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Normative Doppler values and determinants of left
ventricular (LV) diastolic function in healthy sub-
jects have not been fully elucidated. Subjects from
the Framingham Heart Study were examined to
describe reference values and determinants of
echocardiographic Doppler indexes of diastolic
function. One hundred twenty-seven randomly se-
lected, rigorously defined, normal subjects, ap-
proximately evenly distributed by sex and age
from the third through the eighth decades were
studied by Doppler echocardiography. Normative
values for 7 frequently used Doppler indexes of
LV diastolic function are presented. Doppler in-
dexes of LV diastolic function change dramatically
with age; the peak velocity of early filling divided
by late filling (peak velocity E/A) ranges from a
mean of 2.08 + 0.55 for subjects in their third de-
cade to 0.84 + 0.29 for those in their eighth de-
cade. A peak velocity E/A ratio <1 is abnormal in
subjects aged <40 years, but occurs in most sub-
jects aged >70 years. The high correlations be-
tween age and Doppler indexes of LV diastolic
function are not greatly attenuated after adjust-
ment for other clinical parameters associated with
diastolic function; the multivariate partial correla-
tion coefficient between age and peak velocity E/A
is —0.80 (p <0.0001). Heart rate, PR interval, LV
systolic function, sex and systolic blood pressure
are minor determinants of Doppler indexes of dia-
stolic function. Body mass index, left atrial diame-
ter, and LV wall thickness, internal dimension and
mass have little or no association with Doppler in-
dexes in healthy subjects.

Age is the predominant determinant of Doppler
indexes of LV diastolic function in normal sub-
jects, whereas heart rate, PR interval, sex, systol-
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ic blood pressure and LV systolic function have a
lesser impact. The independence of the age-dia-
stolic function relation from changes in physiology
and LV geometry is consistent with an intrinsic re-
duction in LV distensibility with advancing age.
These findings indicate that Doppler diastolic
function should be assessed with reference to age-
specific normative values.

(Am J Cardiol 1992;70:508-515)

function to symptoms in various cardiac dis-

eases has grown rapidly. At the same time,
Doppler echocardiography has proved increasingly use-
ful as a noninvasive method for characterizing alter-
ations in the left ventricular (LV) diastolic properties of
the heart.! The purpose of this investigation was two-
fold: (1) to assess the determinants of LV diastolic func-
tion in normal subjects and (2) to describe normal val-
ues for Doppler indexes of LV diastolic function in a
well-characterized healthy subset of a population-based
sample. The hypothesis that age-related changes in
Doppler indexes of diastolic function in normal subjects
are partially attributable to concomitant age-associated
alterations in blood pressure and LV structure was also
tested.

METHODS

Study population: The Framingham Study was be-
gun in 1948 to prospectively examine factors that pre-
dispose a patient to cardiovascular disease. A sample of
residents of Framingham, Massachusetts, aged 28 to 62
years was selected to undergo biennial examinations.
The offspring of the original cohort (and their spouses)
were recruited in 1971, Detailed descriptions of study
design were previously reported.>? From 1985 to 1987,
4,170 survivors of the original cohort and their offspring
underwent their 19th and 3rd examinations, respective-
ly. Histories, physical examinations, 12-lead electro-
cardiograms and echocardiograms were routinely per-
formed at the index examinations. The Framingham
Heart Study examination was approved by the investi-
gational review board of Boston University Hospital. In-
formed written consent was obtained from all subjects
at the beginning of the clinic examination.

Subjects were excluded from this study if they ful-
filled the following clinical criteria: (1) history of car-
diovascular disease (including chest pain at the current

g n appreciation of the contribution of diastolic dys-
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examination) or angina pectoris, recognized or unrecog-
nized myocardial infarction, congestive heart failure,
valvular heart disease, atrial fibrillation, pericardial dis-
ease, pacemaker or left bundle branch block (criteria
for the various cardiac events and the event determina-
tion process were previously reviewed)* (n = 1,017); (2)
borderline hypertension on current examination (systol-
ic blood pressure =140 mm Hg or diastolic blood pres-
sure 290 mm Hg), or definite hypertension on any pri-
or examination (systolic blood pressure =160 mm Hg
or diastolic blood pressure =95 mm Hg on each of 2
successive determinations by a physician during a given
examination) (n = 1,455); (3) current use of cardiac,
blood pressure or diuretic medication (n = 31); or (4)
renal failure, thyroid disease, diabetes mellitus or chron-
ic lung disease (n = 182).

Of the original 4,170 subjects, 1,485 (35.6%) re-
mained eligible after eliminating subjects for clinical ex-
clusions. Eligible subjects were randomly selected to as-
sure an approximately even distribution by age and sex.
Subjects were assigned sequence numbers so that the
investigators measuring the studies (EJB or DL) were
unaware of the study subjects’ sex and age. Of those
who were eligible and randomly screened for study in-
clusion, subjects were excluded for the following echo-
cardiographic findings: (1) valvular abnormalities (any
degree of mitral or aortic stenosis, or > than mild mitral
or aortic regurgitation) (n = 1); (2) LV abnormalities
(dilation, wall motion abnormalities or hypertrophic
cardiomyopathy) (n = 5). To examine the impact of al-
terations in LV geometry, mild isolated LV hypertrophy
was not an exclusion criteria. Two subjects had mild
septal thickening (1.2 cm), and none had increased LV
mass (by Framingham criteria)’; (3) technically inade-
quate echocardiograms, defined as either unmeasurable
LV dimensions (n = 43) or inadequate Doppler LV in-
flow (n=52), or both (n=18). Doppler transmitral
waveforms were considered inadequate if any of the fol-
lowing conditions existed: the angle between the Dopp-
ler beam and the mitral waveform was >30°, the sam-
ple volume was inadequately positioned, or the Doppler
envelope definition was too indistinct; or (4) tachycardia
defined as heart rate >100 beats/min (n = 0).

Ascertainment of clinical parameters: For the anal-
ysis of determinants of diastolic function, all parameters
were obtained from the index examinations. Heart rate
was measured from Doppler recordings. PR interval
(ms) was measured from the 12-lead electrocardiogram.
Body mass index (weight in kg/height in m?) was used
as a measure of obesity. Diastolic and systolic blood
pressures (mm Hg) were each calculated as the average
of the clinic physicians’ 2 blood pressure measurements.
To define subject eligibility, blood pressure measure-
ments for subjects from the original cohort were avail-
able from 19 examinations (from a 38-year span); for
the offspring, blood pressure measurements were avail-
able from 3 examinations (from a 12-year span).

Echocardiographic methods: Subjects were exam-
ined by M-mode, 2-dimensional and pulsed-wave Dopp-
ler on a Hewlett-Packard (model 77020AC) ultrasound
machine. Studies were reviewed until a minimum of 10
men and 10 women per decade were obtained. There

was a paucity of eligible men in the eighth decade.
To ensure blinding, category goals were monitored
by investigators (DF and KC) uninvolved in obtain-
ing echocardiographic measurements. Digitized images
were obtained from analogue tape and stored on floppy
disks for later analysis, using an off-line analysis
system (Freeland Systems, Division of Prism Imaging
Inc., Louisville, Colorado). M-mode, 2-dimensional and
Doppler measurements were obtained from the digitized
images, using the digital analysis system, from an aver-
age of 3 to 5 beats. M-mode measurements were ob-
tained according to the American Society of Echocardi-
ography guidelines, using a leading-edge-to-leading-
edge method.® If the M-mode was unmeasurable,
2-dimensional measurements from the same view were
substituted. The sum of the LV wall thicknesses was
defined as IVS + LVPW, where IVS was interventricu-
lar septal thickness at end-diastole, and LVPW was LV
posterior wall thickness at end-diastole. Percent LV
fractional shortening was calculated as [100(LVIDed
— LVIDes)]/LVIDed, where LVIDed was LV internal
dimension at end-diastole, and LVIDes was LV internal
dimension at end-systole.” LV mass was calculated
from the modified cubed formula®: LV mass (g) = 0.8
{1.05[(LVIDed + IVS + LVPW)? — (LVIDed)’]} +
0.6.

Doppler examination of LV inflow was performed
from the apical 4-chamber view with the sample volume
placed between the mitral leaflet tips. The ultrasound
beam was lined up parallel to LV inflow to minimize
the angle of the cosine (studies were ineligible if angle
was 230°). Doppler was recorded at sweep speeds of 50
or 100 mm/s. Observers chose which 3 to 5 waveforms
(of a maximum of 10) to measure from 2 digitized
screens. Observers traced the modal velocities, and if
the margins of the waveforms were indistinct, they ig-
nored the “noise” artifact and traced the brightest por-
tion of the waveform margin. The peak early diastolic
inflow velocity coincident with the E wave, peak late
diastolic inflow velocity coincident with the A wave, and
the ratio of peak early to late velocities (E/A) were
measured. Furthermore, time velocity integrals E and A
and the ratio of time velocity integral E/A were also
assessed. If there was overlap between the E and A
waves, time velocity integral E was considered the area
under the E wave extrapolated through the A wave to
the baseline; the portion of time velocity integral A in-
corporated in time velocity integral E was not included
in time velocity integral A. If heart rate was slower and
E and A waves did not overlap, time velocity integral E
was extrapolated through diastasis to the baseline; the
remaining small amount of flow during diastasis was
not included in the integral of the E or A wave. Atrial
filling fraction was defined as time velocity integral A
divided by the time velocity integral of total diastolic
LV inflow.

Statistical analyses: Data analyses were performed
using the Statistical Analysis System® and S-PLUS.I° A
t test for age and age-adjusted analysis of variance for
other clinical parameters were used to evaluate the dif-
ferences between subjects with adequate echocardio-
grams and those eligible for the study but not measured.
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TABLE | Doppler Diastolic Function Indexes by Age (years)
20-29 30-39 40-49 50-59 60-69 =70 All Ages
(n=21) (=200 (=22) (h=21) (=22) (1=21) (n=127)

Peak velocity E (m/s)

Mean 0.71 0.66 0.63 0.61 0.55 0.53 0.61

SD 0.14 0.14 0.10 0.11 0.11 0.17 0.14
Peak velocity A (m/s)

Mean 0.35 0.38 0.45 0.49 0.55 0.64 0.48

SD 0.06 0.06 0.08 0.11 0.10 0.14 0.14
Peak velocity E/A

Mean 2.08 1.75 1.44 1.29 1.03 0.84 1.40

SD 0.55 0.40 0.26 0.28 0.26 0.29 0.54
Time velocity integral E (m)

Mean 0.093 0.085 0.086 0.086 0.076 0.072 0.083

SD 0.022 0.018 0.016 0.017 0.015 0.023 0.019
Time velocity integral A (m)

Mean 0.030 0.029 0.037 0.040 0.042 0.052 0.038

SD 0.005 0.006 0.007 0.009 0.009 0.014 0.012
Time velocity integral E/A

Mean 3.24 3.02 2.35 2.23 1.89 1.45 2.35

SD 0.85 0.69 0.39 0.41 0.50 0.47 0.83
Atrial filling fraction

Mean 0.24 0.25 0.29 0.30 0.35 0.42 0.31

SD 0.05 0.05 0.03 0.04 0.06 0.09 0.08
SD = +1 standard deviation.

The decade-specific means and SD for Doppler indexes
were also analyzed. Plots (by age) of peak velocity E/A,
time velocity integral E/A and atrial filling fraction,
with 95% intervals for predicted values, were construct-
ed using a standard least-squares methodology.

Two-way Pearson correlation coefficients examined
the univariate relation between age and Doppler indexes
of diastolic function. Clinical and echocardiographic
variables that potentially influenced Doppler indexes
were entered in multivariate regression analyses, with
each Doppler parameter considered as the dependent
variable. Stepwise regression analyses with backwards
elimination (p <0.10) were used. The stepwise model
was analyzed twice, first entering LV mass, then enter-
ing the determinants of L'V mass (LV internal dimen-
sion and wall thickness) and omitting LV mass. For
each independent clinical variable selected by the step-
wise models, partial correlation coefficients (r values)
adjusted for the other variables in the final models were
derived. The change in R? provided an estimate of the
amount of variance in the dependent Doppler variable
explained by the independent clinical variable after ad-
justing for the other clinical variables selected in the
stepwise multivariate model. The natural logarithm of
the peak velocity E/A, time velocity integral E/A and
atrial filling fraction were used for the Pearson correla-
tions and multivariate analyses.

RESULTS

Characterization of subjects: Comparison of the
clinical characteristics of the 127 subjects included in
the study with the 1,358 eligible for the study but not
measured demonstrates that the 2 groups were not sig-
nificantly different in mean age (50 and 48 years, re-
spectively), PR interval (16 ms for both) and systolic
blood pressure (117 mm Hg for both). Subjects includ-
ed in the study had slightly slower heart rates (63 vs 65

beats/min; p = 0.02) and were less obese (24.4 vs 25.3
kg/m?% p = 0.01) than those eligible but not measured.
The finding that subjects with adequate echocardio-
grams were less obese than the general population is in
accordance with previous findings of the Framingham
Study.!! :

Description of normal Doppler indexes of diastolic
function: Mean and SD for the various Doppler LV in-
flow parameters stratified by age are shown in Table I.
In normal subjects, peak velocities E and E/A, and time
velocity integrals E and E/A decreased with age. In
contrast, peak velocity and time velocity integral A, and
atrial filling fraction increased with age. Figure 1 pro-
vides examples of Doppler LV inflow of a normal young
and a normal old subject. Age nomograms for 3 of the
most widely used Doppler indexes of diastolic function,
peak velocity and time velocity integral E/A, and atrial
filling fraction, are provided in Figures 2, 3 and 4, re-
spectively. Mean peak velocity E/A ranged from 2.08 +
0.55 for subjects in their third decade to 0.84 + 0.29 for
those in their eighth decade (Table I). A peak velocity
E/A ratio <1 was abnormal at <40 years of age, but
occurred in most normal subjects aged =70 years (Fig-
ure 2). A time velocity integral E/A ratio <1.5 was
abnormal at <40 years of age, but occurred in half of
normal subjects aged =70 (Figure 3).

Determinants of Doppler indexes of diastolic func-
tion: Multivariate analyses revealed that age is the most
important determinant of Doppler LV filling in healthy
subjects, with partial correlation coefficients (r values)
ranging from —0.47 for peak velocity E to —0.80 for
peak velocity E/A (Table II). The high univariate cor-
relation between age and LV inflow parameters (Table
IT) was not markedly attenuated by adjusting for other
clinical determinants of diastolic function. Furthermore,
the percent variation in Doppler diastolic function in-
dexes due to age was remarkably high. In the multivari-
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FIGURE 1. Doppler left ventricular in-
flow. Lefi, 21-year-old woman; right,
72-year-old man,

FIGURE 2. Plots of predicted values of
peak velocity E/A (PVEA) by age with
95% confidence intervals. individual
data points are depicted by closed cir-
cles. Predicted values and 95% confi-
dence intervals are shown by solid
Hnes.

FIGURE 3. Plots of predicted values of
time velocity integral E/A (VTIEA) by
age with 95% confidence intervals. In-
dividual data poinis are depicted by
closed circles. Predicted values and
95% confidence intervals are shown by
solid Bnes.
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ate models, the variation due to age (partial R2 for age
after adjusting for other variables retained in the multi-
variate model) ranged from 19% for peak velocity E to
52% for peak velocity E/A.

In the multivariate model, sex was significantly asso-
ciated with peak velocity E and marginally associated
with peak velocity E/A and atrial filling fraction (peak
velocity E and E/A being greater and atrial filling frac-
tion being less in women than in men). However, sex
accounted for only a minor portion of the variance of
any Doppler parameter (4% for peak velocity E, and 1%
for peak velocity E/A and atrial filling fraction).

In healthy subjects, heart rate and PR interval were
also independent determinants of Doppler indexes of
diastolic function. Heart rate was significantly associ-
ated with all LV inflow parameters, with partial corre-
lation coefficients (r values) up to 0.39 for atrial filling
fraction (Table IT). Examining the partial R values re-
vealed that in healthy subjects the percentage of the
variance attributable to heart rate ranged from 6% for
atrial filling fraction to 3% for peak velocities E and A.
PR interval was significantly correlated with all diastol-
ic parameters except peak velocity A. The partial corre-
lation coefficient for PR interval with atrial filling frac-
tion was 0.29. However, the percentage of variance
(partial R?) attributable to PR in the multivariate mod-
els was <3%.

Blood pressure within the normal range did not
make a major contribution to Doppler LV inflow in the
multivariate models. Systolic blood pressure only signif-
icantly correlated with peak velocity A in the multivari-
ate model (Table IT), and the corresponding percent
variance (partial R2) explained by systolic blood pres-
sure was only 2%. Neither diastolic blood pressure nor
body mass index was significantly associated with any
Doppler indexes in the multivariate models.

Left atrial size, and LV size and systolic function in
normal subjects have at most only minor roles in deter-
mining Doppler diastolic function parameters (Table

II). LV fractional shortening (a measure of systolic
function) was significantly associated with peak veloci-
ties E and E/A, with adjusted correlation coefficients of
0.24 and 0.21, respectively; the corresponding variances
attributable to systolic function were minor (R? values
<4%). None of the following 4 variables were retained
by any of the stepwise multivariate models: LV internal
dimension at end-diastole, sum of the end-diastolic LV
wall thicknesses, LV mass and left atrial size.

DISCUSSION

This study used a healthy reference subset of the
Framingham Heart Study to provide insight into the
contributions of various clinical parameters to Doppler
indexes of diastolic function. Aging was associated with
a decrease in passive early LV inflow (peak velocity E
and time velocity integral E) and an increase in the con-
tribution from active late LV inflow (peak velocity A

TABLE Il Doppler Left Ventricular Diastolic Filling
Determinants

PVE PVA PVEA TVIEA AFF
Univariate Correlation Coefficients (r)
Age -0.45* 0.73* -0.77* -0.74* 0.74*

Multivariate Stepwise Regression Correlation Coefficients (r)

Age -0.47* 0.64* -0.80* -0.73* 0.74*
Sex 0.25% k4 0.17§ t -0.17§
HR -0.20% 0.27% -0.33] -0.33| 0.39*
PR -0.181 b4 -0.18% -0.27¢% 0.29|
LVFS 0.24% t 0.211 k4 t

SBP i 0.201 ¥ i b

*p <0.0001; |p <0.001; tp <0.01; %p <0.05; §p <0.10; 1 did not enter the

model (p >0.10),

The following variables did not enter any of the stepwise regression models: body
mass index; sum of end-diastolic septal and posterior wall thicknesses; LV internal
dimension at end-diastole, LV mass and left atrial size.

AFF = atrial filling fraction; HR = heart rate; LVFS = left ventricular fractional
shortening; PR = PR interval; PVA = peak velocity A wave (m/s); PVE = peak
velocity E wave (m/s); PVEA = ratio peak velocity E/A; SBP = systolic blood
pressure; TVIEA = ratio time velocity integral E/A wave.
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and time velocity integral A), with a resultant decrease
in the ratios of early to late filling (peak velocity E/A
and time velocity integral E/A). Tables of normative
values of Doppler LV inflow parameters are provided
that may serve as reference values for echocardiography
laboratories interested in assessing diastolic function.
Decade-specific normal values of Doppler indexes of
diastolic function have not been previously reported.
The current analyses demonstrate that age is the over-
riding determinant of Doppler diastolic function in
healthy subjects. Heart rate, PR interval, sex, LV sys-
tolic function and systolic blood pressure have less im-
portant contributions to diastolic filling parameters.

Correlations between Doppler left ventricular inflow
and other variables; comparison with prior studies: As-
SOCIATION BETWEEN AGE AND DOPPLER INDEXES OF DIA-
stoLic FUNCTION: The univariate correlations between
age and Doppler transmitral indexes in this population
are similar in magnitude to those previously report-
ed.12-20 In the current multivariate analyses, there was
little attenuation of the age-diastolic function relation
even after adjusting for several clinical parameters that
modulate LV inflow. The mechanisms of change in dia-
stolic function with advancing age remain largely unex-
plained. The alterations in LV inflow observed with age
resemble those seen with pathologic processes that be-
come increasingly prevalent in the elderly, such as car-
diac ischemia, hypertension and diabetes mellitus.2!
Furthermore, cardiac anatomy changes with age; LV
wall thickness and left atrial diameter are increased in
the elderly.?22* Hence, a variety of clinical and echocar-
diographic parameters were examined to clarify the
age-diastolic function relation. This study extends the
findings of a small study by Kitzman et al?® who report-
ed that in normal male subjects, age-related changes in
Doppler diastolic function parameters are independent
of clinical variables such as LV mass, heart rate and LV
systolic function.

SEX AND BODY MASS INDEX: In the multivariate model,
sex was significantly associated with peak velocity E,
but accounted for <5% of the variance of peak velocity
E. Other investigators!%!416-18 have not noted sex dif-
ferences in LV inflow. In healthy subjects, obesity was
not an important determinant of Doppler diastolic func-
tion. Although a few studies have examined the impact
of body surface area on Doppler LV inflow with con-
flicting results,!21418.20 ng other study has analyzed the
influence of obesity.

HEART RATE AND PR INTERVAL: In healthy subjects,
heart rate was positively and significantly associated
with peak velocity A and atrial filling fraction and in-
versely with peak velocities E and E/A, and time veloci-
ty integral E/A. Although some investigators have not
found this association,!#1820 the present investigation
confirms the findings of Zoghbi et al'” and Harrison et
al?4 that heart rate is an important determinant of LV
filling in normal subjects. Investigators?* have suggested
that increasing heart rate may alter diastolic function
by several mechanisms including a loss of diastolic fill-
ing time leading to an increased reliance on atrial con-
traction for atrial emptying, and an atrial Starling

mechanism by which greater end-diastolic atrial volume
augments atrial systole.

Multivariate analyses in the present investigation
demonstrated that even in normal subjects, PR interval
had a modest association with LV inflow; PR interval
had a weak positive association with atrial filling frac-
tion, and an inverse association with peak velocities E
and E/A, and time velocity integral E/A. Although an
investigation of subjects with pacemakers demonstrated
that altering atrioventricular delay changes LV filling,2’
PR interval was not previously associated with Doppler
transmitral flow in normal subjects.!®

BLOOD PRESSURE: This study concurs with previous
investigators!#!? in demonstrating an absence of associ-
ation between diastolic blood pressure and Doppler
transmitral flow in normal adults. Controversy exists as
to whether there is an association between systolic blood
pressure and LV inflow.!417 The current study suggests
that in normal subjects, systolic blood pressure accounts
for at most a small proportion of the variance of LV
inflow parameters; in multivariate analyses, systolic
blood pressure remained significantly associated only
with peak velocity A and accounted for only 2% of the
variance.

LEFT VENTRICULAR SIZE AND SYSTOLIC FUNCTION, AND
LEFT ATRIAL SIZE: It is plausible that age-associated de-
creases in LV diastolic function are secondary to alter-
ations in myocardial size and function.. Multivariate
analyses did not demonstrate a significant impact of LV
wall thickness, internal dimension and mass, and left
atrial size on Doppler indexes of diastolic function. LV
systolic function was associated with peak velocities E
and E/A in the multivariate models. However, <5% of
the variance in the Doppler indexes was explained by
LV systolic function. Prior investigators have not noted
an association between Doppler diastolic function in
normal subjects and measures of LV wall thickness or
mass in either univariate!>!° or multivariate'® analyses.
A previous investigation examined the relation between
LYV filling and systolic function in normal subjects, and
did not find any association; however, the study’s sam-
ple size was small.2’ The only prior investigation to ex-
amine left atrial size found a similar absence of associa-
tion with Doppler indexes of diastolic function.20

Mechanisms of age-related alterations of diastolic
function: The pathogenesis of age-related alterations in
the diastolic properties of the heart are complex, incom-
pletely understood and reviewed elsewhere.2627 Briefly,
published reports on animals suggest that an intricate
combination of cellular hyperplasia,?®2?° cell death,? fi-
brosis,”® decreased calcium sequestration?6° and in-
creased passive stiffness’! may underlie changes in LV
diastolic function with aging in humans. The complex
interaction between these microscopic and biochemical
mechanisms may explain why clinical variables that can
be assessed in the current epidemiologic setting or can
be measured at cardiac catheterization?’ do not explain
the aging changes in Doppler-assessed diastolic func-
tion.

Study limitations and advantages: The Framing-
ham sample was rigorously screened to study healthy
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subjects. Hence, the described determinants of diastolic
function may not be relevant to subjects with co-mor-
bidity, altered loading conditions’>33 or extremes of
heart rate. In addition, because subjects with hyperten-
sion and valvular disease were excluded from the refer-
ence sample, LV wall thickness and left atrial size were
narrowly distributed; the findings should not be con-
strued to mean that LV hypertrophy and left atrial en-
largement are not determinants of diastolic function in
other patient populations. Furthermore, a larger sample
may have revealed minor statistical associations be-
tween LV inflow and body mass index, left atrial diam-
eter, LV wall thickness, internal dimension and mass;
however, the magnitude of these associations would be
unlikely to be clinically important. Finally, subjects se-
lected from an epidemiologic setting may lead to an
overestimation of the impact of aging on LV inflow, be-
cause the sample may have included subjects with oc-
cult coronary disease.

Technical considerations may limit the use of the
normative values. LV inflow was sampled at the mitral
leaflet tips; therefore, the peak velocity measurements
may be higher than values obtained at the annulus.3
However, Gardin et al34 have noted that the ratio of
peak late to early transmitral flow is not significantly
affected by the position of the Doppler sample volume.
Furthermore, the number of subjects with technically
inadequate Doppler echocardiograms (29%) was high;
the study was performed early in the Framingham
Study Doppler experience. Currently, only 4% of Fra-
mingham Study echocardiograms have technically inad-
equate Doppler LV inflows (Galderisi MG, unpublished
data). However, the exclusion of subjects with techni-
cally inadequate echocardiograms would further bias
the data set toward “super” normal subjects. Because
the objective was to describe the determinants of Dopp-
ler diastolic function in healthy subjects, the exclusion
of those with technically inadequate studies should not
be a major limitation.

The Framingham Heart Study has several advan-
tages over previous investigations. No other study of
Doppler diastolic function has been reported from a
population-based cohort. Subjects have been followed
clinically for up to 38 years and have been systematical-
ly studied by echocardiography since the late 1970s.
The prospective design of the study enables a more de-
finitive characterization of a normal subset of subjects;
the study has available longitudinal blood pressure and
historical information to rigorously exclude subjects
with prior hypertension or cardiac disease. Further-
more, previous investigations of the age-Doppler diastol-
ic function relation were limited by an absence of multi-
variate analyses,!2-1519 small sample sizes,!2-1517:1920
few subjects aged >70 years!2-1519-20 and methodologic
limitations, such as the inability to comment on Doppler
reproducibility.!21418,20
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APPENDIX

Reproducibility: Interobserver variability of Doppler
LV inflow was assessed by measuring a 10% random
sample of subjects. The Pearson correlation coefficients
of the 2 physicians® measurements were peak velocity E
0.97, peak velocity A 0.97, peak velocity E/A 0.99, time
velocity integral E 0.91, time velocity integral A 0.84,
time velocity integral E/A 0.90 and atrial filling frac-
tion 0.93. The percent difference in the means was com-
puted as 100[(x, — )_(2)/ x + iz)/Z], with x; being
the first physician’s measurement, and x; being the sec-
ond one’s measurement. The percent precision was com-
puted as 100[1/n Z(x; — x4/ (x; + x2)/2)}], with n
being the number of subjects. The percent difference in
the means and percent precision were, respectively: peak
velocity E —0.6 and 5.0%; peak velocity A 2.0 and 5.6%;
peak velocity E/A —2.2 and 4.1%; time velocity integral
E —1.5 and 7.8%; time velocity integral A —4.4 and
11.0%; time velocity integral E/A 1.5 and 7.0%; and
atrial filling fraction —5.1 and 7.2%.
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