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MEASUREMENT

Adjustment for the influence of age and heart rate

on Doppler measurements of left ventricular
filling

Ralph A H Stewart, Jayshee Joshi, Neal Alexander, Petros Nihoyannopoulos,
Celia M Oakley

Abstract
Objective-To determine the normal

range of pulsed Doppler measurements
of left ventricular filling adjusted for age
and heart rate.
Design-Multiple regression was used

to measure the effects of age and heart
rate on pulsed Doppler indices of left
ventricular filling in normal subjects.
These regression equations were used to
calculate a predicted normal value and
95% confidence interval (95% CI) for any
subject from his age and heart rate.
Participants-61 subjects with no

evidence of cardiovascular disease, aged
20 to 90 years, with a resting heart rate of
47-89 beats/min.
Results-The effect ofa 10 year increase

in age was peak atrial filling velocity
+ 15% (95% CI 12-0% to 18-5%); peak
early filling velocity -3-2% (-6-0% to
0%); isovolumic relaxation time +6-2%
(3-9% to 8-4%); acceleration time -3-8%
(-6-0% to -1-5%); deceleration time
+7 9% (5-1% to 10-8%). The effect of a 10
beat/min increase in heart rate was: peak
atrial filling velocity + 55% (1P2% to
10-1%); peak early filling velocity -4 0%
(-8-1% to 2-0%); isovolumic relaxation
time -2-5% (-4-6% to 0-6%); accelera-
tion time -3-1% (-6-4% to 0-4%);
decleration time -1-8% (- 4-0% to 3-8%).
Conclusion-For any individual, com-

parison of the predicted normal
measurement and 95% CI with the ob-
served measurement allows an assess-
ment of the effects of disease on left
ventricular filling that is independent of
age and heart rate.

(Br Heart J 1992;68:608-12)

Doppler ultrasound is a non-invasive tool that
is potentially useful for assessing left ven-
tricular diastolic function. Changes in left
ventricular diastolic filling have been measured
in a wide range of cardiovascular conditions."'
A major problem, however, is that measure-
ments of filling vary in normal subjects with
both age"8 and heart rate"' making interpreta-
tion of disease related changes more difficult.

The changes reported with normal aging are
similar to changes reported with hypertension,
ischaemia, and hypertrophy.'2 Most studies
have used a control group of similar age and
heart rate or both when assessing changes with
disease. This does not, however, allow an
assessment of diastolic filling in individual
patients that is independent of age and heart
rate.
A method of adjusting for the influence of

age and heart rate on Doppler indices of left
ventricular filling is proposed.

Patients and methods
PATIENT SELECTION
Subjects had no evidence of cardiovascular
disease in their history, physical examination,
or cross sectional echocardiography, they were
taking no medication for cardiovascular dis-
ease, and there was no evidence of infection,
thyroid disease, or metabolic disturbance. All
subjects older than 35 years had a normal
electrocardiogram, chest x ray film, urea and
electrolytes, and haemoglobin. Most subjects
were healthy volunteers or patients admitted to
hospital for minor surgical procedures. Five
subjects were excluded because Doppler
studies were of poor quality. All subjects gave
informed consent.

Sixty one subjects were included in the
study. The mean age was 53 (SD 20-4, range 20
to 90) years. The mean heart rate was 68 (SD
1 1, range 47 to 89) beats/min.

CROSS SECTIONAL ECHOCARDIOGRAPHY AND

DOPPLER STUDIES
Cross sectional echocardiographic and
Doppler studies were performed with the
Toshiba 65A imaging system. Pulsed Doppler
recordings of left ventricular filling velocities
were obtained from the apical four chamber
view with a 2-5 MHz transducer. The sample
volume was positioned just proximal to the
mitral leaflet tips with alignment adjusted to
optimise the recording of flow velocity and to
minimise the angle between the blood flow
vector and the ultrasound beam. The flow
velocity curves were recorded on videotape at
50 mm/s. Measurements were performed at a
later time by an observer blind to the patient's
age.

Department of
Medicine,
Hammersmith
Hospital, Royal
Postgraduate Medical
School, London
R A H Stewart
J Joshi
P Nihoyannopoulos
C M Oakley
Department of
Medical Physics,
Hammersmith
Hospital, Royal
Postgraduate Medical
School, London
N Alexander
Correspondence to:
Dr R A H Stewart,
Cardiology Department,
Dunedin Hospital, Great
King St, Dunedin, New
Zealand.
Accepted for publication
9 June 1992.

608

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.68.12.608 on 1 D
ecem

ber 1992. D
ow

nloaded from
 

http://heart.bmj.com/


Adjustment for the influence of age and heart rate on Doppler measurements of left ventricularfilling6

Figure I Measurements
madefrom the left
ventricular filling waves:
peak early diastolicfilling
velocity (E); peak atrial
filling velocity (A);
isovolumic relaxation time
(1-2); acceleration time
(2-3); deceleration time
(3-4).

MEASUREMENTS OF THE LEFT VENTRICULAR
FILLING WAVES
Doppler measurements were made from three
to five cycles with the most clearly defined
velocity wave form and the average of
measurements used. The measurements made
were: peak velocity of the early diastolic filling
wave, E; peak velocity during the atrial con-

tribution to filling, A; isovolumic relaxation
time; the time from the start of filling to E (the
acceleration time); and the time from E to the
end of the early filling wave F (deceleration
time). The isovolumic relaxation time was

measured from the earliest point of the deflec-
tion that occurs immediately after the comple-
tion of left ventricular ejection, to the start of
left ventricular filling. In 12 patients this time
was mean (SD) 5 (7) ms longer than the time
from the greatest deflection of the aortic closure
sound recorded by phonocardiograph to the
start of filling. For E, F, and A, the midpoint of
the Doppler velocity recording was measured.
Ifthe early and late filling waves overlapped, or

if there was wide spectral spread during the last
part of the early filling wave, the F point was

determined by extrapolating the downslope of
the early filling wave onto the baseline (fig 1).

ANALYSIS AND STATISTICS
Each filling measurement was regressed on age
and heart rate by multiple linear regression.
The natural logarithm (In) of each measure-

ment was also regressed on age and heart rate to
determine whether proportional changes better
fitted the regression model. Proportional
changes are expressed in percentages.
To determine whether the effect of age is

influenced by the heart rate, or vice versa, a

term for interaction was included in the regres-

sion equations. The regression coefficient for
this term was not significant (p > 0 1) for any
ofthe measurements, so this term was dropped.
The size and direction of the change in a

diastolic measurement with change in age or
heart rate is given by the slope of the regression
line and r2, which measures the proportion of
the variance explained by the regression. The
95% confidence interval (95% CI) for the slope
is quoted.
The predicted normal measurement can be

calculated from the patient's age and heart rate
in the appropriate regression equation. For
each patient, the error in the prediction is the
difference between the observed and the
predicted values. The normal range is the range
in which 95% of normal people would be
predicted to lie, and was estimated as the
predicted measurement within 2 SDs of this
error. This simplied method of estimating the
normal range is approximate. It does not take
into account the increase in the width of the
normal range with values of age and heart rate
that are further from the mean values for the
group from which the regression equations
were calculated.
The normal range was also calculated by the

standard method'2 to see if the approximate but
simplified method gives acceptably close
results. The difference in the size of the normal
range calculated with the two methods was
determined for ages from 20 to 80 and heart
rates from 50 to 85. The greatest difference is
given as a percentage and is the same for all
indices.

Estimation of the normal range assumes that
the spread of the real values about the regres-
sion line is constant throughout the range of
ages and heart rates. This assumption was
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Table I Comparison of the adequacy of the regression model with absolute measurements and the natural logarithm of
diastolic measurements

Proportion of variation (%) explained
by differences in age and heart rate (r2) Non-constant variance, p value

Diastolic measurement Absolute Logarithm Absolute Logarithm

Isovolumic relaxation time 36 36 <0-0001 0-21
Acceleration time 18 22 0-49 0 007
Deceleration time 40 37 < 0 0001 0-072
Peak early filling velocity, E 11 16 0-0003 0-0017
Peak atrial filling velocity, A 69 69 < 0 0001 0 98
A/E 71 77 0-072 0 48

tested by a variant of Anscombe's test for non-
constant variance in regression."2

Results
COMPARISON OF LINEAR AND PROPORTIONAL
MODELS
A similar proportion of the total variance is
explained by simple regression and regression
of the natural logarithm of each index for age
and heart rate (table 1). The peak filling
velocity during the atrial contribution (A) and
A/E had the strongest association with age and
heart rate, and the acceleration time and peak
early diastolic filling rate had the weakest.
For the peak atrial filling velocity, the

deceleration time, the isovolumic relaxation
time, and A/E the spread of values above and
below the regression line increased as the
predicted measurement increased. For these
indices this trend for increasing spread was not
significant (p > 0-05) if the natural logarithm
was used. Conversely, for the acceleration time

and peak early filling velocity the spread of
values tended to decrease as the predicted value
increased and this trend was not improved by
taking logarithms (table 1).

Figure 2 illustrates this correlation for A, E,
and the logarithm ofA and E.

CALCULATION OF THE NORMAL RANGE
To calculate the normal range by the simple
method, the predicted measurement is multi-
plied by the values given in table 2. The normal
range is skewed because it is calculated from
logarithms. The greatest increase in the size of
the normal range calculated by the standard
method compared with the simplified method
was 5-6% at age 20, heart rate 85.

SIZE OF AGE AND HEART RATE EFFECTS
Table 3 summarises the effect of increasing age
by 10 years and increasing heart rate by 10
beats/min in each of the diastolic measure-
ments. The effect of age was significant for all
indices (p < 0-05) but the effect of heart rate

Figure 2 For the peak
atrialfilling velocity (A,
measured in cm/s), the
difference between the
observed and the predicted
measurements increases as
the predicted measurement
increases. For the natural
logarithm ofA (In A) the
difference between the
observed and predicted
measurements remains
constant throughout the
range of In A. The peak
early diastolic filling
velocity E varies over a
narrower range than A. A
trendfor the difference
between the observed and
predicted values ofE to
decrease as E decreases is
aggravated by taking
logarithms (ln E).
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Table 2 Mean (SD) and normal range of diastolic indices

Observed measurements 95% CI of normal values
Diastolic measurement (mean (SD)) about the predicted value (z)

Isovolumic relaxation time (ms) 67 (14) 0 73z to 1 43z
Acceleration time (ms) 78 (14) 0 70z to 1 42z
Deceleration time (ms) 166 (42) 0 68z to 1 48z
Peak filling rate (cm/s) 57 (13) 0-66z to 1-51z
Peak atrial filling rate (cm/s) 51 (19) 0 68z to 147z
A/E 0-95 (0-42) 0 66z to 1 54z

The normal range can be estimated with the approximate method by multiplying the predicted
measurement (z) by the constants in the second column.

was only significant for A and A/E. Figure 3
shows the variation of In A with age and heart
rate.

Table 4 gives the equations for the regression
of the logarithm of each diastolic index incor-
porating age and heart rate.

EXAMPLE OF ADJUSTMENT FOR AGE AND HEART

RATE
A patient with left ventricular hypertrophy is
50 years old, and the heart rate is 80 beats/min.
A is 90 cm/s. The predicted normal
measurement for ln A is calculated with the
equations in table 4:
ln A= 2 77 + (00142 x 50) + (0 0054 x 80) = 3 91.
The predicted normal measurement for A is

the exponential of 3 91 = 50 cm/s and the 95%
CI is between 34 cm/s and 73 cm/s (table 2).
The result can also be expressed as a percentage
of the predicted normal mean. In this case A is
180% of the predicted mean for normal
subjects, with 95% of normal subjects falling
within the range 68% to 147%.

Discussion
With multiple regression it is possible to
measure the effects of age and heart rate on left
ventricular filling simultaneously and to adjust
for these effects. This makes it much easier to
measure the size of the effect of disease in
individual subjects.

Linear regression assumes a linear relation
between variables and constant variance about
the regression line. For the isovolumic relaxa-
tion time, the deceleration time, and the peak
atrial filling velocity, the spread of observed
values increased with the size of the predicted
measurement. Therefore estimation of the size
of the normal range is inaccurate, as it is too
large for small values and too small for large
values. This problem was overcome by a

logarithmic transformation that measures

proportional rather than absolute changes. For
the peak early filling velocity and the decelera-
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Figure 3 Relation between the natural logarithm of the
peak atrialfilling velocity (ln A), and age and heart
rate. Ln A varies more closely with age than with heart
rate.

tion time non-constant variance was not
improved by taking logarithms, so estimation
of the normal range is less accurate. These
indices were, however, much less influenced by
age and heart rate, so correction for their effects
may be less important.
Age had a greater effect on diastolic

measurements than heart rate, and the only
heat rate effect that was significant (p < 0 05)
was on the peak atrial filling velocity. Therefore
it may be reasonable to drop the heart rate
correction for other indices. The relation bet-
ween heart rate and left ventricular filling may
change at high heart rates when the filling time
is limited. In our study no subjects had a heart
rate above 90 and it may be inappropriate to use
the same adjustment for measurements recor-

ded at higher heart rates. Overlap of filling
waves may also influence measurements, and at
present there are no clear guidelines on how to

Table 3 Influence of age and heart rate on measurements of left ventricular filling in normal subjects

Age Heart rate

Increase (%)/ Increase (%)/
Diastolic measurement 10years 95% CI (%) (10 beats/min) 95% CI (%)

Isovolumic relaxation time 6.2* 3-9, 84 -2-5 -4 6, 0-6
Acceleration time -3-8* -6 0, -15 -3-1 -6-4,0 4
Deceleration time 7 9* 5-1, 108 -1.8 -4 0, 38
Peak early filling velocity - 32* -6 0, 00 -4 0 -8-1, 2 0
Peak atrial filling velocity 15-0* 12 0,18 5 5-5* 1-2,101
A/E 19.1* 158,225 9.9* 45,156

Results are based on the regression of the natural logarithm of each index on age and heart rate. *p < 0 05.
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Table 4 Equations for calculating the predicted normal value of each diastolic index
from the subjects age and heart rate

bl b2
In index a ( x age (y)) ( x heart rate (beats/min))

In IVRT 4-05 0-006 -0-0026
In acceleration time 4-75 -0-0039 -0-0031
In deceleration time 4-69 0-0076 -0-002
In E 4-47 -0-0033 -0-0042
In A 2-77 0-0142 0-0054
In A/E -1-7 0-0175 0-0095

Equations for regression of the natural logarithm (In) of diastolic indices on age and heart rate.
In (index) = a + bl (age) + b2 (heart rate). IVRT, isovolumic relaxation time, E, peak filling
rate; A, peak atrial filling rate; In, natural logarithm.

adjust for this. Measuring the effect of between
subject differences in heart rate during a stan-
dard Doppler study has some advantages over
measuring the effects of interventions such as
atrial pacing'1 or the cold pressor test.9 These
interventions may be associated with different
changes in left ventricular filling depending on
how the intervention influences cardiac output,
contractility, and relaxation.

Several factors other than age and heart rate
are known to influence filling in normal
subjects. Variation with respiration'3 can be
minimised by performing the recordings dur-
ing quiet respiration and taking the mean of
several measurements. The influence of blood
pressure and left ventricular hypertrophy in
normal subjects are at least partly explained by
differences in age.4 Differences in preload,
which occur with changes in position may be
important.'4 1' On the other hand studies have
shown that Doppler indices of filling are not
influenced by sex,8 16 body surface area,4 16 or an
increase in left ventricular mass associated with
athletic training.17
The relations between a diastolic index, age,

and heart rate are almost certainly altered in
patients with abnormal diastolic filling.'8 19
Keucherer et al showed that the relation be-
tween age and the A:E ratio measured by
Doppler was different in patients with coronary
artery disease.'8 Disease effects are of unknown
size, vary between patients, and occur on top of
age and heart rate effects. A practical approach
is to measure the difference in filling from the
measurement expected for the subject's age and
heart rate.

Occult coronary artery disease may be
present in some of the subjects studied. This
disadvantage was accepted to obtain a large
study population across a wide range of ages.
Coronary artery disease in symptom free
patients taking no treatment has not been
shown to influence left ventricular filling.
The calculations can be done simply with a

pocket calculator. The formulas used, how-
ever, to adjust for age and heart rate and the
normal ranges for measurements depend on a
standard technique. Filling measurements are

influenced by sampling position,20 and adjust-
ment for measurements made at the mitral
annulus would be different.
The calculation of a predicted normal value

and a normal range for measurements of dia-
stolic filling allows a more accurate assessment
of the effects of disease on left ventricular filling
in individual patients.
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