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Summary

The influences of preload, afterload and heart rate alterations on the pattern of left ventricular
filling were investigated using pulsed Doppler echocardiography (PDE) in humans. Transmitral flow
at the level of the valvular tip was recorded during dextran infusion, lower body negative pressure,
angiotensin II infusion, and atrial and atrioventricular sequential pacings. Peak velocity of rapid filling
(R), peak velocity of atrial contraction (A), the ratio of peak velocities (A/R), flow velocity integrals of
the rapid filling phase (IR) and atrial contraction (IA) were obtained.

PDE and the measurement of hemodynamics during lower body negative pressure (0, —10 mmHg,
—20 mmHg) and dextran infusion (100 ml, 200 m]) were studied in 22 patients with ischemic heart
disease. R decreased significantly after lower body negative pressure, and increased significantly during
dextran infusion.

Before and during angiotensin II infusion, PDE and the measurement of hemodynamics were
studied in 14 patients with ischemic heart disease. The patients were categorized into 2 subgroups
according to left ventricular function. During afterload stress, the A/R and IA increased in patients
with normal left ventricular function; whereas, the A/R decreased in patients with poor left ventricular
function.

PDE was recorded during right atrial and atrioventricular sequential pacings at the heart rates of
60 to 100 beats/min in 29 patients with ischemic heart disease. When the heart rates increased, R
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decreased during atrial and atrioventricular sequential pacings. The A increased after the occurrence
of the summation between the rapid and atrial filling waves. The A/R gradually increased with incre-
mental heart rate. These results indicate that changes in the preload alter the peak velocity of left ventri-
cular filling pattern of transmitral flow. The effects of the increasing afterload depend on the basal left
ventricular function, with an increase in the peak velocity of atrial contraction being observed in the
presence of normal left ventricular function. Both the peak velocity of rapid filling and atrial contrac-
tion were related to the heart rate and atrioventricular conduction delay. In assessing left ventricular
filling dynamics using PDE, the influence of the preload, afterload and heart rate must be considered.
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Fig. 1. Schematic drawings of two-dimensional
echocardiogram showing the position of sam-
pling volume (upper), and pulsed Doppler velocity
curve pattern derived from the left ventricular
inflow tract (lower) illustrating the measurement
method.

R=peak filling velocity in the rapid filling phase;
A=peak filling velocity in the atrial systolic phase;
IR=flow velocity integral of the rapid filling phase ;
IA=flow velocity integral of the atrial contraction
phase.
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A RA# o flow velocity integral (IR) # 5
L ERFEM o flow velocity integral (IA) %
planimeter iz TR, & bITLFERMEF S OIGE
L LT JA/IR+IA) #EH L7212, 2083 0
KTIT2V, FRHEMEGER S OHOFHEE L
. BEEANVR - Ky 77— 0 R & R
iz, Swan-Ganz 3 7 —F i2 & % f{TEIRED Bl
Bifrleolk.
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Bt LRE 14412 gL L, EEERLY
kol EEHBHRE (LVEF) kv, E=EEER
#t (I #: 75, mean LVEF 65%), Ex=&iEIK
T#: (II 8: 745, mean LVEF 43%) o 2
AL, BAREKREOMIEFREALTE ¥ —
VOEBEBELIY. BEFRAVR - Ky T T
—EDBEIR 1 LREICIT e o 2. [FBRC
Swan-Ganz # 5 —3F ) & Millar flh 54~/
A—F—ick ) MATEHEDBE 21T v, EE%
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Dextran $: 5.4, INFEHIMIE, LHRKOFE A
Bloix2h o, FHEREE, LEE, —E
MHGREOEME B ® . (Table 1). Ky 75—
BECIEERASRKREE R oz @i
B, DERMEHERREE A 3L ol
LEHE, dextran 100 m/ $¢5.4%, 200 ml 54
DEIERFTAMIE < & — LD Efl % Fig. 2
i2ird. LBNP (o CIRfE#imE, LHEkoRE
RELR 2D 2T, HEREE, LEE, —E
DAHFREE RV 255 Lz (Table 2). Fig. 3 iz
Z#e, LBNP—10 mmHg, —20 mmHg f&ig#
WALMLIE S & — > DEFZRT. BERAREK
HE R 3ED LI RLEREHRAEE A i
BlhER&E o7z,

(#&&t 2)

Angiotensin II &#faioo mfT8hiEx, I, 11 8
M THEZ2@E b b >7%. Angiotensin II £
IS CEGMBIARE, MEMEE, EEIERY
E, @FhEEHEEh ZhmERETEEIZ LR L
7. —ELIEEERE SWI 3 I gEcaEicfEm
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Table 1. Comparison of hemodynamic and echocardiographic variables during infusion

of dextran

Control Dex 100 ml Dex 200 m/
HR (beats/min) 68.1+9.4 66.6+9.2 67.4+7.2
SBP (mmHg) 138.5+22.1 143.4+22.0 143.8+18.9
LVDd (mm) 47.4+4.2 47.9+4.3% 48.244.7%*
PCWP (mmHg) 7.943.0 11.443.4%% 14,243 4%
RAP (mmHg) 5.041.6 6.742. 1% 8.242.5%*
SVI (ml/beat-m) 44.5+8.4 48.9+9.3%* 52. U£9.1%=
R (cm/sec) 53575 57.8+10.0% 60.0£10.6%*
A (cm/sec) 54.3+9.8 54.6+7.9 54.94+9.4
A/R 1.04+0.28 0.97+0.24 0.92+0.27

Values are mean=+SD.

HR =heart rate; SBP=systolic blood pressure; LVDd=left ventricular end-diastolic dimension; PCWP=
mean pulmonary capillary wedge pressure; RAP=mean right atrial pressure; SVI=stroke volume index; A/R=
ratio of peak velocities; Dex=dextran. For other abbreviations : see Fig. 1.

* p<0.05, ** p<0.01 (vs control).
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Fig. 2. Pulsed Doppler echocardiograms of transmitral flow velocity on electrocardio-
gram (ECG) and phonocardiogram (PCG) during infusion of dextran.
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Table 2. Comparison of hemodynamic and echocardiographic variables during lower body

negative pressure (LBNP)

LBNP
Control

—10 mmHg —20 mmHg
HR (beats/min) 67.8+10.0 67.8+11.1 66.8+10.5
SBP (mmHg) 144.1+12.0 146.5+12.4 146.6+14.1
LVDd (mm) 50.5+7.0 49.34+7.2% 47.947.0**
PCWP (mmHg) 9.1:5:0 7.0+4.3 5:9:£3.7%*
RAP (mmHg) 2.24+2.1 1.2::1.5 0.5+1.1*
SVI (ml/beat-m) 45.0+6.4 40.7+4.8 40.4+3.9

* p<0.05, ** p<0.01 (vs control). For abbreviations: see Table 1.

. CONTROL

- LBNP —10mnHg :

LBNP —20mmHg

Fig. 3. Pulsed Doppler echocardiograms (PDE) of transmitral flow velocity with electro-
cardiogram (ECG) and phonocardiogram (PCG) during lower body negative pressure

(LBNP).
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Table 3. Hemodynamic and echocardiographic parameters

before and during afterload

stress
Group I Group II
C AT C AT

BP (mmHg) (S) 129+9 170+ 13%** 132+21 169+ 22%**

(D) 72+6 92+ 16** 69+22 97 £ 15%**
HR (beats/min) 71+4 72+6 69+5 71+8
mRA (mmHg) 4+£2 4+3 3+2 4+2
mPA (mmHg) 154 19+ 5* 13+1 21+6*
mPAWP (mmHg) 8+2 154 4% 9+2 15:£4%%
LVEDP (mmHg) 9+2 20 £ 4%** 11+3 21 4k
SVI (ml/beat/m?) 49.9+4.7 49.8+4.5 48.3+5.5 46.5+6.3
SWI (gm/m?) 52.6+7.5 59.0+8.8** 49.8+7.2 50.8+6.8#%
SVR (dyne-sec-cm~?%) 2,002+31 2,569 +449** 2,219+39% 2,892 +£489**
T (msec) 5+8 61+8 72+20 102 4 14%¥*##
R (cm/sec) 66+5 56+8 43 6% 46+ 84#
A (cm/sec) 49+9 64 +6%* 54+5 52+ 74%
A/R 0.8+0.1 1.2+0.2%* 1.34+0.2# 1.1+0.2%
IR (cm) 10.4+1.3 8.9+1.8%* 7.6+2. 344 7.5+1.9%
IA (cm) 6.4+1.0 7.5+0.7** 5.6+1.2 5.4+1.9

C=control ; AT =angiotensin II (mean+SD); BP=blood pressure; S=systolic; D=diastolic; mRA=mean
right atrial pressure; mPA=mean pulmonary artery pressure; mPAWP=mean pulmonary artery wedge
pressure ; LVEDP =left ventricular end-diastolic pressure; SWI=stroke work index; SVR=systemic vascular
resistance; T =time constant of left ventricular isovolumic pressure decay. For other abbreviations: see Fig. 1

and Table 1.

* p<0.05, ** p<0.01, *** p<0.005 (vs control),
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Fig. 4. Pulsed Doppler echocardiograms before and during angiotensin II infusion.

For abbreviations : see Tables 1, 3 and Fig. 1.
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Fig. 5. Effects of heart rates on Doppler-derived indices during right atrial (RA) pacing.
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Fig. 6. Effects of heart rates on Doppler-derived indices during atrioventricular (AV)

segmental pacing.

Table 4. Summary of results

R A A/R
Preload 1 T ~ !
1 ! o~ i
Afterload T ~ ] 1 1
Heart rate T l ii T
AV delay T ~ 7 7
Abbreviations : see Figs. 1, 6 and Table 1.

BRHEE Ak, DEc X v, R L Ak
OEAPHB T2 LEAHEICHEK L. LE-LE
BERR— v 7Tk, DERX—Y v ] s
Rts AWoBEEORIRIES 5720, A ©
ERRE TH -7, Nolan & & Freedman 5

G, I SR LT 0 O BRI 0 S 13 O 8K
ELEMED PQ MR Es s L#%L L
722 D EIAERIRAHEEE A o, O
MLz R & A oAz, HEEEY
REMIE R IC & 2 DEOMARERIC LS L2 5
.

&

BFEW AV - Ry 75 =g, iz 1
DI Z & o (GRS AMTEIE 2 B2 L 15 3 7=
O, IEHOLREIRL O A2 SEHLIERE © A AR » <
FREBEZBNG. KFFEORKERL Y, Bk
WA Ry 7T —3RICX % b b ofEiERi ALY
NI =V, WA - BART - DINE O KA

za.
affd

— 087 —



e, F, JA, @

WERICX ) ZhZFhEBREBE T LN
oMk iolz.

L 7z M » TEEHRABED FHl I EBE & v
2+ Ko7 I - AnaBiE, LDARMRER L
VLA, BEREEBMEZEICANLS 2 LR
DTERELEZEZORL.

3 #

BERAVZ - By 77—z v, BIERE
AfLFES 5 — v IS RIETHIAR - RAF - LK
DB ONTHRET L.

B A O 9K BB 22 4] % xf 4R (2 dextran 100,
200 ml & AERHE, ¥ TRE 2 ER LIRS
ARRE#M% % lower body negative pres-
sure % F v CHIAR 248 & &, BIEHHEAMLTE
PER Lk BMEOESR 144234512 angio-
tensin II 2#EL, HAFHEKHEOBIBRHA
M BE L, BfdORE 24 4, EFEHF S
Bl BRI LE-LDEX—Y V72 TR, LHE
KO MBIERRALKZBE L. fohik
RS FRHA MR X Y SEFAMRKREE R,
DENEEIEE A BX Uzl AR 2k
7. EloAEF AR flow velocity integral (IR)
# b ICLERGER o flow velocity integral (IA)
% planimeter 2Tk, IA/(IR+IA) #HHL
7o, —HOM TRBEEANVR - Fy 7T —Hhe
R TR BIE 2 TR o 1.

Dextran 5%, MEMEE, LBEE, —EW
HHEEEEMm L. Ry 77 — 158 Tl S
ABIEKEEE R 23K L7z. Angiotensin II $
5%, THBIRE, MEMEE, ERIERERY
E, SFmERsEmLz. DHEERFHETOH
HEEEREML, vy 77 —EBo.LEIRNEY
B A, flow velocity integral i2& % IA/
(IR+1A) 23k L7c. DE-DEIERX—v 7
12 & B O TREEINES X, SEARRAREE R
ORE, DENENEOEE A OBRKERBDE.

BB O BRI B v, BOETAMIBREEE R
BpEag BB Lic. —JF, BARMEAKCHT5HE

TE SR AMLFREREE < & — v I EEBEEICEKEFELT
T L, EXEZEEER T 0EIREROEE
A PR L7, DIEECEMREC 3 SUERA SR
KEE R, LERMEHRKEE A OfF ORI
BH bz, ThbbEREARALKE, LAR
ZEBLIUOLDHEEKOERIZI Y ZOIRENRERS
TEMWREh, BEEAVA - Ry 77Tk
B DHREEHI I, FERZEE TS I LBNEE
rEZLRIE.

X

1) Kitabatake A, Inoue M, Asao M, Tanouchi J,
Masuyama T, Abe H, Morita H, Senda S, Matsuo
H: Transmitral blood flow reflecting diastolic be-
havior of the left ventricle in health and disease:
A study by pulsed Doppler technique. Jpn Circ J
46: 92-102, 1982

2) Rokey R, Kuo LC, Zoghbi WA, Limacher MC,
Quinones MA: Determination of parameters of
left ventricular diastolic filling with pulsed Dop-
pler echocardiography: Comparison with cinean-
giography. Circulation 71: 543-550, 1985

3) Fisher DC, Voyles WF, Sikes W, Greene ER:
Left ventricular filling patterns during ischemia:
An echo/Doppler study in open chest dogs. ] Am
Coll Cardiol 5: 426, 1985 (abstr)

4) Toda C, Fujitani K, Tamasaki T, Takeuchi M,
Fukuzaki H: Pulsed Doppler echocardiographic
assessment of beat-by-beat changes in left ven-
tricular rapid filling during angina. Circulation 72:
(Suppl): I11-59, 1985 (abstr)

5) Fujii J, Yazaki Y, Sawada H, Aizawa T, Wata-

nabe H, Kato K: Noninvasive assessment of left

and right ventricular filling in myocardial infarc-
tion with a two-dimensional Doppler echocardio-

graphic method. J Am Coll Cardiol 5: 1155-1160,

1985

Spirito P, Maron BJ, Bonow RO: Noninvasive

assessment of left ventricular diastolic function:

Comparative analysis of Doppler echocardiogra-

phic and radionuclide angiographic techniques. J

Am Coll Cardiol 7: 518-526, 1986

Magorien D], Shaffer P, Bush CA, Magorien RD,

Kolibash AJ, Unverferth DV, Bashore TM:

Hemodynamic correlates for timing intervals,

ejection rate and filling rate derived from the

radionuclide angiographic volume curve. Am ]

6

~

7

~

— 688 —



~

~

Cardiol 53: 567-571, 1984

Magorien D], Shaffer P, Bush CA, Magorien RD,
Kolibash AJ, Leier CV, Bashore TM: Assess-
ment of left ventricular pressure-volume relations
using gated radionuclide angiography, echocar-
diography, and micromanometer pressure record-
ings: A new method for serial measurements of
systolic and diastolic function in man. Circulation
67: 844-853, 1983

Yellin EL, Sonnenblick EH, Frater RWM: Dy-
namic determinants of left ventricular filling: An
overview. in Cardiac Dynamics (ed by Baan ],
Arntzenius AC, Yellin EL). Martinus Nijhoff,
London, 1980, p 145

Ishida Y, Meisner JS, Tsujioka K, Gallo JI,
Yoran C, Frater RWM, Yellin EL: Left ventric-
ular filling dynamics: Influence of left ventricular
relaxation and left atrial pressure. Circulation 74:
187-196, 1986

Tsukamoto T, Takeuchi M, Fukuzaki H: Effects
of lower body negative pressure and volume load-
ing on transmitral flow velocity pattern by pulsed
Doppler echocardiography. Jpn Circ J 53: 377-
386, 1989

Snider AR, Gidding SS, Rocchini AP, Rosenthal
A, MacDonald D II, Crowley DC, Peters J: Dop-
pler evaluation of left ventricular diastolic filling
in children with systemic hypertension. Am ]
Cardiol 56: 921-926, 1985

Hayashi T, Takeuchi M, Fukuzaki H: Evalua-
tion of left ventricular filling dynamics by pulsed
Doppler echocardiography during afterload stress
in ischemic heart disease using angiotensin II
infusion. J Cardiol 19 : 699-707, 1989 (in Japanese)
Takenaka K, Dabestani A, Gardin JM, Russell
D, Clark S, Alfie A, Henry WL: Pulsed Doppler
echocardiographic study of left ventricular filling
in dilated cardiomyopathy. Am J Cardiol 58: 143—
147, 1986

Takenaka K, Dabestani A, Gardin JM, Russell
D, Clark S, Allfie A, Henry WL: Left ventricular
filling in hypertrophic cardiomyopathy: A pulsed
Doppler echocardiographic study. ] Am Coll Car-
diol 7: 1263-1271, 1987

Gidding S, Snider R, Rocchini AP, Peters ],
Farnsworth R: Left ventricular diastolic filling in
children with hypertrophic cardiomyopathy: As-
sessment with pulsed Doppler echocardiography.
J Am Coll Cardiol 8: 310-316, 1986

Wind BE, Snider AR, Buda AJ, O’Neill WW,
Topel EJ, Dilworth LR: Pulsed Doppler assess-
ment of left ventricular diastolic filling in coronary

— 689 —

~

~

~

~

N

EZERAMAORERF

artery disease before and immediately after coro-
nary angiography. Am ] Cardiol 59: 1041-1046,
1987

Maron B, Spirito P, Green KJ, Wesley YE, Bonow
RO, Arch J: Noninvasive assessment of left ven-
tricular diastolic function by pulsed Doppler echo-
cardiography in patients with hypertrophic car-
diomyopathy. J Am Coll Cardiol 10: 733-742,
1987

Fisher DC, Sahn DJ, Friedman M]J, Larson D,
Valdes-Cruz LM, Horowitz S, Goldberg SJ,
Allen HD: The mitral valve orifice method for
noninvasive two-dimensional echo Doppler deter-
minations of cardiac output. Circulation 67: 872—
877, 1983

Miyatake K, Okamoto M, Kinoshita N, Owa M,
Nakasone I, Sakakibara H, Nimura Y: Augmenta-
tion of atrial contribution to left ventricular inflow
with aging as assessed by intracardiac Doppler
flowmetry. Am J Cardiol 53: 586-589, 1984
Lewis JF, Kuo LC, Nelson JG, Linacher MC,
Quinones MA : Pulsed Doppler echocardiographic
determination of stroke volume and cardiac out-
put: Clinical validation of two new methods using
the apical window. Circulation 70: 425431, 1984
Stewart WJ, Jiang L, Mich R, Pandian N, Guer-
rero JL, Weyman AE: Variable effects of changes
in flow rate through the aortic pulmonary and
mitral valves on valve area and flow velocity: Im-
pact on quantitative Doppler flow calculations. J
Am Coll Cardiol 6: 653-662, 1985

Takeuchi M, Fujitani K, Kurogane K, Hong TB,
Toda C, Yamasaki T, Fukuzaki H: Effects of
diltiazem and nitroglycerin on left ventricular
diastolic properties in patients with coronary ar-
tery disease. Jpn Heart J 26: 509-520, 1985
Matsuda T, Ogawa H, Matsuzaki M, Katayama
K, Fujii T, Yoshino F, Moritani K, Kumada T,
Kusukawa R: Importance of left atrial function in
patients with myocardial infarction. Circulation
67: 566-571, 1983

Rahimtoola SH, Ehsani A, Sinno MZ, Loeb HS,
Rosen KM, Gunnar RM: Left atrial transport
function in myocardial infarction. Am J Med 59:
686-694, 1975

Greenberg B, Chatterjes K, Parmley WW, Werner
JA, Holly AN: The influence of left ventricular
filling pressure on atrial contribution to cardiac
output. Am Heart J 98: 742-751, 1979

27) Fpigs RIG 1E: AiESRAnBC RET.OM

BoOBS: BEKE ANV RSB X 55HE #F
KFESIAIE 51: 65-72, 1990



e, FIs, B, 1EAs

28) Nolan SP, Dixon SHJR, Fisher RD, Morrow 29) Freedman RA, Yock PG, Echt DS, Popp RL:

AG: The influence of atrial contraction and mitral
valve mechanics on ventricular filling: A study of
instantaneous mitral valve flow in vivo. Am Heart

J 77: 784-791, 1969

— 690 —

Effect of variation in PQ interval on patterns of
atrioventricular valve motion and flow in patients
with normal ventricular function. J Am Coll Car-
diol 7: 595-602, 1986



