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Abstract

Left ventricular (LV) filling impairment in patients with hypertension (HT) not necessarily associated
with LV hypertrophy has not been sufficiently investigated. Therefore, we examined the response of LV
filling to isometric exercise in patients with HT without LV hypertrophy and LV filling abnormality at rest.

We studied 25 patients (aged 40 to 66 years, mean 517 years) and 13 age-matched normal subjects.
The HT patients were selected by the following criteria: 1) systolic blood pressure (sBP) over 160 mmHg
and/or diastolic BP over 90 mmHg was observed at least three times during the last 6 months, 2) LV wall
thickness was under 11 mm, and 3) the ratio of peak atrial LV inflow velocity (A) to peak early diastolic
LV inflow velocity (E) was within the mean= SD of normal subjects.

LV inflow was measured by pulsed Doppler flowmetry before and during handgrip exercise (50%
maximal effort for one minute and a half) in the patients before [HT-D (—)] and after [HT-D (+)]
dipyridamole (D) administration (0.28 mg/kg/4 min) and in the normal subjects (N). Doppler-derived
indices were A, E, A/E, DR (the deceleration rate from peak to half of the early diastolic inflow velocity),
% AA/E (% change in A/E from baseline), and % ADR (% change in DR from baseline).

There was no significant difference in LV wall thickness between the HT and N groups. There was also
no significant difference in A/E at rest between the three groups. Increase of sBP and heart rate were
similar in all groups during handgrip exercise. During exercise, A increased significantly in all groups. E
was unchanged in group N, but decreased significantly in the HT-D (—) group and the HT-D (+) group
but less than in the HT-D (—) group. The % AA/E (mean &= SD) was significantly larger in the HT-D (—)
group than in the other two groups [HT-D (—) 194+15%, HT-D (+) 9+5%, N 7+6%]. The % ADR
showed a similar change to % AA/E. LV filling abnormality clearly appeared during isometric exercise in
HT patients without LV hypertrophy, and this exercise-induced LV diastolic dysfunction was improved
by the administration of dipyridamole.

These results indicate that exercise-induced LV diastolic dysfunction is one of the earliest cardiac
manifestations of hypertensive disease and might be caused by diffuse malfunction of coronary resistance
vessels.
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ZEFHMONTBY, LA o TIREELFET 5
i, EERERTOL ) RHOREETEEL T 5.
BILERE S EZIRREEE b 720 TRERMLRERD—
DEZEROLNTWAEY, RIEICBITBHILREEICITE
FMALEER, MENCEJCESLTBY, £Z1
KORBE L EENEREORICIIEElALNEZ L
PREINTVEW, LA LHALIREZERKRYEDL
WELESE (2 BV T HEZIREEE IS T TICEEN A
ONB LT HEES bHA SN N, REFEOILRE)
RICEFEZZORWVESIICO LITLITEEL, IBk%:
LR WEIEREDIIREE ORI EOBF b ED
THICHLPTIE RV, F#2 TEFFETIR/SIVA -
Fv 77 =% B EHll L 2 EE i A MFTEER O
D6, LIRKD S RHROLEZENREEN A5
N2 VEIEEICBWT, EREEESEFEOLSE
REEORILL, EENIREIBICHELRIZTEEZ
O N5 EHRPUNE DYLFRIE T 5 dipyridamole DX FE
REEL, D& HEMAICBWCEEIEAI SN
RENEICS 2 AHEL, TRELILTHFIIOVT
BEF L7,

xt Ed

AEMBIMESE (hypertension: HT) B 2561 (88 19
B, ZeBl, FH40-665%, FHERSIETRE), B
JUFERBOREEEH 136 (B 116, K26, F
WIERSIE8 ) xfRE Lz, HT#IE, 1) KED
6 7B Ed 3L, YUHERAIMAEA%160 mmHg
Pk, »orF 723 LRI E A5 90 mmHg ULk % 525
7%, DM E— FLTa—RETHE L-FEYEE
BEE (LEPREEE & o EREEE OTFHE) A% 11 mm LL
T, 3) KHbED LEIFEAAMIE (A) & ILERFHT
AT (B) DE— 7 EEDL (A/E) 2SEERHOFH +
BEREDN L@ - TEE L.

HT BORBREERGOFED, KIGHEHIDS4 51T,
B D21 Bl I B EREEIHKG STV, 28,
BERFCEIVATO—VIIEY A L TWAH, &
BB L OB EFROERIC BV TR R EDS
BB, H5VIIHT— Fy 75 —ETEEBRE
HAEENTEIERG L NV EBI THAT 56038

WL F7z, EBEMH 5\ id dipyridamole % 5-12
LD IRIAAHEML T, IIRPEATAR & OB UHEL T
ANEDELR ) DPEC IR L. BHEBREDOLH
2, AFEOHMICOWTHBAL, AEEBL-OLR
Exfrore.
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1. EERANG, EZERES LUFHEEREASE
FEEE DOEHR
R L7 BEWHEEEIZHY A 7 1 I8 EUB-165A (5
ERIBEE 2.5 MHz %2\ L 3.5 MHz, 7SIV A#EDELJE
W4 T/2136kHz) THAH. BEBRE % EBFEBAL &
L, LRB7 7o —FICTEEREET B L, X
WT/SIVA - Ry 7FS5—ETRy 75— — L4 % EiF
FEITH LT 90200 NN E 25 X 9 ITH’RAL, ¥V
7T IVERAL % I T IR ISR E L CEZ A M %
FHAIL 72, AZERAMGEERISOCER, LERE L
BIZA MY v 7 F v — MIHKE Y HE 50 mm/sec TED
FL7:. BoNMRERED S R EH A Mk
¥— 27 %K EB) LY BEPOZD 12 ICHET S
T TORMAEZE (deceleration rate: DR), 3 X UNLEINHE
HmMAMKY — 27 &EE @A), 2HTICALEDHTD
5 AE%ZFHIL, 512, AE L DR OEBEFEEO
EALE%AA/E & %ADR % K7z,
% AA/E={(A/E) ex—(A/E) c}/(A/E) ¢ X 100
%ADR={(DR) c—(DR) ex}/(DR) ¢ X 100
ex: EENAMTEE, c: EBEMTAT
—7, BT 2 ERELEE3 T34 BB
T, WiBLTI—BOF A FTICESRAMEZEH
THEHMTME—- F LTI —MEFRHL, IRFKE.L
FHREEE & L EREEREE B L OEZIREERLE (D)
EIFERIAE (Ds) ZEMAIL 7. S HICKEIRF M
E— MO o — % ek L CEZERHERR (ET) 2 #flE
L, FHEZEHNEERMEHERE (mean Vef) T EH L 7.
mean Vc¢f=(Dd— Ds)/(Dd - ET)
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Table 1 Left ventricular wall thickness and mean Vcf

IVSth PWth IVSth+PWth/2 mean Vcf
(mm) (mm) (mm) (circ/sec)
Normal 9.8*+1.1 102£1.3 10.0+1.1 1.06+0.06
Hypertension 9.5%1.3 10.0+0.9 9.8+1.1 1.0910.12

Data are expressed as mean *standard deviation (SD).

IVSth=thickness of the intraventricular septum; PWth=thickness of the posterior wall; mean Vcf=mean velocity of circumferential fiber short-

ening

Valsalva 1 &AM S5 2L HICH 6P LDOEEICHE
EL, RKEBHDS0% T WEFERS S/, HT B
IZBWTIRE 5L, ZOEBAMARRE 10 5 HEH
IZL, R\ dipyridamole (D) 0.28 mg/kg % 4 -2}
THEREBRMICERE L%, BURLESATARL
fiolz. %28, BEEZRELTWAERTIE, 245
B EARE L TRERTo 7.

3. #EtniE

SHAMEIZ Y B RZE TRR L. et
EEEE, HT B dipyridamole #5518 & 5 %EED
EE AT DZ{L L HT B dipyridamole % 5-AIEE,
RSB TOLEZE A MTERZED LB I Wilcoxon
signed-ranks test 3 & U paired Student’s t-test, % DD
BRI HBICIE Welch's r-test & VY, p<0.05 2 HFEZE
HhELi.

] ES

1. AFEE LU meanVef

LEPREEIIEER T 9811 mm, HTH# T 95
+13mm, EEREEIIRERH T102+1.3mm, HT
BT 100109 mm, FHEE (LEFREE +LER
BEREE/2) (3EEET 100+ 1.1 mm, HT #HT98+
LLImmT, WTFRIZH 2HBTEEER 2o 7.
MeanVcf (3 &% BT 1.06£0.06 circ/sec, HT #T 1.09
+0.12 circ/sec & 2 HBMTHEZII L h o7, (Table
1).

2. EBBEFIAEZTHAMARIEE

EB AR O FEEE L dipyridamole $%5-8i D & I E
fEB [HT-D (—)], BLUHREHROBMEER HT-D
()] DEZERAMITEIEEE (E, A, A/E, DR) (UL T D
TeTHol:. EIIRER 5249, HT-D (—) # 55
+11, HT-D(+) B 56+11 cm/sec, AlXZFhFh 53+
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Table 2 Left ventricular inflow pattern at rest

E A A/E DR
(cm/sec)  (cm/sec) (cm/sec?)
Normal 5249 53%11 1.001+0.12 283+33
HT-D (—) 55+11 55+10 1.02+0.08 283125
HT-D (+) 5611 59410 1.0410.11 275+26

Data are expressed as mean=+SD.

HT-D (—)=hypertension, before dipyridamole administration; HT-
D (+)=nhypertension, after dipyridamole administration; E=peak
early diastolic inflow velocity; A=peak inflow velocity due to atrial
contraction; A/E=ratio of peak atrial to peak early diastolic inflow
velocity; DR=deceleration rate from peak to half of early diastolic
inflow velocity

11, 55£10, 59+ 10cm/sec, A/E TEFNEF 1.00
0.12, 1.02+0.08, 1.04+0.11 T3 Y, DR FZhFh
283+33, 283125, 275+26 cm/sec? T, VI b FHE
THEZI 2P o7: (Table2). %23, DR OFHHITIX
BEIBEREOIREHRAMBDOE — 7 25 HET 5
MFEEEFEDOREFRITF TP o20b D2 THH
h, THOIEBRAL.

3. EBAFEOE, DRBOEL

EHOME, HAKOESEFEFNDOZEILE Table 3
AT, EEIREWEOIGEHMEZLRDOZ L 205
HT BE@REF L VAR ICHELZR LA, HT-D(-)
ML HT-D (H)BTRAEEZERI2d» o7, EBEN
B, IUHEHAME (3 #E T 2119, HT-D (—) BT 21
+8, HT-D(+) BTt 218 mmHg L&/ L, LRI
EbZhZFh 1717, 14£8, 148 mmHg LH L7
A, 3EMTZENLDO LROEEIZIZIZFAKTH o 7-.
DHEBIGEBSEMRT D, FAEMROEMOREED 3
HHETEEEIRDbN oz,

4. EBEFFAERAMMTEREZENEIL
Fig. 1 |28 %8, HT-D (—) ¥, HT-D (+) HD:EH)
BWROALZERAMKRELDOEICONENERT.
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Table 3 Hemodynamic changes by handgrip exercise
Baseline
AsBP AdBP AHR
sBP dBP HR (mmHg) (mmHg) (bpm)
(mmHg) (mmHg) (bpm)

Normal 122£18 76+12 6612 21+9 17+7 12*+10

HT-D (—) 141+ 14%* 85k11* 61+£8 218 14+38 105

HT-D (+) 139+ 15% 84+12 66+8 218 14+38 9+%5

All data are expressed as mean =+ SD.
*p<0.05 vs Normal.

SBP=systolic blood pressure; dBP=diastolic blood pressure; HR=heart rate; A=change from baseline. Other abbreviations as in Table 2.

HT-D (+)

EXERCISE §

0.5sec

0.5sec

Fig.1 Representative examples of changes in the left ventricular inflow patterns at rest (upper) and during isometric exer-
cise (below) in a normal subject, and a patient with hypertension before [D (—)] and after dipyridamole administra-

tion [D (+)].

At rest, the peak early diastolic inflow velocity (E) is almost equal to the peak inflow velocity due to the atrial
contraction (A) in both the normal subject and the patients. During exercise, E is unchanged in the normal subject, but
E decreases and A increases in the patient with hypertension before dipyridamole administration. This change is less

in the same patient after dipyridamole administration.
N=normal subjects. Other abbreviations as in Table 2.

EEEMANICIEI 3 BHOBIE B E L AZIZIZALTH -
7o, EHAMRICIIREFRTIZERIZEALELLE
Ao 727%%, HT HTIHEBEFIC L D dipyridamole X 5
A - HEHBELOEDORBRL L ADHE 2D, Z0O%E
{bid dipyridamole KEZAVHKERM L ) bEETH -
7-.

LB TOEEEFICEBE, A, AEDZELIZUTO

LBYTHo7:(Fig.2). Eid, BEBTIE 2926
54+ 12 cm/sec (BB ZE% L), HT-D (—) #TId 5511
»H 51E11cmfsec N&, FNEFREREIETL (<
0.0001), HT-D (+)#ETH 5611 75 54+11 cm/sec
NEET Lz 0<001). AZZEhFh 53111 £ 58
+13 cm/sec (p<0.01), 55+10 & ¥ 61+12 cm/sec (p<
0.0001), 59+10 & h 62+12cm/sec (p<0.001)& 3 &
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Fig. 2 Changes in the peak early diastolic inflow velocity (E) and peak inflow velocity due to atrial contraction (A) and the
ratio of the peak atrial to peak early diastolic inflow velocity (A/E) due to isometric exercise

@ : normal, A : hypertension before dipyridamole,

EHXAEICHEML. AE L, BERET1.0020.12 A
51.07+0.12 (p<0.01), HT-D (—) E#Ti3 1.02+0.08
£ 1.23+0.25 (p<0.0001), HT-D (+) #Tid 1.04x
0.11 2°5 1.15£0.14 (p<0.001) ~N& 3B L L FEITH
ML7z. DR (LEBEMICL D, BEHT283£33»
& 257+31 cm/sec? (p<0.001), HT-D (—) BT 283+
25 05 245+26 cm/sec? (p<0.0001), HT-D (+) BT
275+26 %5 252+25 cm/sec? (p<0.0001) & 3 F L
LEEIET L7 (Fig. 3). %AAE ZZFNZFh 716
%, 19+15%, 9+5%, %ADR ¥ ZhFh 9+3%,
14+£4%, 9+3% T, WIFhbEERHL HT-D (—) ¥
BIUHT-D(—)#L HT-D (+) BTHEEEZIADH
iz 22 o 72 (Figs. 4, 5).

% =

EZRRKDSH 5 EMEEDEZEIREEIZONVT
X, T TIEELOREVLEINTEY, ZOWFEL L
TIREBRNEEER LY - TP 7F v 0 3RD
AWEHTaT 3 vk EOMREERERFORELIC
LoTHHINELHBORKZED S DILEZEDRER
B - BRI A KT 2213018, LHEED
B & o TUHBRERREDHEAPEL, THIRE
ILHEMMEBEDOWELSALNENWI LR, EEa Y
TIAT VADEKTICL BDEEIRAED LR EhH
HE o CLREER CEMATE LY, AZEILREIEIK
TIaILAEZLNSE, 7, C2* BAW® DO
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v : hypertension after dipyridamole
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Fig.3 Changes in the deceleration rate (DR) due to isometric exercise

Symbols as in Fig. 2.

EyiEHanTns,

L L, EZERKEDOROVEMEE DKL ERRE
EN, EOL)BBFTRI 22OV TIEH5ICH
LI ENT W2, Wada 59 13, S » L EZEK
D% WEMEE CREM ICEZHABEEN A S N6
BV, Ca?* FEPLE (diltiazem) DERIIX G2 L Y
EEPIRBEEIRE L2 L2 EL, EZERAHA
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Fig.4 Comparison of %AA/E
Abbreviations as in Table 2.

LNLEVWBITOID L) LEZREEICIE, BXO
ZWIERLLHBEBMOBEGIIASL, LdsT
diltiazem |Z & ZEMMFAEIMEA L D b, LA Ca @
B 2 MGIER S EZIREE AR E L - %
AbhBELT, C* BEMDOERVEGZRKEL T
5. ¥/, BOEETIE~ 7 a2 L0HRENOEL, T
b B LD RIEANE U TR WEEIC b R
DEAL, bbb EEDRERBERMEDOHEEA—E
ELTWTO, IhPEZIREECHLIERERS L
TWATEEMRIZZ ONE, T2 BT 58N
B L LT, BEBHEDOEBEAHIZIRAHS 5% ACE
FEEZ, LIBEKDZ ( RHRILREEDOALNSLE
MEFREICERHHES LA, FOHENALNIE
DEEHDH B0,

—%, &b, BMEECIIEZRAOFEREEIC
LT LD S L WETFHEDETHALNS LR
EFEINTWS, Motz 5213, IMERZETS D
DOFEENREZ BV THEELRREVFRD bz AR
REMER M EAE IZ BT, dipyridamole DX 5-HijE TD
BFEx A A7 0% 77 7% TEHA L TETF e
ERD-LTAH, ZOETFREIREANICHKLARC
BT LTW%, BFHiEE EERRDOREE L OBIC
AN o/ LTS, $72 Brush 52
DEZEBWREFLEIL L, THREF THLEE

(%) \s
25 r p<0.01 p<0.01
]
20 + AA
A
A
i
x 15+ AAA
a e M W
ﬂ - AA w
x 10F @ '!'
o8 AA
)
° w
st e 4 y
v
°
0 | | |
N HT.D(-) HT.D(+)

Fig.5 Comparison of %ADR
Abbreviations as in Table 2.

BRREVRD LN WEMEER O FHiEIIRE
BIICHLEBECEKTLTWAZLHEL TS,
Schwartzkopff 5 b [F#k1C, BIMLEE DT LT
FERDOENICHRELIETLTEY, HIEEMEE
MOIBEEERLADS, FN0 LESPRRLESIEX
MELOMICHBIEAO N 2o HREL, 51
HMBFHRF 21T o T, EEICBITBEE 50 umbl
TOMBRICE W THEORE & ME S & O IEFEHE
DFMEALA LN, IHPFBEFHEDKTE2 L0
FEHETHS LHEH L T5H,. 3512, Houghton 59 1
TEENIR (2 BIRE D 2 WEILUEAEZ B\ T dipyridam-
oleTI BRI LY ¥ F 7574 —CREEBZEADL 11
Bl 2 BT, BOPLREZRRIZVIZO b S
T, BEFREBEIARICETLTw 2 L&2®mELTY
5. DED XS &L, BMILEETIZOERSE
LT THEEIME IR - BENRENE
LCTWEBENDHLIEVHLPIZIRTEY, h
PR ORI E b 725 L TEZNREE ICHE
LTLABZEDEZLNS,

Z I TARETIZ, EZERAZROT, TERFOL
FEMAMBENEARES L 2Z05% , POIUHEHEIED
FEHETdH 5 mean Vof DREF L Z L RO VWAEMS
MEFE R E L, Ny F7) v TARGREOEZHRA
MEBIRENELERET L, S5ICZNITKIZT dipy-
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ridamole DEHEH 5 £ D & ) HIEF TOLEZ I RERE
CEEL RIZTRFE R L.

FPRER L dipyridamole % 5-AIDEMELER T
i, N FZY) y FRAFICE ) AERTEDEEICH
KL, HREH Y — 7 f#ED S OBERE (DR) (LT
EHET LA, ZRo0BHEIIHT 5 E{ERIT,
dipyridamole & 5-RINEMEEH CREF LD D KE
Mol ZOX) BEZERAMKBEREN,S, £EZ
VAR RE % S 5 SV ICiE, AZRAMMEIEI L
SR O IZHICHE R LI OB ZITHZ
LICEERETS. NV FZ) v I B EREES
BN TIIBRAEN, AR L b ICHEmEE55, 40
ORE TIREMERER TR B L CEHH O
HmEAREREL Y L FNEN 20 mmHg 13 EHE
#RLIbO0, EEEFICEAME, LHEEOHEM
ORERIHHECEAKTH o7, Lo T, EFHEA
2 & 5 AE DK EITRPHIEZITROBETH 5
DR OET, TabbIREMOLEZIRROET EZ
NS ICAERICE CLCEIHEDOERDRERES, SILE
EECREBICHKLAZICKREP o2 8, EBHE
TR B IMEAERE CIX A EIREEE DR T ATHI L 72
CEEERLTVWRLEEZLNS.

RIZ, T IMEREREE T3 dipyridamole & 5-# (I [F—®
EEEFTRER %17 o /2. Dipyridamole N &3, EHIK
FREDBHTIZIT b N B dipyridamole BREL.LEH Y ¥ F 7
574 —=H5VLLERL ETHEHASINLEDOHED
D (028 mgkg) & L7245, THIZZDOETH +47%
EMREDOEANBEONLED Z & &, K2 EEOE
FAEHREICAVONIETI TRETS L, HLEE
DIMERT & REHEDOEREL &L, ThOPERR
AMREIEEI B RIZTILERE LD TH 5.
Z DR, dipyridamole % 5% b EB)EFAT, B
OIME & AR SR LELE RS T, —F
dipyridamole D% 5-13FE4k 5-h¢ 1T L, BB R TR A/
EDEABLU DR DETE2EREICHISEL. L1
o T, BHMEFESITIZ dipyridamole 2% 5-L 7= &
T, EBAEMROLZNREEIHEINLIDLE
zZbhi:,

& Z AT Labovitz 5" (2X B L, LEEMICEEE
ETREEIIEEER LCEREE KT L THERT
5. ThbbASEHREEILOCHBMICT L TR
BMEEETHLLEEIONTWS, LT, 40
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DFERE, BIERER TREAH, LHAE, LHtE%
WM OHBRREBREZERIEINYFT YT
BRI L o THMMZ.OHBEBMAEL, THIZEoT
EENREEENSHBEL-DDLEINS. & 6T
ME %Lk S CEMME 2 EMS ¥ 5 dipyridamole
W2&oT, T EZNREEFHELLZZL
i, BILEEICBWTEM/D - BHIMLE O SR EE
R FOEBAOBHEAA LN, LT L HEZRARA
HEA ML ALHBELZVWEFHRECKTAALNS
LORROBELHEELL L, SREMNGRE LB
#EDRVEBMEETD, T TICEELE OB
B - BEMEREFUEBEICHEEL TV, EBEME
DLHEBEZHBEEOHEKICRE ) BIKOEARHIRHS
Y, BIASELZZE 2R LTWALEILNS.
7272 L, BIESE T dipyridamole FEH% 5-BF D A/E R
DR DAMBEILEROSMIILL, BEFIOEZNL L
ERBDDOFD e DHolZlid, FOLILEED
EROBEIX, BIEETHEA I —THLI L
RLTWBEHNDEBEDLNS.
BEECBVTEZRAMLKEBEN» LN FT
Uy TEWEOEZIRBREORILERFLL) &Y
AR L LTI, THE® N, KHHIIEZRAREED
AONBEMEFETUIRADD BBEL o WEE, REH
DIFETHTNLESHAMICL Y EZEL, AIZEKR
L AE AL, AEDHEAKOEEICBWTIIRE
EBRTOEAPKENP o023 BRTEI R L,
BWE E BFBOIRREHE - BENLZD 1212
WoES 5 TORERIL 3 BRI TAEZLRD2b 00D,
BIICL A ZOEILDOBREIIIEBETEN RP oL
BELTWVAS,
SRIDERPID L) LRHEREB Lo LERAEL LT
i, TTFEEINRE LBEAIEY 62K L5 H
DHRLNVHIORIEILEEHRTHY, TOKHR AE
2, bhbhagge LREFIOZNEHN, K&
A B EFHREINBIZO PO THITNSL, T4
Miyatake 5'9 D4E#E & A/E DEEIC DWW TORE 25
HEIND 60 REEDREF D AE TS, B
LM EVIDEMFLELTVWE-O, BEFTO
AE DEBNARRE OB AP ERILETHAL EREC R
etEZbND. 254 MO dipyridamole X5 D
EEAETORE» S, LBROA LN VWEIIELET
DEBENEEOAEZILRES ICIEM/IMEREE DR
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SRR E N0, EFmEEEMEe & bICETL,
BEBIOTFMEEIL 40-59 D 3.95 205 60 LA ET
X221 IZBBUCEA T 5 L9 Uren b DOHED 2%
2BE, REFATHLIVEBRELNRE LEBAIC,
BIICL 2 BMARES L CE L AIREE)HL 2 5
ZEBEZLN:. SEObRULROKRETIX, D
)RR THEELTIT2720T, L) RYLER
rRohzLEZONS,

=

BREEZWTEE L.

ADR #8EH L 7-.

DRRD % S REROEZIFREEX RO L VEIEEICBWT, VA - Fy FS5—F%
AWTEHI L 22 EERA LK EEL OB ICET X, SREEHEMBEOESIESEOTL
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