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Summary

To clarify the factors controlling left ventricular inflow, hemodynamics and Doppler-derived indices
were analyzed in six anesthetized open-chest dogs with intact pericardia. Low molecular dextran was
intravenously infused at 1 L/hr. During rapid infusion, an electrocardiographic lead, left ventricular
pressure curve, and a transmitral Doppler signal were recorded at various heart rates produced by
right atrial pacing. In five of the six dogs, the relationship of the ratio of peak velocity during atrial con-
traction to that during rapid filling (A/R) and left ventricular end-diastolic pressure (LVEDP) showed
a non-linear quadratic curve concave to the LVEDP axis.

Data from the ascending and descending limbs of the A/R-LVEDP relationship were subjected to
stepwise multiple linear regression analysis (criterion variables: A/R; explanatory variables: peak dP/dt,
maximum left ventricular pressure, time constant T, minimum left ventricular pressure, LVEDP, and
heart rate). In both limbs, the A/R correlated positively with maximum left ventricular pressure (left
ventricular afterload) and negatively with LVEDP (left ventricular preload). The time constant T was
selected as a positive correlate only in the ascending limb.

The transmitral flow velocity profile is determined in a complex manner by multiple factors,
including left ventricular loading conditions and heart rate, as well as the left ventricular diastolic
property.

It was suggested that the A/R is not altered unidirectionally by the changes in cardiac function
and loading conditions, but that it returns to the initial value accompanied by systolic and diastolic
cardiac dysfunction.
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Table 1. Parameters measured in each dog
Number 1 2 3 4 5 6
Measured points 18 21 24 33 21 16
Peak dP/dt (mmHg/sec) 693 ~3995 502~2460 1355~2625 1267~2483 1030~2720 919 ~2688
LVPmax (mmHg) 67 ~166 50~137 100~181 93~189 78~171 81~226
T (msec) 41~96 39~110 44~107 49~91 45~113 80~97
LVPmin (mmHg) 8~29 0~20 8~33 8~25 11~34 17~46
LVEDP (mmHg) 12~38 2~27 13~45 11~38 17~46 22~60
HR (beats/min) 64~102 67~101 70~101 82~122 81~111 66~123
R (cm/sec) 34~59 21~40 30~62 20~58 43~67 33~88
A (cm/sec) 19~53 16~40 19~48 20~44 18~56 22~71
A/R 0.44~0.99 0.78~1.79 0.34~1.58 0.45~1.85 0.30~1.06 0.52~1.18

Peak dP/dt=maximum rate of a change of left ventricular pressure; LVPmax=maximum left ventricular sys-
tolic pressure ; T =the logarithmic time constant of the left ventricular isovolumic relaxation phase; LVPmin=
minimum left ventricular diastolic pressure; LVEDP=left ventricular end-diastolic pressure; HR=heart rate;
R=peak velocity during the rapid filling phase; A=peak velocity during the atrial contraction phase.

Table 2. Coefficients in the quadratic relation of A/R to LVEDP (A/R=a LVEDP?+b LVEDP+c¢)

Number 1 2 3 4 5
a —0.0010 —0.0038** —0.0011* —0.0027* —0.0014*
0.0532 0.1108%** 0.0611* 0.1210%* 0.0948*
0.0704 0.5667** —0.0630 —0.0714 —0.8895

Abbreviations : see Table 1.
* p<0.05,
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Fig. 1. Relationship of the ratio of peak velocity during the atrial contraction phase to that

during the rapid filling phase (A/R) and left ventricular end-diastolic pressure (LVEDP) (up-

per panel), and the tracings of the Doppler signals and left ventricular pressures (lower panel).
Quadratic regression provided the following equation.

A/R=-0.0038 LVEDP2+0.1108 LVEDP+0.5667

n=21, r?=0.5906, p=0.0003

1, 2, 3=experimental stages; ECG =electrocardiogram ; LVP =left ventricular pressure.

For other abbreviations : see Table 1.
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Fig. 2. Atypical relationship of the ratio of peak velocity during the atrial contraction
phase to that during the rapid filling phase (A/R) and left ventricular end-diastolic

pressure (LVEDP).

In dog No. 6, LVEDP before infusion of dextran is so high (22 mmHg) that only the descending
limb of the A/R-LVEDP relationship can be observed during LVEDP elevation by dextran infusion.
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Table 3. Partial correlation coefficients obtain-
ed by stepwise multiple linear re-
gression analysis

Measured Ascending Descending

points li;rx;b lig;;b

R r2=0.646 r2=0.783
Peak dP/dt (mmHg/sec)  0.505%** —
LVPmax (mmHg) —0.574%*%%  _(, 543%**
T (msec) —0.416%*%  —(0.543%+*
LVPmin (mmHg) — —0.441%*xx
LVEDP (mmHg) 0.671%** 0.738***
HR (beats/min) — —

A r2=0.690 r?=0.602
Peak dP/dt (mmHg/sec) — 0.483%**
LVPmax (mmHg) 0.779%** —

T (msec) 0.658*%* —(.338+*
LVPmin (mmHg) —0.622%%%  0.321%
LVEDP (mmHg) — —0.220t
HR (beats/min) 0.541%%* —
A/R r2=0.720 r2=0.683
Peak dP/dt (mmHg/sec) —0.257t —
LVPmax (mmHg) 0.746%** 0.706***
T (msec) 0.658%** —
LVPmin (mmHg) —0.450** 0.489***
LVEDP (mmHg) —0.363* —0.686***
HR (beats/min) 0.496*** —

Ascending limb=ascending limb of the A/R-
LVEDP relationship ; Descending limb=descending
limb of the A/R-LVEDP relationship; r’=multiple
coefficient of determination.

For other abbreviations : see Table 1.

t p<0.10, * p<0.05, ** p<0.005, *** p<0.001.

BEEIZ D WTIE, SUETARIRKEE 2R WTER
» ek ) BRE—FSOREEEGRE R LI
B L bicgohibofc. &b, TITH
DB ARKEE O CHONICER
Bz, o ¥y 77 —igEicx 5 miTEEH
BEoREHFSRICHEL, HicEEEZRL .
EERAMEE X, B0 ERE-EZROE
BEC X VBESh, ¥l oEEREREZD
B, DEOZEN, EBIRREMER X OEEREC
IVEULDEELDRTWBYD, AFEHAR DO

BEMERE EERRARFOLERE L R/INEE
EoETHREINES D, EEMBEHFEIR/NE
FEICHEBL, TOEEIRNEEENP LAY D
b3, KRBT, RNEZEERZE
FABIBFHEE & Tk W T ADRIERRER
2RL, AERASBRKEEOHERTFHOP—>T
LB EWTREhE. F, BEEK T 2NEEHK
AMBRREEORERFL LTBIREA Lz L X

v, T ORRIR/NEZEED LHE L7 THF
PShic, EEMCEETABRKRE LR
FLTWB AR S i, EEEAMEL
EO FHRE X, EREHRAMTEOEES I EELY
CIERAZRIELTVWS LEREhT., SHICEE
BEHE TRTEREEEN LRE, T 2IER&E
B LEMELSN TS RN BERAERENEHETR
AHBBEREEOHERFLLTEBREh e L
i, EEgAHO, T 24 LR BLIRRH
BT, AFEBANRCEE I CHELRELTVS
ARt N b,

—%, DREINEY O ESEERER, DEIRE
WERE L EEHERPECETRAKRELES
0, EEFLERIE 3O FE IR A &
B S cEE RiCLTH D, DENEHRAR
KEEOHERTF L LT, EEIFEARMEIBR
ShieholcBHb L Ex bR & IUEIEN
DERE, EEELHETHIEELRDE, LEOK
Mz, DERKES L EE stiffness 3% 5. AL
TRID2HODEHRLFERIZAhTW R WY,
Biczh b 0EBEKICRS ETRENS TTH
DL EIHERIFA R IEE <3t L, MATEIRBIEER
DEEERMEEEL R LcLEZDRE. ZOK
BEBOELRIMECHHBINZ LT HTH
5.
BRI ABIBAOREE, LIRS
L MATEIEEISEE L OBGA L FRISh S X 9 iT,
AR IR & i B KEEE & EO RHEEBEGR
R iED, EERLRKRHE L AORHEBBERE
BL, BEK T L3 ETHCBWTOREDR
HEEFRERLE. T 22 AR oBEgERFO—

— 742 —



EZRADHERTF

Table 4. Comparison of three parts of the A/R-LVEDP curve (initial part of ascending limb,
peak part of both limbs, and terminal part of descending limb)

Measured Initial part Peak part Terminal part
points 25 58 34

Peak dP/dt (mmHg/sec) 1880+ 568 2335+531%* 1734590t
LVPmax (mmHg) 112+ 19 144+ 22%* 116+ 281t
T (msec) 53+ 12 61+ 9% 86+ 27**tt
LVPmin (mmHg) 10+ 5 18+ 7** 23+ 6**tt
LVEDP (mmHg) 16+ 7 26+ 10** 34+ SR
HR (beats/min) 88+ 11 93+ 12 89+ 10

R (cm/sec) 39+ 12 39+ 13 46+ 10t

A (cm/sec) 23+ 4 38+ 7 30+ 5%t
A/R 0.67+0.24 1.06+0.32** 0.67+0.1611

All values are expressed as means+1SD.
Abbreviations : see Table 1.

* p<0.05, ** p<0.01 vs initial part; T p<0.05, 11t p<0.01 vs peak part.
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