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SRAFTEEELIEE HI01E H32 608—618 (190))

FERBLOFHAE D 72 B HEREIC BY 3 % FR IR BT 32

ERAFEAHRAABEE BT (E4 TERLEERE)
E B % A
CFR 4% 5 B22H A

IEXBOBEDEFBRIEIC OV TR B owic, EERNBELL, AEERMEESES S L CIEARLGERE
18HENBL LT, ERERRLAC URRPESHASEORT YT io o, S5, EREOKBELE, BEMER o
VIBREERELPACTHENT, ERNBES L, AENBNEESRE 6 48 LVBRHEOHERELENELE LT, £F
E-SRERLFR LR L. EZHASEORN TR, BOEEN CREEREASABOBT AOBIEIIC BT 55
ERMHOMMT & > TREEI T2, BAROHER CILOBEHOREMET LT\, EESAMCHET s8aC
i, ZEEWEE S ERIBE (0.02840.009) 12k L CEMELES (0.035£0.015) TLE LT b, EAEOEHER 0.056+
0.017) TRIBIKERL TV, ERFWAHKHETARI TR, FENMENOCLEBERS I UARITE S HEE
(T£1mmHg, 59+6ml/M) Wt LC & i FEE# (10£5mmHg, 7T1£19m/M) T LR LTH D, BABLGER
(16+7mmHg, 81£25ml/M") TREHK ER LTV, EFHERINBE G7+28mmHg m) K L, &mEER
(116 £34mmHg-ml) % X CIEABOAHER (115 19SmmHeg-ml) EBWTHA LT, ERERHECET 2R CIER—
@R H R g X ORI BT & b IC R M RERE (24+5ml/M?, 34£8%) 1ok LAB KLU EERE (184 2ml/M?, 23£6%) TETF LT
Wit BRBEOHERTR, EROBEHBITETHCREL TS D, ER—EHESREMNRERSARN L A0HMESR =
—0.775) W o, EFBKEE X EHIREE (0.041£0.006) Wb LIEKELLAFER (0.06310.018) THAL TR b, o
B & AEBEREGR (r=0.560) # R, EREFEERINEE (13+4ml/M) CH UIBAROEER T£2m/M) TETFLTH
b, EFEEREIER L ADMEBER =—0598) Kd ot DERITEBRE X EH L AOMEBIBER =—0.542) Wh 7.
BhlEX D, BREOBIETE, EERARTESOLOEREY 7TRERSOREB D), ¥EROBIORKICL hEE
FOBELETLTWELDEEL R,

left atrial booster
function, left atrial afterload mismatch, left atrial reservoir function

Key words hypertrophic cardiomyopathy, left atrial function, pump
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£EEML, PigtaldF » 7 — 7 A% L, E#EH 35ml &
mm]/ﬂ;—cgiww_i}:)& L, vk 7 voA#EE Cardoskop-U
(SIEMENS, Erlangen, Germany) % fi\\ 602 ~/BOREET,
FHAHIS0E, ERFHIB0EIT T ARNBRE LTI -1,

3. EREMEG OB

FEEFH LD, EBRMITERE modelX —5/E (Medical
Systems Research Company, RX) &\ T, ERINFER X
pIEERC R D, 16. THECEEARYEN L® AREX
B LTIEHR{L Lctk, Fourier SATIC & D INRIIE B A —
BEGEY R L. EEEE-RMMKL 0, EEOREN
Al X COEBIIC X1 5 EBEROELEY, REHRA
HRAES I OCLBIRHRARE L TR, o, —ER
HERIZ 5D 5 REFARARS X OB REHRARDE
LR EHEMAPRARB IOCLERBMMARE LTRD
.
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b, ERBEL LT, MERFEFEIRRNC BT 508
BEE I OEREEEDORMERD ™.

1. sEE—-FRebgIc &L 28
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FERCEBEZEI o7 (£ 2). 2FEERARTHY, FE
ERBIREE, BRAEB IV BEREQLBECHEYR
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2. DA T T ABRER I OLMEER

Thb 3B LT 2R EDRED E, BREAKERENIR
FREC I OO F—TABRELXERM L. Swan-Ganz »
F=FARE W ALROAER I OLATEELHIESE, KBIR

E, EBEBICEBEXNEL, SLREFEY, £EHE
¥, MERAEY S I UCEBRER L BT L.

ELRERRBICIE AF 5 VAT o ——SHmBERER &
5 — 5 L (model 110—4, Camino Laboratories, San Diego,
CA, USA) #F\W o, ERIEIIRAKECEEV_ALHLE
L, HEFOEERSIVNBL LABELVSVOEBOHED
fodd, AR S VAT 2~V — 1L X BERIEY AR HET L
eV, AR NS VAT .~ X AFEREOBREE SR
BEOMRLEE L, EBER X OZEZEE L MINGOGRAFS2
(SIEMENS, Erlangen, Germany) % B\~ T#kzE b EE 250mm/
sec TRk L 7. '

EREAEMEOFEFRICER T A Lo Brockenbrou-
gh A7 —FAERREBIVBETUECEBHCHEALL
PigtailsF # ¥ —F A :2FLT, 27K~ A -2 —%RERFA
WA LT 2™, EBE&ERE, BarmannTF # 7 —7 v
RV, BEEH 40ml % 15ml/B CTHBRPICEA LT®, v %
7 v v F % E Cardoskop-U (SIEMENS, Erlangen, Germany) %
Butelz</BoRECEN-SARABREL TR 7. £
EEURT LR AT E) A -2 — L DB I hIER
Exitsg L.

EE#EYIL, Pigtail6F »7—F v Fv, EEH 3Bml %
10ml/BTEERCEAL, AITRMI30E, ZEARHL60EI T
—HAEEEE YT » 7. Pigtaill8F »F—-F A2 BLTE
FWBARh D THE< ) A -2 —%AVT, EEEXHTE
FRCEEELRE, THE L.

3. EERIVEZOE —AEHRDOIEN

EBEE#FG L D, EEENTEE modelT — 5 /E (Medical Sy-
stems Research Company, RF) % B\~ T, 16. THEVEEAK
PEM L & b1 FourierfBHTIC XL h EBEBK — Rt x 1F
WL FEEE-BHHER ICEFEMFCARCAE S
hiEFRERRI VEFE—SR M HE 2 /FH L ALVomwmen
(K1) FABCEBSEYBEID, 6.THBOEZEARYEHL
TERER-HHMELFRL, £2EF LARCHEI LT

Table 1. Clinical characteristics and hemodynamic parameters in the 3 groups who were

made investigation using left ventriculography

. H trophi
Control Hypertension Car)éli)s:n;?:)altily

Number of Patients 14 13 18
Male/Female 8/6 7/6 13/5
Age (years) 54410 57+8 51110
Systolic Blood Pressure (mmHg) 127+11 165+ 12* 1191711
Left Ventricular Wall Thickness (mm) 18+3 23+ 2% 316+« 11
Left Ventricular Ejection Fraction (26) 69+6 T0£9 6416
Left Ventricular Filling Volume Index
during Rapid Filling Period (ml/M?) 3945 81T+ 248411
Left Ventricular Filling Ratio
during Rapid Filling Period (%) 66+5 S4£11x 5115+
Left Ventricular Filling Volume Index
during Atrial Contraction Period (ml/M?*) 135 1945+ 15411
Left Ventricular Filling Ratio 9444 34+Tx 304 9x

during Atrial Contraction Period (%)

Values are expressed as mean+SD. *P<0.01 compared to control subjects; 1 P<0.05;

9 P<0.01 compared to hypertension.
M? =body surface area.
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P=be"(P=EZE, V=EZER, b=YF, K=EZHFE T
B, e=BHANKOE) WEAT AL VERBEIERY
R EEERAMOEIEL LT, EEREIERE LOE
FIRRMBEZ .
EREE-ARHKE LY, EBROMANOEEL LT, BN
MERENOLEBERR IVEFEY XD L. ¥ ERRHE
OIEE LT, LBRMHROEE—EHHAK, LERMIHO
EBERHEYRD .. EOREFE-FEMBDO a +— 7 TH
FThAEBEYERGEREL LTRDLYR 1),

5. EBITEEER I O ES RO (K 2)
ERE-&ABHBO v r—~ SO LT —FEKER
P=be"(P=ERBE, V=(EBER, b=0F, K=EFBFEE
¥, e=BRANBDOE) WELT IR XV EBREIEKY
Rep o EOEBEOREL LT, EZREMAY
BT AEBOBBRELIFEAREL LTRDEY, ¥k, £
BOEGEREDCIEEL LUILERMERURTIOLEZERAED

Table 2. Clinical characteristics and Hemodynamic parameters

LEBEEYZELIIVCIEXEEAREL LTRDEN,

6. AEBRED BT

EERBRECRRE L LTESEME L Y EERHR Ry
7o, Ei, EEWBOREL LT, WEMOEEE TR
BT % Weiss 5 DFEIC Lichvs TRD. e B REEE
LU, MERARERGKERDIC R0 5 LR EBES Lok
FEHREFEOME R,

Il. $ErERRES

BTN TPSE L RERETR L. NBE, Snfsg
FRIOCREAMOBEROABEMOPHEOEDOHER, —%
RESBAATLT L, ARERRDLETFICD T OKEY
DEDREL, Student DIERERD t— BB L Do,
FMITEREEIERME OBIMRIZ, Pearson DGR - @mR4
MEBACTRE L. BB p<0.052FFED D L LTHE
L.

53

[ EEERRICIDIRE (R])
B M B M EEERE TR TH - 7.

#

EEBE, WBH

Age Left Ventricular

Time Constant

LV Filling Volume before Left Ventricular

Pt. (years) S%*  Wall Thickness (mm) T (ms) Atrial Contraction (ml/M?) Ejection Fraction (%)
Control Group
1 35 M 19 43 55 64
2 69 M 20 38 49 79
3 67 M 22 55 45 78
4 51 F 19 37 57 (i
5 33 M 17 44 43 66
Maen+SD 5717 19£2 437 506 737
Hypertension Group
6 60 M 27 50 43 74
7 60 M 26 56 36 70
8 43 M 26 47 59 80
9 57 M 32 52 45 62
10 58 M 25 42 34 68
11 64 F 35 47 52 65
MaenSD 5747 28 2% 49+5 45+9 707
Hypertrophic Cardiomyopathy Group
12 73 M 34 72 47 73
13 67 M 3ar 55 34 67
14 15 M 26 47 53 69
15 64 F 45 60 46 78
16 67 M 27 83 34 46
17 41 F 25 54 39 41
18 63 M 32 48 35 43
19 62 M 38 60 38 65
20 51 F 39 60 42 63
21 62 M 40 47 37 75
22 69 M 33 54 24 80
Maen+SD  58%1T7 341+ 6%x 58 11* 39:+8* 64114

* p<0.05; **p<0.01 compared with control group.

area.

LV Filling Volume before Atrial Contraction=left ventricular filling
volume during rapid and slow filling period; Time Constant T=left ventricular relaxation time constant.

M? =body surface
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L TEBOFEERTHEALTE Y, EXROBERETRER
grlLTWie. EERHRCZ 3IRETELRDIeh Tk,
EEMAPEBEHEH BB T 2 KRHA TR, BOEERT

A\

LA

left atrial pressure
Q
\
——
——

.,

-

LAVd

left atrial volume
Fig.1. A form of left atrial pressure-volume loop which
was obtained from left atrial volume-time curve (horizontal
axis) and simultaneously measured left atrial pressure
curve (vertical axis). The pressure-volume loop consists of
an A-loop on the left and a V-loop on the right. The area
of the shaded region expresses left atrial stroke work.
Left atrial ejection fraction is equal to LASI divided by
LAVd. LASI=left atrial stroke volume index which is
equal to LAVmin subtracted from LAVd; LASWI=left
atrial stroke work index; LAVd=left atrial volume
immediately before onset of left atrial contraction, viz., left
atrial volume index at the ‘diastasis’ of the left atrium;
LAVmin=minimum left atrial volume index.

Py

1 a-loop v-loop

left atrial pressure

//" reservoir volume

N

left atrial volume

Fig.2. A form of left atrial pressure-volume loop which
was obtained from left atrial volume-time curve (horizontal
axis) and simultaneously measured left atrial pressure
curve (vertical axis). The pressure-volume loop consists of
an A-loop on the left and a V-loop on the right. a=a
wave of left atrial pressure; v=v wave of left atrial
pressure; x==x descent of left atrial pressure; y=y
descent of left atrial pressure.

1, BREBAMIKAR, REMAPMARLE LICRBRETILL
TETFTLTW. BAROHEETIE, BERAURKAEZR
BRE, BOEERCHELTETLTED, BERAMKARDL
NEBZHELTET LT W, EEBE L ZERANTEAL L
DEIZIE 1=—0.620 & DMHEEEMRAED LI (K 3).
OEREHESERE BT RN TR, BOEERT
i, DEMEERAR, DBIBNMARE BRI EHL
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iIrntBEC L L TR LT, DREIMBHARIINR
FELENLL, BMEFRCHELTUET LT .
SWCHRITD, RERAMTARE L OERMEHHABDOBG
(®4) T, BROEERT, RERAPTAL & OB IR

Y=-083X+51.3

x r=-—0.62
S« 501 p<0.0l
c A n=45
£Z 8 o
[
E = 40
2
o ©
> 9

& 30
2a
=g
5= 20
i)
s a
c E 104
d>) o O Control

c & Hypertension
% g ® Hypertrophic Cardiomyopathy
- © 0 T T T

10 20 30 40 50

Left ventricular wall thickness (mm)

Fig.3. Plot of relation between left ventricular wall

thickness and left ventricular filling volume index during

rapid filling period. Solid line shows the regression line in

the 3 groups. M?=body surface area, and it is the same
in following figures.

N
o
1

(@]
1

0O Control
A Hyperttension
©® Hypertrophic Cardiomyopathy

T T

10 20 30 40

during atrial contraction period (mI/M2)

Left ventricular filling volume index

Left ventricular filling volume index
during rapid filling period (mi/M?)
Fig.4. Correlation between left ventricular filling volume
index during rapid filling period and left ventricular filling
volume index during atrial contraction period in the 3
groups. Solid line represents the line on which horizontal
axis plus vertical axis equal to those of control subjects.
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4‘“35 10- ® Hypertrophic Cardiomyopathy
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Left atrial volume immediately before
atrial contraction (ml/M?)

Fig.5.  Plot of relation between left atrial volume immedia-
tely before atrial contractin and left atrial stroke index.
Parabolas  show respective second order polynomial
regression curves in the combined control and hypertension
group and in the hypertrophic cardiomyopathy group.
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¥, ERHRATMC A 2 EEME I TR L EE—REHH G
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Tehhotc (K6).
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Left ventricular chamber stiffness constant
Fig. 6. Plot of relation between left ventricular chamber
stiffness constant and left atrial stroke index. Solid line
shows the regression line in the hypertrophic cardiomyopa-
thy group.
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Fig.7. Plot of relation between left ventricular chamber
stiffness constant and left atrial stroke work index. Solid
line shows the regression line in the combined control and
hypertension groups.
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EREOREARY, MRICHL, BOEEHTIIEADOE
mEkh, BAROHERTRERCHEA LT (F3). £
FBEEXER L FYAR L OMiciz r=—0.5980 & D AEE5ES
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EREBEEIERE, BESRLOBRTIE, MBEIUER

Y =0.0013X +0.0188
0.10 1 r =0.560

<0.01

e ®e
0.08 -
0.06 -

0.04

0.02 4 O cControl
A Hypertension
® Hypertrophic Cardiomyopathy

Left atrial chamber stiffness constant

0.00 T Y T T T
0 10 20 30 40 50

Left ventricular wall thickness (mm)

Fig.8. Plot of relation between left ventricular wall
thickness and left atrial chamber stiffness constant. Solid
line shows the regression line in the 3 groups.
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Left atrial chamber stiffness constant

Fig.9. Plot of relation between left atrial chamber stiffness
constant and left atrial reservoir volume. Solid line shows
the regression line in the 3 groups.

EER BT, r=—0.6280 & DOMBEBIGRHARD bht i,
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Abstract

To investigate left atrial function in hypertrophic cardiomyopathy, left ventricular filling volume during diastole was ana-
lyzed in 14 control subjects, 13 patients with essential hypertension, and 18 patients with hypertrophic cardiomyopathy, by
use of left ventricular cineangiogram. Additionally, to clarify left atrial reservoir, conduit, and booster pump functions, left
atrial pressure-volume loops were estimated in 5 control subjects, 6 patients with essential hypertension, and 11 patients with
hypertrophic cardiomyopathy. Investigation of diastolic left ventricular filling revealed that, in patients with hypertension, a
decrease in early diastolic left ventricular filling was compensated by an increase in left ventricular filling during atrial con-
traction. In patients with hypertrophic cardiomyopathy, however, the compensation during atrial contraction was less.
Investigation of left atrial afterload revealed that the left ventricular chamber stiffness constant was higher in patients with
hypertension (0.035%0.015) than in control subjects (0.028 +0.009), and even higher in patients with hypertrophic car-
diomyopathy (0.056+0.017). Investigation of left atrial preload revealed that left atrial pressure and volume immediately
before atrial contraction were both increased in patients with hypertension (105 mmHg, 7119 ml/M?, M’=body surface
area) compared with control subjects (71 mmHg, 596 ml/M?), and even more increased in patients with hypertrophic
cardiomyopathy (167 mmHg, 8125 ml/M?). The left atrial stroke work index was higher in patients with hypertension
(11634 mmHg - ml) and hypertrophic cardiomyopathy (115+19 mmHg - ml) than in control subjects (87 =23 mmHg -
ml). Investigation of left atrial ejection revealed that the left atrial stroke index and ejection fraction were both less in
patients with hypertrophic cardiomyopathy (18+2 mi/M?, 23+6%) than in patients with hypertension (24 +5 ml/M?, 341
8%). In patients with hypertrophic cardiomyopathy, the left atrial function curve showed a shift to the lower right, and the
left atrial stroke index was inversely correlated (r=—0.775) with the left atrial afterload. The left atrial chamber stiffness
constant was larger in patients with hypertrophic cardiomyopathy (0.063=£0.018) than in control subjects (0.041+0.006),
and was correlated with left ventricular wall thickness (r=0.560). Left atrial reservoir volume was smaller in patients with
hypertrophic cardiomyopathy (72 ml/M>) than in control subjects (13 +4 ml/M?), and was inversely correlated with the left
atrial chamber stiffness constant (=—0.598). The cardiac index was inversely correlated with the left atrial chamber stiff-
ness constant (r=0.542). This study suggests that, in hypertrophic cardiomyopathy, left atrial booster pump failure due to left
atrial afterload mismatch exists, and the left atrial reservoir function is also decreased due to increased left atrial chamber
stiffness.




