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Assessment of left ventricular function is of
primary importance in the evaluation of various
forms of organic heart disease. Direct hemody-
namic and angiographic measurements at car-
diac catheterization have previously been the
only standard method for obtaining this infor-
mation.!

In the past decade systolic time intervals and
echocardiography have been developed as alter-
native noninvasive techniques for deriving this
information.*® Both systolic time intervals and
echocardiography, because of their noninvasive
nature, may be performed serially at no patient
risk or discomfort, and thus provide a conven-
1ent method of evaluating and following left
ventricular performance.

In patients with left ventricular dysfunction, a
good correlation has been found between sys-
tolic time intervals and ejection fraction derived
at cardiac catheterization.® Several studies have
demonstrated a good correlation of different
parameters of left ventricular function between
echocardiography and direct measurements ob-
tained at cardiac catheterization.*% The limita-
tions of echocardiography in assessing overall
ventricular function by studying only a small
area of the ventricle have recently been empha-
sized.!®
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The aim of this project was to de-
fine quantitatively a set of noninva-
sive measurements that have the
greatest correlation with directly ob-
tained information on left ventricular
performance in normal subjects and
in patients with segmental or diffuse
left ventricular dysfunction. We have
also determined the discriminative
power of these techniques in differ-
entiating the normal population
from patients with coronary artery
disease and normal and abnormal
ventricles, and patients with primary
myocardial disease. Theoretically,
several indirect measurements in
combination should yield a more sen-
sitive indicator of ventricular func-
tion than a single measurement ob-
tained with one noninvasive tech-
nique. A variety of echocardi-
ographic and systolic time interval
combinations of measurements have
been subjected to multivariate statisti-
cal analysis for this purpose.

Materials and methods

Patient population. One hundred
fifty patients, referred for evaluation
of chest pain or congestive heart fail-
ure, were evaluated by cardiac cathe-
terization, echocardiography, and
systolic time interval measurements
in the Cardiac Laboratory and Car-
diac Function Laboratory at the
Cleveland Clinic. Of this group, 122
patients were selected on the basis of
technically good echocardiograms
and systolic time interval measure-
ments, and a ventriculogram of ade-
quate quality for calculation of ejec-
tion fraction. The three procedures
were done the same day; the cardiac
catheterization was usually done 3 to
4 hours before the echocardiogram
and systolic time interval measure-
ments.
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Fifty patients had normal coronary
arteries, normal left ventricles and no
other evidence of organic heart dis-
ease; they serve as the normal control
group (group I normals). Fifty pa-
tients had coronary artery disease
with at least one of the three major
coronary arteries obstructed 75% or
more. Of these, 21 had normal ven-
triculograms (group II) and 29 had
abnormalities of ventricular motion
(group III). These abnormalities in-
cluded an inferior scar in ten pa-
tients; six patients had an anteroapi-
cal aneurysm, one had an anterior
scar, and 12 had diffuse left ventricu-
lar dysfunction. Twenty-two patients
had primary myocardial disease with
normal  coronary  arteriograms
(group IV). Of these, four had mild
left ventricular dysfunction, nine had
moderate, and nine had severe left
ventricular dysfunction.

A. Cardiac catheterization. Car-
diac catheterization was performed
in the postabsorptive state after pre-
medication with benzathine penicillin
G, 1,200,000 U intramuscularly, and
diazcpam (Valium), 10 mg intramus-
cularly. Coronary angiography was
performed according to the Sones
technique.* A left ventricular angio-
gram was performed in the 30° right
anterior oblique projection, using 40
ml meglumine diatrizoate (Reno-
grafin 76%) with a pressure injector
using 250 to 300 pounds per square
inch. In some cases, the ventriculo-
gram was repeated in the 60° left an-
terior oblique projection.

The ejection fraction was calcu-
lated by subtracting the end systolic
projected area from the end diastolic
projected area, and dividing the re-
sult by the latter. The area-length
method of Sandler and Dodge'? was
used for calculating end systolic and
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end diastolic areas. Ectopic or postex-
trasystolic contractions were not se-
lected for these calculations.

B. Echocardiogram. All echocardi-
ograms were done with the patient in
the left lateral decubitus position,
(approximately 30°) and were re-
corded with a commercially available
ultrasonoscope (Unirad Corporation,
series 100, Denver, Colorado) at-
tached to a photographic recorder
(Model VR6, Electronics for Medi-
cine). A bipolar lead electrocardi-
ogram was used as reference and all
tracings were recorded at a paper
speed of 50 mm/sec. The transducer
was placed on the third, fourth, or
fifth intercostal space just to the left
of the sternum, and the ultrasonic
beam was directed posteriorly for
identification of the interventricular
septum, mitral valve, and posterior
wall of the left ventricle. The echo-
cardiograms for left ventricular
measurements were recorded at the
level of the chordae tendineae just
under the mitral valve (Fig. I). By
angulating the transducer medially
and superiorly, both mitral valve
leaflets were identified and recorded;
the A-C interval was visualized in all
cases (Fig. 2).

The following measurements were
made:

(a) End diastolic diameter (EDD)
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measured in centimeters at the peak
of the QRS as the distance from the
left endocardial surface of the inter-
ventricular septum to the endocar-
dial surface of the posterior ventricu-
lar wall.

(b) End systolic diameter (ESD) as
the distance from the left endocardial
surface of the septum to the endocar-
dial surface of the posterior left ven-
tricular wall measured in centimeters
at the time of the maximum approxi-
mation between the two surfaces.

(¢) Percent of shortening of inter-
nal diameter (%A) calculated from
the following formula:

wh — 100 — S 100
o EDD

(d) End diastolic volume (EDV)
and end systolic volume (ESV) calcu-
lated in milliliters from the equation:?
Volume = diameter?®

(e) Ejection fraction (EF) calculated
from the following formula:

EDV — ESV

o= fpv

(f) Septal motion (SM) measured in
centimeters as the distance from the
left endocardial surface of the inter-
ventricular septum at the peak of the
QRS to the point of maximal poste-
rior displacement (Fig. 1).

Fig. 1. Left ventricular echocardiogram. ESD

end systolic diameter, EDD = end diastolic

diameter, SM = septal motion, PWM = posterior wall motion, PWV = posterior wall velocity.
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AC interval is obtained by subtracting the AC
interval of the echocardiogram from the PR
interval of the electrocardiogram.

(g) Posterior wall motion (PWM)
measured in centimeters as the dis-
tance from the endocardial surface of
the posterior wall of the left ventricle
at the peak of the QRS to the point of
maximal anterior motion (Fig. 1).

(h) Septal plus posterior wall mo-
tion (S+PWM) as the sum of the two
prior values.

(1) Posterior wall velocity (PWV)
measured in millimeters per second
and calculated as the slope of the tan-
gent to the endocardium of the pos-
terior wall during systole (Fig. I).

() PR-AC interval (PR-AC) mea-
sured in milliseconds by subtracting
the AC interval of the mitral echocar-
diogram from the PR interval of the
electrocardiogram (Fig. 2).

(k) Mean velocity of circumferen-
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tial fiber shortening (Vcf) measured
in circumferences per second (circ/
sec) from the formula:®

EDD — ESD/LVET
EDD

Vef =

where LVET is the left ventricular
ejection time measured from a ca-
rotid pulse tracing taken simultane-
ously or immediately before the
echocardiographic recording.

C. Systolic time intervals. We
used a six-channel recorder (Elec-
tronics for Medicine VR-6, White
Plains, New York) in which the fol-
lowing determinations were ob-
tained:

(a) A bipolar chest lead was used
for determining the onset of ventric-
ular depolarization.

(b) Carotid pulse tracing was ob-
tained with an inductance displace-
ment transducer (Hewlett-Packard
APT-16) recorded with a 5-second
time constant amplifier (Elema
Schonander, Solna, Sweden).

(¢) One microphone was placed in
the second left intercostal space to
record the initial high-frequency
components of the second heart
sound and another at the cardiac
apex for recording the initial low-fre-
quency components of the first heart
sound.

(d) An apexcardiogram was re-
corded with an inductance displace-
ment transducer (Hewlett-Packard
APT-16) and a 5-second time con-
stant amplifier (Elema Schonander,
Solna, Sweden).

Measurement techniques

(a) Total electromechanical systole.
The QS, was measured from the on-
set of ventricular depolarization to
the initial high-frequency vibrations
of the aortic component of the sec-
ond heart sound.
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(b) Left ventricular ejection time
(LVET) was measured from the be-
ginning of the upstroke to the di-
crotic notch of the carotid pulse.

(c) Pre-ejection period (PEP) was
obtained indirectly by subtracting
LVET from the QS, interval.

(d) Isovolumic contraction time
(IVCT) begins with ventricular con-
traction and ends with the beginning
of ejection. This is measured from
the U point of the apexcardiogram to
the beginning of the upstroke of the
carotid pulse corrected for the pulse
transmission time.

The LVET and the PEP were cor-
rected for heart rate according to the
regression formula of Garrard® with
the LVET index (LVETI) and PEP
index (PEPI) obtained. The PEP/
LVET ratio was determined in all
cases.

Results

Table 1 shows the number of pa-
tients and mean ages of each group,
and summarizes the catheterization
data. The mean values of LVEDP
and EF are compared between nor-
mals and patient groups. There was
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significant difference between the
LVEDP and the EF of the normals
when compared with the patients
with coronary artery disease and ab-
normal left ventricles and patients
with primary myocardial disease.
There was no significant difference
of these parameters between the nor-
mals and the patients with coronary
artery disease and normal left ventri-
cles.

Table 2 is a summary of the mean
values of all the echocardiographic
measurements obtained in the four
groups and shows the statistical dif-
ference between group 1 and other
groups. There was a significant dif-
ference in all the echocardiographic
measurements between the normals
and the patients with primary my-
ocardial disease, and in all the echo-
cardiographic measurements, except
for the septal and posterior wall mo-
tion and posterior wall velocity be-
tween the normals and the patients
with coronary artery disease and ab-
normal left ventricles. There was no
significant difference between the
normals and the patients with coro-
nary artery disease and normal left

Table 1. Cardiac catheterization data*

LVEDP (mm

Patient groupt No. Age (y1) Hg) EF

I. Normals 50 44 9 .78
SD +2.5 =.10

11. Coronary artery disease; normal LV 21 44 10 79
SD +3.4 +.07

p NS NS

I1I. Coronary artery disease; abnormal LV 29 45 16 .51
SD +8.6 +.18
p <.001 <.001

V. Primary myocardial disease 22 47 18 .46
SD +7.1 +.18
p <.001 <.001

* Mean values.

T p values refer to differences between group I and other groups.
NS = Not significant.

SD = Standard deviation.
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ventricles in any of the echocardi-
ographic measurements.

Figure 3 shows the correlation be-
tween the ejection fraction obtained
by cardiac catheterization with that
obtained by echocardiograms in the
four groups. The correlation as can
be seen was rather poor (R = .64).
The analysis of the correlation coeffi-
cient in each of the four groups if
analyzed individually was similarly
poor.

R =64
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Fig. 3. Correlation between echocardiogram
and catheterization ejection fraction. R = cor-
relation coefficient, SEE = standard error of
estimate.
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Figure 4 shows that despite the
poor correlation coefficient between
the catheterization and echocardi-
ographic ejection fraction, both
methods have a similar distribution
and discriminative power between
the four groups. As a matter of fact,
the T ratio was very similar by both
methods in comparing the four
groups, and was higher on the echo-
cardiographic method in differen-
tiating normals from primary my-
ocardial disease.

Table 3 summarizes the mean val-
ues of the systolic time intervals and
shows the statistical difference on sys-
tolic time intervals between group I
and other groups. It shows that there
was significant difference between all
systolic time intervals, except for QS,
between the normals and the primary
myocardial disease groups. There
was no significant difference between
normals and the group of patients
with coronary artery disease.

Tables 4, 5, and 6 summarize the
statistical relationship between cath-
eterization, echocardiographic, and
systolic time interval measurements
in the four groups. The differentia-
tion of groups was made by angiogra-
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Fig. 4. Ejection fraction by echocardiogram and catheterization in the four groups of patients.

Horizontal bands represent mean values.
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Table 3. Systolic time intervals (msec)*
PEP/
Patient group¥ HR Qs; LVET LVETI PEP PEPI LVET IVCT
I. Normals 76 374 277 396 97 126 .35 57
SD +16 +33 +29 *17 +21 +21 +.09 +16
II. Coronary artery
disease; normal
LV 68 392 287 394 104 130 37 68
SD +11 *=24 *31 +26 +32 *32 +.13 *21
P NS NS NS NS N§ NS NS NS
III. Coronary artery
disease; abnor-
mal LV 72 383 272 388 111 139 41 65
SD +13 +37 *32 +22 +29 +30 *.12 +20
p NS NS NS NS NS NS NS NS
IV. Primary myocar-
dial disease 83 365 236 371 129 162 .55 86
SD =11 *38 +28 +23 +35 +34 +.16 =17
p <.005 NS <.001 <.001 <.001 <.001 <.001 <.001

* Mean values.

T P values refer to differences between Group I and the other groups.

NS = Not significant.
SD = Standard deviation.

Table 4. Statistical relationship
between measurements in the four
groups; catheterization

Angiography LVEDP EF
I vsII p < .001 NS NS
I vs IHI p < .001 p < .001 p < .001
I vsIV p < .00t p < .001 p < .001
II vs 111 p < .001 p < .005 p < .001
Il vs IV p < .001 p < .001 p < .001
111 vs IV p < .001 NS NS

NS = no significant statistical difference.

phy; thus all groups show statistical
difference by this method. The meas-
urement of LVEDP and EF at cathe-
terization differentiates normals from
patients with coronary artery disease
and an abnormal left ventricle or pa-
tients with primary myocardial dis-
ease. Normal subjects were not sepa-
rated from patients with coronary ar-
tery disease and a normal left ventri-
cle by LVEDP and EF determina-
tions. These measurements also dif-
ferentiated patients with coronary ar-
tery disease and normal left ventri-
cles from those with abnormal left
ventricles due to coronary artery dis-
ease or pfimary myocardial disease.
Measurements of LVEDP or ejection
fraction by catheterization did not al-

low differentiation of patients with
coronary artery disease with abnor-
mal left ventricles from patients with
primary myocardial disease.

All echocardiographic measure-
ments showed significant differences
between the primary myocardial dis-
ease group and the normals or be-
tween the primary myocardial dis-
ease group and patients with coro-
nary artery disease and normal left
ventricles (Table 5). There were sig-
nificant differences between the pri-
mary myocardial disease group and
patients with coronary artery disease
and abnormal left ventricles in the
measurement of ESD, %A, PWV and
PR-AC interval. In comparing pa-
tients with coronary artery disease
and normal and abnormal left ventri-
cles, there were significant differ-
ences in all echocardiographic meas-
urements except PWM, PWV, and
PR-AC interval. There was no signifi-
cant difference in any of the echocar-
diographic measurements when com-
paring the normal group with the
coronary artery disease normal left
ventricle group. The correlation be-
tween LVEDP obtained at catheteri-
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Table 5. Statistical relationship between measurements in the four groups; echocardiography

S and

PWM

Vet

PR-AC

PWV

PWM

SM
NS

EF
NS
p < .001
p < .001
p < .001
p < .001

ESV

EDV

NS
p < .001

p < .001
p < .005
p < .001

ESD % A

EDD

Groups

NS
p < .001

p < .001
p < .00l
p < .001

NS
p < .005

p < .00l

NS NS

NS

NS
p < .001

p < .00l
p < .001
p < .001

NS
p < .001

p < .001
p < .001

NS
p < .001

p < .001
p < .001
p < .001
p < .005

NS
p < .001

p < .001

Ivs1I

NS
p < .001

NS
p < .005

p< .005
p < .001

Ivs III
Tvs1V
IT vs 111
IIvs IV
IIT vs IV

NS

NS
p < .001
p < .001

NS
p < .001
p < .001

p < .001
NS

p < .001
p < .001

NS

NS
p < .001

p < .001

NS NS NS

NS

p < .001
p < .005

p < .005
NS

p < .001

NS = no significant statistical difference.
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zation and the PR-AC interval by ech-
ocardiogram was poor, with the R
value for the four groups combined
of R = —.46. Despite this, there was a
tendency for the patients with nor-
mal LVEDP to have the longer PR-
AC intervals. There were only three
patients with a normal LVEDP with a
PR-AC interval of less than .06, and
there were only four patients with
LVEDP of 20 or more with PR-AC
interval of more than .06 sec.

The systolic time intervals were of
no help in differentiating the nor-
mals from the groups with coronary
artery disease, nor in differentiating
the group with coronary artery dis-
ease and normal left ventricle from
the group with coronary artery dis-
ease and abnormal left ventricles (Ta-
ble 6). All the intervals except the QS,
showed significant differences be-
tween the normal and primary my-
ocardial disease groups. There was
significant difference in the LVET,
PEPI, PEP/LVET, and IVCT be-
tween the group with coronary artery
disease and normal left ventricles and
primary myocardial disease. There
was significant difference in LVET,
PEP/LVET, and IVCT between the
group with coronary artery disease
and abnormal left ventricles and the
primary myocardial disease group.
The correlation coefficient between
the PEP/LVET for all the groups
with the ejection fraction obtained at
catheterization was only —.34.

Discussion

The present study shows that de-
spite a rather poor correlation be-
tween the ejection fraction obtained
by cardiac catheterization and the
echocardiogram, several of the echo-
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Table 6. Statistical relationship between measurements in the four groups;
systolic time intervals

Groups Qs, LVET LVETI PEP PEPI PEP/LVET IVCT
Ivsl1l NS NS NS NS NS NS NS
IvsIII NS NS NS NS NS NS NS
Lvs IV NS p < .001 p < .001 p < .001 p < .001 p < .001 p < .001
IIvsIII NS NS NS NS NS NS NS
ITvsIV NS p < .001 p < .005 NS p < .005 p < .001 p < .005
HIvs IV NS p < .001 p < .005 NS NS p < .005 p < .001

NS = no significant statistical difference.

cardiographic parameters were very
useful in distinguishing patients with
normal from patients with abnormal
left ventricles. There was an espe-
cially high statistical difference be-
tween the normal and the primary
myocardial disease groups. It is also
of interest that some of the echocar-
diographic parameters differentiated
between patients with abnormal left
ventricles due to either coronary ar-
tery disease or primary myocardial
disease. An end systolic diameter of 5
cm or more by echocardiography was
seen almost exclusively in patients
with primary myocardial disease. A
posterior wall velocity of 40 mm/sec
or less was also seen almost exclu-
sively in patients with primary my-
ocardial disease. A change of the mi-
nor axis during systole of less than
15% was again seen only in patients
with primary myocardial disease. No
echocardiographic measurements al-
lowed differentiation of the normal
group from patients with coronary
artery disease and normal left ventri-
cles. In general, the differentiation
of groups by echocardiographic
measurements was similar to that ob-
tained by the analysis of ejection frac-
tion or left ventricular end diastolic
pressure by catheterization. This was
observed despite a poor correlation
between the two methods, probably
because the value of ejection fraction
by the two techniques is computed

differently. Despite this, we feel this
study validates the use of echocar-
diography for the analysis of left ven-
tricular function, especially when
trying to differentiate between pa-
tients with normal or abnormal left
ventricles. We have observed patients
with the diagnosis of primary my-
ocardial disease made by echocar-
diography and then confirmed by
catheterization even though the
physical examination, chest x-ray,
and electrocardiogram were normal.
The present study confirms the high
sensitivity of this technique in the di-
agnosis of primary myocardial dis-
ease.

The diagnosis of coronary artery
disease without abnormality of the
left ventricle does not appear possible
with the present echocardiographic
technology. Analysis of these param-
eters under stress may prove to be
more useful. Motion of the interven-
tricular septum and posterior wall
did not differentiate the primary my-
ocardial disease group from the coro-
nary artery disease abnormal left
ventricle group as has been reported
by Corya et al.'®> We believe this will
depend on which areas of the ventri-
cle have segmental impairment. Re-
sults of a recent study by Dillon et al**
indicate the diagnosis of segmental
dysfunction of the left ventricle by
echocardiography may be possible.

Systolic time intervals have been
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advocated as useful indirect parame-
ters of left ventricular function. Un-
fortunately, they are influenced sig-
nificantly by several factors such as
preload and afterload of the heart
which cannot be adequately assessed
or controlled clinically.’® Although
the theoretical basis for their use is
attractive, in clinical practice one may
anticipate  significant  limitations.
This was the case in our series. Sys-
tolic time intervals were of no help in
differentiating the normal group
from the coronary artery disease
group. Systolic time intervals did dif-
ferentiate the group of primary my-
ocardial disease from the normal
group, despite the fact that left ven-
tricular dysfunction in patients with
primary myocardial disease ranged
from mild to severe. Recent studies
suggest that the sensitivity of this
technique may improve by obtaining
recordings at rest and after exer-
cise.!®

Summary

One hundred twenty-two patients
were studied on the same day by car-
diac catheterization, echocardiogra-
phy, and systolic time intervals for
analysis of left ventricular function.
Fifty patients had normal coronary
arteries, normal left ventricles, and
no other evidence of organic heart
disease (normals). Fifty patients had
coronary artery disease with at least
one major coronary artery obstructed
75% or more; of these 50 patients, 21
had normal ventriculograms and 29
had abnormal ventriculograms.

Despite poor correlation between
the catheterization and echocardi-
ogram ejection fraction (R = .64), the
echocardiographic parameters of left
ventricular function differentiated
the normal group from the group
with abnormal left ventricles due to
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coronary artery disease or to primary
myocardial disease. Systolic time in-
tervals did not differentiate the nor-
mal group from the coronary artery
disease groups; it did differentiate
the primary myocardial disease
group.

We conclude that the echocardi-
ogram is a sensitive technique in the
detection of left ventricular dysfunc-
tion, and that the value of the systolic
time intervals is limited in this re-
spect.
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