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Abstract

Background Because systolic and diastolic dysfunction frequently coexist, it is hypothesized that a
combined measure of left ventricular chamber performance may be more reflective of overall cardiac
dysfunction than systolic or diastolic measures alone.

Methods Study patients consisted of 170 subjects : 70 normals, 47 patients with severe dilated
cardiomyopathy in NYHA class III-IV awaiting cardiac transplantation and 53 patients with idiopathic
dilated cardiomyopathy of intermediate severity [NYHA class II, ejection fractions (EF) 30-50%]. EF,
stroke volume and cardiac indexes were measured using conventional echo-Doppler methods. Pre-ejec-
tion period/ejection time (PEP/ET), isovolumetric relaxation time (IRT), isovolumetric contraction time/
ET (ICT/ET) were also measured. A new derived index of myocardial performance: (ICT+IRT)/ET, was
obtained by subtracting ET from the interval between cessation and onset of the mitral inflow velocity to
give the sum of ICT and IRT.

Results The index was easily measured, reproducible, and had a narrow range in normals. The mean
value of the index was significantly different between normal, intermediate and pre-transplant subjects
(0.39+0.05, 0.590.10 and 1.06£0.24, respectively, p<0.001 for all comparisons). The degree of in-
ter-group overlap was smaller for the index compared to PEP/ET, ICT/ET and other parameters. Within
functional groups, the value of the index did not appear to be related to heart rate, mean arterial pressure
and the degree of mitral regurgitation.

Conclusion (ICT+IRT)/ET is a conceptually new, simple and reproducible Doppler index of com-
bined systolic and diastolic myocardial performance in patients with primary myocardial systolic dys-
function.
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quent coexistence of systolic and diastolic dysfunc-
INTRODUCTION tion in the presence of dilated cardiomyopathy'-?.
Studies in recent years have documented the fre-  The systolic dysfunction is reflected in a decrease in
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left ventricular ejection fraction and a prolongation
of the pre-ejection and shortening of the ejection
phases of the cardiac cycle*®. The diastolic dys-
function is reflected in alterations in the pattern of
the inflow velocity of the left ventricle in early and
late diastole”® as well as prolongation of the relax-
ation phase of the cardiac cycle?. The present study
of anewly devised index of left ventricular dysfunc-
tion was designed to test whether a combined mea-
sure of systolic and diastolic function may improve
the accuracy in detecting left ventricular global dys-
function over that determined by measures of sys-
tolic and diastolic function alone. This index of left
ventricular dysfunction takes advantage of the ease
of measurement of the isovolumetric and ejection
phases of the cardiac cycle that become available in
the echocardiographic Doppler recording of the mi-
tral and aortic flow velocity profile'?. The study em-
phasizes the changes in patients with dilated
cardiomyopathy as a diagnostic group in whom the
primary alterations in cardiac function are related to
disordered myocardial systolic and diastolic perfor-
mance.

METHODS

Study population

Three groups were selected in order to study and
compare the new index of combined systolic and
diastolic myocardial performance with several more
conventional, purely systolic and diastolic param-
eters. Group I comprised 70 normal volunteers (37
males, 33 females, mean age 50%17 years), in
whom complete Doppler examinations were avail-
able. All of these subjects were asymptomatic, had a
normal physical examination, chest roentgenogram,
electrocardiogram, and two-dimensional transtho-
racic echocardiogram. Group II consisted of 53 con-
secutive patients from the Echocardiographic Labo-
ratory database, selected on the basis of a diagnosis
of idiopathic dilated cardiomyopathy, New York
Heart Association (NYHA) functional class II and
ejection fraction (EF) between 30 and 50% (32
males, 21 females, mean age 58+ 16). Group III
consisted of 47 patients with severe dilated
cardiomyopathy, and NYHA III-IV symptoms who
were awaiting cardiac transplantation (38 males, 9
females, mean age 52+ 10 years, EF 17£7%). Of
these 47 patients, 31 had idiopathic dilated
cardiomyopathy and 16 had dilated cardiomyopathy
on an ischemic basis. None of the patients selected

had atrial fibrillation, atrioventricular block or or-
ganic valvular disease.

Echocardiographic examination

A complete two-dimensional, pulsed wave, con-
tinuous wave and color flow Doppler echocardio-
graphic examination using commercially available
ultrasound instrumentation was performed as previ-
ously described'"'?. Left ventricular dimensions
were measured at mid-ventricular level from the
two-dimensional guided M-mode echocardiogram
obtained by directing the cursor perpendicularly to
the parasternal short-axis view. Left ventricular
ejection fraction (LVEF) in groups I and II were
measured by a modified Quinones’ method'®.which
eliminated subjective assessment of left ventricular
apical function. LVEF in group III was measured
using the apical biplane Simpson’s method because
of pronounced segmental asynergy in some pa-
tients.

Doppler examination

The mitral inflow velocity pattern was recorded
from the apical four chamber view with the pulsed
wave Doppler sample volume positioned at the tips
of the mitral leaflets during diastole. Following this,
the left ventricular outflow velocity was recorded
from the apical long-axis view with the pulsed wave
Doppler sample volume positioned just below the
aortic annulus. Doppler tracings were recorded us-
ing a strip-chart recorder at a paper speed of 50 or
100 mm/sec or on 3/4 inch video tape. Doppler
color flow imaging was used to semi-quantitate mi-
tral regurgitation.

Echo/Doppler measurements

All echo/Doppler parameters were measured
from strip charts or video tape recordings. Analysis
of videotape recordings was performed on a
Freeland Systems analyzer. Three consecutive beats
were measured and averaged for each parameter.
Fig. 1 shows a schema for analysis of Doppler time
intervals. Mitral closure-to-opening interval (a) is
the time from the cessation to the onset of mitral in-
flow. Ejection time (ET) was measured as the dura-
tion of left ventricular outflow (b). Isovolumetric
contraction time (ICT)-tisovolumetric relaxation
time (IRT) was obtained by subtracting ‘b’ from ‘a’,
and a new index : (ICT+IRT)/ET was derived as
(a-b)/b. To compare this new index with traditional

J Cardiol 1995; 26: 357-366



a -b _acr+rm

b ET

New Index =

~—a

Mitral inflow :
iCE__ b _IRT

-

ET
' PEP'

-—

LV outflow

Fig. 1 Schema of Doppler time intervals

The new index (ICT+IRT)/ET is derived as (a-b)/b, where ‘a’
is the interval between cessation and onset of the mitral inflow
and ‘b’ is ejection time (duration of left ventricular outflow).
IRT (isovolumetric relaxation time) is measured as (c—d),
where ‘c’ is the interval between the ECG R wave and the on-
set of mitral flow, and ‘d’ is the interval between the R wave

and the cessation of left ventricular outflow. ICT
(isovolumetric contraction time) is obtained by subtracting
IRT from (a-b). PEP (pre-ejection period) is the interval from
the onset of the QRS waveform to the onset of left ventricular
outflow.

parameters, IRT, ICT and pre-ejection period (PEP)
were also measured. IRT was measured as (c—d) by
subtracting the interval (d) between the electrocar-
diography (ECG) R wave and the cessation of left
ventricular outflow from the interval (c) between
the R wave and the onset of mitral flow. ICT was
obtained by subtracting IRT from (a-b). PEP was
measured from the onset of the QRS waveform to
the onset of left ventricular outflow.

Stroke volume was determined by recording a
pulsed wave Doppler signal at the level of the aortic
annulus, and performing volumetric analysis using
the time velocity integral and left ventricular out-
flow tract diameter. Cardiac output was calculated
as the product of heart rate and stroke volume. Peak
velocities of mitral inflow in early diastole (E) and
late diastole from atrial filling (A) were measured.
The deceleration time (DT) was measured as the
time from the peak E velocity to the intercept of the
deceleration of flow with the baseline. DT was not
measured in patients with summated E and A
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waves. Mitral regurgitation was diagnosed by color
Doppler echocardiography and the severity of mi-
tral regurgitation semi-quantitated from the area of
the maximum regurgitant jet'?.

Statistical analysis

Continuous data are expressed as mean *1 stan-
dard deviation (SD) and categorical data as fre-
quency percentages. Analysis of the comparative
discriminatory power of each variable was ap-
proached by using a paired comparison between
each pair of variables. Each variable was first stan-
dardized to have mean zero and unit variance, when
considered in any two groups combined. The differ-
ences between each pair of standardized variables
was then subjected to a two-sample #-test between
the two groups. Significance of this test would im-
ply a significantly larger standardized group differ-
ence for one variable than the other, and hence more
discriminating power. For example, if the standard-
ized version of the new index (ICT+IRT)/ET is
significantly higher than the standardized version of
PEP/ET in group II, relative to their respective val-
ues in group I, this would imply that the former has
greater ability than the latter to discriminate patients
in group II from group L.

The relative strengths of the variables were also
summarized by standardizing the data in terms of
normals (group I), i.e. by expressing the data for the
intermediate and pre-transplant groups relative to
the normal mean and standard deviation. This repre-
sents a method for looking at each variable on the
same scale (standard deviations from the normal
mean).

Discrimination between groups was also illus-
trated and compared by means of a group overlap
parameter. This parameter was defined in terms of
the area under the receiver operator characteristic
(ROC) curve, as overlap=2 X (1-area). The test
for equality of this parameter between different
variables is equivalent to the test for equality of ar-
eas under the ROC curve, and represents a non-
parametric test of equality of discriminatory power.

RESULTS

Table 1 shows the clinical profile and echo-Dop-
pler findings of the 3 study groups. Heart rate was
significantly greater, and blood pressure lower in
group III as compared to groups I and II. Mitral E/A
ratio was smaller in group II and greater in group III
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Table 1 Clinical profile and general echo-Doppler findings

Table2 Summary of Doppler time intervals

Group I Group II Group III Group I Group II Group III
(Normals) (Intermediate) (Severe) (n=170) (n=53) (n=47)
Number of patients 70 53 47 New index 0.39£0.05 0.59+0.10 1.06+0.24
Age (yrs) 5017 58%16 51£10 PEP (msec) 115%25 136£29 154£46
Male 37 32 38 ET (msec) 310143 289+36 236142
Body surface (m?) 1.78+0.19 1.87+028  1.96%0.18 PEP/ET 0.36+£0.04 0.46+0.10  0.66+0.19
NYHA class I I MlorlV IRT (msec) 81*+14 10726 95+47
Heart rate (bpm) 63+8 69t 11 80+19 ICT (msec) 40+11 64122 15140
Systolic BP (mmHg) 126+13 127£16 108+ 12 ICT+IRT (msec) 12115 172428 25163
Diastolic BP (mmHg) 757 77+8 70£10 ICT/ET 0.13+£0.03  0.22+0.08  0.65+0.21
Mean BP (mmHg) 92+8 94+10 8249
LVDd (mm) 49+5 63+7 7449 PEP=Pre-e:jection perii)(_i; ET=eje:ction time} IRT=isov01umetric
relaxation time; ICT=isovolumetric contraction time.

EF (%) 62+4 3616 177
Mitral regurgitation in normals and significantly differed between the

Absence or trivial 70 (100%) 23 (43%) 6(13%)

X three groups.

Mild 0 20 (38%) 17 (36%) Table 3 izes th Its of . ¢

Moderate 0 6(11%) 1123%) able ' summarizes the results of comparison 'o

Severe 0 48%) 13 (28%) the new index and o_ther parameters betwe.en pairs
Mitral flow : E/A 15405 1.0+0.6 19414 of groups. The new index and PEP/ET variables in
Mitral DT 192434 209+63 173458 group II were 4.6 SD and 2.2 SD above the group I
SI (mi/m?) 51£10 35410 26+10 mean, respectively, suggesting that the index was
CI (i/m?) 322+070  244+057 1924053  more powerful than PEP/ET at differentiating mild

NYHA=New York Heart Association, BP=blood pressure;
LVDd =left ventricular end diastolic dimension; E/A =peak velocity
of early diastole/peak velocity of atrial systole; DT =deceleration
time; SI=stroke index; ClI=cardiac index.

as compared to that of group I. However, it was not
measurable in 45% of group I patients due to sum-
mation of E and A waves. For the same reason, DT
was not measurable in 49% of group III patients.
Mild mitral regurgitation was detected in 38% of
group IT and 36% of group III patients. Moderate or
severe regurgitation was observed in 19% of group
IT and 51% of group III patients. Stroke index and
cardiac index were significantly lower in group II
and further depressed in group III patients.

Fig. 2 shows an example of a measurement of the
index in a normal subject (upper) and a patient with
dilated cardiomyopathy (lower). Table 2 summa-
rizes the measured Doppler time intervals. The new
index, PEP, PEP/ET, ICT, ICT/ET, ICT +IRT were
all significantly greater in group II as compared to
group I (p<<0.001), and in group III as compared to
group I (p<<0.001). ET was significantly shorter in
group II as compared to group I (p<<0.001), and was
most abbreviated in group III. IRT was greater in
group II (p<<0.001) and III (p<0.05) as compared
to group I, but mean values were smaller in group III
than in group II. The new index had a narrow range

left ventricular dysfunction from normals (p<
0.001). Similar comparisons to other Doppler time
interval parameters indicated the new index to be
the measure which best discriminated the three
study groups.

Table 4 shows the degree of overlap of variables
between the various functional groups. This was
least for the new index followed by ICT/ET. Fig. 3
shows box plots of PEP/ET, ICT/ET and new
index : (ICT+IRT)/ET by group.

Table 5 shows the correlation between heart rate
and each parameter in normal subjects. Although
ET, ICT, ICT+IRT showed significant correlation
with heart rate, ratios such as PEP/ET, ICT/ET,
(ICT+IRT)/ET were not significantly correlated
with heart rate. Fig. 3 shows the scatter of values of
(ICT+IRT), ET and (ICT+IRT)/ET in relation to
heart rate in normal subjects. Similar findings were
noted for group II and III patients. Systolic, diastolic
and mean blood pressures during Doppler echo re-
cordings were also not significantly correlated with
the new index in each group. Fig. 4 shows the scat-
ter of values of ICT +IRT, ET and (ICT+IRT)/ET
in relation to heart rate in normal subjects. Similar
findings were noted for group II and III patients.
Systolic, diastolic and mean blood pressures during
Doppler echo recordings were also not significantly
correlated with the new index in each group. Fig. §
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Table 3 Comparison of the new index and other parameters

Variable Group I vs group II

Group II vs group III Group I vs group III

Comparison variable Mean in group II

Mean in group III

Mean in group III

Standardized to groupI ~ pvalue  Standardized to group II pvalue  Standardized to groupI  p value
e T
B open <o TR oos Nl <o
e G S om HED o
CTET 29123 o007 513 o8 Seres 055
e TR S-SR S -
a Wres  <ow GRS <o NS 0003
- - - S+ A

Abbreviations as in Tables 1, 2.

Table4 Summary of inter-group overlap using various echo-Doppler

Table 5 Correlation of echo-Doppler parameters with heart rate in

parameters normal subjects
Group I vs I Group Il vs III' ~ Group I vs III r(n=170) p value
Variable Overlap % Overlap % Overlap %
New index 0.169 NS
New index 4% 1% 0% PEP 0.179 NS
DT 88% 63% 66% ET 0.411 p<0.001
E/A 51% 55% 89% PEP/ET 0.077 NS
PEP/ET 33% 31% 3% ICT 0.301 p<0.05
ICT/ET 24% 3% 0% ICT/ET 0.196 NS
SI 26% 48% 8% IRT 0.197 NS
Cl 37% 58% 13% ICT+IRT 0.394 p<0.001
Abbreviations as in Tables 1, 2. E/A 0.168 NS
DT 0.216 NS
FT 0.944 p<0.0001
shows the scatter of values of the index in relation to iII g'igi P zg'g?
mean blood pressure in each group. In addition, the EF 0'1 2 i N'S

value of the new index did not appear to be related
to the severity of mitral regurgitation in group III
patients (1.07+0.28 in 23 patients with absence or
mild regurgitation vs 1.08 20.24 in 24 patients with
moderate or severe regurgitation, p=NS).

Reproducibility of measurements

When the Doppler recordings were analyzed in
30 randomly selected patients by the same observer
on separate occasions, measurements of the new in-
dex were well correlated (r=0.98) with a mean per-
centage error of 2.1%. When two observers inde-
pendently analyzed the data in 20 randomly selected

J Cardiol 1995; 26: 357-366

FT =diastolic filling time. Other abbreviations as in Tables 1, 2.

patients, the mean interobserver difference (mean of
three measurements per observer) was 4=+3 msec
for both ‘a’ and ‘b’, and the coefficient of variation
was 0.9+0.6% for ‘a’, 1.5x1.0% for ‘b’ and 4.2
14.1% for the new index : (a-b)/b.

DISCUSSION

Global left ventricular performance is a function
of both ventricular filling and ejection. Numerous
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Fig.2 An example of the measurement of Doppler time intervals from the pulsed wave Doppler echocardiograms of mitral

and left ventricular outflow velocities in a normal subject (upper) and a patient with severe dilated cardiomyopathy
(DCM; lower)

The value of the index ‘(a—b)/b’ is 0.38 in the normal subject and 1.12 in the patient with DCM.
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Fig.3 Comparison of PEP/ET, ICT/ET and (ICT+IRT)/ET values
between the three patient groups

The boxes indicate the lower and upper quartiles; the center
lines represent the median value. The bars below and above the
boxes indicate the 10% and 90% values, respectively.
Group I: Normal subjects.

Group II : Intermediate (mild dysfunction).

Group III : Pre-transplantation (severe dysfunction).
PEP=pre-ejection period; ET=left ventricular ejection time;
ICT=isovolumetric contraction time; IRT=isovolumetric
relaxation time.

indices have been used to assess either systolic or
diastolic cardiac function and to date, the assess-
ment of cardiac function in dilated cardiomyopathy
has focused primarily on systolic dysfunction, or
been dichotomized into systolic and diastolic
phases. Since diastolic dysfunction is commonly as-
sociated with primary systolic dysfunction'?, a
measure which combines assessment of systolic and
diastolic function may better reflect ‘global’ func-
tion than the isolated evaluation of either ejection or
relaxation. In this study, we report a new index for
assessment of ‘global’ cardiac function which in-
corporates elements of both systole and diastole.
Previous studies have established that isovolu-
metric contraction time (ICT) is important in the as-
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Fig.4 Correlation between (ICT+IRT), ET, (ICT+IRT)/ET and
heart rate in normal subjects

(ICT+IRT) and ET are significantly correlated to heart rate,
but the ratio (ICT +IRT)/ET shows no significant correlation
with heart rate.

sessment of systolic function'® and isovolumetric
relaxation time (IRT) in the assessment of diastolic
function'®¢'”, These intervals correspond to periods
of active left ventricular chamber contraction and
early relaxation'®. Although individual measure-
ments of ICT or IRT are more involved, the new
index is derived from two easily measured Doppler
time intervals (mitral closure-to-opening interval
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Fig. 5 Scatter-plot of the new index (ICT+IRT)/ET vs mean blood
pressure for each patient group

No significant correlation is noted between mean blood pres-
sure and the index in each group.

and ejection time). In addition, there was minimal
variability of these measurements, consistent with a
highly reproducible technique.

It is important to recognize that in a strict sense,
ICT and IRT do not exist in patients with mitral re-
gurgitation. In these patients, the ‘duration of mitral
closure-to-aortic opening’ and ‘duration of aortic
closure-to-mitral opening’ are more appropriate
terms than ICT and IRT, respectively. However, in

this communication, we have used the more intui-
tive terms ICT and IRT to simplify terminology.

The rationale for the utility of the new index in
left ventricular dysfunction lies in the fact that (ICT
+IRT)/ET encompass important periods of con-
tractility and relaxation. Calcium influx and efflux
at the myocellular level consequent to active ATP
utilization occur during ICT and IRT'™. Active
myocardial processes are suppressed in patients
with congestive heart failure and result in prolonga-
tion of active contraction and relaxation. The former
is reflected by an increase in ICT resultant from :
(a) severely reduced contractility (decreased dp/dr)
and (b) earlier crossover of the left ventricular and
left atrial pressure curves due to elevated left ven-
tricular end-diastolic pressure?®. While prolonged
relaxation (decreased negative dp/dt) is initially as-
sociated with an increase in IRT, progressively
worsening degrees of ventricular dysfunction will
abbreviate this interval because of the dependence
of IRT on factors other than active relaxation, such
as left atrial pressure and the degree of mitral regur-
gitation?). Despite the variable change in IRT, the
present study demonstrates that the sum of ICT
and IRT progressively lengthens as left ventricular
dysfunction evolves. As anticipated***?, ET was
shorter in patients with severe left ventricular dys-
function compared to those with mild dysfunction
and normals. Thus, with worsening left ventricular
dysfunction (ICT+IRT)/ET increases dispropor-
tionately to any change in the individual compo-
nents of the index. Consequently, the ratio was
markedly different between each group, and the
new index proved to be the best discriminator of
each ‘functional’ group compared to other vari-
ables.

In the absence of an easily obtained measure of
contractile function, EF is the parameter most com-
monly used for the assessment of systolic function.
It has consistently proved to be a good indicator of
cardiovascular outcome and thus has immense clini-
cal relevance?”. However, EF as determined by all
technologies relies on assumptions of ventricular
geometry and may not hold true in the case of ab-
normally shaped ventricles®). The adjunctive use of
the proposed index may potentially provide useful
information in these circumstances.

Use of EF alone may also result in erroneous as-
sessment of contractility in patients with mitral re-
gurgitation®®. On the other hand, the severity of mi-
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tral regurgitation did not appear to influence the
value of the new index in group III patients. With
significant mitral regurgitation associated with se-
vere left ventricular dysfunction, ICT is expected to
be prolonged. On the other hand, mitral regurgita-
tion shortens both ET and IRT, the latter due to a
more elevated left atrial pressure. These alterations
in the ejection and relaxation phase indices do not
appear, however, to be reflected in the value of the
derived index which remained constant in patients
with both mild and severe mitral regurgitation.

Limitations of the present study

As with EF or any other clinically used param-
eter, heart rate and loading conditions may poten-
tially alter the value of the new index. In the present
study, however, there was no correlation between
heart rate and blood pressure and the index in
normals as well as patients with mild or severe left
ventricular dysfunction. Likewise, there did not ap-
pear to be an appreciable difference in the index in
patients with severe cardiac dysfunction and vary-
ing degrees of mitral regurgitation. However, fur-
ther study is necessary to clarify the effect of load-
ing conditions on the new index, particularly in an
experimental setting where preload and afterload
are more easily manipulated.

The new Doppler index was measured only in
normal subjects and in patients with primary sys-
tolic dysfunction due to dilated cardiomyopathy. In
the presence of significant valvular disease and sec-
ondary myocardial dysfunction, Doppler time inter-
vals may be influenced by abnormal hemodynamics
related to valvular dysfunction. The results of this
study should also not be extrapolated to patients
with congestive heart failure from primary diastolic
dysfunction such as hypertrophic cardiomyopathy
and restrictive cardiomyopathy. Finally mitral in-
flow may be significantly affected by atrioventricu-
lar block and atrial flutter and further study will be
required to clarify the effect of arrhythmias on this
index.

CONCLUSIONS

(ICT+IRT)/ET is a conceptually new Doppler
index combining systolic and diastolic function
parameters. It is technically easy to obtain and
highly reproducible. Our data suggests this index to
be a promising indicator of ‘global’ systolic and
diastolic myocardial performance in patients with
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primary myocardial systolic dysfunction. Further
study is necessary to clarify the utility of this index
in other patient populations and in the determination
of cardiovascular outcome and prognosis.

Acknowledgement

We greatly appreciate Dr. Arnold M. Weissler for reviewing the
manuscript and valuable comments.

References

1) Grossman W : Diastolic dysfunction and congestive heart failure.
Circulation 1990; 81 : ITI-1-III-7

2) Nishimura RA, Abel MD, Hatle LK, Tajik AJ : Assessment of di-
astolic function of the heart: Background and current application of
Doppler echocardiography: II. Clinical studies. Mayo Clin Proc
1989; 64 : 181-204

3) Weissler AM, Peeler RG, Roehll WH Jr : Relationships between
left ventricular ejection time, stroke volume, and heart rate in nor-
mal individuals and patients with cardiovascular disease. Am
Heart J 1961; 62 : 367-378

4) Weissler AM, Harris WS, Schoenfeld CD : Systolic time intervals
in heart failure in man. Circulation 1968; 37 : 149-159

5) Garrard CL Jr, Weissler AM, Dodge HT : The relationship of al-
terations in systolic time intervals to ejection fraction in patients
with cardiac disease. Circulation 1970; 42 : 455-462

6) Ahmed SS, Levinson GE, Schwartz CJ, Ettinger PO : Systolic

time intervals as measures of the contractile state of the left ven-

tricular myocardium in man. Circulation 1972; 46 : 559-571

Kitabatake A, Inoue M, Asao M, Tanouchi J, Masuyama T, Abe H,

Morita H, Senda S, Matsuo H : Transmitral blood flow reflecting

diastolic behavior of the left ventricle in health and disease : A

study by pulsed Doppler technique. Jpn Circ J 1982; 46 : 92-102

Appleton CP, Hatle LK, Popp RL : Relation of transmitral flow

velocity patterns to left ventricular diastolic function: New in-

7

~

8

~

sights from a combined hemodynamic and Doppler echocardio-

graphic study. J Am Coll Cardiol 1988; 12 : 426440

Klein AL, Hatle LK, Burstow DJ, Seward JB, Kyle RA, Bailey

KR, Luscher TF, Gertz MA, Tajik AJ : Doppler characterization of

left ventricular diastolic function in cardiac amyloidosis. J] Am

Coll Cardiol 1989; 13 : 1017-1026

10) Tei C: New non-invasive index for combined systolic and dias-
tolic ventricular function. J Cardiol 1995; 26 : 135-136

11) Tajik AJ, Seward JB, Hagler DJ, Mair DD, Lie JT : Two-dimen-
sional real-time ultrasonic imaging of the heart and great vessels :

9

~

Technique, image orientation, structure identification, and valida-
tion. Mayo Clin Proc 1978; 53 : 271-303

12) Nishimura RA, Miller FA Jr, Callahan MJ, Benassi RC, Seward
JB, Tajik AJ: Doppler echocardiography : Theory, instrumenta-
tion, technique, and application. Mayo Clin Proc 1985; 60 : 321—
334

13) Quinones MA, Waggoner AD, Reduto LA, Nelson JG, Young JB,
Winters WL Jr, Ribeiro LG, Miller RR : A new simplified and ac-

curate method for determining ejection fraction with two-dimen-



366 Tei, Ling, Hodge et al

sional echocardiography. Circulation 1981; 64 : 744-753

14) Cooper JW, Nanda NC, Philpot EF, Fan P : Evaluation of valvular
regurgitation by color Doppler. Am Soc Echocardiogr 1989; 2 :
56-66

15) Wolk MJ, Keefe JF, Bing OHL, Finkelstein LJ, Levine HJ: Esti-
mation of V maxiauxotonic systoles from the rate of relative in-
crease of isovolumic pressure : (dp/dt) kP. J Clin Invest 1971; 50 :
1276-1285

16) Grossman W, McLaurin LP, Rollett EL : Alterations in left ven-
tricular relaxation and diastolic compliance in congestive cardio-
myopathy. Cardiovasc Res 1979; 13 : 514-522

17) Papapietro SE, Coghlan HC, Zissermann D, Russell RO Jr,
Rackley CE, Rogers WJ : Impaired maximal rate of left ventricular
relaxation in patients with coronary artery disease and left ven-
tricular dysfunction. Circulation 1979; 5§9 : 984-991

18) Weissler AM : The heart in heart failure. Ann Intern Med 1968;
69 : 929-940

19) Alpert NR, Mulieri LA : Heat, mechanics, and myosin ATPase in
normal and hypertrophied heart muscle. Fed Proc 1982;42 : 192-
198

20) Matsuda Y, Toma Y, Matsuzaki M, Moritani K, Satoh A, Shiomi
K, Ohtani N, Kohno M, Fujii T, Katayama K : Change of left atrial

21

~

22

~

23

~

24)

25

~

26)

systolic pressure waveform in relation to left ventricular end-sys-
tolic pressure. Circulation 1990; 82 : 1659-1667

Burwash IG, Otto CM, Pearlman AS : Use of Doppler-derived left
ventricular time intervals for noninvasive assessment of systolic
function. American Journal of Cardiology 1993; 72 : 1331-1333
Johnson AD, O’Rourke RA, Karliner JS, Burian C : Effect of myo-
cardial revascularization on systolic time intervals in patients with
left ventricular dysfunction. Circulation 1972; 45 (Suppl I) : I-91-
1-96

Hodges M, Halpern BL, Friesinger GC, Dagenais GR : Left ven-
tricular preejection period and ejection time in patients with acute
myocardial infarction. Circulation 1972; 45 : 933-942

Cohn PF, Gorlin R, Cohn LH, Collins JJ Jr : Left ventricular ejec-
tion fraction as a prognostic guide in surgical treatment of coronary
and valvular heart disease. Am J Cardiol 1974; 34 : 136-141
Braunwald E: Assessment of cardiac function. in Heart Dis-
ease : A Textbook of Cardiovascular Medicine (ed by Braunwald
E), 4th Ed. WB Saunders, Philadelphia, 1992; pp 419443
Carabello BA, Nolan SP, McGuire LB: Assessment of
preoperative left ventricular function in patients with mitral
regurgitation : Value of the end-systolic wall stress-end-systolic
volume ratio. Circulation 1981; 64 : 1212-1217

J Cardiol 1995; 26: 357-366



