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IS DOPPLER TISSUE EARLY LEFT VENTRICULAR
FILLING VELOCITY PRELOAD INDEPENDENT OF
PRELOAD ALTERING MANEUVERS?
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SUMMARY

Objective. Transmitral Doppler flow indices are used
to evaluate diastolic function. Recently, Doppler tissue
velocities have been used as an index of left ventricular
relaxation. The aim of this study was to determine
whether Doppler tissue velocities are influenced by pre-
load alterations.

Methods. We altered left ventricular preloads in 17
patients (all men, 49+8 years) while recording echocar-
diographic measurements of left ventricular end-diastolic
volume, left atrial maximal area, peak early Doppler fill-
ing velocity and left ventricular myocardial velocities
during early filling. Preload altering maneuvers included
Trendelenburg (Stage 1), reverse Trendelenburg (Stage 2)
and amyl nitrate (Stage 3). Systolic blood pressures were
taken at every stage.

Results. Compared to baseline left ventricular end
diastolic volume (p=0,001), left atrial area ( p=0,003),
peak early mitral Doppler filling velocity ( p=0,01) and
systolic blood pressures (p=0,001) were changed as a
result of preload altering maneuvers. Only left ventricu-
lar myocardial velocities during early filling were signif-
icantly unaffected by preload altering maneuvers.

Conclusion. In contrast to standard transmitral
Doppler filling indices, Doppler tissue early diastolic
velocities are not significantly affected by physiological
preload altering maneuvers. Thus, Doppler tissue veloc-
ities during early left ventricular diastole may be more
useful as an index of diastolic function by providing a
preload-independent assessment of left ventricular fill-
ing.
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OzET

DOPPLER DOKU SOL VENTRIKUL ERKEN DOLMA
HIZI ARDYUK DEGISTIRICi MANEVRALAR KULLA-
NILDIGINDA ARDYUKTEN ETKILENIR Mi?

Amag: Transmitral Doppler akim verileri diyastolik
fonksiyonu degerlendirmek igin kullamimigtir. Son za-
manlarda, Doppler doku hizlan sol ventriktil gevsemesi-
nin bir gostergesi gibi kullaniimigtir. Bu ¢alismada Dopp-
ler doku hizlarinin on yiik degigtirici manevralardan et-
kilenip etkilenmediginin saptanmasi amaglandi.

Yéntem: 17 hastada (tiimi erkek, 49 + 8) ekokardiyog-
rafik sol ventrikil miyokardiyum hizlar éi¢imlerini ya-
parken sol ventrikil én yukint degistirdik Trendelen-
burg (1. basamak), ters Trendelenburg (2. basamak) and
amil nitrat (3. basamak) én yik degistirici manevralar
olarak kullamild). Her basamak igin sistolik kan basinct
Slgiildil.

Sonuglar: Baglangic ile kargilagtininca, sol ventrikl
diyastol hacmi (p=0,001), sol atriyum alani (p=0,003),
pik erken mitral Doppler dolum hizi (p=0,001) ve sisto-
lik kan basinglan (p=0,001) én yiik degistirici manevra-
lar ile degisti, ancak sol ventrikill miyokardi hizi erken
dolumda én yiik degistirici manevralar ile anlamli degis-
medi.

Yorum: Mitral seviyeden Doppler dolum verilerinin
tersine, Doppler doku erken diyastol hizlan fizyolojik én
yuk degistirici manevralardan énemli derecede etkilen-
mez. Béylece erken sol ventrikill diyastolu sirasinda
Doppler doku hizlar sol ventrikiil diyastolu sirasinda
Doppler doku hizlani sol ventrikill dolumunun &n yiik-
den bagimsiz degerlendirilmesini saglayan daha yararii
bir gosterge olabilir.
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Diastolic dysfunction is the primary mecha-
nism responsible for dyspnea in patients with
heart failure, irrespective of the presence or
severity of systolic dysfunction (1-3). Left ventric-
ular (LV) diastolic dysfunction usually precedes
systolic dysfunction (4,5) and abnormal relax-
ation is observed at its earliest stage (2-6).
Conventional clinical evaluation of LV relaxation
involves determining the time constant of pres-
sure decay during isovolumic diastole as calcu-
lated from the LV pressure curve (7). Doppler
echocardiography has become the noninvasive
technique of choice for the evaluation of diastolic
function (8,9). LV filling and, more recently, pul-
monary venous Doppler flow indices have been
used to evaluate different parameters of diastolic
function, including LV filling, pressure, relaxation
and stiffness (8,10-12). Unfortunately, because
there are several physiologic variables - including
volume status, left atrial pressure and rate of
myocardial relaxation (13-15) - it is often difficult
to determine which individual variable is respon-
sible for a specific Doppler pattern unless other
relevant clinical and/or invasive information is
available (6,16-18).

Doppler tissue imaging (DTI) is a new ultra-
sound modality that records systolic and diastolic
velocities within the myocardium (19-23) and at
the corner of the annulus (24-26). Recently, the
early diastolic velocity recorded at the lateral cor-
ner of the annulus (EDTV) has been demonstrat-
ed to decline progressively with age and to be
reduced in pathologic LV hypertrophy (25) as
well as in patients with restrictive cardiomyopa-
thy (26). These findings suggest that EDTV is an
index of LV relaxation that may not be influenced
by left atrial pressure. Therefore, this study was
designed to assess whether EDTV as recorded by
DTl is a preload-independent index of LV relax-
ation that will differentiate pseudonormalized
mitral flow from a normal pattern.

Methods
PATIENTS

The study group consisted of 17 patients (all
men, 498 years of age) with stable forms of

chronic ischemic syndrome. All patients under-
went echocardiographic evaluation in our labo-
ratory for assessment of cardiac structure and
function. Criteria for inclusion were presence of
sinus rhythm and absence of any congestive heart
failure, valvular heart disease, primary myocar-
dial heart disease, secondary hypertrophy (hyper-
tension, aortic stenosis, etc.) or endocrinological
and renal diseases. All subjects gave written
informed consent before participation.

ECHOCARDIOGRAPHY

Subjects studied in the echocardiography lab-
oratory were first imaged with a commercially
available echocardiography machine (Acuson
model 128, Mt. View, California, or Hewlett-
Packard model 72020A, Andover, Maryland)
equipped with a multifrequency transducer as
well as the DTI program. Images were taken in
the left lateral decubitus position, and complete
echocardiographic studies were performed using
standard views and techniques. Two-dimension-
al studies were recorded from the parasternal
long and short axis and the apical four- and two-
chamber views. End-diastolic volumes and left
atrial area were obtained from the apical four-
chamber view. All Doppler echocardiographic
and DTI recordings were obtained during normal
respiration.

PULSED DOPPPLER ECHOCARDIOGRAPHY

The sample volume was set at the mitral valve
orifice in the long axis view of the left ventricle or
the four-chamber view recorded from the cardiac
apex, and transmitral flow velocity patterns were
recorded. Early diastolic wave velocity was then
obtained.

Doppler Tissue Imaging: In the apical view of
the left ventricle, sample volumes were set at the
lateral portion of the mitral annulus. Motion
velocity patterns for each patient were recorded
using the pulsed Doppler method. After baseline
parameters were obtained, the studies were
repeated on the same subjects using the preload-
altering maneuvers. These stages were defined as
Baseline, Stage 1 (Trendelenburg position), Stage
2 (reverse Trendelenburg position) and Stage 3
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Table 1: Changes in Echocardiographic Measurements with Preload Altering Maneuvers
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Variables Baseline Stage 1 Stage 2 Stage 3
LVEDV (ml)* 199 + 132 242 + 186 212 £ 163 188 + 133
LA Area (mm2)** 229 24 + 10 22+10 20+ 8

E Wave (cm/sec)q 82 + 33 85 + 32 72 + 26 73+ 20
EDTV (cm/sec) # 10+ 4 11+3 113 11+4
BP* 126 + 19 123 £17 118 + 21 103 =22

*p=0,001; **p=0,003; {p=0,01; #p= NS (stage 1,2,3 parameters comparing baseline)

(amyl nitrate inhalation). Blood pressure was
recorded continuously at all stages.

STATISTICAL ANALYSIS

Data was presented as mean value = SD.
Analysis of variance and t tests were used to com-
pare differences between the stages, with a value
of p< 0,05 considered significant.

Results

Normal values for left ventricular end dias-
tolic volume (LVEDV), left atrial (LA) area, left
ventricular early mitral flow velocity (E) and
EDTV were obtained from the annulus for the
Baseline (Table 1). In Stage 1, early diastolic
mitral inflow velocity profile increased (p=0,01)
with the Trendelenburg maneuver, which is
known to increase preload. LVEDV (p=0,001)
and LA (p=0,003) area increased significantly in
Stage 1, but EDTV did not change significantly
{p<0,05). In Stage 2 (reverse Trendelenburg) and
Stage 3 (amyl nitrate inhalation), EDTV was

unchanged, but other variables changed signifi-.

cantly (Table 1).
Discussion

The results of this study suggest that peak
Doppler tissue early left ventricular velocities are
not affected by varying preload conditions. In
spite of the changes in hemodynamic parameters,
EDTV did not change significantly.

Mitral flow variables are load-dependent, and
patients with a relaxation abnormality may show
a normal pattern with elevated atrial pressure.

This pattern may occur because mitral flow vari-
ables are velocity data determined by the pres-
sure difference between the left atrium and left
ventricle during diastole. The effect of volume
changes on Doppler tissue velocities has the the-
oretical advantage of being less preload-depen-
dent than mitral flow variables. Garcia et al (26)
observed that peak EDTV correlates poorly with
peak E velocity, suggesting the relative preload-
independence of peak EDTV. In this study, we
demonstrated that peak early mitral annulus
velocity, in contrast to mitral inflow velocity, did
not change significantly after preload alteration
by Trendelenburg or reverse Trendelenburg
maneuvers or amyl nitrate inhalation. Some find-
ings were previously demonstrated by Sohn et al
(27) by alteration of the preload with infusion of
saline or nitroglycerin. Aranda et al (28) also
showed that during routine examination of heart
transplant cases, peak EDTV did not change as a
result of preload alteration with nitroglycerin.

In contrast to standard Doppler echocardiog-
raphy, DTl is capable of measuring myocardial
tissue velocity, which directly reflects the con-
tractile and relaxation properties of the myocardi-
um. All of our subjects had evidence of normal
left ventricular systolic function, no evidence of
coronary artery disease as detected by coronary
angiography, and no pericardial effusion. Both
Trendelenburg maneuvers and inhalation of amyl
nitrate affected the blood pressure response
(p=0,001), LVEDV (p=0,001) and LA area change
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(p=0,003). Changes in the hemodynamic profile
such as increase in heart rate and decrease in
blood pressure, LVEDV and LA area following
inhalation of amyl nitrite are well known and
probably mediated by venous and arterial dilata-
tion via reflex sympathetic stimulation by barore-
ceptors (29). Relaxation velocities by Doppler tis-
sue echo with different preload conditions did
not change significantly, suggesting that myocar-
dial relaxation is independent of preload. This
observation is consistent with the findings of
Stoddard et al (30). Impaired relaxation is a com-
mon denominator in patients with heart failure,
with or without systolic dysfunction (1-3). During
heart failure, left atrial pressure increases in
response to a reduction in LV compliance. This
increase masks the influence of impaired relax-
ation on the transmitral velocity, producing a
pseudonormal pattern with an E/A ratio >1 and
shortening the isovolemic relaxation time and
deceleration time (9, 10, 31). However, abnormal
myocardial relaxation still exists in these patients
and can be demonstrated with invasive measure-
ments of the time constant of relaxation and with
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