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Summary

The left ventricular diastolic properties of patients with hypertrophic cardiomyopathy are im-
paired. Since there is degeneration or disarray of myocardial fibers in patients with hypertrophic
cardiomyopathy (HCM), the rate of expansion in diastole may become asynchronous.

Biplane coronary cineangiograms were performed in eight normal subjects and nine patients with
HCM. The coordinates (x,y,z) of the ramifying points of the left coronary artery were measured, and
the distance between any two of the points of the coronary artery was calculated (segment length).
Fifteen segment lengths were calculated for each subject. Since the onsets of expansion of these 15
segment lengths were not simultaneous, they expanded at different times and the onsets of expansion
occurred within a very short period of time, nearly at end-diastole. The variance (standard deviation)
of the timing of expansions of these 15 segments and the rate of expansion within the late 40 msec of
the isovolumic relaxation period (9%,4L) were calculated.

The time constant of the left ventricular pressure fall (T) in normal subjects was 41.3+7.7 (SD)
msec, T in HCM was prolonged to 52.74+11.1 msec. The variance was 47417 msec in normal sub-
jects, but it increased to 99+26 msec in HCM. The rate of expansion again decreased in HCM (Nor-
mal 2.24+0.60 vs HCM 1.40+0.96%,).

The conspicuous diastolic asynchrony in the onset of expansion and the reduced rate of diastolic
expansion in HCM may be the mechanism of impairing the diastolic properties of the left ventricle.
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EEMEEL I+ 5 BAYIC i, ISR R
FTHRESE VBRI TWAI., —F, RS
ORI FTIRER, RBmEOERY D
FESD 72 &, DR ERICRE R T LShBE
BOREIEBICEE T 5. EXE TREREHK
T 1, 1976 4£ Weiss 57k o TEEShTLL
sk, EEMEHEE L T TIEEO—o L LTS
nTws. BRIERELLGE HCM) T, zo
T BEEDLIESRTERTZESEHIATY
5810 JRERHNIC 33 1) B EE A IRAL O R BILAEE
BREZEOWMICE > THTLI—ETRL, &
DRAEROEBEVWSIRkTHINE, T 3¥KT 3L
DEFHINS. £i7, T ZEPAOHEEE D
KM bELRSH, MEROBIEICX >TERT S
T ENRTHRENS.

Reid, chECicEENEED 2 SRZ/REE
Bt (D2 Hfif : segment length) RN % 2
FrERRFESIREREE AW THEBL, ZOBK
BRSO W THELTERILY, KIFETRI,
Z @ segment length DFHIIC X Y i EREAAAE
OB EMBEE Y BHL, T L oBf% 2 @i
L, HCM iz 381} 2 fLR#IFE IC oW TRAT L 2.

WRELUVAHE

HBEIDER, Dxa—RBIVEREERLE
Tk Y B & h o JEPAEMEIERELLAFIE (non-
obstructive  hypertrophic  cardiomyopathy :
HCM) 9l &, fagfg e & OBl o BR T Y 7
—FNVEERBEITL, SPIREE, EFEEB IV
MATHEMCIER LR/ b 8 (E#) ThH 5
(Table 1). HCM ffijic i3 £ 1EE COREIEA
(apical hypertrophy: APH) 28w - 4 FINE %
h58, EEFHHETOREILF TED 2o
1.

o DEFIIZOWT, RIER S FEE%IC
7z ) A ANEx— ) 100mg OfRPNESHZ TR
LB EITV, FREML Y Judkins 5 —F 1%
HAL, EEAl (6% vur574>) 5~7Tml
AW TBIRIEBIIRER 2 1T L e, ERER
X v Seldinger iz X v Millar #l 5 54< ) »
— 2 - EENCHEEL, EEHhOEEELLE
R &g L (Fig. 1). /L7 X #3&E I bi-
plane 53, Gigantos RGS-100G (£ 4 0.6 x0.6/
1.2x1.2, g%l Siemens ), f 2 —F - L v F v
¥ 7 7 4 7 — i Sirecon-2-duplex (25/15-high re-
solution, Fafll Siemens ), v xH 2 5F7 Y F
7 7 35R-150 (FEph) <, 35mm ¥ %k 7 4 VAT
BHS0 7L —ATE- fII25ARBEEEE 1T-
7z. 20msec 45 (=50 fps) CHE I - EFTEHR
BEOBEBROAERICOVT, T4 T &4 ¥
—cayvba—F—¥BICLY, BROZTLL
(x,7) « (z,y) BEEEAS LIV, Zh b OSIKZE
FIEERRME (x,v,2) ZFHAILT, Tho XV EHL
7z 2 JEf5 o segment, PmPn > Z2[E 25 (segment

" length, L) ¥, FRoORICL VR Iz

L= vyXn—Xm)y+(Yn— Ym)2+(Zn—Zm)?
L: Pm(Xm, Ym,Zm) & Pn(Xn, Yn,Zn) o
DE DZEREIFERE segment length

E7c, RRFECETAIEEL LT, UTFoZL
{ZHO0EE, Tibb, HRBRMAEEROSEE
HERERD .

1. hiERRESON

SEIOF w75 AT, FA—EFACEEREL
IZEK 6 2 DEBIIRSIBUR DZZREZERR D b h
5. Tob6onEELY, 1 ERIcoXx 15 Ko
segment MR LN B. Zhd 154D segment
U 48R L ClRER (Lmin) &2 Y, on
THRIZBES. 2 OMEBAFRRIIEIALO seg-
ment ZXoThTrToR~42% (Fig.2). zo
L min QOBEED X5 0 & ¥ SiEBRIAR A D 2K
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Table 1. Left ventricular volume, pressure and indices of diastolic properties in normal
subjects and patients with hypertrophic cardiomyopathy

LV LVP Standard deviation

(SD) of onset of
Age Sex HR EDV ESV EF T %dL relaxation among

sp EDP Max = Max

positive negative segment lengths
4 Gpm) (mim?) (%) (mmHy Ut A (mec) (%) (msec)

Normal

1 33. F 72 115 31 73 130 3 1930 2114 48.0 2.33 54

2 22 M 86 —_ - - 100 5 1645 1962 48.9 2.67 59

3 29 F 100 101 30 70 92 3 1400 1274 40.5 2.79 36

4 4 M 60 92 36 61 101 14 2340 2621 52.5 2.48 40

5 40 M 100 74 32 56 183 1 2240 2845 39.8 2.52 80

6 36 M 79 97 36 63 111 8 1750 2400 34.2 1.50 30

7 63 F 73 108 41 62 169 7 1940 2412 321 2.54 28

8 56 M 63 92 33 64 141 10 1711 2550 34.2 1.11 51
Mean 40 79 97 34 64 131 6 1873 2273 413 2.24 47

+ + + + + + + =+ + + + + +

SD 14 15 13 4 6 31 4 312 490 7.7 0.60 17

Hypertrophic cardiomyopathy

1 53 M 65 —_ - - 121 8 2049 871 54.2 0.52 164

2 54 M 98 91 56 39 155 6 1332 2190 45.4 0.70 66

3 41 M 77 104 32 69 115 11 1937 1047 70.3 0.56 80

4 61 M 58 78 13 83 144 5 1907 1866 55.8 0.68 133

5 4 M 63 130 21 84 117 10 1246 1469 39.8 2.64 85

6 46 F 65 74 32 57 126 17 1898 1450 39.8 2.71 68

7 40 M 59 84 29 66 118 16 1256 1233 64.1 1.90 59

8 38 M 58 104 26 75 110 16 1284 1188 43.6 2.26 119

9 45 M 65 —_ = - 70 6 1503 1197 61.0 0.62 120
Mean 47 68 9% 30 68 120 11 1601 1390 52.7¢ 1.40* 99%**

+ = + + + % + = + + + + +

SD 8 13 19 13 16 24 5 340 413 11.1 0.96 36

HR=heart rate (bpm, beats per minute); LV=left ventricle; LVP=Ileft ventricular pressure; EDV=end-
diastolic volume; ESV =end-systolic volume; SP=LV systolic peak pressure; EDP=LV end-diastolic pressure,
T=time constant of LVP fall; SD=standard deviation.

Statistical significance: * p<0.05. ** p<0.01, *** p<0.001 (versus normal)

LT, UFoZ L {HEH LK (Fig. 1). t;: peak negative dP/dt DBEA NS
SR BR AR A D S L min £ OB (msec)
(standard deviation, SD) EZEN%K segment NFIFFRFICHBIZEBS L
X 3H8 (SD) i3/~ 72y, & segment D{HER
\/ Su-g (o RO TE—BATHIE, < OEEKLERS
a1 BFThs.

n: segment DA%
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2. (R
S Rbi2HA T, max negative dP/dt OB SN S
EZEPERERHE L RSO/ SICETTRLE
BAETLERTWSED. E2ofELLT, £
EEPEZRARPEICHY T2 ETTRLEY
Vb (BERMEHOKR) O, #io27r—4
(40 msec) DR, segment length DHEDEAL
({22 mean rate of relaxation, % 4L) %, T
DT ELEM LT (Fig. 2).
@R %4L=4L/Lx100
L: EREPIEERPECE CFRELE 71—
ADFT2 71— (40msec) T segment
length
AL:L o7 v —2hbB~271L—A
(40 msec) DT segment length DfffE
SRR IR T segment length
EBRMRESROHEEELRLTWVS. KEHT
£T o segment {ZHo>WTH %4dL 2EHL, =
hWEFEHLT 2 OERMD %4l L L. %7,
Millar i 7 6=/ 2 — % — & AV EBIIRIE 0
IR L EEE L Y, Weiss 5055 i
XY, TREOEZETHMRER T 2HHL .
P =eatbt
Ln P=a+bt
T=—1/b
P: E=EE
a: EH

= S

E# 84 HCM 9 flic onC, #igEE D
Wl L ERFE Y Tablel o L »TRLE.

1. EE7K

O EEHT 79+ 15 bpm, HCM <3 68
+13bpm LERZ Aok, ERIERMSHEI
FEEFITE 97+13mim?, HCM <4 96+19
ml/m? LiZERLC Th > 7. WHERHIAHLEYR
#l< 34+4ml/m2, HCM < 30+13mlm? + &
BREGED RN -, EEBRHR LRI, T
HHIT 64+6%, HCM 13 68+16% &, ZIH

EEETREM & £/ EEHRER

BETanhrol.

2. EEE

EEIRMEHE T ER#F < 131+31 mmHg,
HCM < 120+24 mmHg L HEHEIT D2 h
ofc. ¥z, HERHMELEEARZIR D d o
7z. E=JE max positive dP/dt {3 1E% 5 1,873
+312mmHg/sec, HCM < 1,601+ 340 mmHg/
sec THEEY# DR 7. LA L, max naga-
tive dP/dt i3, E#HFIT 2,273+490 mmHg/sec
Thofcnoiext Lt, HCM < 1,390+413
mmHg/sec L HFEIZWD Lz (p<0.05). E=E
TREEES (T) 3EEH < 41.3+£7.7msec T
botenizxt L, HCM <k 52.7+11.1 msec &
FRICEE LT (p<0.05).

3. Segment length

% 4L ZEFEH D 2.24+0.60% izxt L, HCM
Tit 1.40+£096% L HFEREMEETRL L (p<
0.05). % 7-, segment length D {f REILERE S DOBF
e B oES (SD) i, E% #l Tk 4717
msec izt L, HCM <ix 99+36 msec ¢, A&
RILKHFEW & h iz (p<0.001).

z &

- HCM <Gi3AE=/F max negative dP/dt »{ETF
LTFRMEER T omENAZLNE. = ORE
1% Kumada %9 % Furubayashil® o#fi4 L R—
nfERT, HCM <3 aiigieit o BEE S FHMN T
HBHLWIEOL —E+5. ZhboiEERw
ThIEZEETHEML VEHShcEZELEL L
TORETHS. FFETIE, EBHNELHO
dimension DEFHAlIIC XY Z ORIEIC HETE iz
7z. T72bbH, segment length FHHIEEY #Hw
T, FFTANCHIE# » segment length DZ{L %
AE L. BiLLe HCM cAESEihiRisdt ok
FEEIN2HEE, TTRESOHFEREFEO ML TH
549, gric T BPEET 53X, Hirota 59%
Kumada 59% i3t »& < ofiErsH 5. HCM
TOEEDOREE X, Tyberg 519, Lewis 519
BEICH D Lo, ERNMSEHOEREL LTED
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BRTWEH, ZOERDFRIWELZRHATH
5. L,L, FERD—o L LT, %ELLEPR
D X 5 R RETE O MR 0E P EELEOE '
hEALSETWRZERELZLNBY.

£ DU IO R DRI RE - TRijEES
FRLEERITIAE Y, LRE, &5 IICHBELEET~
LERS, EELENPFRRCIMET b0 TRAR
V. BOBICOWT S, B L 0K R TLE
FEICIED Y, DBOWR b 2&FET—FKiC, H—
I & 5L DT ke v, Ishikawa 510 0#ET
i¥, b PIEEHIT segment length DffEOIEAE
JEF 25045 &, HRBEIORE»BIEE D LE
AR B LD Eie, LRI TOMBERIAR
AUTINHERR I L v 62.6+-7.8 msec <, LEHT
X 424+99msec BV EhTW3. ZDky,
EELEFPBRERAT 5 0lc B X % 67 msec
PET . wFhick X, EROIERKARES
FER—FIRABETRVEWD Z LT, WEH 02
NVRIETRVELRETHS. EEBEOHMIED
BER—F TE Vv &, ZOREY—P/hEVE
Y EETHRMEES T 344§ L, max negative
dP/dt BEEEZ Ry Lickhd Lt PBRERB. —
75, HCM TR EZLHE—HR TR L, RFTH
R IBRLISEH DFE S = L BRHIZFER R i3 L
EhTWBY. ok, MR OREG—HEH
B 1, diastolic asynchrony & § 9 REHEHN
TFHREN3. ZOBRRKEISEOFHH ESBOEAK
LLTXRB sh, Sz HCM Bkl
Tz,

HCM <<% chamber stiffness 23k v ## < &2
X h, muscle stiffness Z7hiF ¥ DEEEZIT
TV EhTwa®, %4L i muscle stiff-
ness M RBEL T, FETTO segment DFhiE
DL ENRYERLELTWE LD LEX B
5. zhicst L, BT T segment i EBEAIAR
RORE—E2RTIBE T H 5 5 #0, whole
chamber o stiffness ~DFFTEEMRBOEDL Y #
TTLOELLTIMECEZ LE X b 4
HCM T %4L X D 438T B & b e HEEMN

H 722X, chamber stiffness DfEE» HCM <
B THBHZLERLTVELOLEXLNS.

Pk, HCM ©oZZiigoREE I, RED
fi5 » diastolic asynchrony Ak & {ELTW3
zEBmL T

B #

JEREBLLHE (HCM) Tl D e o 1T DO EL
NOBEMERY, ZOMa O SEE S h
HRER, EEOIRMFESEESLS. 0z
b, FERHICI T B AR ISR L
Y, B TOMBORE—MPELELDLE
Abha. Zhb 2RI+ 28MT, EE8HIL
HCM 9 ffilizc > T 2 FrFEREBIIRE R & HifT
L, ERBiRERE EONEROZEMER (see-
ment length) ZEH L7z, FEFlIc->WT 154
» segment length B L, EZEDFETOHL
REMEERELFR L. Z0 1540 segment
BHRROBRMEAICERD Y, = ORREERDOS
WoES (BHERZE: SD) & £= ORI ED
BELLTHHELE.

FeEETFHERER T GE %5 < 43277
(SD)msec, HCM —T<ix 52.7+11.1 msec LiEE
LTWic. EFGITOMERIARR O SD ik
47+17msec TH B Dizxt L, HCM ik 99436
msec L K& ol ki, ERETERMOBED
40 msec [§lTH £ segment length DR OES
(%4L) i, E¥H< 2.24+0.60% izxf L, HCM
T 140+£096.% LIETFLTWi.

HCM  TLESENALO MEEE O ik 23
v, zha HCM TEZEOHRENFEL EET
DR L LTHERIS hie.
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