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Editorial Comment

Doppler Assessment of Left
Ventricular Diastolic Function:
The Refinements Continue*

CHRISTOPHER P. APPLETON, MD, FACC

Tucson, Arizona

Use of mitral fow velocity recordings to assess left ventricular
filling and diastolic fanction. Mitral flow velocity recordings
obtained with pulsed wave Doppler technique have been
used to assess left ventricular filling and diastolic function
for approximately a decade (1). During this time it has been
established that mitral flow velocity accurately reflects left

icular filling as d by radi lide (2) and angio-
graphic (3) techniques and that mitral flow velocity patterns
change throughout life in normal persons {4) and are dy-
namic, shifting with alterations in left ventricular diastolic
propetties (5-8) or loading conditions that alter the transmi-
tral pressure gradient {9-11).

Three general abnormal left ventricular filling patterns are
recognized in patients with heart disease (8). These can be
independent of left ventricular systolic function. Tn the most
common abnormal pattern, mitral flow velocity is reduced in
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Mitral flow velocity patterns and related variables have
been shown 10 have diagnostic and prognesiic value in
several disease states such as acute myocardial infarction
(13) and restrictive (14) and difated (1) cardiomyopathies.
Individual mitral flow velocity variables have also been used
1o estimate left ventricular filling pressures in patients with
heart disease (8,15,16) and equations utilizing Doppler vari-
ables to predict left ventricular end-diastolic pressuie huve
5een proposed (:6).

The problem. Despite these encouraging results, the sim-
ilarities of normal and *‘pseudonormal’ mitral g the
age and toad dependency of left ventricular filling and the
variabie results linking mitral flow velocity variables and
individual left ventricular diastolic properties have led to
caution, or even skepticism, about using mitral flow velocity
recordings to evaluate diastolic function in a general popu-
lation of patients with heart disease (17,18),

In an atiempt to refine these technigues, more recent
studies have analyzed pulmonary venous fow velocity in
conjanction with mitral flow velocity. Pulmonary venous
flow is phasic, with anterograde peaks during ventricular
systole and diastole and retrograde flow during atrial con-
traction ¢19,20). Early diastolic pulmonary venous and mitral
flow are closely related {11,20), whereas pulmonary venous
systolic flow appears to be mast influenced by atrial systolic
funcnon (21~23) Allhough recorded most clearly with trans-

early diastole (E wave) with an iacreascd velocity at atrial
contraction (A wave). The reduced ea-ly filling is caused by
slower than normal left vemn\.ular relaxation, whlch de-
creases the early li al
(5,6,8). The second abnormal mitral flow ve]ocnv pa'tem is
called “‘pseudonormal,” to indicate that although the ratio of
mitral E and A wave velocitics appears normal, abnormali-
ties of left ventricular diastolic propertizs are present (8). In
these cases an elevaied left arial pressure normaiizes the
carly diastoli dient and velocity
despite impaired teft venmcular relaxation {6). In the third
and most abnormal left ventricular filling pattern, the pro-
portion of fiiling in early diastole is increased with an abrupt,
prema.ure cessanon of ﬁow caused by an abnormally pid
i early d left icul (12). This
“restricted” left ventricular filling pattern is the result of a
severe decrease in left ventricular compliance and an in-
creuse in filling pressures; it is usually seen in paiients who
have advanced heart diseass, markedly raduced functional
capacity and atrial systolic failure (8,12).

*Editorials published in Jounal of the Americun College of Cardiology
reflect the views of the authors and do not necessarily represent the views of
JACC or the American College of Cardiology.
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que (11), 0 ic record-
ings can be obtained in most patients (22), and normal ranges
have been established for different age groups (24,25). In
selected patient groups, left ventricular filling pressures have
been related to the proportion of pulmonary venous flow in
systole (the systolic fraction) (22,26) or peak reverse flow
velocity at atrial contraction (11). However, pulmonary
venous flow velocities are also influenced by age (24,25) and
[oading conditions (11,26} and, as with itrat flow velucities,
similar patterns can sometimes be seen in normal persons
and patients with heart discase (27). Therefor., additional
two-dimensional and Doppler variables are still needed to
improve the specificity of echocardiographic techniques for
the assessment of left ventricular diastolic function and
filling pressures.

The present study. In this issue, Rossvoll and Hatle (28)
describe a new Dappler va,iable, the differcnce in duration
between pulmonary venoiss and mitral A wave flow velocity,
which may represent a sngmﬁcanl advance in these tech-
niques for d ng | hemodynamies. In 50 patients
undergoing cardiac catheterization, these investigators te-
lated mural and lemonary venous ﬁow velocnty variables

btained with y to three left
ventricolar filling pressures: left ventricular przssure before
atrial contraction (pre-A wave), left ventricular pressure
increase during atrial contraction and left ventricular end-
diastolic pressure. Strengths of the study include the aw-
thors™ experieace in obtaining high quality pulmonary ve-
rous recordings and the size of the study group. Relative
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weaknesses include a study group limited to older persons
(mean age 60 = 11 years) 7 1d composed mainly of patients
with coronary artery disease (80%), and the use of fluid-filled
rather than micromanometer catheters for measuring pres-
sures. The results show that a pulmonary venous A wave
flow reversal that exceeds the duration of mitral A wave
velocity predicted a left ventricular end-diastolic pressure
>15 mm Hg with a sensitivity of 85% and a specificity of
79%. The difference in flow duration also skswed the stron-
gest refation of any mitral or pulmonary venous vanable 1o
the increase in Jeft ventricular p at atrial
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transmitral pressure gradient and transmitral flow. At the
same time the increased pressure rise in the atrium results in
a larger velocity and longer duration of flow backward into
the pulmenary veins.

The results of Rossvoll and Hatle (28) provide further
insight into these relations. For instance, as shown in their
Figure 4, patients with elevated left ventricular pre-A pres-
sures show a larger difference from normal subjects in mitral
than in pulmonary venous A-wave duration; the reverse is
true when patients are subgrouped by A-wave pressure

{r = 0.70), and left venmcular end-diastalic pressure (r =
0.68). Left ventricular pre-A wave pressure was most
strongly correlated with the pull v venous systolic
velocity time integral (r = —0.69) and systolic fraction (r=
—0.70), although the scatterplot for the latter )

Although not specifically studied, these data may
indicate that patients with elevated left ventricular pre-A
wave pressures have reduced atrial systolic function com-
pared with that of patients whose exaggerated A wave
pressure increase is the reason for an elevated left vemnc-

(their Fig. 6) shows that the relation is strongly influenced by
three patients with markedly elevated pressures,

The importance of the study results, The description of
these new variables and their hemodynamic relations
may have important implications for usmg Dopphr tech-

ular end-diastoli . As d d by R il and
Hatle, the former group probably represents a more ad-
vanced stage of diastolic dysfunction, which may also be
identified by a reduced proportion (<40%) of pulmonary
venous systolic flow.

The relations between mitral and pu!monary venous flow

nique for the of left lic func-
tion. Previous studies have been unable to identify a Doppler
variable that correlated with an abnormal increase in left
ventricular pressure ai atifal coniraction (8), a distinction
that would help identify the subset of patients with
low mitral E to A wave ratios who are developing higher
filling pressures (27), The results also suggest that different
left ventricular p (pre-A, end-diastolic, and so

described should be relatively age d Although
the speed of left ventricular relaxation slows with aging (5),
there is no evidence that normal older persons have a
sngmﬁcanl decrease in left venmcular comphanoe or a
marked i in left

This implies that mitral flow duration at atrial comractlon
may exceed reverse pulmonary venous flow throughout life,

forth) can have different physiologic significance and,
therefore, different Doppler correlates. Finally, the analysis
of pulmonary venous and mitral flow dynamics at atrial
contraction represents a new approach to identify hemo-
dynamic aud diastolic abnormalities that should be less
influenced by age than by current Doppler variables. Reli-
able identification of abnormal hemodynamics would be a
major advance in interpreting mitral and pulmonary venous
fiow velocity recordings, especially in cases with unre-
markabie anatomic findings and *‘normal’'-appearing flow
velocities.

Mitral and pulmonary venous flow dynamics at atrial
contraction. With atrial contraction, blood is ejected from
the atrium into the left ventricle and also backward into the
pulmonary veins. The amount and durauon of flow each way
are determined by the itral and atri
gradients, which are likely influenced by left atrial systohc
function and left atrial and left vemncular compliance.
Under normat ci ances the p in the
Teft atrium and left ventricle at atrial contraction are approx-
imately equal, and the amount and duration of transmitral
flow exceeds reverse flow into the pulmonary veins, How-
ever, with a decrease in left ventricular compliance and

d filling p the pi in the left
ventricle is larger and more rapid in the ventricle than in the
left atrium (29). This shortens the duration of the positive

pective of the age-related ch: observed in mitral
and pulmonary venous flow velocities. The duration of
mitral and pulmonary venous A wave flow can also be
correlated with pulmonary venous A wave velocity, because
age-related values have been estavlished and do not exceed
35 ¢m/s in healthy adults (24,25). Although the additive value
of correlating both duration and peak velocity variables was
not examined in the current study, it deserves attention in
future investigations.

Limitations of the study. Further work is needed to better
estabiish the sensitivity and specificity of the current findings
in patients with other heart discases, in younger age groups
and under different loading conditions. A reduced specificity
would diminish the value of the results by misdiagnosing
patients as having significant diastolic dysfunction or ele-
vated filling pressures. Arrhythmlas, such as atrial ﬁhnlla-
tion, make most of the vari or
more difficult to interpret. Similarly, a short PR interval
would result in an abrupt termination of mitral A wave flow,
which may not reflect the altered left atrial and left ventric-
ular compliance relation asscsiated with this finding and
described above,

Recording and analyzing mifral and pulmonary venous
flow velocities. The variables studied by Rossvoll and Hatle
require high quality Doppler recordings obtained with atten-
tion to detail and a commitment to go through a considerable
learning curve. A mitral sampic volume location that is too
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medial may give a spuriously short mitral A wave duration,
and this signal is usually best obtained slightly more toward
the anulus than the “‘between the tips™ location commonly
used for recording early mitral flow velocity. Pulmonary
venous flow is recorded from an apical transducer position
with the sample volume placed in the right upper puimonary
vein. Because of the large distance from the transducer, this
signal can be difficult to record clearly with some types of
ultrasound equipment or in patients who are obese or have
an enlarged heart. In these cases a modified precordial or
suprasternat transducer location can be tried. The recording
of the pulmonary venous A wave reversal is the most
difficult velocity to record clearly because of wall motion
artifacts associated with atrial contraction. The sample vol-
ume must be placed 1 to 2 cm into the pulmanary vein to
record peak velocity, and in some cases the best anterograde
and retrograde signals are obtained with a slightly different
transducer angulation.

Rossvoll and Hatle mention three ways to measure pul-
monary venous A wave duration. Direct rement is
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Rakey R, Xao L7, Zoghbi WA, Limacher MC, Quinones MA. Determi-
nation of parameters of left ventricufar diastolic filing with _pulsed
Doppler ech with. Tircula-
tion I985 71:542-50.

Miyatake K. Okamoto M, Kinoshita N, et al. Augmentation of atrial
contribution to left ventricular inflow with 2ging es assessed by intracar-
diac Doppler flowmetry. Am J Cardiol 1984:53:586-9.
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relaxation on diastole: a study with
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Ishida Y. Meisner IS, Tsujioka K. et al. Left ventricular filling dynamics:
influence of left ventricular relaxation and Jeft atrial pressure. Circulation
1986:74:187-96.

Wind BE, Snider R, Buda AJ, O'Neill WW, Topo! EJ, Dilworth LR.
Pulsed Doppler assessment of left ventricular diastotic filling in coronary
artery disease before and immediately after coromary angioplasty. Am J
Cardiol 1987:59:1041-6.

Appleton CP, Hatle LK, Popp RL. Relation of ransmitral flow velocity
patterns to left \:nlncuku- diastolic function: new insights from a com-
bined and Doppler echocardi ic study. J Am Colt
Cardic! 1988:12:426-40.

Choong CY, Herrman HC. Weyniun AE, Fifer M. Pretoad dependence of
Doppler-derived indexes of left ventricular diastolic function in humans.
3 Am Coll Cardiol 1987:12:300-8.

best, but it can also be approximated in some cases by
measuring the di between pul y venous
diastolic and systolic antegrade flow. If this method is used
the end of diastolic flow should be checked with the end of
the P wave on the electrocardiogram to make sure it is
coincident with mechanicai atrial systole. Finally, b
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T. St. Goar FG, Alderman EL, Popp RL. Effects of nitroprus-
side on transmitral flow velocity patterns in extreme heart failure: a
combined hemodynamic and Doppler echocardivgraphic study of varying
loading conditions. 1 Am Coll Cardio} 1990:16:1175-85.

- Nishimura RA, Abet MD, Halle LK. Tajik AJ Rehmn of pulmonuy

vein to mitral flow Effect
of different loading conditions. Circulation 1990;81:1488-97,
Appleton CF, Hatle LK, Popp RL. Demonstration of restristive ventric-

the beginning of mitral and pulmonary venous A waves is
simultaneous, the termination of both A wave flows can be

f d to the QRS as a rapid means of deter-
mining which flow has a longer duration.

Conclusions. Rossvoll and Hatle have shown that a du-
ration of pulmonary venous flow reversal at atrial contrac-
tion that exceeds mitral A wave duration indicates an
exaggerated increase in late diastolic left ventricular pres-
sure. However, in broader terms they have introduced two
important ideas: 1) The study of mitral and pulmonary
venous flow dynamics at atrial contravaon may aid the
Doppler evaluation of left ventricular diastolic function,
and 2) alterations in different Doppler variables may indi-
cate abnormalities in different left ventricular filling pres-
sures. Although the ultimate place of these new ideas
and variables awaits further study, the potential that thess
relations may be more independent of age than previously
used variables ushers in a new and exciting era of in-
vestigation. After a decace of study, the refinements coe-
tinue.
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