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Summary

Left ventricular (LV) relaxation was studied in patients with hypertensive heart disease with
LV hypertrophy (HHD, n=25) and hypertrophic cardiomyopathy (HCM, n=9), and these data were
compared with that of normal controls (n=20). The effects of oral administration of propranolol (n=11),
pindolol (n=3), nifedipine (n=6) and diltiazem (n=5) in patients with HHD and that of pro-
pranolol (n=9) in patients with HCM were also studied. Isovolumic relaxation time (IRT) was
measured using dual M-mode echocardiography and peak normalized rate of change of the LV cavity
in early diastole (peak dD/dt/D) was calculated by M-mode echocardiography using a digitizer and
microcomputer system.

IRT was significantly longer in HHD (112+24 msec, p<0.001) and in HCM (85+40 msec, p<
0.05) compared with that of normal subjects (64+24 msec). The normal value of peak dD/dt/D was
3.8+0.7sec’!, and it was significantly lower in HHD (2.7+0.8 sec™!, p<0.001). It was also lower in
HCM (3.2+0.8 sec™t), but without a statistical significance. In HHD there was a significant relation-
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ship (r=—0.611, p<0.01) between peak dD/dt/D and wall thickness of the LV (interventricular
septum+LV posterior wall).

There was no significant change in IRT before and after the administration of beta-blockers and
calcium antagonists except nifedipine in HHD (before : 116 +28 msec, after : 80414 msec, p<0.005).
It was probably due to the effect of an accompanied decrease in heart rate. However, peak dD/dt/D
was significantly increased in both HHD and HCM groups after the administration of propranolol,
pindolol, nifedipine and diltiazem.

These data show that LV relaxation is abnormal in the hypertrophied LV. Although the genesis of
this abnormality is not clear, there seems to be a close relationship between the relaxation abnormality
and increased LV mass in HHD. Oral administration of propranolol, pindolol and diltiazem for
patients with HHD and propranolol for patients with HCM seems to improve the abnormal LV

relaxation of each disease.

Key words
Hypertensive heart disease
Beta-blocker

Hypertrophic cardiomyopathy

Relaxation Calcium antagonist

FL®ic

ERLEBWNTRERED 2L 7T 7 2 2BK
TFTL, IREESZOFEICKELEFE LT
B0 e JERELORE IR LT B TR, Ca
EHAIRZ OWEREELRET 5 Z L3R ESH
T3, He@d M =—FLhza—KEHW
THRMEEERD, BRELOHE O A =ILER
EREL, EhicKEo kAl Ca HHiAlo
ROKECL 2B HbbE TR L.

MR EFE

MREME— Pz a2 - L, DEFRE L E
EHREEOMM 25 mm D% R EFEL 34
Bl&, EFERR 20 4] (Table 1) <, FED >
b, BfLE OBEE OB & 2 Aol E MR B (AT
HHD) 325 4, JRERRHDIERELLFHIE (LT
HCM) 2 9#<Tdh 5. HHD g3 B4 18 {5, 4ot
7T, ¥#SSik, HCM paLplB#tc, F
¥ 51 8%, IEREXEEGEE 44, kE6pT,
FHHMETHS.

HHD # o 9 bils = = — X I Btk sh R IR
Bl 3, DREAERFIE 1 6], FEFEIER D
SLREBERERLIZ bR flthHs. HCM
BT IE B RRAEAREE 4 41, ORIERAER A

14, FERFREIER 2o D REBIER 2R L7z b
oR1FITHY, ik 2 RIMEERTHS.
HCM #0 5 b, 8 fINIERAER, 1 fI2 %R
ThY, 2FiFAFAE cH5. HHD 2 560z
propranolol flg F# (1 H 10~90mg 15 36 mg) 11
i, pindolol fIRF#EE(1 H 3~30 mg iy 25 mg)
34, nifedipine fRFEE(1 H 30 mg) 6 4, dil-
tiazem fRAZ(1 B 180 mg) 5 #iliz4y i3, HCM
B 1324 propranolol g fif¥ (1 H 30~60 mg
¥ 33mg) L LT, FARERIR X OEE#ICo
WTLUT ORI EIT - 2.

BREHE L LTREH L bR RHRE ERIBL
KTIEERL VL~ 2 —MEGFETo. KB
W3 & OMEIES O 2 FRFERE M £ — K.z =
—E»b5, Fig. 1 o 2L, SEEEH UTF
IRT), f&iEFAIR=™=—0 B K5 & KBRS B
& T oEARES (UT ICT), &k OBRHE
i (UTF ET) ko, kickiBhce=x—
LieBb Rl EETa—H2s, Fig. 2 oz
&<, EERRAREE (UT LVD), ik
& (AT LVDs), tfE X 0 %EEE 2R 7.
SHLREETa—-REDOLNERGO b L — 2
Y, digitizer (Palos #§) 3 X % microcomputer
(Apple 8 ¥’y b) Z AW CESERIEAHE 2T
gL, Fig. 2 ZRICKET R LI SEMEAR I

— 940 —

— 940 —



Table 1.

Materials and the drugs used in the

individual cases

M F Age
Control 14 6 44113
propranolol 8 3 56+ 11
pindolol 3 0 S1+7
HHD nifedipine 4 2 58+ 13
diltiazem 3 2 52+ 10
total 18 7 55+ 11
HCM | propranolol 9 0 51%13

Control =normal control

HHD = hypertensive heart disease

HCM =hypertrophic cardiomyopathy

Fig.

are measured as a manner shown in the panel.

NEXL DLIR B E

B B RARESRILAHEE &M L (Fig. 2 £),
EZEETHEL (A Fpeak dD/dt/D). ok
v—zidzhzh 2EETY, 3OHM EET
HLic. FHEENEGHREE (LT mVcr) %
2x(LVDd—LVDs)/ET/(LVDd+LVDs) Xk v 3K
iz, RRFICHE, K EREL, fRHME
+1/3 X (IR AE ML E — SR HIME) & Y g dE
ERw. LT a—#ERFEN SSH-11A <,
DER, DERE L I (X VEE 50 £
100 mm/#) Honeywell # strip chart recorder
IZFEgk L.

1 sec

1. Simultaneous recording of aortic and mitral valves by dual M-mode echocardio-
gram.

True isovolumic contraction time (ICT), ejection time (ET) and isovolumic relaxation time (IRT)
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Fig. 2. Echocardiogram of left ventricle (left), computer output of the left ventricular di-
mension (upper right) and its first derivative (lower right) recorded from a normal subject.
Dd=left ventricular end-diastolic dimension; Ds=left ventricular end-systolic dimension; IVS=
interventricular septum; PW =posterior left ventricular wall; dD/dt=rate of change of left ventricular
dimension. The bars pointed by arrows in the panel indicate the early diastolic phase.

(64+24 msec) » v AFF (HHD p<0.001, HCM
p<0.05) IIEE L T /e (Fig. 3). Peak dD/dt/
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TlboTcbOOFEE T, (Fig. 4).
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Table 2. Measurement values in each group
HHD HCM
Contro! | HHD HCM
PRO PIN NIF DIL PRO
n 20 25 9 I 3 6 5 9

614107, 66+ 8--[ 61+17 | 8It20 | 681174 b
HR 6557 | 66215 | 64kl | gy 71 6y g1 Greia | 75415 | s3=9)%| 3
MBP 1M8+13 (1179 |119+247 122+ 6  [104+13 b
mmg| 9SEIL L1915 1104213 iog 14 |i0ak1a |102<16) (111516 | 99222 | a
LVDd LLEN 43+ 5 4+ 4 36+ 8 42+ 6 b
mm | 42E6 | 445 ) 4286 | 4L g [ 47:2 [42+5 |41+8 |4alts a
LVDs 26+ 4 26+ 5 26+ 4 22+ 6 22+ 6 b
mm | LS [ 2624 | 2206 | o0, 4 |81 |2445 | 2347 |2244 | a
IVST ! 1 20+ 8 19+ 2 19+ 7 18+ 8 20+ 8 b
mm | '0EZ P 19FT | 208 Jogrg | 19uy |18x6 | 16+5 | 2048 | a
PWT ! ' 16+ 4 k| 1545 14+ 3 [LE] b
mm | 321554 ) 144 gy, 1 [1axa |1exz | u+3 | a

Control=normal control HHD =hypertenstve heart discase HCM=hypertrophic cardiomyopathy

PRO =propranolol PIN=pindolol

NIF =nifedipine  DIL =ditiazem b=before a=after HR=heart

rate  MBP=mean Blood Pressure LVDd=left ventricular end-diastolic dimension LVDs=left

ventricular end-systolic dimension

of postenor left venincular wall

vo P<0.05

* P <0.001 ¥ P<0.005 o P<0.0
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Fig. 3. Comparison of isovolumic relaxation
time (IRT) between hypertensive heart disease
(HHD), hypertrophic cardiomyopathy (HCM)
and normal controls.

IRT of patients with HHD and HCM is signifi-
cantly (p<0.001, p<0.05, respectively) longer than
that of normal controls.
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Fig. 4. Comparison of peak dD/dt/D between
hypertensive heart disease (HHD), hyper-
trophic cardiomyopathy (HCM) and normal
controls.

Peak dD/dt/D of patients with HHD is significantly
(p<0.001) lower than that of normal controls. In
HCM it is also lower but without a statistical signi-
ficance.

2. EHOHR

O HHD o propranolol (p<0.01),
pindolol (p<0.05) #&x&5#, L HCM Kk
%33 propranolol (p<0.005) DL THE
A L (Fig. 6). Eym~Eix HHD o
nifedipine 5 THE (p<0.05) IEKTL, 1
BT T~ CETHEmER L (Fig. 7). migkR

5.0

peak dD/dt/D sec-!
F-
=

3.0
2.01
n=24
r=—0.611
1.01 p< a0l

peak dD/dt/D=—0.0427(IVS+PW)+4.31

20 30 0 50 60
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Fig. 5. Relationships between peak dD/dt/D
and thickness of the left ventricle (interventricular
septum-left ventricular posterior wall) in patients
with hypertensive heart disease.

The correlation coefficient (r) between thickness
of the left ventricle and peak dD/dt/D is —0.611.
There is a fairly good correlation among them.

IVS=interventricular septum; PW=posterior wall
of the left ventricle.

g, AHERHE, OEHRE X ORI,
£ L VEEOEIIIE & 2o 7z (Table 2).
IRT 3 Table 3 iz;z7L7- % 5iz, HHD o
nifedipine #5# T 116+28 msec 7% 80+14
msec *HE (p<0.05) kEHFELZLOD, M
TRAEEZERLL, —EOBHME & 25 - .
Peak dD/dt/D i1 Fig. 8 iz;RLzk 51, 24
R L, HHD, HCM o&R T+ <<
HEZic# L. Fig.9 i3 HHD < propranolol
30mg/day &G Lzl floEE>r 2 —HT,
Fig. 10 IRYEF 0ERERL L VEERILKEE
©d 5. Propranolol #4512 X Y LR RH 0fk K
BERKE L, peak dD/dt/D LML TW3B Z
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Fig. 6. Changes in heart rate (HR) after the oral administration of beta-blockers and

calcium antagonists.
Propranolol and pindolol significantly reduce HR of patients with hypertensive heart disease (HHD).
Propranolol also significantly reduces HR of patients with hypertrophic cardiomyopathy (HCM).
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Fig. 7. Changes in mean blood pressure (MBP) after the oral administration of beta-

blockers and calcium antagonists.
Nifedipine significantly reduces MBP of patients with hypertensive heart disease.
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Table 3. Diastolic indexes in each group

HHD HCM
Control [ HHD | HCM
PRO PIN NIF DIL PRO
n 20 25 9 It 3 6 5 9
00

IRT , 115423 [100£12 [116+28), [106+28 85+40 | b
msec 5‘&”'&*2‘ 85240 ) 4so1 |o3t6 [80+1809113236 | e5+29 | a
pdD/dt/D 2.740.974 [3.0£0.4-0|2.3£0.8+53.240.5- [3.240.994| b
sec™! 3'81-'0;75;7#0’8 3.2%0.9 3.4t0,7]* 4.3:0.1]O 3.2x|.|]° 4.3¢o.s]° 3.91!.0]" a

Control =normal control HHD =hypertensive heart disease HCM =hypertrophic cardiomyopathy
PRO =propranolol PIN=pmndolol NIF =nifedipine DIL =dltiazem b=before a=after
pdD /dt/D=peak normalized rate of change of left ventricular dimension in early diastole

+ P <0.001 % P <0.005 g P<0.05
_5.0 5.0 5.0 5.0 5.0
a /
a
S
4.0 4.0 a0 a0 l 4.0 /
3.0 3.0 3.0 3.0 3.0 %
2.0 2.0 2.0 2.0 2.0
1.0 1.0 1.0 1.0 1.0
P<0.0025 P<0.025 1 P<0.005 L P<0.025 P<0.005
bel‘ole anler ne‘lofe a|lw hel‘me all‘er bB'Ioie al{er before al;er
HHD propranolol HHD pindolol HHD nifedipine HHD diltiazem HCM propranolol

Fig. 8. Peak dD/dt/D before and after the oral administration of beta-blockers and
calcium antagonists.

Peak dD/dt/D increases significantly by propranolol (p<0.0025), pindolol (p<0.025), nifedipine
(p<0.005) and diltiazem (p <0.025) administration in hypertensive heart disease (HHD). Propranolol
also significantly (p<0.05) increases peak dD/dt/D of hypertrophic cardiomyopathy (HCM).

dD/dt/D=normalized rate of change of left ventricular dimension in early diastole.
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Fig. 9. Echocardiograms of the left ventricle in a patient with HHD before (left) and after

(right) the oral administration of propranolol.

After administration of the drug, velocity of left ventricular wall motion in the early rapid filling

phase increases.
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Fig. 10. Computer outputs of echocardiograms of the left ventricular (LV) cavity of the
patient shown in Fig. 9 before (left) and after (right) the oral administration of propranolol.
Decreased peak dD/dt/D in early diastole is improved after propranolol
dD/dt=rate of change of left ventricular dimension.
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BEITHREEENGB U LA TWEY, SE ok
T, IERELOFAE 236 1) B 2 REEE L peak dD/
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Fig. 11. Changes in heart rate (HR) and iso-

volumic relaxation time (IRT) with drug inter-
vention.

HHD =hypertensive heart disease; HCM =hyper-
trophic cardiomyopathy.
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ltEEXONS. IRV OMBZBBROEETH
5 IRT 3, HEMDIET &7 L7 nifedipine & %
BT, R OBEH% T—EOBHIME AR Do
7z. Benchimol 593 IRT 3.00A%k L& o4EE
FRTZ L EREL, Karliner 529 3,008 o1
IiCfE > TEE » peak negative dP/dt 28hn L,
BERPET TS L88ELTWa. AT
AIART 24T » 72T R_T OEH 12> T A%k 0
& IRT offgEF~ Lz 5, Fig.11 0 1
S5Thole. TiebbUAKOBD LIES TR
IRT 338k~ CTh o7, (AR O 8L 2
I 5 IRT LML DRI 2H DR TH-
Te. EEEIZOBRER B IC, BILEMELD
KEROLFITHABR—V v 7270, DK EE
fb&s# T IRT 0Bkt Az &z 5, Benchimol
b OB L REOBEEERL 2.

BFRHNZ L ekt 5 &, B ERAOBREE T
i, BEHOBEAESL, IRT ciEd—gEoiE
[F3H B h- 7o A3, nifedipine $E8E G idl>
mEE R EMEREZRL, IRT 3FE 2R
ERLE. Z0XHKE, ZhETOHEIKLT
IRT BBV EREhoTznid, AR OE

Table 4. Systolic indexes in each group

HHD HCM
PRO PIN NIF DIL PRO
n I 3 6 5 9
o | 81%33 | 956 9832 | 89£29 | 6742
7430 | 11ax8 93+£28 | 83£28 | 7418
msec
mVoE | 1-8E0.4 | 1.6£0.3 | 1.7£0.6 | 1.940.4 | 1.9+0.3
oiro/oe| 1-8%0.2 | 1.6+0.4 | 1.940.4 | 2.040.9 | 1.8+0.4

HHD=hypertensive heart disease HCM=hypertrophic cardiomyopathy

PRO=propranolol
b=before a=after
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NEEIhTWB LEZ LN,

2) BMEMIERLD 28 W T peak dD/dt/D
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3) @ifEME BB KO 2 L T, propranolol,
pindolol, nifedipine, diltiazem @O£&O#FEIC
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#hicx b, peak dD/dt/D 2Lz L h b
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