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Summary

This study elucidated diastolic left ventricular dysfunction and whether myocardial interstitial
fibrosis correlates with diastolic dysfunction in mild to moderate systemic hypertension (HT).

Six normotensive subjects, 18 hypertensive patients without left ventricular hypertrophy (LVH)
and 10 hypertensive patients with significant LVH were evaluated. M-mode echocardiography was
used to determine fractional shortening (FS), isovolumic relaxation time (IRT), and left ventricular
filling volume during rapid and slow filling periods and the atrial contraction period (RFV, SFV, ACV).
The quotients of the left ventricular filling volume and the end-diastolic volume and stroke volume
were also calculated. Simultaneous biventriculography was used to determine the end-diastolic thick-
ness of the interventricular septum and posterior wall. Right ventricular endomyocardial biopsies were
performed to calculate the percentages of fibrosis.

The FS was normal in all groups. The percentages of fibrosis in the two HT groups were significantly
greater than those in the normals. The IRT of the HT groups was significantly greater, and the RFV,
RFV/EDV and RFV/SV were significantly less than those of the normals. Multiple regression analysis
showed that the wall thickness and the percentages of fibrosis correlated significantly with IRT, RFV,
RFV/EDV and RFV/SV. The standard coefficients of correlation of wall thickness and the percentages
of fibrosis were 0.333 and 0.239 in respect to IRT, and —0.304 and —0.473 in respect to RFV. There
were significant correlations between the percentages of fibrosis and RFV (r=-0.675), RFV/EDV
(r=—-0.664) and RFV/SV (r=-—0.602) in the normals and in cases of HT without LVH.
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These results indicate that increases in myocardial interstitial fibrosis and diastolic dysfunction
occur even in mild to moderate systemic hypertension and that the diastolic abnormality is, at least
in part, related to the degree of left ventricular hypertrophy and myocardial interstitial fibrosis.
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Fig. 1. Echocardiographic measurements of each parameter.
IRT=isovolumic relaxation time; RFP=rapid filling period; SFP=slow filling period; ACP=
atrial contraction period; RFV =left ventricular filling volume during rapid filling period; SFV =left

ventricular filling volume during slow filling period; ACV=Ileft ventricular filling volume during
atrial contraction period.

RFV=increment of ventricular volume during rapid filling phase (2-1)
SFV =increment of ventricular volume during slow filling phase (2-3)
ACV=increment of ventricular volume during atrial filling phase (3—4)
(LV volumes are calculated using Teichholz’s formula).
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Table 1. Parameters of cardiac catheterization and endomyocardial biopsy in each

group
No. Sex Age SAP IVST+PWT Percentage of
M/F (years) (mmHg) (mm) fibrosis (%)
NT 6 51 45+6 127+ 8 18.0£2.1 10.9+£1.9
HTN 18 15/3 48+7 155+15 19.2+2.5 19.4+5.4
HTH 10 7/3 50+9 172422 24.8+1.3 23.9+6.6
B Ox;;a FQayi;:L's;iifi:;tVién analysis
ns <0.01 <0.01 <0.01

Scheffe’s analysis
NT vs HTN <0.01 ns <0.01
NT vs HTH <0.01 <0.01 <0.01
HTN vs HTH <0.05 <0.01 ns

SAP =systolic aortic pressure; IVST =thickness of the interventricular septum at end-diastole; PWT =thickness
of the left ventricular posterior wall at end-diastole; NT'=normotensive group; HTN =hypertensive group without
left ventricular hypertrophy; HTH =hypertensive group with left ventricular hypertrophy.
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Fig. 2. Correlations between IRT and RFV, and
the thickness of the left ventricular wall.
Statistically significant correlations are shown in
RTT and RFV, and the left ventricular wall thiceness.
IVST =thickness of the interventricular septum;
PWT =thickness of the posterior wall.

SFV/EDV, SFV/SV i3 3B TCHAEZ 28
¥, ACV, ACV/EDV % 3#RBICHLREETH -
7z. ACV/SV EK%# 5 EiLER CIEHRIC
H LBIMER 2 3B 7225, = ooRHNTIIEER
Er @b b o7z (Table 2).

2. EEBE, OHMERELEEIREEE L OxtE
1) A=krgE L IRT officiz, Fig. 2 5w+
oz, r=0403 0 IEHEZ E», RFYV,
RFV/EDV, RFV/SV r officix, BERADH
BBE 2 b (r=—0441, —0.518, —0.514,
p<0.01). OfFEERHEILE IRT Lozt
BOEMERDIDOHZTH -7 (r=0.336, p<
0.1) (Fig. 3), RFV, RFV/EDV, RFV/SV & nf

IRT
150 r=0.336
mst A
] .
- 100 o , wa
A A ° a s
o ° A
° ° 20 ’
° [ )
50p o 0 °
o
[e]
0
0 10 20 30 o 40
percentage of fibrosis
?0 A Q@ r=-0.561
ml p <0.001
y=50.0-0.90x

percentage of fibrosis %

Fig. 3. Correlations between IRT and RFV, and
the percentage of myocardial fibrosis.

Statistically significant negative correlation is shown
only between RFV and percentage of fibrosis.
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Table 3. Multiple regression analysis

8 UFEAE D 22 S BRI B 3

Standard coefficient of correlation

R P X, X

1) Y=IRT

Y =18.7+2.29X, +0.83X, 0.463 <0.05 0.333 0.239
2) Y=RFV

Y=67.0—0.96X,—0.76X, 0.632 <0.01 —0.304 —0.473
3) Y=RFV/EDV

Y=50.4—0.55X,—0.47X, 0.584 <0.01 —0.266 —0.448
4) Y=RFV/SV

Y=56.4—0.62X, 0.454 <0.01 — —0.454

X,=IVST+PWT; X,=percentage of fibrosis.

REWFh L EFRERAOHBEAKRER O & 0=
—0.561, p<0.01; —0.463, p<0.01, —0.425, p
<0.02).

EERLERD 2 WEMERT O B35 T
i, OBl s IRT L oficix r=0.291
LEEAMBEBEGELED R - 7225, RFV, RFV/
EDV, RFV/SV roflicEE2#fEB @bk (r
=—0.675, —0.664= —0.602, p<0.01).

2) PLARMNGERIE L AEREEE, BB
L OEBIFROIT T, ERBEE, OfFREREL
¢ IRT, RFV, RFV/EDV, RFV/SV niiER]
FEIE1E L ofic, Table 3 [RTL HEAEM
BIRARZ B . ZEEEE (Xy), LB R
b (Xo) oE#RERFEZ, R < Table 3
R, IRT LR T 2 h Zh 0333,
0.239 % - 7245 RFV, RFV/EDV 3 X1t RFV/
SV L offRT, LHFEERMELOLERKTS

-7z,

e 3

A HEME LA (318 DB ATTE K I L TfR
O ERBARZAEL ZKEETHS. £ O0LMT
BRIz OV TREE K oBERRShTRY, —
RE I IR A & PEE O MLE O T i A INHER
MRS 32, EZRIEMEIREH X ) ESE
shatEbhTnal™, Lewis 513 1980 4E,
DT a—FzAVWeHHT, BIESTRERELD

W LERIGEHISIER L, 0% IKBIRE
FABZOREETHS 5 L#HE LK. Fouad 5?2
FRCL 1804, LFA—AYvFI574—%
BAuvigitcimEofERABELEHL, =
DERE LT, LHEEOBEMDLG B AR
WX 3EZEa 547V 20K TE2E X
. 0%, EEITREELOHERLE EXEL
el ohoRErrEh Ty, Fouad 59,
Shapiro 5%, Inouye &% 3FEEICEIEEED
7z ¥4 L, —7%, Dreslinski 59, Dianzumba
57k, EZEEKEZRBDBRVEFICBNTE 3T
CEEIREERE 2380, DFEXUSORF
HEZTRBEREL O S TREMZ TR L
1.

—%, BIMEDOREFEHFTR & LT, LFHM
JAER#£ELCL D L3y TCRIE<K MBI TNV S
2, RIREICLH AL LML T< 3. Sen
5%, Thiedemann &9ix, HARIEFRME S
MEXHR L LICRETT, OHHREK L &b
RERMEL N+ 5 2 & 23E L. Pearl-
man 593 FELELCICBWNTHLREED = &
BEDLNB EHE LY, ZoWFEERELLT
FROLTIT- TR D, LHEE L O EERHEL &
DEFRERFIEh TV RY. Be 3, kXY
DRRELHAERE 2 W TIBRD ORISR
RitefToTR 121, WHO I # - II #iozk
REAE T ML FEAE o0 OV VLR ME(L (X IE B U3 s e

— 359 —



*ZIE) 7_1353) ?%Zk’ &

LAEBEICHEMLTWS 2, LR, BRHELEE
BoBEREREvRVWERELE. LrL, Zhb
ERIEBEE IS RIT S RWERE OB RE
Bl TY, THABXBILELTEHIVED LR
% EEEIRBEEREE 5 5 ATEEME i+ i
Hahs.

AWFFEOFERTIE, HALPLEEEKEZED R
WEILEDNMZBWT b, TR E ML
WinL, SARENIEE, SUEEFRHHRA MK
B BAREBD LTW. &bz, BEEEST
DFER, T OEFIREHOEE, SEFLHHFHA
Mk - WAROBWA 121X, EEBEEHEAL LD
O ERAECEMAEE 2R TF Lo TW3
LiEfmEhic. %k, EFEBLIERZEDRVE
ME & T, RERHHFHAMBEE - AR LLH
FERHEL e DI e ZhEE R BEREED
fe. TOZ LT, EZBBERKPEST 5 BB O
BILEC TR b h 2 EETIEREREN, 20
D EVEAHEL L R BRE AT A Z L 2T
LTW3.

AREMEE MLEE T 38 » 6 h % D RVE R
i1, FROTIROEERARIZLNE EbhTNS.
U % L/N & DB A B AR I 13 R v I8 3
BEAEEERTWRWD, % FERE O
Lz A ERDLNT, LHHBRMICH—ICE
BT 28 2R OB TH 5. EFL
LR CRIERT 5 L, DRI L E L EoRIC
D TIE D B M2 FERMEL R By S h,
AEMEMEREL TR D b h 3 050 B EsiEL
13, OB EEIN L T & 72 b o LHER
&hs. Sen BYIHARBERMES v b &AW
TeWFFET, REMERLER L TWiRnEREIzRY
THLTTIELHas—y o 8RBOEMER, =0
FRL LT, BERF BERF LTSEOE
beExT (i, Hx RO TYH, KBS
HLERE OO AR (LM BAT LA L3 d
FVEERBEREAST, EEHBKER b&wﬁ
Bhz VT b T Tl BRI & 58 0
BY, zhoofERLy, x&v@:@%mm

HIZBARTHER O DFRRER > BT
WwWiExzbhs.

# B
IBER X O HPEEOREMELEEICK T 3£
EIRREETRIE L AT, DFREREL &
DOERIZHO>VWT, M =—Fhxza—F, D
T=F N, LRRLGEREAVWTRMN L. %
OFER, ARMEEMEE TR, EEEXEED L
VWIEBHIZ 8 T b 3 T I O R E S L 2538
L, EZBOiEHE, IEELAEEShTWS Z
L, BIUVFEHBELEETEHIVEDLNS
ERITRHEREORKR L LT, EXEEHAL
LB, DHRERHEEMAREREFFTH S
LiEimahi.

-3 #

BILEL TRAREH X 0 3 bh 3 E=TES
REESOHEEOEECIZ»E» 2 R L
7. EFMEE (NT #) 6 4, LEFRE L ES
HEEE OFNA 23 mm SR O AREM: L EE B
(HTN %) 184, 23mm Ll EOBEEE*F+ 5
AEtEm i EESE (HTH 8) (PRE & %EE
OFIMEEL Y AEREIK) 104205 L L. M
T— Fbza—R& Y EZEZNREHER (FS), %
2IER] (IRT), 3 X O 2EFAR, BARKEA
#, LERMEHAREOWA MR (RFV, SFV,
ACV), #A=®= (RFV/EDV, RFV/SV, SFV/
EDV, SFV/SV, ACV/EDV, ACV/SV) %k
7z. MERBERG LV LEPRE L ERBEE
kR, ARELNBELHERER L ) BRI
TED % BRiELERD .

BILED 2FICBIT 5 % BELIETRCH
LEE#EmML, IRT 345 & CEE, RFV,
RFV/EDV, RFV/SV @FEIBAP L T Wi
FS B3R cHEEZ 2R Db oz, BEERS
WMok, PRELHEE O, % il
IRT, RFV, RFV/EDV, RFV/SV L& ic4HE8
LTHY, zhEhoFERRERAEE IRT &

— 360 —



DBt 0.323, 0.239, RFV L o< —0.304,
—0473 &, LGEE % BHLOHELRTD
ofc. ¥z, EEBERBIUEHLNRERERED
ROEIERED % #ik s RFV, RFV/EDV,
RFV/SV roRficiz, FERACHEED
(r=—0.675, —0.664, —0.602).

UbofgERLY, BIELTIEZEEREZED
2 WIEBIZ I8 T b TIT O R RRHE L A3 88N
L, EEOIRBERELRD 5L, RILELD
CRREH L 3 b h 3 EEIEREREEDK
e LT, BEHEAL LT, DHFERELE
MBKERAFLR-oTWB LEERENT.

X @&

1) Lewis BS, Lewis N, Sapoznikov D, Gotsman
MS: Isovolumic relaxation period in man. Am
Heart J 100: 490, 1980

2) Fouad FM, Tarazi RC, Gallagher JH, Macintyre
W], Cook SA: Abnormal left ventricular relaxation
in hypertensive patients. Clin Science 59: 411s,
1980

3) Fouad FM, Slominski JM, Tarazi RC: Left ven-
tricular diastolic function in hypertension: Rela-
tion to left ventricular mass and systolic function
J Am Coll Cardiol 3: 1500, 1984

4) Shapiro LM, McKenna WJ: Left ventricular hy-
pertrophy. Relation of structure to diastolic func-
tion in hypertension. Br Heart J 51: 637, 1984

5) Inouye I, Massie B, Loge G, Topic N, Silverstein
D, Simpson P, Tubau J: Abnormal left ventricular
filling: An early finding in mild to moderate sys-
temic hypertension. Am J Cardiol 53: 120, 1984

6) Dreslinski GR, Frohlich ED, Dunn FG, Messerli
FH, Suarez DH, Reisin E: Echocardiographic
diastolic ventricular abnormality in hypertensive
heart disease: Atrial emptying index. Am J Cardiol
47:. 1087, 1981

7) Dianzumba SB, DiPette D], Cornman C, Weber
E, Joyner CR: Left ventricular filling character-
istics in mild untreated hypertension. Hyperten-
sion 8: I-156, 1986

8) Sen S, Bumpus FM: Collagen synthesis in devel-

T MUERE O e LIRS AR

opment and reversal of cardiac hypertrophy in
spontaneously hypertensive rats. Am J Cardiol
44: 954, 1979

9) Thiedemann KU, Holubarsch Ch, Medugorac I,
Jacob R: Connective tissue content and myocardial
stiffness in pressure overload hypertrophy: A
combined study of morphologic, morphometric,
biochemical, and mechanical parameters. Basic
Res Cardiol 78: 140, 1983

10) Pearlman ES, Weber KT, Janicki JS: Quantita-
tive histology of the hypertrophied human heart.
Fed Proc 40: 2042, 1981

1) ¥EfE, TH & MHBEMH— Fl E KEHE
#, AHE & db ®|A, RREH, TEEH:
AR R I EAE PR K O 0 O VB BRI B 32
BEARREEARN— AR ERER O BT R
—. JEEREE 21: 46, 1987

12) Nunoda S: A clinicopathological study on the
diameter of myocardial cells with the aid of endo-
myocardial biopsy. J Juzen Med Soc 93: 58, 1984
#i: IERHMERRIEE &R R fEEE RGBT
DEERBTIZE. BEHESE 39: 972, 1984

14) Nunoda S, Genda A, Sekiguchi M, Takeda R:
Left ventricular endomyocardial biopsy findings
in patients with essential hypertension and hy-
pertrophic cardiomyopathy with special reference
to the incidence of bizarre myocardial hypertro-
phy with disorganization and biopsy score. Heart
Vessels 1: 170, 1985

15) Nunoda S, Genda A, Takeda R, Sekiguchi M:
The correlation between the diameter of biopsied
left ventricular myocardial cells and hemodynam-
ic parameters in essential hypertension and mitral
valve disease. Clin Exper Hypertension A8: 53,
1986

16) Redwood DR, Scherer JL, Epstein SE: Biven-
tricular cineangiography in the evaluation of pa-
tients with asymmetric septal hypertrophy. Cir-
culation 49: 1116, 1974

17) Nunoda S, Genda A, Sugihara N, Nakayama A,
Mizuno S, Takeda R: Quantitative approach to
the histopathology of the biopsied right ventricu-
lar myocardium in patients with diabetes mellitus.
Heart Vessels 1: 43, 1985

— 361 —



