Journal of Cardiology 21: 931-941, 1991

mlEREICR T 5 MEM  Correlations  between

LEZERRI L CAEZEIE  blood pressure, left ven-

BE O B tricular  hypertrophy,
and left ventricular
diastolic function in
hypertensive patients

i & Osamu ITO

5 N 1N Mitsuhiro  OKAMOTO
#ME FBE Yoshimasa MURAKAMI
il B Ryu NAKAYAMA

Summary

We examined the relationship of hypertension to left ventricular hypertrophy (LVH) and left
ventricular diastolic function by ambulatory blood pressure monitoring device and echocardiography.

We studied 36 untreated hypertensive non-diabetic patients (16 males and 20 females) whose
casual systolic blood pressure (CSBP) and/or diastolic blood pressure (CDBP) were higher than
140 mmHg and 90 mmHg, respectively.

All patients were less than 65 years of age without organic heart disease. Resting systolic and
diastolic blood pressures (RSBP, RDBP) were measured after lying in a supine position for
30 min by the auscultatory method. Ambulatory blood pressure was measured every 30 or 60 min
for 24 hours by Colin ABPM 630, and the mean 24-hour ambulatory systolic and diastolic blood
pressures (ASBP, ADBP) and the systolic and diastolic hyperbaric indices (SHI, DHI) were ob-
tained. The left ventricular mass index (LVMI) was obtained as an indicator of LVH by M-mode
echocardiography. The ratio of peak velocity of mitral inflow caused by atrial contraction to that of
rapid inflow (A/R) was obtained as an indicator of the LV diastolic function by Doppler echocardio-
graphy. The coefficients of correlation between BP and the LVMI, and the A/R were determined.

There were significant positive correlations between the LVMI and ASBP (r=0.51, p<0.005), the
SHI (r=0.49, p<0.005), CSBP (r=0.47, p<0.01) and RSBP (r=0.41, p<0.05), however, there were
no significant correlations between the LVMI and ADBP, the DHI, CDBP, RDBP and age. There
were significant positive correlations between the A/R and ADBP (r=0.44, p<0.01), age (r=0.40,
p<0.02), CSBP (r=0.38, p<0.05) and RDBP (r=0.38, p<0.05), however, no significant correlations
between the A/R and ASBP, the SHI, DHI, RSBP and CDBP. Only a weak correlation was
observed in all subjects between the LVMI and A/R, which was slightly improved by use of
>90 mmHg CSBP readings (r=0.32).
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It was concluded that LVH is related mainly to continuous systolic hypertension, and that LV
diastolic dysfunction is related mainly to continuous diastolic hypertension. Therefore, it was sug-
gested that LVH and LV diastolic dysfunction in hypertensive patients are caused by different

mechanisms.
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BLE BE I EBRRCLE R INFEREREE
BECRD bR 3. TF, BIECHMHC, ¥
EERERER LN LOBRE "N H 50
&<, — AT RILE D IRBE D B B B Rt 5
T, EEEKA L ORBEE & EHEE AT
HEvwbh, Licdti-> THE & ERERE L OR
AL ICHERBRBEET S EEZILATY
5. LaL, BILELEBESLOMRICbR?
EENBRIZIVELE LR > TWARN.

AL T3 W O JT- & Fo 24 BRI ME, M
B D7) ORFHREMIE, BEREMLEORRE (N
WME, HRHMEY) &, BEEEDREL LT
DEZEER, EEJIREREOTE L OEE % 7]
REERMICHRET L, BILE &RSBREEHRE OH
FROMBIAICET BT L2 HE L.

xt Ed

UToHEAEL BT skBEI4 (B164,
#204) xtHE L.

1) Sz B 3R IGEHMLE (casual dias-
tolic blood pressure: CDBP) 3 90 mmHg L.
by E 7 RERRUIHERIME (casual systolic blood
pressure : CSBP) 7% 140 mmHg L F %557,

2) JREE, EEHR, LB, WL, o=
-7 ETRBERLEENRED bz,

3) 65LLTF

4) BRERERE, i 3 BRI ERER
RAZFIELTHS.

5) ZiErpfpEfE A 100 mg/dl LIFT, R

IROTERE T T,
b1 &

1. mENE

L Hskizis v T LRMBAL 30 224212, R U
AMBAME TRSRIME R 2 vy, £ LB cEES I
XY MERIE 24772V, ZEEIEDME (rest-
ing diastolic blood pressure: RDBP) X ui%e
BB E (resting systolic blood pressure :
RSBP) #skwiz.

2. HEHR BB EEGEE R (B — )
Vi ABPM630) 12T, 3045z 6042k iz
24 BRERMERIE 247 72 Vv, 24 BRI HL3ER M
FE D (mean 24-hour ambulatory diastolic
blood pressure : ADBP) 35 X 0F 24 b i 4 89 1
FED¥Hg (mean 24-hour ambulatory systolic
blood pressure: ASBP) #zk®iz. & &ICIRHE
WiEmERES (hyperbaric index : SHI) 35 X vk
EMELERES (DHI) ko7, EilERKE
24 BRI b B BIE V_A D EELE AT
fafR <, SHI xH#EfE* 140mmHg 2%z L,
UHEHAME b v K 2SEEHE(E 2 4 2 7340 o0
DFTHRDb Liz. DHI 3##E# 90 mmHg 12
RE L, FEERHAIME b Lo K ASERUE(E % 88 2 723
SOEBEOF1E Liz. (mmHg-hr/day) (Fig. 1)

2. pra-HEE

T 2 —[RE 3K S R o LBrig, AR RIEA
LIz THEST L7z, B RZH SSH65A <,
Bz 3.75 MHz, #3% v 38 1X 50 mm/sec &
L7c. BRfF 2500 B ARE I EcaE 4
FICEE, EERUBWEGRE E2NERSKEKRIC,
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Fig. 1. Recording of blood pressure-time curve for 24 hours and method of determining

hyperbaric indices.

Systolic and diastolic hyperbaric indices were defined as the integrals concerning time of blood pres-
sure excesses versus standard values (140 and 90 mmHg for systolic and diastolic blood pressure, re-

spectively) for 24 hours (mmHg-hr/day).

DOEEMBBEERR/NMI R B K S ITH#HL, &
DICERBERL LT, BFEE— LAPEER%
BrERTS L5 CFHELT M - FMii 4
7z. DER R FEoOREICE W TERIERDE
(LVDd), zEwEeEE (IVSTd), EE#EE
(LVPWTd) #&IL, Troy Hick3ROD%E
Hizky, FoRXD T LKL, EXEERREK
(LVMI) %% L7 (Fig. 2).
LVMI=1.05 [(IVSTd+LVPWTd + LVDd)?
—LVDd®)/BSA (g/m?)
(BSA : fkREHK)

ZDpE, Devereux L7 D &I L B EHED
Ly FERORICHE LT E 83~108 g/m?) % 1E
BHEE LTHW:.

3. R FyTS—RE

M =—Fhza—FEics &4 & R LS
SSH65A T2z« Fo7rXs—BREEZfTR-7.
ZIEE KK 375MHz, & 938 LA KR
4KHz © FFT &R L. Ky 75 —WiBhT,
I IR b BIFICBBR SN 3 X 5 ITLRE
4IEWEGR Z L, Yo7V SR a—aR
fEEfFEH P RTICREL T, EEHALKERZ

HEGEL. BEVEER S0mm/sec L1z, &
B A MR E#EE (peak velocity of rapid
mitral inflow : R) (cm/sec) &.0>BEUNHERAFE A M
WREHHEE (peak velocity of mitral inflow due
to atrial contraction: A) (cm/sec) 3K, A/R
FEH L. Fy 77 —RERO O 80/4
PEDBA IR L DRI LT (Fig.3). 226 AR
DIEEEIZE, Miyatake 58 o 50 g DL E
0.9) ZHw7.

4. B

£HEMEM L LVMIL AR oOB{R & B ic
RL, €7 Y vOEEREkE RS, 7z LVMI
& AR oMKk bRO . HEHFHRER,
Student’s t-test iz X V4T 2\, fERE p<0.05
PAEL LK.

= S

KREMTEME, HRER L % Table 1 (2R L 7.
EWIT K 36 5%, & 65 5%, P iRERE
53.9+7.0 %G »7. RSBP, ASBP o ¥z
Zh#h 144.9+16.8 mmHg, 138.4+15.7 mmHg

TIRIFELWE%5RL, CSBP iz 162.5+
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Fig. 2. Two-dimensional (right panel) and M-mode (left panel) echocardiograms showing
the method of measuring the left ventricle (LV) and formula to determine left ventricular
mass index (LVMI).

LVDd=LV end-diastolic dimension; IVSTd=interventricular septal end-diastolic thickness;
LVPWTd=LYV posterior wall end-diastolic thickness.
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Fig. 3. Two-dimensional (right panel) and Doppler (left panel) echocardiograms showing
the method of measuring left ventricular inflow velocity.

A =peak velocity of the mitral inflow due to atrial contraction (cm/sec); R=peak velocity of the
rapid mitral inflow (cm/sec); LV =left ventricle; LA =left atrium; SV =sampling volume for flow

velocity measurement.
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Table 1. Data of subjects

Age (yrs) 53.9+7.0
Blood pressure
CSBP (mmHg) 162.5+18.2
CDBP (mmHg) 94.0+8.6
RSBP (mmHg) 144.9+16.8
RDBP (mmHg) 84.1+11.0
ASBP (mmHg) 138.4+15.7
ADBP (mmHg) 84.1+9.5
SHI (mmHg-hr/day) 130.6+162.1
DHI (mmHg-hr/day) 50.6+78.2
Doppler echocardiogram
A (cm/sec) 43.5+8.5
R (cm/sec) 33.4+10.4
A/R 1.41+0.45
M-mode ehocardiogram
IVSTd (mm) 10.4+1.7
LVPWTd (mm) 10.2+1.5
LVDd (mm) 46.6+4.6
LVM (g) 215.2+59.1
LVMI (g/m?) 136.5+£32.5

Values are means+SD.

CSBP =casual systolic blood pressure (BP); CDBP
=casual diastolic BP; RSBP=resting systolic BP;
RDBP =resting diastolic BP; ASBP=mean 24-hour
ambulatory systolic BP; ADBP=mean 24-hour
ambulatory diastolic BP; SHI=systolic hyperbaric
index (HI); DHI=diastolic HI.

Other abbreviations are as in Figs. 2 and 3.

18.2mmHg =, RSBP, ASBP X Y # 20 mmHg
B %5k L. %72, RDBP, ADBP ¥t
zh*h 841+11.0 mmHg, 84.1+9.5mmHg &
i21¥% 1L, CDBP o¥#iz 94.0+8.6 mmHg
L RDBP, ADBP X 9 # 10 mmHg &\ i #5%
L7z. AR oz 1.41£045 ¢H v, 50
E#mEZED AR 0¥ (09) L) bEEETR
L7. LVMI o E# i 136.5+32.5g/m? Th
v, EEFOMHE 83~108g/m?) XV EMERL
7z.

LVMI &ML & DR % Figs. 4,5 i,
¥7- A/R L&HEMEME & D% % Figs. 6,7 iz
5%. Table 2 32z h b & DRk MHEAKREE

MEE & IR & K EENLIRRED B

LdizboThs. LVMI 3z ASBP (r=0.51,
p<0.005), SHI (r=0.49, p<0.005), CSBP (r=
0.47, p<0.01), RSBP (r=0.41, p<0.05) o)EIz
rhZh FEDEME %L, CDBP, RDBP,
ADBP, DHI, ##h 3B HBEE R&kh -
7=. A/R iz ADBP (r=0.44, p<0.01), gl (r=
0.40, p<0.02), RDBP (r=0.38, p<0.05), CSBP
(r=0.38, p<0.05) wlEIZZHhZEhBEDIEME
#7<L, RSBP, ASBP, SHI, CDBP, DHI ¢
BEBEOHBRGRE RS R oI,

%7 A/R & LVMI oRjici3 & 2B
FED o725, CDBP # 90mmHg LA Eiz
BET L, BETE RV, LLMEEERM A
bh iz (r=0.32) (Fig. 8).
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&, EMmELER, MEpielofRETFLARS
LRELShTRYY, BIESBEICL>TEER
FERE & 72 » TV B ZESE B K 0 FFAR 12 13 B EB L #R,
DEX, DT a—EAiEDHEND B H, Reichek
bickh)bhza—RECHFAEPREATE
PO Hed M £— FLhza—Fky LVMI
FROTEZBEROIEEL Lic. DERDOFBHE
Bl /rzexz) v r7votrryy 11
DHEEERZELEIZLNATWVWSED, SEDER
IEK & UGHERIME, 722 T b J35 24 By IHE A
MLE & DR SE VN & W ) FERITBEORKKICE
I BHEN L2 F—B L, DIEKA~D, ik
foeh) R UL AE R L L E 0 B B 23R TR S hu i,

AR BEZHAMGIC T 3 LENGED BE
Erkbl, EXIRHNE, EFRE, BAWMRL
DEEBLZITZLERTW 3 5, EZE0OiMiEEE,
EEarv7 547 VA, vhbbEEIREL»
BYRBT 3 LS, Lo TARFEICE
WTh AR 2 ERIREEOIEL LTHW .
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Fig. 4. Correlations between the left ventricular mass index (LVMI) and casual systolic
blood pressure (CSBP), casual diastolic blood pressure (CDBP), resting systolic blood
pressure (RSBP) or resting diastolic blood pressure (RDBP).
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Fig. 5. Correlations between the left ventricular mass index (LVMI) and mean 24-hour
ambulatory systolic blood pressure (ASBP), mean 24-hour ambulatory diastolic blood
pressure (ADBP), systolic hyperbaric index (SHI) or diastolic hyperbaric index (DHI).
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blood pressure (RDBP).
A/R is as in Fig. 3.
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Tabla 2. Correlation coefficients between blood
pressure and A/R, left ventricular
mass index (LVMI)

A/R LVMI
Systolic blood pressure
CSBP 0.38* 0.47t
RSBP 0.27 0.41%*
ASBP 0.33 0.511t
SHI 0.25 0.49t1
Diastolic blood pressure
CDBP 0.34 0.23
RDBP 0.38* 0.09
ADBP 0.441t 0.11
DHI 0.28 0.29
Age 0.40** 0.10

**6111 . p<0.05, 0.02, 0.01 and 0.005, respectively.
Abbreviations are as in Figs. 3~5.
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20, AEENENEIC & 5 IRYIE R TREE O
BERrRMERTERT S L h, RMESR
FHIZBITZ2EEWLREBRTIREIATNS.

Pk kY, BIUEBFICET 3 ERIEERE
CREZERAPEET S LEshTwaRMY, —J%
TREZRRIEEIRERECE —BIWER L
FEWRRVWENIREDR {55, SEOKRET
i3, LVMI & A/R ofjo+EBBRIEIAER L34k
& 72 A2 o 7. Shapiro &Y, Inouye 54 (3 B F &
HBICBWTERIEK L EEIRERE & 0FEDHE
BEFRERELTRY, TORBRLEBRoN,
& 0 REDRR I Wb 3 BILESRELSMC,
IAEEAME 23 140 mmHg PLE © #GRHIMLE 23
90 mmHg KD EF EEHTBY, R
BhoTwaZ b EnFRN—2¢E X B R
7. AEORKEFT bR & EESHmE 90 mmHg
UEDovwbwsEMERBEDOLIBET DL, W
HRHEETERVWAHEBEER A& bh k. %
7z LVMI 3% fEIiE#AMLE & /6B L7243, A/R
BIEEHIME X v bt L AIERIME & X < 48[
L, BHTh 24WRMIERMMLED Fg L &b &

2.4 .
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Fig. 8. Correlations between the A/R and left ventricular mass index (LVMI) in all sub-
jects (left panel) and in those whose casual diastolic blood pressures were higher than

90 mmHg (right panel).
A/R is as in Fig. 3.
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PRI B T 2 FRAED 2 RS TWS. 4E
oRETT, LVMI (3348 B 8) i F e &
Bz 2 24 BRIEHIME D EH L b & Wil
BEmL, AR (3 24 BERERS ME 0 T & &
bELSAMELEZ Lo, BILERE Ok
¥ R BB L E R B o At e
TR EhILnwx 3. £z, #EHEEEInTEE
FERIELRE 2 AW ieBME v v 0 BILOHEE
& LT, 24 BpfLE O ELSL T hyperbaric
index #:k®» T, LVMI, AR & o #4434
L7-. LVMI liv#gE#s hyperbaric index & o
iz FE D HERR 2B 22, AR LUUHEH
hyperbaric index, #L3E#] hyperbaric index o
ME L OMICIT A RO HBEMEGRE BT, 248
PR E D FEIFELL_ E ORI R 2 E bhi ko
7. 24BERIIC bz B BILE VA0 BRIz
WTiL, 5%ELIKRFAVLELBbh.

-3 #

BILED EZEK B & CEEERE~D FE
20T 3 — X, HHEE B EEERE RE

MEE L ZEIEK IS & O EERIERRE D B
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90mmHg Pl E, %7ci3bfimsIiESfE 140mmHg
Ub#mR L2 BREREE b 2 v 65 BT
DRIGHE 364 (B 164, £204) exiHe L
Tz {MBARL 30 S HBERS TR T KRR MLE % JIE
L, #H8 B8l EEmREEE (BAa—Y v
0 ABPM630) 12T, 304y % 7= i 60 2[R T,
24 BERMEAIE 24T 72 Vv, 24 BREMLE o EHE
BIUEMEEE (hyperbaric index) # ko 7.
M z—Fhza—Rkicky EZREK 0 EEL
S h 3= EE RS (left ventricular wall mass
index: LVMI) %, ¥%2 Ky 75—z a—[K
B X Y ERIRECIREL Sh5 AR 2k,
KMEMmMEM . LVMI, A/R oiEEER%R &Ko7,
LVMI (3 24 peRURMEHIMLE D3 (ASBP),
In%E#] hyperbaric index (SHI), [ e S i &
(CSBP), Z#bitiE#ifE (RSBP) nlEizEh
ZhLFEDEMBEEZRL, 24 BILESLE O
g (ADBP), #:3E8) hyperbaric index (DHI),
B Rg fLaR H M E (CDBP), 7 #% b 3158 # fu /£
(RDBP) B X U4Fb L R A BOMB & R & 2 o
7z. A/R 13 ADBP, 4#, CSBP, RDBP onJ§
EhZEh LEEDOEMBE%ERL, ASBP, SHI,
DHI, CDBP, RSBP L3 EEOHEE R 2
-fz. LVMI & AR tofjicizE E#+EBEE%
2D A o7, CDBP=90 mmHg 2B L
EETRAETERVWARLLHBEER 2 ED .
EEBKIC R IR 2 IE S LT &
2, EERLTRAEFEE I35 I RifAY R IEIRE S ML
EoBE»TFREh. BILESECBVWT, £
FEEKR L EEIREREEORBIC T EN R -
e A =X hOBE T BRI ISRIR E iz,
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