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To assess left ventricular (LV) diastolic function in
children with systemic hypertension, 11 patients
with hypertension (mean blood pressure 99 mm Hg)
and 7 normal patients (mean blood pressure 78 mm
Hg) underwent M-mode echocardiography and
pulsed Doppler examination of the LV inflow. From
a digitized trace of the LV endocardium and a si-
multaneous phonocardiogram, echocardiographic
diastolic time intervals, peak rate of increase in LV
dimension (dD/dt), and dD/dt normalized for LV
end-diastolic dimension (dD/dt/D) were measured.
Doppler diastolic time intervals, peak velocities at
rapid filling (E velocity) and atrial contraction (A
velocity), and the ratio of E and A velocities were
measured. The following areas under the Doppler
curve and their percent of the total area were de-
termined: first 33% of diastole (0.33 area), first
50% of diastole, triangle under the A velocity (A
area), and the triangle under the E velocity (E area).
The A velocity (patients with hypertension = 0.68
+ 0.11 m/s, normal subjects = 0.49 + 0.08 m/s),

the 0.33 area/total area (patients with hypertension
= 0.49 & 0.09, normal subjects = 0.58 1 0.08), the
A area (patients with hypertension = 0.17 &+ 0.05,
normal subjects = 0.12 & 0.03), and the A area/total
area (patients with hypertension = 0.30 & 0.11, nor-
mal subjects = 0.20 & 0.07) were significantly differ-
ent between groups (p <0.05). M-mode and Doppler
time intervals, (dD/dt)/D, E velocity, and the remain-
ing Doppler areas were not significantly different be-
tween groups. The normal subjects and patients with
hypertension did not differ significantly in echocardio-
graphic LV size and thickness or in percent shortening
fraction. This study shows that abnormal patterns of
LV diastolic filling occur in children with mild systemic
hypertension. These diastolic abnormalities are de-
tectable by mitral valve Doppler ultrasound examina-
tion when standard M-mode echocardiographic in-
dexes of diastolic function are stili normal and before
the development of systolic function abnormalities or
LV hypertrophy on the M-mode echocardiogram.
(Am J Cardiol 1985;56:921-926)

Several recent echocardiographic and radionuclide
studies have demonstrated left ventricular (LV) dia-
stolic filling abnormalities in patients with a variety of
cardiac diseases, including coronary artery disease,
hypertrophic cardiomyopathy and systemic hyperten-
sion.l-13 With the use of noninvasive indexes of LV
relaxation and filling, these studies have shown that
diastolic dysfunction often precedes systolic dysfunc-
tion and is often detectable in asymptomatic pa-
tients.2%14 Some investigators have suggested that dia-
stolic abnormalities are a characteristic finding in adult
patients with early hypertensive heart disease.%6:10:12
In this study we assessed LV diastolic function in a
group of children with mild systemic hypertension using
the noninvasive techniques of M-mode and Doppler
echocardiography, identified the most sensitive Doppler
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indexes of LV relaxation, and compared the M-mode
and Doppler techniques in their ability to detect early
abnormalities of diastolic compliance.

Methods

Patients: The patient group included 11 children with
systemic hypertension and 7 normal children. The normal
group consisted of 3 girls and 4 boys who had no evidence of
heart disease on physical examination or on M-mode and 2-
dimensional echocardiography. They were 10 to 18 years old
(mean 15) and weighed 41 to 73 kg (mean 64). The systolic
blood pressure of the normal group at the time of the echo-
cardiographic studies was 111 + 8 mm Hg (mean + standard
deviation); the diastolic blood pressure was 62 + 8 mm Hg.

The systemic hypertension group consisted of 6 girls and
5 boys who were randomly selected from the outpatient hy-
pertension clinic. They were 1.4 to 17 years (mean 11) and
weighed 8.9 to 75 kg (mean 42). The systolic blood pressure
of the hypertension group at the time of the echocardiographic
studies was 131 £ 13 mm Hg; the diastolic biood pressure was
82 + 14 mm Hg. In the hypertension group, 7 children had
essential hypertension, and 1 each had William’s syndrome,
primary aldosteronism, previous repair of coarctation of the
aorta and atrophic pyelonephritis. The time interval from the
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FIGURE 1. M-mode echocardiogram of the left veniricle (LV) with si-
multaneous phonocardiogram and electrocardiogram. Aortic vaive
closure (A,) is the first high-frequency component of the second heart
sound. G = mitral valve closure point; D = mitral valve leaflet separa-
tion point; S; = first heart sound; Sept = septum.

first recorded elevation of the blood pressure to the echocar-
diographic study ranged from 1 day to 12 years; mean duration
of known hypertension was 2.4 years. At the time of the
echocardiographic study, 5 patients with hypertension were
receiving no medications, 5 were taking diuretic drugs, 3 were
receiving 3-blocking drugs, 1 was taking captopril and 1 was
taking hydralazine.

Echocardiographic examination: Each patient under-
went an M-mode echocardiographic examination with a si-
multaneous phonocardiogram and a pulsed Doppler exami-
nation of the LV inflow. M-mode echocardiograms of the left
ventricle were generated from the 2-dimensional sector
scanner (Advanced Technology Laboratories Mark 600,
3-MHz transducer) using a cursor line positioned at the free
edges of the mitral valve leaflets in the parasternal short-axis
view (Fig. 1). An unfiltered phonocardiogram was obtained
from the second left intercostal space and was recorded si-
multaneously with the M-mode echocardiogram and an
electrocardiogram at a paper speed of 50 mm/s. A record was
considered adequate for analysis only when the septal and

posterior wall echoes and the time point D of mitral leaflet
separation could be clearly identified for at least 3 entire
cardiac cycles. Using a hand-controlled pen and a micropro-
cessor system (Digisonics), the echocardiograms were digitized
by tracing the endocardial echoes of the septum and the
posterior wall.15-17 From the digitized tracings, a computer
printout of the absolute values of the LV minor axis dimension
and the rate of change of this dimension with respect to time
was available at 3-ms intervals.

From the M-mode echocardiograms, the septum, LV pos-
terior wall and L'V dimension were measured at end-diastole
at the onset of the QRS wave.!8 LV dimension at end-systole
was measured as the smallest systolic dimension from the
digitized recording. The shortening fraction, the peak rate of
increase in dimension (dD/dt), and the peak rate of increase
in dimension normalized for L.V end-diastolic dimension
{dD/dt/D) were recorded. The normalization of the length-
ening velocity, achieved by dividing the peak dD/dt by the LV
end-diastolic dimension, allowed comparison of lengthening
velocities between different-sized ventricles.!” The following
time intervals were measured from either the original M-mode
echocardiogram or the digitized tracings3-'7;

1. The cardiac cycle length was measured as the time in-
terval between the peaks of 2 successive R waves on the elec-
trocardiogram.

2. The isovolumic relaxation time was measured from the
first high-frequency deflection of the aortic closure sound to
the initial separation or D point of the mitral valve leaflets.

3. Protodiastole was measured from the point when
—dD/dt reaches 0 (the minimum LV systolic dimension) to
the aortic closure sound.

4. The total relaxation time was measured from the mini-
mal LV systolic dimension to the point when dD/dt decreases
to 50% of its peak value. This latter point corresponds roughly
to the transition between the rapid filling and slow filling
phases of diastole.3:17

5. The relaxation time was defined as the time from the
minimal LV systolic dimension to peak dD/dt.

6. The rapid filling period was calculated as total relaxation
time minus (isovolumic relaxation time + protodiastole).

Doppler examination: Immediately after M-mode ex-
amination, each patient underwent a range-gated pulsed
Doppler examination of the LV inflow tract. Using the apical
4-chamber view, the Doppler cursor line and sample volume
were placed in the mitral valve funnel at an angle as nearly
parallel to flow as possible (Fig. 2). The sample volume posi-
tion was adjusted so as to record the maximal velocity through
the mitral valve. This point was usually found at the level of

FIGURE 2. Pulsed Doppler spectral recording
from the left ventricular inflow. The freeze-
frame image of the apical 4-chamber view
(left) shows the position of the sample volume
(white arrow) on the Doppler cursor line at the
time of the recording. The mitral valve Doppler
spectral tracing (right) shows forward flow
- toward the transducer and above the baseline
- (B) during rapid ventricular filling (E) and atrial
contraction (A). C = time point of mitral valve
closure; LA = left atrium; LV = left ventricle;
0 = time point of mitral valve opening; RA =
right atrium; RV = right ventricle. Orientation:
A = anterior, R = right.
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the mitral anulus.1920 All Doppler examinations were recorded
with a 3.0-MHz transducer and a paper speed of 50 mm/s. The
Doppler waveform was displayed with frequency shift on the
vertical axis, time on the horizontal axis, and amplitude of the
signal as shades of gray. Signals from blood flowing toward the
transducer were displayed above the baseline and signals from
blood flowing away from the transducer were displayed below
the baseline. A Doppler examination was considered adequate
for analysis only when the opening and closure points (0 and
C points) of the mitral valve and the peak velocities at rapid
ventricular filling (E point) and during atrial contraction (A
point) could be identified for at least 3 cardiac cycles. The
following Doppler time intervals were measured: the R to R
interval, the time between the 0 to C points, 0 to E points, 0
to A points, the time between the 0 point and the point
where the velocity decreases to 50% of its peak E value
(which would be expected to correspond to the rapid filling
period), the pressure half-time,?! and the time between the 0
point and the point where the velocity decreases to the value
of peak E/1.4. This latter point (where the velocity de-
creased to peak E/1.4) represents the time at which the LV
diastolic pressure decreases to one-half of its peak value dur-
ing rapid ventricular filling.2! The interval between the 0
point and peak E/1.4 was included as another technique for
measuring the rapid filling period. Also, from the Doppler
spectral tracing, the peak E velocity, the peak A velocity,
and the ratio of the peak E and peak A velocities were
determined.

Because of the changes in the mitral valve cross-sectional
area that occur throughout diastole, determination of the
absolute volumetric flow in the different portions of diastole
would be extremely difficult. Therefore, the Doppler patterns
of LV filling were examined by integrating several areas under
the Doppler spectral tracing (Fig. 3). The measured areas
included the total area under the curve in diastole or the ve-
locity time integral, the area under the curve for the first 50%
of diastole, and the area under the curve for the first 33% of
diastole (0.33 area). The E area and the A area were measured
as the triangular portion under the Doppler curve formed by
extrapolating a straight line down from the peak E and peak
A velocities to the baseline. To determine the percent of the
total velocity time integral occupied by the individual areas
and to normalize the data for differences in preload and dia-
stolic cycle lengths among the patients, each individual area
was divided by the total area to obtain the area fractions:

individual Doppler area
total Doppler area

Area fraction =

All Doppler areas were measured using a hand-controlled
crosswire cursor and a microprocessor system (Microsonics
CAD 888) with a spatial resolution of 0.1 mm. The recordings
were traced along the densest portion of the Doppler curve and
were extrapolated through the area of the wall filter setting
to the baseline.

Data analysis: All M-mode and Doppler measurements
reported are the average of 3 or more cardiac cycles. Statistical
comparisons between the normal group and the hypertension
group were made using an unpaired ¢ test. A 2-tailed p value
<0.05 was used to indicate a significant difference between
groups. All values are reported as mean + standard deviation.
The relation between 2 variables was assessed by linear
regression analysis; p <0.05 was considered a significant
correlation.

The beat-to-beat variation coefficients for selected diastolic
measurements were calculated from 3 successive cardiac cycles
of 6 studies (3 normal subjects and 3 patients with hyperten-
sion). The variation coefficients were: isovolumic relaxation
time, 8.8%; (dD/dt)/D, 6.5%; the total area under the Doppler
curve, 2.4%; the Doppler 0.33 area, 4.9%; the A area, 3.8%, the
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TABLE ! Biood Pressure and Left Ventricular
Measurements in Normal Subjects and
Patients with Hypertension
Normal Patients with
Measurement Subjects Hypertension p Value
Systolic BP (mm Hg) 111+ 8 131+ 18 0.004*
Diastolic BP (mm Hg) 62+ 8 824 14 0.006*
LVDD (cm) 5.114 0.45 4.36 £ 1.02 0.09
LVSD (cm) 3.04 3 0.43 2521+ 065 0.08
SF 0.41 1+ 0.06 0.42+0.05 0.55
LVPW (cm) 0.81+ 0.16 0 79+ 018 0.77
Septum (cm) 0.77 £ 0.13 .76 +£0.20 0.89

* Statistically different between groups at the 5% level.

Values are mean =+ standard deviation.

BP = blood pressure; LVDD = left ventricular end-diastolic dimen-
sion; LVPW = left ventricular posterior wall thickness; LVSD = left
ventricular end-systolic dimension; SF = shortening fraction.

peak A velocity, 4.2%. To determine the intercbserver vari-
ability, 6 records (3 normal subjects and 3 patients with hy-
pertension) were analyzed independently by 2 observers. The
mean percent error between the 2 observers [(first observer
— second observer)/average of both observers] X 100, was
as follows for selected diastolic measurements: isovolumic
relaxation time, 9.8%; (dD/dt)/D, 4.9%; the total area under
the Doppler curve, 2.8%; the Doppler 0.33 area, 2.4%: the A
area, 3.8%; and the peak A velocity, 2.1%.

Results

A significant difference was found in the systolic
and diastolic blood pressures between the 2 groups
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FIGURE 3. Areas measured from the mitral valve (MV) Doppler re-
cordings. Abbreviations as in Figure 2.
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TABLE I M-Mode Echocardiographic Measurements

TABLE IV Mitral Valve Doppler Areas

Normal Patients with Normal Patients with
Measurement Subjects Hypertension p Value Measurement Subjects Hypertension  p Vaiue

RR interval {s) 0.88+0.12 078+ 0.20 0.28 Total area 0.60 + 0.15 0.58 + 0.11 0.68
Isovolumic relax. time (s) 0.03 £ 0.01 0.04 £ 0.01 0.08 0.50 area 0.42 4+ 0.14 0.38 £ 0.10 0.51
Total relax. time (s) 0.16 + 0.04 0.14 £ 0.05 0.57 0.50 area/total area 0.69 £ 0.05 0.66 + 0.07 0.28
Relax. time (s) 0.10+0.04 0.084+0.04 0.22 0.33 area 0.36 + 0.13 0.28 £ 0.08 0.14

Rapid filling period (s) 0.1040.06 0.12+0.07 0.67 0.33 area/total area 0.58 + 0.08 0.49 £+ 0.09 0.04*
Peak dD/dt (cm/s) 10.44 £ 250 10.88+ 4.30 0.80 E area 0.39+0.10 0.40 £ 0.11 0.80
(dD/dty/D (s™7) 209+ 034 266+094 0.14 E area/total area 0.65 + 0.04 0.69 £ 0.09 0.26

‘ L A area 0.12 4+ 0.03 0.17 £ 0.05 0.02*

Values are mean + standard deviation. A area/total area 020+£007 0304011  0.05

dD/dt = peak rate of increase in left ventricular dimension in diastole;
(dD/dt)/D = peak rate of increase in left ventricular dimension nor-
malized for end-diastolic dimension; relax. = relaxation; RR = cardiac
cycle length.

TABLE Ill Mitral Valve Doppler Measurements

Normal Patients with

Measurement Subjects Hypertension p Value
RR interval (s) 0.94 4+ 0.21 0.77 4 0.14 0.06
0to C(s) 0.52 £ 0.20 0.36 & 0.11 0.06
0toE (s) 0.10 £ 0.01 0.08 4+ 0.02 0.09
0to A(s) 0.47 £ 0.21 0.314£0.10 0.06
0toE/2(s) 0.16 + 0.01 0.16 4 0.08 0.85
Pressure half-time (s) 0.04 + 0.01 0.03 + 0.01 0.62
0toE/1.4(s) 0.13 £ 0.02 0.11 4+ 0.02 0.15
Peak E (m/s) 0.91+0.11 1.00 £ 0.16 0.20
Peak A (m/s) 0.49 £ 0.08 0.68 + 0.11 0.002*
Ratio peak E/peak A 1.87 £ 0.39 152+ 0.43 0.095

* Statistically different between groups at the 5% level.

Values are expressed as mean =+ standard deviation.

A = velocity at atrial contraction; C = time point of mitral valve
closure; E = velocity during rapid ventricular filling; 0 = time point of
mitral valve opening; RR = cardiac cycle length.

(Table I); however, no differences were found in the
LV dimensions, shortening fraction or LV thickness
between the 2 groups. The M-mode time intervals,
peak dD/dt, and (dD/dt)/D were not different be-
tween groups (Table II). The isovolumic relaxation
time was the only M-mode measurement that ap-
proached being significantly different between groups
(Table IT). Similarly, the Doppler diastolic time inter-
vals were not significantly different between groups
(Table III). Attempts at normalizing the M-mode and
Doppler diastolic time intervals by dividing the time

1.0 4 p<.05
4
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FIGURE 4. The Doppler measurements that differentiated the normal
group (nl) from the hypertension group (sh). TA = total area under the
Doppler curve; VEL = velocity; other abbreviations as in Figure 3.

* Statistically different between groups at the 5% level.
Values are expressed as mean + standard deviation.
Abbreviations as in Table 1l

interval by the cycle length did not change these re-
sults.10 The peak A velocity of the systemic hyperten-
sion group was significantly higher than that of the
normal subjects (p = 0.002).

With regard to the mitral valve area measurements
(Table IV), the percent of the total area in the first third
of diastole was significantly lower in the systemic hy-
pertension group (p = 0.04). The A area and the percent
of the total area under the A wave were significantly
higher in the patients with hypertension (p = 0.02 and
0.05, respectively). With regard to M-mode and Doppler
measurements, the only measurements that separated
patients with systemic hypertension from normal
subjects were the Doppler A-wave velocity, the Doppler
A area, and the percent of the Doppler total area in the
first one-third of diastole and under the A wave (Fig. 4).
To determine if any of these 4 variables correlated with
the severity of the hypertension, linear regression
analysis was performed on the data pooled from both
patient groups. There was no significant correlation
between these 4 variables and systolic blood pressure,
diastolic blood pressure, LV posterior wall thickness
or septal thickness. Also, in the patients with hyper-
tension, there was no correlation between the blood
pressure and LV thickness.

Discussion

In adult patients with chronic hypertension, M-mode
echocardiographic studies have shown diminished early
peak LV diastolic filling rates, prolonged isovolumic
relaxation time and shortened rapid filling peri-
0d.>1112.14 Similarly, radionuclide studies in adult pa-
tients with hypertension have revealed decreased early
peak diastolic filling rates and decreased percent LV
filling in the first one-third of diastole.1%! This study
shows that abnormal patterns of LV diastolic filling
occur in children with mild systemic hypertension and
that these diastolic filling abnormalities are detectable
by mitral valve Doppler examination when standard
M-mode indexes of diastolic function are still normal
and before the development of systolic function
abnormalities or LV hypertrophy on the M-mode
echocardiogram.

The decrease in the percent of the total area in the
first one-third of diastole and the increase in the percent
of the total area under the A wave in the children with
hypertension suggest a relative shift of LV filling to late
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diastole.210 The impaired LV filling in early diastole was
accompanied by a compensatory increase in LV filling
in late diastole (during atrial contraction) so that the

LV end-diastolic dimension and total area under’

the Doppler curve of the hypertension group were
normal.

M-mode versus Doppler findings: In this study,
abnormalities of diastolic filling were more easily rec-
ognized by mitral valve Doppler examination than by
M-mode echocardiographic techniques. Several ex-
planations are possible for this difference. First, even
though the M-mode echocardiograms were obtained
while imaging the L.V minor axis, slight variations in the
level of the cross-sectional plane from which the echo-
cardiogram is obtained greatly influence measurements
of the diastolic relaxation times and filling rates.!?-%2
Second, the M-mode measurements vary considerably
from beat to beat and with different observers. Despite
this variability, the echocardiographic relaxation times
and filling rates of our normal patients were similar to
values reported by others.317 Third, Bahler et all”
showed that the time course of diastolic relaxation is
dependent on cardiac cycle length; however, the veloc-
ity of relaxation is independent of cycle length. This
factor may explain why diastolic filling abnormalities
were more easily detectable with the Doppler indexes
(which are velocity measurements) than with echocar-
diographic relaxation time indexes. Bahler reported
that the isovolumic relaxation time is the time interval
that is most independent of cycle length.!” In our
study, the isovolumic relaxation time was the only
echocardiographic measurement that came close to
being significantly different between the 2 groups.
This finding further suggests that the remaining echo-
cardiographic time indexes were influenced by heart
rate and, therefore, were not useful in differentiating
normal subjects from patients with hypertension.

There was far less beat-to-beat and interobserver
variability in the mitral valve Doppler measurements.
We have found that good-quality Doppler recordings
suitable for analysis are easier to obtain than good-
quality M-mode recordings suitable for digitizing. This
is particularly true in adult patients in whom conditions
such as obesity and chronic lung disease may make
parasternal echocardiographic examination extremely
difficult.

Factors affecting diastolic relaxation indexes:
Diastolic indexes of LV relaxation can be influenced by
several factors including heart rate and LV loading
conditions.23-25 Bahler et all? showed that the rapid
filling phase occupies an increasing proportion of
diastole as heart rate increases. Studies in the intact
heart have shown that the duration of relaxation and
the velocity of lengthening are intimately related to the
velocity of shortening and the inotropic state.?6-30 In
this study, differences in the diastolic filling patterns
between the normal and the hypertension group cannot
be explained on the basis of differences in heart rate,
systolic function or LV loading conditions. The heart
rates of the 2 groups were not different, either at the
time of the M-mode examination or at the time of the
Doppler examination. The systolic function of the 2

groups, as assessed by the M-mode shortening fraction,
was normal. The 1.V end-diastolic dimensions of both
patient groups were statistically similar, indicating no
intergroup differences in ventricular loading conditions.
Also, division of the individual Doppler areas by the
total area under the Doppler curve and division of dD/dt
by the LV end-diastolic dimension normalized these
measurements for differences in preload.

Possible mechanisms and clinical implications
of diastolic filling abnormalities: The abnormal di-
astolic filling noted in patients with systemic hyper-
tension could be a result of (1) increased LV chamber
stiffness caused by L'V hypertrophy with normal myo-
cardial stiffness or (2) decreased L'V compliance caused
by myocardial dysfunction or fibrosis.1%:2%:31 The pa-
tients with hypertension in our study showed diastolic
filling abnormalities in the presence of normal septal
and posterior wall thicknesses. Possible explanations
for this finding are that (1) diastolic abnormalities occur
early in the course of systemic hypertension, even pre-
ceding development of LV hypertrophy, (2) total LV
mass may be increased in patients with hypertension
even when M-mode measurements show normal wall
thickness,13 or (3) hypertrophy may have already re-
gressed in the patients receiving therapy.

Six patients with hypertension who were receiving
antihypertensive therapy at the time of the echo-Dop-
pler study and whose hypertension was under good
control still had Doppler diastolic filling abnormalities.
Using radionuclide techniques, Inouye et al'® showed
failure of reversal of LV diastolic filling abnormalities
in patients with hypertension after therapy with di-
uretic, B-blocking and calcium channel-blocking drugs.
These studies suggest that there may be irreversible
changes in diastolic filling patterns that occur early in
patients with systemic hypertension.13:32:33

Comparison of Doppler, echocardiographic and
radionuclide indexes of left ventricular filling: Our
values for the Doppler area fractions are very similar to
Hanrath’s values for percent dimensional increase
measured from the echocardiogram and Inouye’s values
for first-third filling fraction measured from radionu-
clide techniques.>1® Hanrath et al? noted in normal
subjects that 62 & 10% of the total change in diastolic
dimension occurred during the rapid filling phase of
diastole and 16 % 10% of the total dimensional change
occurred during atrial contraction (compared with
Doppler area fractions in our normal group of 0.58 +
0.08 for 0.33 area/total area and 0.20 & 0.07 for A area/
total area). In Hanrath’s patients with hypertension, 51
+ 12% of the total dimensional increase occurred during
rapid filling and 23 £ 10% of the total dimensional in-
crease occurred during atrial contraction (compared
with Doppler area fractions in our hypertension group
of 0.49 + 0.09 for 0.33 area/total area and 0.30 £ 0.11 for
A area/total area). Likewise, Inouye et al'® showed a
first-third filling fraction (counts in the first one-third
of diastole divided by the total stroke count) of 0.60 +
0.07 for normal subjects and 0.41 £ 0.13 for hypertensive
patients age-matched to control subjects (compared
with 0.33 area/total area of 0.58 £ 0.08 for normal
subjects and 0.49 £ 0.09 for hypertensive patients).
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These studies, using 3 different imaging and measure-
ment techniques, all demonstrate a shift in the LV
filling pattern to the latter part of diastole in patients
with hypertension.

In conclusion, abnormalities of diastolic filling occur
early in children with systemic hypertension, before
M-mode evidence of LV hyertrophy and before clinical
or echocardiographic evidence of systolic dysfunction.
Measurement of diastolic filling patterns from the mi-
tral valve Doppler examination appears to be a useful
method of detecting early abnormalities of diastolic
function. For assessing diastolic function, the Doppler
area measurements appear to have less variability than
the echocardiographic diastolic time intervals and filling
rates and may allow earlier detection of diastolic filling
abnormalities. The Doppler technique should be use-
ful in assessing diastolic function in a wide variety of
clinical situations, including the patients with coro-
nary artery disease, myocarditis or cardiomyopathy,
LV outflow tract obstruction and previous cardiac
transplantation.

Acknowledgment: We thank Margaret Young for her as-
sistance in the preparation of this manuscript.
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