxsZ Lt EKLEL, HFREOTRIRK
LIRE® o 75~80% (25E L7z fEFI % IR Lz,
HRER & bERAARRICE L HRT TI-201
# 2mCi [tk VEAL, &6 12/, RL
AR TEBZMESE, ATKRT L L. &
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Table 1. Wall thickness and clinical data in the controls, the hypertensive cardiac hy-
pertrophy and the hypertrophic cardiomyopathy groups

Sex Age LVWT (mm: MBP at rest
Group No. M/F (vears) IVSTd+PWTd) (mmHg)
Control 13 8/5 49+11 1942 93+11
HT 12 8/4 53+12 26+ 5* 105+14*
HCM 17 13/4 49+11 29+6* 94+13

HT =hypertensive cardiac hypertrophy group; HCM =hypertrophic cardiomyopathy group; LVWT=left
ventricular wall thickness ; IVSTd =end-diastolic interventricular septal thickness ; PWTd=end-diastolic posterior

wall thickness; MBP=mean blood pressure.

* p<0.05 vs control by ANOVA followed by the Scheffé’s multiple comparison.
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L
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Fig. 1. Schematic protocols of exercise T1-201
scintigraphy by a bicycle ergometer without (A)
and with (B) verapamil injection.

T1-201 =thallium-201; Sub Max. Load =submaxi-
mal load ; W=watt; Scinti=myocardial scintigraphy.

FiHe T 10 LI HIHR (early image) %, S HiC
3 BEREI#% iz % #t5 (delayed image = 3 hour-image)
FRIB L. £, BABERCEEESANE
WifT, BEHBRO\WGEOH L verapamil 0.15 mg/kg/

5min #§ARAES L, 3% ORGE T <.
E5ICXHRD 5 B, control #7451, HT 2 8 i,
HCM # 9 flTix 1 Bt ic bRt 170, 10
Bitg (1 hour-image) & L7z. #iGgiddEsERE=
YrA—2—"HE LT~ 25 EHY, E
i, ZwifiHr (left anterior oblique, LAO) 30 B#,
LAO 605, ZflE» 4 FRr»bitoiz.

Bohizy—#5»5 LAO 60 Eficxt LT
circumferential profile (CFP) ##47% 17\, #1#i
B¢ Y A% (initial uptake, IU) & 3 B§RIH L O°
1By s TI-201 ogevwH LR (WRy &
WR,)) 2%k L CEH L.

early count—3 hours count

WR; (%) = early count

%100

_ early count—1 hour count

WR, (%) = early count * 100

FREME K+ 5 HaHFA0NE I, —TERES
W, Student oxf, FEXEARD t-REICK Y
v, fEBRE p<0.05 2 HEZEDH YV L LTHEL
71-.

1513 #

L hxa—-RIZ&k B EEREOTH

Tablel iz;fr3 2L <, LVWT 3 HT # 26+
5mm, HCM #f 29+6 mm &, Wi {5 REE
(19+2mm) XYV EFEICKThHo72ds, HT gL
HCM goficZd b -7-.
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Table 2. Parameters of load dose at exercise thallium-201 scintigraphy by a bicycle ergometer

Watt DP rest (x10? DP peak (x10? 4DP (x10?
Group mmHg beats/min) mmHg beats/min) mmHg beats/min)
Y&} \YS) \Y&) \YS) \YS) \S) \S) \S)
Control 106 +37 107+39 97+21 83+18 302+64 299+66 205+61 216+63
HT 108+ 31 108+31 93+18 102+24* 349+71 354 +£75* 256 +67 253+61
HCM 107+28 109+29 84+14 77 +£15%* 287 £ 58** 283 +61** 202+ 56** 206+61

DP rest=double product at rest; DP peak=double product at peak exercise ; 4DP=4double product (difference
of double products between peak exercise and rest); VO=without verapamil; V@®=with verapamil injection.
*=p<0.05 vs. control by ANOVA followed by the Scheffé’s multiple comparison; **=p<0.05 vs. HT by

ANOVA followed by the Scheffé’s multiple comparison.

] NS |
(%) — N§ - N§ =
= T
80
604
|

Control HT HCM

Fig. 2. TI1-201 initial uptake (IU) without vera-
pamil in 3 groups.
The vertical bars represent means+SD.

2. BROEYYFICKDEERFTM

1. EHAMOZMIIZARLH Y v FITL 2
Bt

1) ES)&RTE (Table 2) : Peak exercise o
HiEEET L = 2 — &% — 0 watt 33, xHEEE 106
+37 watt, HT g% 108 +31 watt, HCM g 107+
28 watt <, 3 RERICEY T b o 7z, Peak ex-
ercise B : AHiBIL44RTo double product DZE,
ddouble product (mmHg - beats/min) ¥, HT
# (25,600+6,700) 73 HCM ## (20,200+5,600) X

WR,

(%)
50, 3 NS * NS |
— i

m

20]

0

Control HT HCM

Fig. 3. Washout rate 3 hours after T1-201 injec-

tions (WR;) without verapamil in 3 groups.
The vertical bars represent means+SD.
*=p<0.05 by the Student’s unpaired t-test.

D b KT o7ledd, XHFERE (20,500+6,100) &3
HFEEHT, i HCM #t L BRI
LVEEER R ol

2)  FEIER V iALR (Fig.2): xHBEE 88+2%,
HT B¢ 87+4%, HCM g 85+4% <, 3 BRI
Er@EDRMP L.

3)  #WH L (Fig. 3): TI-201 #i:4% 3 B0
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Fig. 4. TI1-201 initial uptake (IU) with and without verapamil in 3 groups.

VO =without verapamil ; V@ =with verapamil injections.

DA TH WR; 13, stBEaE 51+4%, HT # 47
+6%, HCM gt 44+9% <, HCM gfidxtmBat
CHLAEBEEEZ R LY, HT siax B

ERR& ol
2. AFilMH Y v F BT B verapamil R
DA

1) JEShALFE (Table 2): Peak exercise B
HEEET L I 2 — % —0 watt 33, BRI
verapamil FE#HERE 10637, #ERE 107+39,
HT gEcide#y5ms 108+31, 5w 10831,
HCM g3 IE#e 50 107128, #r5.8 109+29
ThY, 3 FLb verapamil JEEEH; LR E
L TERRE R ok, ¥ ddouble product
(mmHg - beats/min) {ZB§ L T 4, XFFREEDS vera-
pamil FE#HER 20,500+6,100, #EpF 21,600+
6,300, HT gEsdEfeEmE 25,600+6,700, #ipk
25,300+6,100, HCM # »JE# 5 B¢ 20,200+
5,600, %5 20,600+6,100 TH Yy, 3 B
verapamil JERrERE L BB L TEZ B o
7z.

2) WIHIER Y AHR (Fig. 4) : xtFEEE T vera-
pamil FEhEns 88+2%, #HEps 87+3%, HT

The vertical bars represent means+SD.

BT IR ERE 87£4%, 5 87+4%, HCM
BTG £4%, BE5R86+£5% T, 34
&b, verapamil JERrbEpE & Bebipk & CHIHIER Y
RAHRIZERRD D o7z,

3) TI-201 gtk 3 BRIORATORWHL
R (WRy) (Fig. 5) : %t BE i3 verapamil JE# 5
BE 51+4%, 58 51+4%, HT gciadkks
Be 4716%, 58 46+:8% Th Y, ZD2HiC
B L Cix verapamil JERERELEREL TESR
B ieh o203, HCM BT i3 IEl 5% 4+9%,
¥BhEp 39+12% &, verapamil 5 E R
EFERLE.

4) TI-201 #E# | BEORATOEVHEL
R (WR,) (Fig. 6) : it B#: i3 verapamil JE# 5
B 22+4%, ¥ebmE26+4%, HT g ¢ e 56
19+4%, #ebrf 18+7%, HCM g cia kb
18+6%, 5B 19+9% <, IBMRETELED
¥, ¥ 38 L b verapamil JERHpE L B R &
TEZE DRI oI

e %
BRLDEEALTREIAETCELOBERD 5
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WRs NS WR
@l WY
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0
VS Ve ve Ve
Control HT

Fig. 5. Washout rate 3 hours after T1-201 injection (WR;) with and without verapamil in

3 groups.

VO =without verapamil injections; V@ =with verapamil injections. The vertical bars represent

means+SD.

*=p<0.05 by the Student’s paired t-test.

NS NS
WRy ] WR, o
(%) 1 (%)
zo.{ 20 ]
104 104
ve V@ ve Ve
Control HT

Fig. 6. Washout rate 1 hour after T1-201 injection (WR,) with and without verapamil in

3 groups.

VO =without verapamil injection; V@=with verapamil injections. The vertical bars represent

means+SD.
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carnitine fAH DEE % 54 L, Lossnitzer 583
Ca?*-overload iz X % DFEE Z BB LTWS.
EHRATaT Iy - REMERO BEYSL®
HERTWEY, ThoREATORMIELL
TEHMERTITbRATEY, b B iF5ERE
DHEOREBE VWEE RHOEETHS. %,
BMLEME B X IEKBLOHEE & ORIz W T
BRENBZ EHEL, TOREIELTE, O
RIS LS BEEOEMB A b v
L0 SFIMAE DOFEFER AN (systolic compres-
sion)!V 72 ¥, AN, BERERIREMUINMEREE,
Ca?* RgtREE2Y, BARMEESY, TEHEX
BEBEEOTO R ENBFEEATVWS. Zhb
DEEEEL, FFETIE MR IT B ERBLL
EOREL 25 - L & Bz, T1-201 A0
By v FER, ZREBRDTH 5 EMmEEE
Kids & OBIRAT 21T o 1.
EEREL, Lo —icTRREOBERE
AT 3EMEMEROES X OERELLHER
WEBARLG Y v F RT3 &, FIHIERYIA
HRiT IPMIcER RO R VR, WRy 3EMLE
MAEROTERHBE L ER oot L, B
KEMFETIINBE L VEETH . 20z
LX), BEHEXD L EXBLHETE T-
201 BER R D Z EBNHEShT.. LEL—F
T, ZOWHTOEBARMELZ T end-point
<o watt IR L Thot2b D0, BTN
BEY KBS % & Sh T3 ddouble product iz
ERRYD, TOFBLEATERY. VLR
X, EBIRES TR ORMIEE % K+ 5%
EOoBWEEL & h T w5 »20, EEARRO
double product izZ4 X+, double product »3
REVWEEHBRVWHLRLRESRZZ LBRHbH
TWBR, Ll -T, ZOHREZT CRE0LE
HEAB KL & BRELCERE D T1-201 ShER R 3
EIIBIETE V.

—%, EBAKOHY v FTHRLABLHNT
o TI-201 oY LI, RBTLAE T o T1-201
OERVIAZLEHEVHLDO 2 o0ERICI VHES

HERCDEEH LR

hTH BN x5z, ZOWEFLL, RETEML
ik L pamEstE L LC 0@t 2 KERIC X
VHESATWS. 20z Lhb, RAELLGE
TORVH LEOET OB & LT, TH/NME
BREER XOLGREE o Tl-clearance DfE
ED2oB8Eixbh 5.

BILEEERL & BRBLLMGE & THIC Ti-
201 BHEEM R B 1 EH, BIXUEKRELHER
B35 WR; E T ERAIPEZHALNCT S
W, WMEALLCHFHERBRESH, EBAE
DHECETNTHBMHEALR Z — B W
T, BHINEREELRET S Z L BPRED &h
T3 Ca?* 4l verapamil # 5 L, F kb
MOT—4% LOWBEIT-7z. ATLHY v Fid
T1-201 OLFHR~O BV AL BIVECHLE
BTWB LD THY, verapamil OBz kv =
D 2oDER L LIt 5 L EHE SRS A
% %%, verapamil |3EBIAMEYIHG % B
Licgicis L, evHLo@R ek ir 5 TI-
201 g ELEBR L.

%7, verapamil ¥ERE L IR EH O BT
J#tL { end-point TOHEEZ L T2 —%—0
watt 3, 4double product, HJHIEK » AHLRITE
¥ w3, verapamil ¥ER; L JEREH OEBA
FEPRI—THHZ LEMHRE LI 2T, VH
LEOWBEITo7z. WRs B L Tix, XBE,
BILESEROETEEN b oL, B
RELLHAERE T verapamil o5z X Y HEIC
BEZTRL, @Y BMEEEXRD L EXELLG
FETIX TI-201 BIEENREAR B LEX LR, ¥,
DFFEEAN B 2 # —Tix verapamil O#FEiZ XD
B/ MBREERKE T LB RESh T
5%, EBABLLFEICK TS WRy o FoRHE
L LT, BEHUMEREE S 5 3 microspasm
BERE AR LTWS LFhiE, verapamil n#s
kY, WRg 38, %E LTS LB FRISH
5. L LEREIYTHY, 2o WR; [KTFTOE
He LT, BM/MEREEL D b e L A0/
#M 35 Tl-clearance DEENRKEHELT
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WaLoLiEESRI. ZOZ LEMRETHEN
T, BRENERSE»OREKEHT RO
BrLt WR, 2EH LEH&ETo720, I8
{, verapamil #5pF L IERERFLE TELXRDT,
R Y ERBULFEIC BT 5 WRs 0K, X
¢ verapamil DEiz X5 WR; (KT 0#EMIic
%, BWUNBREEOBE I R, LHERHO
ez A+ 5 Tl-clearance DEEHKE {HE
LT3 b0 LRSI,

JEATLOEEE ICxt 3 5 verapamil DZhFRICEY
LTRWLOhHERD 5522, Z0RpTils
HARSHCEE L 72 b 0T, ILTF 52 BHEN
bR E—TRUHRENRASE I CERE RS2 F
4% carnitine OB ICBEER BN LOD,
verapamil OBk Y WERED bhic L RE
LTW3. & BITLFEEN & R & — DU EE O
FEO—> & LT REICES Ca?t KR
#wHREZShTEY, verapamil o Ca?t Hfifk
FAPERELHEE OWE VT 2 A bR
BEhTwnsd,

e TIL20l e LR EDBETE XS &,
F 10 PSR ERACBEE 1B L T, verapamil
OBz X v carnitine OBIEEHHE X h, acyl
CoA 263 ba v FYTHIRBITS B BILICE
BREOEMAICE Y, TCA ¥4 7 LHRIEL
&h, ATP opEAR X O Nat-K*-ATPase
EHEO LRERT EShTW3Y. i Nat-
K+-ATPase &t FHicX v, KY o#fapis
LSt ~oFmH A x 52, Tl iz KY oRFjk
ke O TR ISR ~DOFH B X, = OREER,
TI1-201 v LRI LR+ 2 Lichksd. Zh
BEEOKRLERTEbOTHY, LEHRIEN
BRMHEECHEERE 2w, i Ca?t A3
fEEIZ B L ik, verapamil o#Eiz Xy Ca?t-
overload RxF‘E XN, Z Dk, —FTEI b
ay Ky 7 OENEHEL, ATP OEAR IV
HfafE Nat-K+-ATPase &0 LR E3kL, i
J5 i3 phospholipase X protease 7z ¥ o JE[EE
BEEOELENRMEIEhE L EhTE YO, wFh

oL TI-201 v LRI ERT B2 L0
5. LrL—F, BED Lee 632 pmRT
13, Ca?t izt Ca?* oAIEZ 3
B, ACF v 2@l TR KY oftH»
#z v, verapamil D HIZX Y, ZOWA A v
DHIfaIEEE L CoBEBRIFl S h s EIMLH
THY, zoFIic g T-201 gevi LR
BF+sctichs. zhonmRiy, BERE
DMFEICE 1T % verapamil #5440 WR; (£ T o
B2 OHRSEEL W AbbEXS L, ED
B #kos< Ca KBREOBEENHESh 5.
kXY, SE0OBXBLLHEECES TS T-
201 e LE D K F L verapamil #5ic k3
T1-201 BWHL RET O WKL WS BRI,
ERUMEREE X Y LOHABIEEORESKE
weEzbh, LHRBEEO LLTDH, FiC
Ca2t (R ES KRB L T35 AR ZE S
7.

= #

T ML FE P R K & BB KB AE O JR HE & BRER A
CHLrCTH R EMELT, Dxa—HE
2, [FREOCBEEYH T 5EMEHRERD &I
KELLEEE I T1-201 EBAFLHS v F 777
4 — (AR Y v F) 2TV, BEVH LROBR
Iy, HEBEOBE ML, WE LKL
To. %7z, EEIAROE v o F HifTHC verapamil
¥ 5L, 200 TI-201 BEoELicEL,
Bt mx .

1. EHEFOLZMIIARLGY v FI2X3
MR, BRI Y AL R, RmiEEE
FOUEE, EABLLAEREO 3 BRI EZ By s
o703, TI1-201 #6543 BRI ORI T 58k
WwWH LR (WRy) X, & AR RCEE C et FREE
LERRE Mo L, IRKRELLHERE T st
BRIVEETDH .

2. Verapamil $58 L FER GO BT,
verapamil D35z X v Bl EMEE KO Ex R
B L EMEic WRs BB bhizd o s,

— 328 —



JERBHER T WRy 0B ERIETHED L
hire.

3. BREBEISEEIOREKEHT IR0
feEThH 5 TI-201 HE5% 1 EREORRICET 2
W LR (WR) I 3#RHTELRDT, £k
W OB verapamil 05 TELEFED R 2
-7z,

Pk X, BIEEEXLD WR it verapamil
PR, JERGREL LICHBRLEN R P oD
L, IBKELGRE D WR; 1 verapamil #5.
B, JERERVWTRICBWTORBRLERR>T
BY, ABRECEEEXH T 5ERLTHEME
PEAE D & B RBLLAEE <k T1-201 o iz
BRI £, BRELFEICRT
%5 WR; 0fE T verapamil 05zl v &5
g s h, WRy 2% verapamil 55k & IS
BLTEbLO AP LERETCERETSL,
IERELLGREIC 81T 5 WRy O TFic 3 EM0ME
RBREEOMEIVRL, DHR#EOEILENT S
Tl-clearance DEENRKELBHELTWE LD L
HEEhi.
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