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Assessment of left ventricular systolic function
in man from simultaneous echocardiographic
and pressure measurements

D. G. Gibson and D. J. Brown
From the Cardiac Department, Brompton Hospital, Fulham Road, London

Simultaneous measuirements of left ventricular dimension and wall thickness by echocardiography, and of
pressure by micromanometer, were made at cardiac catheterization in 30 patients with heart disease, in order
to study mechanisms of impairment of left ventricular systolic function. Echocardiograms and pressure
traces were digitized so that continuous measurements of left ventricular wall thickness and dimensions with
their rates of change could be obtained. Ejection fraction was estimated from digitized cineangiograms.

In all patients, except those with severe mitral regurgitation, there was close correlation (r-- 092) between
peak left ventricular dP/dt and peak rate of reduction of dimension. Myocardial power values, calculated
as the product of circumferential shortening rates and wall stress were plotted throughout the cardiac cycle,
and peak values in patients with normal left ventricular function were in the range 30 to 60 mW cm-3
myocardium. Pressure-dimension loops were constructed, which reflected the relation between the function
of a localized region of cavity studied by echocardiography and that of the ventricle as a whole in the pressure
wave form. Incoordinate contraction was associated with distortion of the loop and a reduction in its area to
less than 75 per cent that of the maximum for the cycle in question (cycle efficiency).

In patients with left ventricular disease, ejection fraction, peak power, and cycle efficiency were all reduced,
either singly or in combination. There was no consistent pattern, however, suggesting that clinical left
ventricular disease may be the resultant of a number of different types of disturbance. These include structural
abnormalities, reduction in peak rates of myocardial shortening or power development, and incoordinate
contraction. The present investigation suggests ways in which these may be separated and studied in individual
patients.

Echocardiography can be used to study left ventri- Finally, it is possible that echocardiography might
cular function in a number of ways. Measurements be used to demonstrate incoordinate contraction,
of cavity dimensions can be used to estimate left which has been shown to be a significant abnor-
ventricular volumes and thus ejection fraction mality in patients with valvular heart disease and
(Fortuin et al., 1970; Pombo, Troy, and Russell, cardiomyopathy (McDonald, 1972; Kreulen, Gor-
1971; Feigenbaum et al., 1972). More recently, a lin, and Herman, 1973), as well as those with
second index of ventricular performance, the mean ischaemic heart disease.
velocity of circumferential fibre shortening, has been It was the purpose of the present study to extend
derived from simultaneous measurements of cavity the use of echocardiographic methods in assessing
size and ejection time, and shown to correlate with the degree to which these different mechanisms,
other indices of contraction pattern (Paraskos et al., either separately, or in combination, interfered
1971; Cooper et al., 1972). Further information with left ventricular performance in patients with
about time-dependent aspects of ventricular con- heart disease. The function of myocardium in a
traction may be obtained from continuous measure- single region of the ventricle was described in terms
ments of rates of wall movement, using simple of work and power production, from simultaneous
digitizing techniques (Gibson and Brown, 1973). estimates of left ventricular pressure, diameter, and
Received 19 July 1975 wall thickness. These measurements of local func-
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Assessment of left ventricular function 9

tion were then related to that of the ventricle as a region must thus contain an index ofthe relation between
whole in order to assess the extent to which inco- local and overall ventricular function, and in particular,
ordinate contraction was present. of the phase relation between the two. In the present

study, this was realized by constructing pressure
dimension loops. Regional behaviour is reflected in the

Methods echocardiographic dimension, while that of the ventricle
as a whole is implicit in the pressure waveform. Simple

In systole, the rate at which the myocardium does pump theory indicates that the amount of useful energy
external work, i.e. the power that it generates, is given by transferred from the myocardium to the circulation per
the product of developed force and shortening rate. unitareaofendocardiumisgivenby
Measurement of power in the intact heart is complex, fPdD
since values of developed force and shortening iate may where P= instantaneous left ventricular pressure and
vary, not only at the same time in different parts of the D=instantaneous dimension. This function has a
ventricle, but also throughout the cardiac cycle in the maximum value when the loop is rectangular, when the
same region. If such calculations are to be made, there- area is given by the product of the total pressure and
fore, they must be based on continuous measurements of dimension changes for the cardiac cycle in question.
pressure, wall thickness, and local curvature throughout If the loop has any other configuration, then its area will
the cycle, and the results are only applicable to the be less. We have, therefore, defined cycle efficiency as
region of the left ventricle for which measurements are the ratio of loop area to that of the rectangle that just
made. Estimates of myocardial work which is the time encloses it, i.e. the ratio of observed external work to the
integral of power, and represented by the area under the maximum possible for a ventricle working over the
graph ofpower development against time, are subject to same range of pressure and dimension.
the same limitation, since wall forces and shortening
rate cannot be assumed to remain constant as ventricular
size and shape change throughout systole. Patients

In the present investigation, power production was
calculated for the region of posterior wall of the left Thirty patients were studied, who required right and left
ventricle studied by echocardiography. It was assumed heart catherization for diagnostic purposes. In all of them
that this area lay in the equatorial region of an ellipsoid it was possible to record technically satisfactory echo-
of finite wall thickness, whose long axis was identical cardiograms of the left ventricular cavity and to pass a
with that of the left ventricle. Using the method of No. 5 catheter across the aortic valve. Patients with
Falsetti et al. (1970), mean circumferential stress was ischaemic heart disease were deliberately excluded. The
derived for an annulus of myocardium perpendicular to nature and purpose of the investigation were explained
the long axis of the ellipsoid, which was assumed to be to the patients, and their consent was obtained. In no
circular in cross-section, with an internal diameter equal case did the study add more than 15 minutes to the
to the echocardiographic dimension. We had no direct cardiac catheterization and there were no complications.
information about longitudinal forces, and though they The patients were divided into two groups. Group 1
are of a similar order of magnitude to circumferential were those in whom values of end-diastolic pressure,
ones, we did not consider them, while shear forces were peak left ventricular dP/dt, and ejection fraction were
assumed to be small and were neglected. The long axis normal, and in whom there was no lesion which might
ofthe ellipsoid was predicted from the echocardiographic have been expected to increase the pressure of volume
dimension using regression equations derived from a load of the left ventricle, or to cause localized or
previous study (Gibson, 1973). The average circum- generalized myocardial disease. It is recognized, how-
ferential stress is given by: ever, that these patients were not normal, and that minor

0 34PM (2L2-M2) impairment of left ventricular function might have been
O<34 PM (2LMW) present. Group 2 consisted of patients with left ventri-
W (L2±MW) cular disease whose clinical details are given in Table 1.

where P= ventricular pressure (mm Hg), L= major axis,
M=minor axis, and W=wall thickness (cm). Stresses Cardiac catheterization
are referred to a position in the mid-wall, so that the The patients were studied fasting and supine, and were
circumference at this point was given by 7r(M+ W), premedicated one hour before the start of the procedure
and the shortening rate as its first differential with respect with 200 mg amylobarbitone given orally. Left ven-
to time. Values were normnalized to refer to a cubic centi- tricular pressures were measured with a Millar micro-
metre of myocardium at end-diastole, and are thus 'fiber manometer inserted through a right brachial arteriotomy
corrected' in the sense of Falsetti et al. (1970). Estimates and were recorded photographically at a paper speed of
of power production as the product of circumferential 100 mm/s using an SE 3012 ultraviolet recorder. Zero
stress and shortening rate do not include longitudinal for these pressure measurements was taken as atmos-
components. pheric, and a simultaneous electrocardiogram was re-
The physiological value of local power production by corded along with an echocardiogram. When these

the myocardium depends on the extent to which it can measurements had been completed, an angiographic
be translated into useful work on the circulation. A full catheter was substituted, and left ventriculography per-
description of myocardial performance in any particular formed with the patient in the anteroposterior or right
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10 Gibson and Brown

TABLE 1 Clinical details

Case Diagnosis Surface Sex Ejection Left ventricular pressure
No. area age fraction

(m2) (%) Peak ED Peak dP/dt
(mm Hg) (mm Hg) (mm Hg/s)

Group 1
1 Mild mitral stenosis 1-8 M51 75 170 10 1680
2 Roget VSD 0 73 M5 75 148 7 3460
3 Mild mitral stenosis 1-8 F54 65 136 4 1800
4 Secundum ASD 1-6 M25 72 117 8 1540
5 Mild pulmonary stenosis 1-8 F19 72 132 8 1970

Mean 1-55 30 72 140 7-4 2090
SD 0-46 21 4 20 2-2 780

Group 2
6 Mixed mitral valve disease 1-6 F36 65 100 8 1300
7 Aortic regurgitation 1.9 M39 30 110 25 700
8 Mitral stenosis 1-5 F39 46 120 15 1460
9 Mitral stenosis and regurgitation 1-9 M67 46 124 5 1127
10 Mitral stenosis and hypertension 1-8 M58 54 104 4 1440
11 Ruptured chordae tendineae 1 6 M67 39 134 0 1630
12 Mitral stenosis and regurgitation 1-5 M23 40 81 0 1440
13 Mitral stenosis and regurgitation 1-7 M35 60 90 8 1720
14 Mitral and aortic regurgitation 2 1 M48 70 105 12 820
15 Ruptured chordae tendineae 1-9 M27 81 122 9 1720
16 Mitral and aortic regurgitation 1-5 F15 51 180 35 1900
17 Mitral stenosis: cardiomyopathy 1-7 M51 29 100 5 1160
18 HOCM 1-5 M23 64 124 8 1200
19 Aortic regurgitation 1-6 M17 82 120 5 1750
20 Mitral regurgitation 1-5 F60 58 128 5 1300
21 Aortic and mitral regurgitation 1-5 F20 70 127 25 1500
22 Mitral regurgitation 1-8 F16 80 160 5 2280
23 Mitral regurgitation 1-9 M60 80 137 15 1390
24 Mitral and aortic regurgitation 0-9 F 7 65 132 18 1590
25 Aortic stenosis 2-1 M26 78 180 6 2200
26 Mitral stenosis 1-7 M42 22 100 10 1370
27 Ruptured chordae tendineae 2-0 M68 79 120 16 1500
28 Aortic regurgitation 1-7 M39 34 170 35 1070
29 Mitral Starr 1-8 F61 65 140 15 2470
30 Ruptured chordae tendineae 1-9 M30 64 150 22 1350

Mean 1-7 39 55 126 13 1495
SD 0-25 19 20 26 9 4 420

VSD=Ventricular septal defect: ASD=Atrial septal defect: HOCM=Hypertrophic obstructive cardiomyopathy.
Conversion factor to SI units: 1mm Hg-0-133 kPa.

anterior oblique position. Cine film was exposed at 50 data from the same beat to be unequivocally identified
frames per s, and calibration was by means of a grid at on both records.
mid-chest level.

Digitization
Echocardiographic techniques Echocardiograms and pressure traces were digitized
At the same time as left ventricular pressure was being using methods that have previously been described
measured, the left ventricular dimension was recorded on (Gibson and Brown, 1974). Left ventriculograms were
Polaroid film using an Ekoline 20 ultrasonoscope with a also digitized, and cavity area calculated for each frame
2 25 MHz transducer, and posterior wall thickness of a single beat (Gibson and Brown, 1975). Ventricular
measured by the method of Sjogren, Hytonen, and Frick volume estimates were derived from cavity area, and
(1970). Clear continuous endocardial echoes, which were ejection fraction derived as stroke volume divided by
distinguished from those originating from the mitral end-diastolic volume. From digitized data, plots were
valve, were recorded throughout the cardiac cycle in all made of left ventricular pressure, wall thickness, and
cases. An identical electrocardiogram to that recorded dimension (D) throughout the cardiac cycle (Fig. 1).
with the pressure trace was superimposed on all records, The first derivatives of dimension (dD/dt), pressure,
and during exposure, a 1 mV calibration signal was and normalized left ventricular dimension (l/D.dD/dt)
recorded on both, enabling the two to be correlated, and with respect to time, were also plotted. Left ventricular
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Assessment of left ventricular function 11

150-0- in the normal patients and of 1495 mm Hg/s
(199 kPa/s) in those with left ventricular disease
(Table 1). There was highly significant correlation

Pressure between peak rates of rise of pressure and peak rate
(mmHq) of reduction in dimension in the same beat, in

J patients without significant mitral regurgitation
M°.: 7b Max ~: 134*2 (Fig. 2) the regression equation being:MinP7-6 MoxP=l342 (Peak dP/dt)=730 (Peak l/D. dD/dt)+320

-5- mm Hg/s (42.5 kPa/s),Septum standard error of estimate 280 mm Hg/s (37*2
0°5 kPa/s), r=092.
1- 5- ,The effect of mitral regurgitation was that peak

Myocordium - rates of wall movement were associated with lower
0O5 . values of peak rate of rise of pressure than would be
20-0 predicted from the regression equation (Fig. 3).

dD/dt H v 0 .9 Left ventricular wail stress
-20-J Peak left ventricular circumferential wall stress was
6-o 320 g cm-2 in the normal group and 344 g cm-2 in

those with left ventricular disease. Considerable
Diameter \ / scatter was present in the latter group, with values

(cm) ranging from 140 g cm2 in 2 patients with hyper-
trophic cardiomyopathy and aortic stenosis, to

3. 5 ,, values greater than 500 g cm-2 in patients with large
0 0o9 ventricular cavities caused by valvular regurgitation.
Time (s)

FIG. 1 Computer output showing from above down Left ventricular power and work
measurements of left ventricular pressure, septal and The mean value of peak myocardial power re-
wall thickness, the rate of change of dimension and the corded in the normal group was 46 mW cm-3.
dimension. In patients with left ventricular disease, this was

reduced to 25mW cm3, and in addition, significant
wall stress, power, work, and cycle efficiency were negative values were present in late systole (Fig.
calculated as described above. In patients in sinus rhythm, 4 and 5). Myocardial work, derived as the time
mean values from at least two beats were taken. In integral of power, had a mean value of 4-5 mJ cm-3
those in atrial fibrillation, mean values for up to 6 beats per beat in the normal group and of 3 2 mJ cm-3 per
are given in Tables 1 and 2, while in Fig. 2, 3, and 9, beat in those with left ventricular disease. This latter
values from individual beats are shown. value was derived from a mean positive value of

3.7 mJ cm3 per beat and a negative one of 055
mJ cm-3 per beat.

Results
Pressure-dimension relations

Left ventricular dimension A representative pressure-dimension loop from a
The mean end-diastolic dimension in the group of patient in the normal group is shown in Fig. 6.
patients with normal left ventricular function was It is almost rectangular in form, and has a cycle
4*0 cm, dropping to 2-5 cm at end-systole. The peak efficiency of 88 per cent. The mean value in the
rate of change of dimension was 7f8 cm/s, or 2f5 s-1 normal group was 83 per cent. A loop from a patient
when normalized to unit length. In patients with with severe mitral regurgitation but good left
left ventricular disease, mean values of both end- ventricular function is shown in Fig. 7. Distorted
systolic and end-diastolic dimension were greater, loops appeared in the presence of left ventricular
being 4-1 and 5-6, respectively, while the peak rate disease (Fig. 8), with dimension changes occurring
of change of dimension was 8-3 cm/s or 195 s-1. during the periods of maximum rate of change of
These results are given in detail in Table 2. pressure during contraction and relaxation. In

patients in sinus rhythm, beat to beat reproduci-
Peak rate of rise of left ventricular pressure bility was demonstrated by a root mean square
This had a mean value of 2090 mm Hg/s (278 kPa/s) difference of 3 per cent between duplicate deter-
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12 Gibson and Brown

TABLE 2

Diameter Power Work
ED
Wall Peak stress Positive Negative Positive Negative

Case No. ED (cm) ES (cm) thickness (cm) (g cm-2) (mW cm-3) (mW cm-,) (mJ cm,) (mJ cm-3)

Normal LVfunction-Group I
1 5 0 3-1 1.0 400 40 0 3 9 0
2 3-6 2-1 0 7 400 65 0 6-7 0
3 4-0 2-5 0 9 250 35 0 3-6 0
4 3-6 2-6 0-8 240 30 0 2-3 0
5 3-6 2-0 0 7 320 60 0 5-8 0
Mean 4 0 2-5 0-82 320 46 0 4-5 0
SD 0-61 0 44 0-13 78 16 0 1-8 0

Impaired LVfunction-Group 2
6 5-6 4-2 0 9 220 20 0 2-3 0-06
7 8-6 7-7 1-4 350 17 17 2-0 1.1
8 5 0 4-2 0-6 500 26 3 2-5 0-9
9 5-1 4-2 0-9 300 16 11 3-7 0-2
10 3-8 2-3 0-8 280 20 3 2-4 0 3
11 5-8 3 9 0-8 400 30 0 4-6 0 7
12 4-4 3-6 0-8 260 15 5 3 9 0-2
13 6-6 5-1 1-2 230 10 0 1-3 0.1
14 7 0 5-3 1-2 250 18 18 3-5 1-4
15 6-9 5 0 0-8 500 37 0 4-3 0-2
16 5-6 4 0 1.0 620 45 5 5-9 1-5
17 6-0 5-2 1-2 200 10 0 1-4 0-2
18 3-2 1-8 1.1 140 9 0 0-8 0 3
19 4-1 3 0 0-6 360 25 0 4-3 0-5
20 7-4 5-5 1.1 350 10 0 2-9 0.1
21 6-1 4-2 1.1 380 35 15 9-2 1.0
22 4 0 2-5 1-3 200 29 0 5-1 0-2
23 5-2 2-7 0-8 200 18 0 3-6 0-6
24 6-0 4-3 0 7 500 43 0 5-2 0-6
25 3-3 1.9 2-0 140 15 0 2-0 0 3
26 6-2 5-4 0 9 280 30 0 0-8 0 30
27 5 0 2-8 0-9 300 25 0 3-1 0-5
28 8-5 7-3 1-0 750 25 0 4-7 0-5
29 5 0 3-2 0 9 340 35 0 4-2 0-9
30 6 1 3-7 0-8 490 50 0 9-2 1.1
Mean 5-6 4-1 0-98 344 25 4 3-7 0-55
SD 1-4 1*5 0-29 150 11 5-7 2-2 0-43

minations on successive beats. In the presence of Ejection fraction, which has been widely used both
atrial fibrillation, however, distinct beat-to-beat to document inotropic effects and to compare
changes occurred, apparently dependent on pulse patients with one another, is determined as the ratio
interval, beats in which peak left ventricular pres- of stroke volume to end-diastolic volume, and is,
sure and its rate of change were low were associated therefore, dimensionless (Bristow et al., 1964;
with low or even negative cycle efficiency, implying AMiller and Swan, 1964; Wilcken, 1965). A second
aneurysmal behaviour of the region being studied. group of measurements are time-related, derived
When results from all the patients were considered either from the rate of rise of pressure or rate of
there was a non-linear relation between cycle change of dimension (Gault, Ross, and Braunwald,
efficiency and peak left ventricular dP/dt (Fig. 9). 1968), and may be expressed either directly or

in normalized form. They are based on the
experimental observation that tension is de-

Discussion veloped more rapidly, and that at constant load, the
rate of shortening is greater after the application of

Several methods have been used to assess left a positive inotropic stimulus (Sonnenblick, 1962).
ventricular function in patients with heart disease. A close relation between measurements of peak
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Assessment of left ventricular function 13

____ _ _ _ _ _ _ _~~~~~~~~~~~~t~ 4000-
- aW~~~~~~~~~~~~4O

E
Cycle Peak Normalized E

3000-Net efficiency dD/dt peak dDIdt -'-00
(mJ/cm3) (%) (cm/s) (s')

0 *

'2000-S
3-9 78 5-6 1-9
6-7 82 11-0 3-7 *
3-6 88 11-5 3-0 IS
2-3 83 8-0 2-5 .
5-8 83 8-0 2-5 o
4-5 83 7-8 2-5
1-8 3-6 3-6 0-87 0

O 0 4 S
Peak rote of chonge of dimension (W1)

086 62 541 10 FIG. 2 Relation between peak rates of change of left
1-6 78 6-7 1.1 ventricular pressure and of dimension for patients
3-5 70 4-9 1-0 without significant mitral regurgitation. Each point
231 82 9 3 3 7 represents values from a single beat.
3-9 71 7-7 1-8
3-7 80 6-9 1-8
1-2 83 10-0 1-9
2-1 49 8-0 1-2
4-1 77 17-0 2-3 diameter, and wall thickness to calculate myocardial
414 79 95 2 0 power and work. The only significant geometrical
1-2 76 5-0 130 assumption required is that the cavity is approxi-0-5 59 7-0 3.5
3-8 85 6-0 1-8 mately circular at the site at which measurements
2-8 85 9-0 1-8 are made. This method of calculation of stroke
842 70 73 137 work has the limitations that only the circum-
439 85 810 3-0 ferential components are assessed, and that the
3-0 88 10.0 3-2
4-6 85 10-0 1-9 results are strictly applicable only to the area of
1-7 74 7-0 2-6 myocardium for which they are derived. However,
025 71 425 0-8 it has the potential advantage over other methods
42 78 5-0 029 of calculating stroke work, for example, as the
3-3 71 11-5 2-6
8-0 85 13-0 2-8
3-2 75 8-3 1-95
2-0 11 3-1 0-98

Z-4000-

E
E/
-i3000-

rate of change of pressure and of dimension has -s
previously been described in dogs (Barnes et al., 2000
1973), and was confirmed in the present study. *
It may have a potential application in the non- sooo-
invasive assessment of left ventricular function _% /
and requires further evaluation. It did not >
apply, however, in patients with significant mitral 0
regurgitation, when peak values of left ventricular Peak rate ofch4nqeof dimension (s)
dP/dt were lower than would be predicted from
those of peak rate of wall movement, demonstrating FIG. 3 Relation between peak rates of change of
the influence of after-load on such time-dependent pressure and dimension from patients with significant
variables. This additional effect may be taken into mitral regurgitation. Each point represents values from
consideration by combining estimates of circum- a single beat. The regression line derived from the
ferential shortening rate with those of wall stress points in Fig. 2 relating to patients without signifi-
derived from measurements of cavity pressure, cant regurgitation is superimposed.
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14 Gibson and Brown

0°05 0*05-

Power (Wcm3) - 5 Power (Wcm3)c08s

-005 -0*05-

2000- 300 0-

Stress (q cm2) Stress(qc2)`,

0 0r-T
O Ss 0 8s

40-0 ~ 0-5s300-1

d circumf/dt dcircumf/dt '1 Os

-3000 -30.01
FIG. 4 Changes in mid-wall circumferential shorten- FIG. 5 Changes in mid-wall circumferential shorten-
ing rate, wall stress, and power from a patient with ing rate, wall stress, and power in a patient with
good left ventricular function (Case 22). impaired left ventricular function. Peak power is

reduced, and a negative component is apparent in
late systole (Case 14).

product of stroke volume and ejection pressure,
that changes in cavity dimension and wall thickness
are taken into account, and that the results can be for any given ejection rate, the peak rate of wall
considered to a large extent independent of ven- movement varies inversely as the square of the dia-
tricular geometry. meter. A more consistent finding in patients with left
The pattern of power production was uniform in ventricular disease was the presence of negative

the patients with normal left ventricular function power components, particularly in late systole,
judged clinically, haemodynamically, and angio- reflecting outward wall movement at a time when
cardiographically. Maximum values tended to be ventricular pressure was still raised. This resulted
recorded early in systole, and fell as cavity size and in stroke work, calculated as the time integral of
wall stress dropped during ejection. Peak values power, being reduced even when peak power values
were in the range 30-60 mW cm-3 myocardium, were within the normal range.
while total stroke work had a mean value of 45 The pattern of left ventricular contraction was
mJ cm-3 per beat. Negative values of power were also examined by constructing pressure-dimension
recorded during diastole, but these were very small loops. These have previously been derived in man
because wall stress was low so that the effect of this from pressure and echocardiographic data (Gibson,
diastolic component on overall stroke work was 1972; McLaurin et al., 1973), but have been inter-
negligible. In the presence of left ventricular preted as though they represented pressure-
disease, this pattern of power development was volume relations. The echocardiographic dimension,
modified in at least 2 ways. In some patients, parti- however, represents function in only a small region
cularly those in whom cavity size was large, peak of the cavity, and so it is potentially affected by
power was reduced indicating that the effect of shape changes occurring in isovolumic contraction
cavity dilatation in increasing wall stress was more or relaxation. Pressure-dimension relations, unlike
than offset by the concomitant reduction in peak those between pressure and volume, thus allow the
rates of wall movement. This might be anticipated, timing of over-all ventricular function as reflected
since at constant pressure, wall tension increases in the pressure trace to be compared with contrac-
linearly with the diameter of the ventricle, whereas, tion in the localized area represented by the echo
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Assessment of left ventricular function 15

150.0 125-0-

E 3

FIG.6ZPressure-dimensionloop from a i

normal left ventricular fnction (Case3).Dimtr()
FIG. 8 Pressure-dimension loop from a patient winth
aortic regurgitation and poor left ventricular function

dimnension (Rushmer, 1956b; Gibson and Brown, (Cae1)
1973; Tyberg et al., 1973). Disorganized contrac-
tion, represented by loss of the optimal relation
between the two, is reflected in a reduction in was associated with an increase in dimension in the
mechanical efficiency, i.e. in the ratio of observed early relaxation phase. The magnitude of these
external work to the maximum possible for a effects depends on the relative rates of change of
ventricle working over the same range of pressure pressure and dimension in early and late systole,
and dimnension. In patients with normnal left ventri- and shows that in patients with valvular regurgita-
cular finction, cycle efficiency was high., as might tion., unlike those without., reduced efficiency of
have been anticipated from simple mechanical energy transfer from the myocardium to the
considerations. Mitral regurgitation modified the circulation may result from prolongation of the
shape of the loop by causing reduction in dimnension initial phases of contraction or relaxation. When left
in what would normally have been in the phase of ventricular function was normnal, these effects were
isovolumic contraction, while aortic regurgitation small in spite of severe regurgitation (Fig. 7). The

main factor affecting the shape of the loop, however,

41~~~ ~ ~ ~ ~ ~~~~~10

25 0

=E 0 _80

~2502 \ Dimee(cm)00 304000__________________

O 4 -250 7

FIG.6'Prssr-dmnso loo fromioaewepatienWithcDiaete (cm)

normal(cm) left ventricularfunctiond(C.P/tfor cul (mm st

FIFG.7 Pressure-dimension loop from a patientwithpoint represents values from a single beat. Negative
severe mitral regurgitation but good left ventricular cycle erficiency indicates aneurysmal behaviour of the
functon (Case20n . region giving rise to the echocardiographic dimension.
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16 Gibson and Brown

was found to be the presence of left ventricular heart disease is complex, and cannot be expressed
rather than valvular disease, and at least two by any single quantity. Rather, it seems that a
processes could be identified. The first was a re- number of independent mechanisms may be in-
duction in dimension as pressure rose, due either to volved, and, using the present methods, informa-
asychronous onset of contraction (Rushmer, 1956a) tion can be collected at routine cardiac catheteriza-
or to an area behaving aneurysmally, suggesting the tion which allows an initial analysis of the dis-
presence of a more compliant region elsewhere in turbance to be undertaken in individual patients.
the ventricle, and thus to a change in cavity shape
during isovolumic contraction with corresponding
absorption or dissipation of energy. The second References
abnormality was an increase in dimension, not
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