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Summary

We investigated cardiovascular hemodynamics in patients with essential hypertension at rest and
during exercise. Eight patients with borderline hypertension (Group B), 18 patients with sustained
hypertension, and 10 normotensive subjects (Group N) were studied. Patients with sustained hyper-
tension were categorized in two groups; 10 patients without cardiac hypertrophy (Group NH), and
eight patients with cardiac hypertrophy (Group HH). To assess the cardiovascular hemodynamics,
M-mode echocardiograms, electrocardiograms and carotid pulses were recorded during multistage
exercise using a supine bicycle ergometer. Blood pressure was measured simultaneously by the cuff
method. At rest, isovolumic relaxation times (IRT) in Groups NH and HH were significantly prolonged
as compared with that of Group N. The IRT of Group HH was significantly prolonged as compared
with that of Group NH (Group N: 0.06+0.01 sec, Group B: 0.07+0.01 sec, Group NH: 0.08+0.02 sec,
Group HH: 0.09+0.01 sec, respectively). Only the atrial filling fraction of Group HH was significantly
increased over that of Group N (Group N: 25.6+12.1%, Group B; 30.0+8.1%, Group NH: 27.9
+11.3%, and Group HH: 41.4+13.19%, respectively). The total peripheral vascular resistance (TPR) in
Groups NH and HH was significantly increased over that of Group N (Group N: 1600224 dyne/sec/
cm™®, Group B: 1704 +465 dyne/sec/cm~3, Group NH: 2370 +:608 dyne/sec/cm™%, and Group HH: 3290
+1598 dyne/sec/cm™?, respectively). There was no significant difference in the cardiac index, ejection
fraction or heart rate among all groups at rest and during exercise. However, the difference between
TPR at rest and TPR at a load of 75 watt (4TPR) was increased in Groups NH and Group HH over
Group N (Group N: 558+166 dyne/sec/cm™5, Group B: 614+336 dyne/sec/cm=5, Group NH: 883
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+415 dyne/sec/cm™3, and Group HH: 1306774 dyne/sec/cm™3, respectively).

From these findings, we concluded that there is early diastolic left ventricular dysfunction in Groups
NH and HH, and that the degree is more distinct in Group HH. It seems that systolic left ven-
tricular function of both groups is normal during moderate exercise loads, and marked reduction of
the TPR in both groups during exercise may be caused by marked peripheral vascular dilatation.
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L (Table 1). F+habbEFA7HO (LE
IR + £ LB R ER)/(ELENE) 1 0335
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& vk, BEHEER (ET) SHEBIARE 0L
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COREME L. F7, BHR (EF), LRI
R (AFF), affRE (CD, £RMEmEER
(TPR) 1z Teichholz #kiz X v B L7z, HEata
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RKEEEEL L
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1. ZHHEBcEEAE

Ly, ERARELESRE, JBOERE OE
KEEOIGREHIMLE, IEHME S, BORBO/EE
AX Db KTH o L% Dd, Ds i355#MH
CHEELED R -1 (Table 2).

EF (3@ A 66.5+£5.4%, 5B MESE
67.0+6.1%, IFECIEREE 66.1+7.5%, LB KEE
61.5+103% T, HHECAFEZE R o
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Table 1. Classification of the subjects (Fig. 2).
Group No. of cases Age (yrs) CI (I/min/m?) (xfgti A 2.73+0.49, BEREE
T 3.074+0.57, JEC R REE3.16 051, O
Group N 10 33~56 (mean 41.5) Jfﬂ.)_l‘__‘%?%‘ - 7 L‘HE}(% . :;_ e
Group B 8 26~59 (mean 43.1) K 2754059 T, HWMICEEZRD AN
Group NH 10 28~62 (mean 43.8) (Fig. 2). La L, AFF g A 25.6+£12.1%,
Group HH 8 3667 {oean 50.5) 5 b i P e 30.048.19%, JEDMEAREE 27.9

+11.3%, DMMEKEE 41.4£13.1% <, DIEKEEO

Group N =normotensive controls; Group B=pa-

tients with borderline hypertension; Group NH =pa- N X DV AEICKTH - 72 (Fig. 2).
tients with sustained hypertension without cardiac hy- TPR (dyne/sec/cm™) (3 fies A 1,600+224,

pertrophy ; Group HH=patients with sustained hy- 5 OB MU B 1,704 1465, FELJEARE 2,370

+608, D EkHEE 3,2904+1,598 TH v, FRLOMEK

pertension accompanied by cardiac hypertrophy.
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Fig. 1. M-mode echocardiograms illustrating the method of measurement.

Da=left ventricular diameter at the onset of P wave; Dd=left ventricular end-diastolic diameter;
Ds=left ventricular end-systolic diameter; ET =ejection time; PEP=pre-ejection period; IRT=
isovolumic relaxation time.

Table 2. Blood pressure, heart rate, Dd and Ds at rest

Croup Blood pressure Heart rate Dd Ds
(mmHg) (beats/min) (cm) (cm)
Group N 119.84+10.4 /| 75.8+ 7.0 63.0+11.7 4.9+04 3.14+0.4
Group B 139.0+11.7 /| 91.8+10.6 64.4+10.7 5.1+0.4 3.24+0.3
Group NH 159.1+15.5/ 95.2+ 8.4 65.6+10.3 5.1+04 3.2+0.5
173.04+30.8 / 109.3+18.3 68.9+ 7.5 4.9+04 3.3+0.6

Group HH

Dd =left ventricular end-diastolic dimension; Ds=left ventricular end-systolic dimension.
There is no significant difference in the heart rate, Dd and Ds among all groups.
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Fig. 2. EF, AFF and CI of all groups at rest.

There is no significant difference in EF and CI among all groups. AFF of Group HH alone is signifi-

cantly increased more than that of Group N.

EF =ejection fraction; AFF =atrial filling fraction; CI=cardiac index.

B, DIEXESE DITBREACHLAERICKRTS
ofc. ERMEMESEEDS TPR 3EEEALE
BED R, -1 (Fig. 3).

IRT g3 A 0.06+0.01sec, 5 5% fE &
# 0.07+0.01sec, FEQEARE 0.08+0.02 sec, i[>
EXEE 0.09+0.01 sec T, FELEKREE, OIEKRE
BELIBEALVEBILKTh o2 REBOIE
KEgED IRT GIFELIERBIVBERERRTH -1
2, EREESLESRE LEE A0 IRT officik
ER Db o7z (Fig. 3).

PEP/ET R&HEICEEEZL RO R oIk
(Fig. 3).

2. BB HHEAE

KEPET, DUEHME, JRHMER, 28T

REICH L ER L (Fig. 4. D LmEL
Rz, £FcEAL, Zo®EMmELEEHAT
EFEwohih o (Fig. 5). Dd i3 75W B
ZiE, BEA 47+04cm, BRI MNT BE
49+04cm, FECIEAEE 5.0+04 cm, LMEKEE
47+04cm T, FHEEICHEEZEI R o7, Ds
i 75W Bz, A 26+04cm, BEREE
MEHLE 2.7+02cm, FELEREE 28404 cm,
DMBEREE 27406 cm THEBMICEEREI kb o
7= (Fig. 6).

EF 348 L L IicRkic, Eghhsme, 75W
B ix s A 759+7.6%, SEREE M E B E
74.9+4.3%, IECEREE 72.6+11.8%, LMEKREE
742+67% T, SEEICEEZEZRT Doz
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Fig. 3. TPR, IRT and PEP/ET of all groups at rest.

TPR of both Group NH and Group HH is significantly increased more than that of Group N. IRT
of both Group NH and Group HH is significantly prolonged as compared with that of Group N. IRT
of Group HH is significantly prolonged as compared with that of Group NH. There is no significant

difference in PEP/ET among all groups.

TPR=total peripheral vascular resistance; IRT =isovolumic relaxation time; PEP/ET =pre-

ejection period / ejection time.

(Fig. 7).

CI (I/min/m?) 3 75 W i i3, BEREEME
B 53107, JRLAEKREE 5.81+0.82, LAEAHE
483+081 <, BoBOEEADME 4.94£1.0)
LEEERRD Lo (Fig. 8).

TPR (dyne/sec/cm™) [3&EEL b EHhE
BT L3, 75 W pricid s A 1,042+187,
BEREEMESE 1,001+157, JECHEARE 1,488
+364, QMEKEE 1,984+886 TH Y, FELMEK
B, DERERLLICBEAIIVERCKRTH-
7= (Fig. 9). #=giEo TPR v 75W o
TPR #%#¥ U7 (ATPR: dyne/sec/cm™) i3,
P A 558+166, BRI M ESRE 614+336,
JECEARRE 8834415, LEKEE 1,306+774 <,

FEEREE, DIERBIEEALVAEICKRTD
D, EREMSNERE LEBEAORICIEELZRD
%27 -7 (Fig. 10).

% &

JECBREE, DIEXKEE WHO 248 I, 11 #
DEMESREICHY L, ZOoBMER, HROH
DL EIL < TPR o@EEAREE L Bbhk. &
MEosERMELERED CL iZEEA LV EY
FHRETRTbOD, HFEEIBDOLAAR T,
zhiz, —BoEE ERAERESLE T, Cl,
DIREREETHBY = L I K+ 5. Messerli
5003 Eh L BEO BIUESE % B L 254,
mipET Cl o FEEHLTWS. Lo
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Fig. 4. Serial changes in the mean systolic and diastolic blood pressures at rest and during

exercise.

SBP =systolic blood pressure; DBP =diastolic blood pressure.
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Fig. 5. Serial changes in the mean heart rates at rest and during exercise.
The heart rates of all groups increase during exercise similarly, and there is no significant difference
in the heart rates among all groups at the load of 75 watt.
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Fig. 6. Left ventricular diameters at rest and during exercise.
There is no significant difference in Dd and Ds among all groups at the load of 75 W.
Dd =left ventricular end-diastolic diameter; Ds=Ileft ventricular end-systolic diameter.
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Fig. 7. Serial changes in the mean values of EF at rest and during exercise.
EF of all groups increase during exercise similarly and there is no significant difference in EF among
all groups at the load of 75 W.
EF =ejection fraction.
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Fig. 8. Serial changes in the mean values of CI at rest and during exercise.
CIs of Group B, Group NH and Group HH are similar to that of Group N at the load of 75 watt.
CI=cardiac index.
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Fig. 9. Serial changes in the mean values of TPR at rest and during exercise.
TPRs of both Group NH and Group HH increase more than that of Group N at the load of 75 W.
TPR =total peripheral vascular resistance.
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Fig. 10. ATPR.

ATPR increases in both Group NH and Group
HH conpared to Group N.

ATPR =the difference between TPR at rest and
TPR at the load of 75 W.
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