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Summary

To analyze left atrial (LA) pump function, aortic root echocardiograms and LA pressure (P) by a
Millar’s catheter tip manometer were recorded simultaneously in 26 patients (pts) in regular sinus
rhythm [six normal subjects (C), three with angina pectoris (AP), eightwith old myocardial infarction
(MI), three with congestive cardiomyopathy (CCM), three with hypertension (HT), one with
hypertrophic cardiomyopathy (HCM), one with mitral regurgitation and mild stenosis (MRs), and
one with mitral regurgitation (MR)]. The pressure-dimension curve of the LA composed of two
loops; an A-loop (pump function of the LA) and a V-loop. The following parameters were measured :
Da=LA dimension at the beginning of the active atrial shortening, S-A-loop=the area of the A-
loop, mean V=mean LA velocity of fractional fiber shortening, and peak T =maximum (LAP x LAD)
during active atrial shortening phase. The S-A-loop was directly proportional to Da (r=0.62,
p<0.001) and the mean V was inversely correlated with the peak T (r=-—0.76, p<0.001). This
indicated that Starling’s mechanism was operative and force-velocity relation exited in the LA. In

WA REEER  HopR
FEFHTEX /MR 1144 (T755)

The Second Department of Internal Medicine, Yama-
guchi University School of Medicine, Kogushi 1144,
Nishi-ku, Ube 755

Presented at the 25th Meeting of the Cardiography Society held in Tokushima, October 9-11, 1982
Received for publication February 28, 1983

— 587 —



RA, wg, #H, &»

HT, Da, the S-A-loop, the ratio of the S-A-loop to Da, and the ratio of mean V to peak T tended to
be larger than those in other pts groups. Thus, the present results suggested that LA pump function
was augumented in HT, probably due not only to Starling’s effect but also to enhanced inotropic state

of the LA.
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BB RO 7 ¥, EEEMEOKT Lck
BIZB W T, ZJE booster pump action » EEH:
PR U BERELNWD. LrL, BEEICS
Wi, EEMITENRED b HENICEERE LT
MLEHENZEALETHY, EEBREZOLD
PEENC R L BEIBRAShBICBE R
v Vb DR I KRBT 5L vwbhb
FE-ARER D b ERIRERE & 37l L 720F%E,
bTFPCRBEEICBNTOARAZD W 5 IZBE A
18,14

A0 BRYE, KBRBEH- =2 —MLVEDL
NBERERYL, W7k~ A—F—KTHHSh
rEREN»DL, FEMEBEE OERENEREE
BEt+szLichs.

il i

HRIBW O D ICADLB XCELS T BT
Ui 0 S LA B 26 41 (5 1641, %10
i, i 24~691%) ThH 3. T ONRILERRE
B 6 4, PeloiE (AP) 34, BRIBHESHEZE (MI)
8 i, 5 -MmELGE (CCM) 34, BmELE
HT) 3 4, BEAEOHE HCM) 141, fEigH
g ieskseiE (MRs) 1 4, BEIEFHASETE
£ (MR) 1 flTH 5.
2plicisnT, DY 7 —F VREPICKEIR
Bz a—F, £EEF, $ I FELERB IV
DERE FRES L (Fig. 1). EEENECE
Millar 8 7 7% </ »—#% —%, REEFPEC
X VEEH»S EE~YITHICHAL TRE L.

Millar #!% 5 — 5 Lidfiiaiic 37°C, kéR</ #
—Z —ICTHIEL, iificEs 7 —7 ARl 256
DORNE%E Statham P23Db E+rF R Y 2—¥
—bEc, Milar 8557 —F VL 2ODELR
BRERdk Liz. ZOFHRRIV IFH~) A—4—
DO LRLVOEEEF=v 7 L. EDO0 v
BHED 12 0B & & Lz, bxza—[Kix E for
M echocardiographic amplifier (model V 3280)
ZHEV, B 2.25 MHz, 1.3 cm ZoOEHRE
T T, WEEGEI D 5 v HE 4R
b, KERRER L OEFRRBELRE L. T
38121 E for M multichannel recorder (VR12)
ERAL, MBAMIRFEIERIELERICHE % Y & E
100 mm/sec CEREFEEIT - 7=

PlEo X 5 iz L TRIRREHE LIcEFER L UE
BR&XY, I=avta—%—v2z27s (NAC
GP 3000A) # v T, —LEAHICR T 3 EEE-
ZihE i e (Fig. 2). #ERORE L FEKIC,
EEE-RiiH EED R 7HrEcE S v—
7 (LLF A-loop), 3 LWERED reservoir HEEEIC
BN =7 (V-loop) XV Ehie. T
» 5 bAEE A-loop DEH (KO S: S-
A-loop) ZEHILTe.

Fig. 3 TERBIMEIC B1F 5 EEMBREHE
fEHEEE (mean V) ofHIF#EEFRYT. Da RER
4G4 (active shortening) BHZASATHERERE, Ds
RERNMIC X 3EER/IMETHS. LERO R
B EHz T EEROBY B v Ty BEHTI,
R oEACTOEERE Ds L L. ERFHIE
R EREEE mean V 3 (Da—Ds)/DaxET
ko, ET i3 Da » 5 Ds £ ToORET,
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Fig. 1. Simultaneous recording of the left atrial pressure and the aortic root echocardiogram.

AAW =anterior aortic wall; PAW=posterior aortic wall; AV=aortic valve; PLAW =posterior
left atrial wall; LAP=left atrial pressure; LAD=Ileft atrial dimension; ECG =electrocardiogram;
PCG =phonocardiogram; dp/dt=first derivative of left atrial pressure.

EERHEEEICHY 5. £z, EEUEHISRK
BERAIDIBEL LT, ERELERRL 0RO
KiEzky, Z0E%R EREBERKES (peak T)
Ll

= S

1. EEE-ZBR

R0z LK, EBRE-RBfRE, EEofr
e Kb+ 21— 7 (A-loop) &, EFED reser-
voir #EEIZRIENIEV L — 7 (V-loop) L b
R&ni (Fig. 2). Fig. 4 3{5EERCBT5
A-loop DiEFE (S-A-loop) DEE 2 SFLZ b D
Th5. WEHEHE 194 mmHg.-mm, AP 21+5
mmHg-mm, MI 30+4 mmHg.-mm, CCM 15
+6 mmHg-mm, HT 47+2 mmHg-mm, HCM
14 mmHg-mm, MRs 31 mmHg.-mm, MR 0
mmHg-mm <% Y, HT, HCM <&fE, MR
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Fig. 2. Instantaneous left pressure-dimension
relationship for one cardiac cycle.
S=area of an A-loop.
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Fig. 3. The method of calculation of mean V
and ET.

Da=left atrial dimension at the beginning of
active atrial shortening; Ds=minimum left atrial
dimension during active atrial shortening phase;
ET=left atrial mechanical contraction time; mean
V =left atrial mean velocity of fractional shortening;
Ao=aorta, LA=left atrium.

CIEEE R THEAICH o e pd, #Etk, HT ki
WTHAFEZEERD R (p<0.01).

2. EEA%EFYEHEEE (mean V)

BIEBREMICI T 5 mean V (3, 3RE 1.8+
0.2sec™!, AP 1.4+0.3 sec™!, MI 1.7+0.2 sec!,
CCM 1.0+0.2 sec™!, HT 2.1+0.1 sec’!, HCM
0.9sec”!, MRs 1.1sec’!, MR Osec! ¢4,
CCM # THEICET LTk (p<0.02) (Fig. 5).

3. S-A-loop &N#EBARAT O EEE (Da) LD
ESTES

S-A-loop & Da & oRiCi3 A & A EOAEBIR
#% (r=0.62, p<0.001) %38, Da »ikizz#
S-A-loop As#gfn 5 fEf & 5w 7= (Fig. 6). HT
213 Da & S-A-loop % & hic #mL T3

S—-A-
(mmHgl-?n?n‘;
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of 1 J[
o ] 1{ :
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Fig. 4. Area of an A-loop (S-A-loop) in each
patient group.

Bars represent mean+SE. Cont=control; AP=
angina pectoris; MI=old myocardial infarction;
CCM =congestive cardiomyopathy; HT =hyperten-
sion; HCM =hypertrophic cardiomyopathy; MR=
mitral regurgitation.

mean V
(sec™)

301

1 1 1 1 1 1 [
Cont AP MI CCM HT HCM MR
Fig. 5. Left atrial mean velocity of fractional

shortening (mean V) in each group.
Bars represent mean+ SE. Abbreviations: see Fig. 4.
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Table 1. Clinical and hemodynamic parameters

Pt Age Sex  Diagnosis (/I;ﬁ) (nll):l) (msr;ﬁgl?ﬁm) ‘?222—3’ (mxflﬁ];-ﬁm)
1) 37 F Control 72 29 31 2.0 330
2) 57 F Control 70 2 11 2.3 100
3) 64 F Control 68 29 15 1.2 370
4 55 M Control 57 31 29 2.1 220
5 51 M Control 73 29 18 1.7 310
6) 24 M  Control 83 23 11 1.6 240
Mean +SEM 7143 28+1 19+4 1.840.2 260440
7) 57 F AP 55 38 31 1.2 580
8 59 F AP 67 34 20 1.1 370
9) 56 M AP 82 23 13 2.0 260
Mean+SEM 68+8 3245 2145 1.4+0.3 40090
P NS NS NS NS NS
100 7 M MI 76 26 30 2.4 190
1) 64 M  MI 71 39 38 1.6 400
12) 54 M MI 74 31 22 1.1 430
13) 50 F MI 75 35 20 1.9 260
14) 65 M MI 67 28 15 1.2 520
15 41 M MI 68 28 4 2.0 300
16) 52 M  MI 79 33 43 1.8 510
17) 37 M MI 48 33 30 1.4 470
Mean+SEM 7043 3242 30+4 1.7+0.2 390440
P NS NS NS NS NS
18) 4 F ccM 76 30 25 0.7 750
19) 29 F CCM 87 23 5 1.1 450
20) 2 M CCM 61 34 15 1.2 430
Mean +SEM 75+8 2943 1546 1.0+0.2 5404100
p NS NS NS 0.02 0.02
21) 65 M  HT 79 34 50 2.3 370
2) 69 F HT 58 31 45 2.2 400
23) 52 M  HT 82 38 47 1.9 520
Mean+SEM 73413 3442 4742 2.1+0.1 430450
P NS 0.05 0.01 NS 0.05
24y 33 M  HCM 71 40 41 0.9 990
25 40 F MRs 96 36 31 1.1 560
26) 29 M MR 75 65 0 0 820

AP=angina pectoris; MI=o0ld myocardial infarction; CCM =congestive cardiomyopathy; HT =hypertension;
HCM =hypertrophic cardiomyopathy; MRs=mitral regurgitation with mild stenosis; MR =mitral regurgitation;
HR=heart rate; Da=left atrial dimension at active atrial shortening; S-A-loop=area of an A-loop; mean V=
left atrial mean velocity of fractional shortening; peak T =left atrial peak wall tension during active atrial short-
ening phase; M=male; F=female; SEM=standard error of the mean; NS=not significant.
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7% (Table 1), U Da v R A CHikT 5 &, HT
#to S-A-loop fhEficlb L CHEEER L HRAIC
o7z (Fig. 6 DRE 3 EH).

4. EEMRETYEEEE (mean V) LEEREE
KikS (peak T) & DEEFR

mean V & peak T L@ AEARA® HEBER
(r=-0.76, p<0.001) iz% v, peak T RK7#*3
2, mean V B sfEAEED L (Fig. 7).
HT gtciz, L peak T oL R TH#ELE
BE, fBiclk LT mean V 2BEEE R TEHRA
iCdh o7 (Fig. 7 OREI 3 fEH).

% 2=

EE#ELLEI (active shortening) 2 X
VESIMEEZE YRRy 7THRE, DEO= v
7547 AL ES L JFRAE (reservoir HEE),
JifigRAR D> & 22~ 0 MEIEE & L T 0HEHEE
(conduit #gE) & SRR 5871012, Harvey? 23
DEOMERR~OEEM LB L TLUR, £B
o booster pump action IZE+ 3 HETL . &
D bFEILORERLR E, HREEEETE
FIZBWT, ZEFEMD active pump action ALK

mean V (sec-1)
301

S-A-loop
mmHgemm)
50f eControl
sAP
oMl
+CCM
«HT
aHCM
+MRs

40
301
20F y=1.6x— 22
n=23
r=0,62
p<0.001

[(§

)

10F

20 30 a0t
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mm)

Fig. 6. The relationship between the area of
the A-loop (S-A-loop) and left atrial dimension
at an active atrial shortening (Da).
Abbreviations: see Fig. 4.
Hypertensive patients tend to have higher values
(arrows).

TR EEMES €, ToREE, DHHEOENE b
b, ERWELBERNCEFASH T
&2, Lal, ZhbERRY 7EIENHE
BRE~OBE ST 3HEMENL T, L L
TEZMITERED b ORI 2@, b3

eCont
AP
oMI
+CCM
sHT
ocHCM
vMRs
*MR
=-0.0022x+2.5
n= 24
r=-0.76
p<0.001

o

0

500

1000
peak T (mmHgemm)

Fig. 7. The relationship between left atrial mean velocity of fractional shortening (mean
V) and left atrial peak wall tension (peak T).

Abbreviations: see Fig. 4.

Hypertensive patients tend to have higher values (arrows).
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FE-AHBR» b EFEIERM CHER LFEE,
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AHE T, FROREBEEOEBIERME L
[E-ZBIREFIA L TREH 3 2o ic, KEIIRIRES
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FNIC X BEBEL ZRIRFEHE L. KBRS
T a—R»5E 6N 3EEROEENEENILE
e > EERHOEEIC X <ABBILS-Y, g
KoFBEZTBZ L, EBOKE & &5
TEBHEMNHB. Mz T Millar fh7—5 1
RERAT LTk Y, EEEOEEEERE
OERERCEELES. Thb0FEHILIVEERE
E-ZEBRERD IR, EREE-RBIIERI
fEIcE S < A-loop & L UAERE reservoir #iEIC
BEEE AV V-loop 12X W R & h, ZoFTRIE
HBERODOHE L X —F LB, RENRIBLE T
DERRDOBERHZENILEABICH > EERHED
EEL X< BT 5 720ic, A-loop o (S-
A-loop) ERE NI ERICHELEIL, Da i3k
BIEORARICHE T 5L EX 6h 5. Fig. 6
TEBwic Da & S-A-loop ¢ Do HE R ED
FEER{RIX, Z£FE? active shortening o BRA&HE
DEBEPRTH D, EFOIILTR? T
LERL, BEOKBELZE PERIROVWTO
PR LRk, e PERBI B W T b Frank-
Starling BEENBW T B Z L & TWT 5. EE
iz Starling #MMFEET 52 &1X, #H <2 Ges-
sell’® | Blinks %2 23 MW T L TW
5. JFBHEEMIcEL T Payne 6 3EREE
TEEEEE S EBR AR ICHAF 5 L ik~, Williams
LI FLERDEARL & L ED active tension
DT LERELTVWS. LaLl, ThboHET
BWTFh L ERRARPERENEOMAR TH S
LR LTS, EEROELEFHMICKRNT S
&, Fig. 3 iRt Xoie, EERILEDHIE

ERUHREE O

BHicRRE Y, DERP B X Vi35 2IET
+%. EFE® active contraction (I Z OFERED
BEErnihEs Y, P ESHBELLERED Y,
active shortening BH#AREDEER (Da) 35K
#‘ry vy (Fig. 3). METhid, EEREIK
KEOBEE»D WYL B35, FhizLED
active shortening 2k 3 LD TikA <, ZHE
(passive) BIZ+&ERWE. Lo, EE
DOHATRHIZ active contraction BIRAE: » EERER
(R723FH LEXS BOHPLY ZUMELD 5.
Brawnwald 5! i3EEERGIT D EEEKRF & 4547
L, EENECL? a HoREL, EENESE
WBRTOERE L OMICEMELEY, v VERE
IR\ T b Starling BHEREET 2 L L L.
o b EEEIME (active contraction) BEiaeE
REBIMEO BIARIC HYT 5 B £Xx Tk
D, SEIOFEA OEEEZIFELTWB. ERIE
EDHBPEELTW S Z L3 EBFRICEER S h
TRV, ERGHOMESIMEAOERE LD
FTZLRALICHEHETE 5.

4B, B4 IERER%ETEHEHEREE mean V
ERD . —fRICHTIGEE D M £ — Rikic Xk -
TRE Lt ERRERERE L EE e, EEE
BZIELALEEERTWARYD, BohiEE
BERKBRROH D BhEd K+ 5Z Lichy,
RERAICIE mean V I KBIRRA 0 EEREEEE
ExkkbLTW3. LaL, Yabeck 520, Scha-
belman 520 72 EOWED & 51T, KEINRRE <
A-IoHohPEFEMEREN EERHEO 1.8 5%
WIZHHT 3 & E X hiE, SEHIE L7 mean V
BEFBOFHEREE b KL T 3 JHEME A
b5, FHFEOKE T, mean V i3 CCM <
ARIETLTRY, FEBTOLEDIHELIER
HEE KT 2R & h 5 (Fig. 5). L L—F,
DEFTHOND X 5T, DFFEMREE I BAR
CRTFE 22750, SEH 41k He 0 BELICS
&, HAME LTILE®Eo mean V 2JIEL
Twipn s, Fig. 7 ©R+ x5, EREEESH
& mean V & OfICIZA OHBIBGEREE L.
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Z ORI B4 OERE OIGHEHE ZFFET 5 S v
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SRR L TW 3.
DEFREAVEATERMT L3 L Hb
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7 (peak T) L&tz Lic. EROBERENERD S
ik, EREERSHEEL ZRERITRL RN,
AENY EERNIC £F OEE-RIBREFET 5
iy 2 L < peak T %{FF L. Fig. 7 ©R
+X iz, BmiEH (HT) o mean V ZFL v
~uco peak T TH~3 L, MBIkl BE
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#o mean V 0 LHIZ BIAFCEELTW5H
EMNDHB. okdn HT Biokid 3 EREH
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S-A-loop o#EM» S b HRT 5 Z L TE 5.
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sttt 3 S-A-loop mEk (Fig. 6), B XUt
H ()-SR LH~0 RALA R IEHES
DL > TRI > TWAREELBRETE 2
V. A TIRESEBD 2L, FEELBIRIN
BIZHDERHT AILERDS .

B #
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BRL, EREE(RMIEHREC L 377 R0ERH)
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N—7OHEHE S-A-loop, EFENHEIC X 3 £FEHI
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BenE S peak T 2B 0B OFHMI L. Da 3ERE
IHE D ETATRE, S-A-loop ZEFE/ L, peak
T REEORAK L ATz N TES. Dat
S-A-loop & IC 3 E E R EMBEK (r=0.62,
p<0.001), peak T & mean V ¢ DfCZHE
mAOFERE ¢=-0.76, p<0.001) B,
t FEREIRBWT S Starling g XU, BN~
HEBENRRR VMo L AR S hiz. RILER
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% S-A-loop, peak T iz%f+ % mean V 3%z h
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