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Despite diastolic dysfunction is recognized to play a
major role in the pathophysiology of heart failure, the im-
portance of an accurate diagnosis and treatment of this
syndrome in clinical practice is poorly established. Recent
publications suggest that diastolic dysfunction is the pri-
mary cause of heart failure in 30-50% of patients. Several
studies also show that, in a significant number of patients
with systolic dysfunction, diastolic function is the major
determinant of their symptomatic status, their response to
treatment and their outcome. Other preliminary data sug-
gest that diastolic dysfunction is an important cause of
exercise intolerance in patients with chronic hypertension.
This paper discusses the most recent concepts related to
the mechanisms, the diagnosis and the treatment of dias-
tolic dysfunction based on diagnostic imaging techniques.
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Diagnéstico y guia terapéutica de la insuficiencia
cardiaca diastdlica

A pesar de la importancia de la disfuncién diastélica en
la fisiopatologia de la insuficiencia cardiaca, la relevancia
del diagnéstico y tratamiento de este sindrome esta poco
reconocida en la practica clinica. Publicaciones recientes
sugieren que en un 30-50% de pacientes con insuficien-
cia cardiaca la causa primaria es una disfuncién diast6li-
ca. Varios estudios también demuestran que en un nud-
mero importante de pacientes con insuficiencia cardiaca
sistolica la funcion diastélica suele determinar la sintoma-
tologia, el prondstico y la respuesta al tratamiento. Otros
datos preliminares sugieren que la disfuncion diastélica
es una causa importante de intolerancia al esfuerzo en
pacientes con hipertension arterial crénica. En este arti-
culo se discutiran los conceptos mas actuales en relacion
con los mecanismos, el diagnéstico y el tratamiento de la
disfuncion diastdlica.

Palabras clave: Diastole. Insuficiencia cardiaca.

Ecografia. Doppler.

INTRODUCTION

In spite of therapeutic advances over the last 2 deca-
des, heart failure continues to be one of the most pre-
valent syndromes, with a mortality of 50% at 5 years
and at a cost of more than 10 000 million dollars an-
nually in the United States.! Epidemiological studies
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predict a significant increase in the prevalence of heart
failure in the future, because of the increase in the life
expectancy of the general population,” and to the pre-
vention of sudden death by use of the implantable de-
fibrillator.® It has been determined that 30% to 50% of
patients who present with the diagnosis of heart failure
have a normal ejection fraction.* It is currently recog-
nized that diastolic dysfunction plays an important
role in the symptomatology of cardiomyopathy, valve
disease, ischemic disease, and arterial hypertension.’®
In spite of the fact that life expectancy rate in diastolic
heart failure is better than with systolic dysfunction in
heart failure, recent studies have shown that this rate is
reduced in the normal population.*

Diastolic dysfunction can be defined as a condition
in which the filling pressure is found to be increased in
order to maintain normal cardiac output. Therefore,
patients with diastolic dysfunction can have a variety

96



Garcia MJ. Diagnosis and Therapeutic Guidance of Diastolic Heart Failure

ABBREVIATIONS

(—)dP/dt: velocity of maximum decline in

ventricular pressure.

T: isometric relaxation time constant.

A: atrial contraction wave in mitral flow derived
Doppler.

Am: diastolic velocity of the myocardium obtained
by tissue Doppler during atrial contraction.

AR: reverse flow toward the pulmonary veins
during atrial contraction.

AR, —A,,: difference between the length of the
retrograde atrial contraction wave of pulmonary
venous flow and the anterograde atrial contraction
wave in ventricular filling.

ATP: adenosine triphosphate.

BNP: brain natriuretic peptide.

CV: ventricular relaxation.

Ca'": calcium.

D: atrial filling wave during the early filling phas e
in pulmonary venous flow.

dp: pressure change.

dV: volume change.

El: tissue elasticity.

E: protodiastolic filling wave in mitral flow
derived Doppler.

Ep: deceleration time of protodiastolic filling.

Em: myocardium diastolic velocity obtained via
tissue Doppler during early filling phase.

h: thickness of the ventricular wall.

p,: atrial pressure.

p,: ventricular pressure.

Sm: myocardium systolic velocity obtained
by means of tissue Doppler.

S: atrial filling wave during ventricular systole
in pulmonary venous flow.

v: velocity.

vp: ventricular flow propagation velocity gradient
according to M-mode color Doppler.

of symptoms, from exert ional dyspnea to advanced
heart failure.

PHYSIOPATHOLOGY

Conventionally, left ventricular diastole lasts from
the moment the aortic valve closes until the closing of
the mitral valve, and its duration tents to be two-thirds
of the cardiac cycle at rest (Figure 1). During exercise,
the duration of diastole is shortened, proportionately,
more than that of systole, lasting 50% of the total du-
ration. The first diastolic phase, from the closure of the
aortic valve to the opening of the mitral valve, is the
isovolumetric relaxation period. During this period, in-
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Fig. 1. Phases of the cardiac cycle. The continuous line represents
ventricular pressure. The dotted line represents simultaneous atrial
pressure. Phase 1: isovolumetric relaxation; phase 2: early filling; pha-
se 3: diastalsis; phase 4: atrial contraction.

traventricular pressure decreases rapidly before ventri-
cular filling begins. This involves 3 phases in patients
with sinus rhythm. The early filling phase begins with
the opening of the mitral valve, when the decrease in
intraventricular pressure is less than the value of the
atrial pressure. The second, or equilibrium, phase is
seen in patients with normal diastolic function and low
cardiac frequency. During this phase, ventricular volu-
me is maintained constant due to the equalizing of the
atrioventricular pressure. Finally, the filling phase by
atrial contraction depends, as its name indicates, on
the increase in pressure by atrial pressure. Several
physiological variables interact during ventricular
diastole®® (Table 1). Among these, the most funda-
mental are ventricular relaxation and distensibility,
and atrial contraction.

TABLE 1. Factors that contribute to diastole

Ventricular relaxation

Ventricular distensibility

Atrial contractility

Filling pressure and volume (pre-load)
Arterial pressure (afterload)
Pericardial distensibility
Interventricular dependence
Intra-aortic pressure

Neurohormonal activation

Cardiac frequency

Atrioventricular electrical conduction interval
Intraventricular electrical conduction
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Fig. 2. Ventricular distensibility in a normal subject (A) compared with
a subject with diastolic dysfunction (B). Given the same increase in
ventricular volume (DV), the increase in pressure is greater in the sub-
ject with diastolic dysfunction (DpB).

Ventricular relaxation

Relaxation (lusotropism) of cardiac muscle fibers is
an active property that uses energy in the form of ade-
nosine triphosphate (ATP). This energy is required to
transfer the calcium (Ca™) from the cytoplasm back to
the sarcomatous reticulum, reactivating the inhibitory
effect of the troponin-tropomyosin® complex and allo-
wing, in turn, the dissociation of the actin and myosin
filaments. Relaxation does not only depend on the
availability of energy, but also on the abundance of
Ca"" ion in the cytoplasm.'” The effect of the relaxa-
tion of cardiac muscle fibers causes a sudden decrease
in the pressure of the left ventricle. The speed at which
the pressure decreases during the isovolumetric relaxa-
tion period directly reflects the relaxation speed of the
muscle fibers. This speed can be measured with inva-
sive techniques and tends to be defined as the velocity
of maximum decline in ventricular pressure (—)dP/dt
or the isometric relaxation time constant (1).'"!2
Several studies have shown that in the left ventricle
the apex normally relaxes more quickly and before the
middle and basal segments, causing a suction effect.
This suction has been quantified invasively by the si-
multaneous measurement of pressure gradients in dif-
ferent areas of the ventricular cavity, and in normal
ventricles an apicobasal difference of 1 mm Hg to 3
mm Hg has been noted. Preliminary data indicate that
in normal subjects the suction increases during exerci-
se, and in patients with cardiac failure this increase di-
rectly affects aerobic capacity.'® It is important to note
that ventricular relaxation is directly related to con-
tractility. Studies performed by Torrent-Guasp'* even
suggest that apical suction is caused by the contraction
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of certain muscle fascicules, given the spiral form of
the left ventricle.

Ventricular distensibility

Ventricular distensibility depends on the relaxation
between the «strain» of the myocardial fibers and
the «stress» (applied surface force). This association is
affected by the active relaxation of the sarcomeres and
by the relative content of elastic and collagen fibers in
the connective tissue. These fibers determine the size
and anatomical form of the left ventricle, and form the
matrix that allows conversion of the shortening and
lengthening of muscle fibers during changes in pressu-
re.!17 The relationship between «strain» and
«stress» of the collagen fibers is initially low, but in-
creases structurally as the fibers are stretched.!® This
phenomenon explains why, even in normal subjects,
excessive volume overload may result in the develop-
ment of cardiac failure. The distensibility of the left
ventricle (Cv) can decrease: a) upon reduction of tis-
sue elasticity (El) due to the increase in the density of
the collagen fibers in response to humoral factors (an-
giotensin, noradrenaline, etc.), and ») upon an increase
in wall thickness, which occurs commonly in response
to a chronic elevation of arterial pressure, or both.
Ventricular wall thickness is an important parameter in
the study of diastolic function. In general, this is found
to be abnormally increased in hypertrophic and restric-
tive cardiomyopathy. Given the relationship between
ventricular distensibility (Cv) and the thickness of the
ventricular wall (h), in ventricles with a normal diame-
ter and increased thickness, distensibility decreases
even when tissue elasticity (EI) is normal, since:

C bt
v

Hemodynamically, C, can be defined as the rela-
tionship between the change in volume and the change
in pressure (dV/dp), or as the constant of ventricular
volume (volume required to increase ventricular pres-
sure by a factor of e, 2.718, V k). Given the same fi-
lling volume, in a ventricle with normal Cv the increa-
se in pressure is less than a ventricle with a reduced C,
(Figure 2).

Atrial contractility

Left ventricular function depends on its preloading,
afterload, and contractility.’® Atrial preloading
(atrial volume at the end of the early ventricular filling
phase) directly affects the strength of atrial contrac-
tion, in accordance with the Starling law: the volume
determines the strain of muscle fibers which, in
turn, directly determines shortening and, therefore, the
volume of atrial ejection. In patients with abnormal or
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TABLE 2. Causes of diastolic dysfunction

Arterial hypertension
Senility

Ischemic heart disease
Diabetes

Dilated cardiopathy
Hypertrophic cardiopathy
Restrictive cardiopathy*
Constrictive pericarditis

*Amyloidosis, post-irradiation, Fabry disease, glycogen deposit disease, and
others.

incomplete ventricular relaxation due to elevated car-
diac frequency or a first degree block, the atrial prelo-
ad volume is increased, which entails greater atrial
ejection volume. This mechanism maintains of the car-
diac output in patients with changes in ventricular re-
laxation, especially during exercise. Therefore, the de-
velopment of atrial fibrillation may entail a decrease in
cardiac output and the appearance of congestive symp-
toms in these patients. Ventricular distensibility consti-
tutes the postload of the left atrium. Atrial contraction
is ineffective when the C, is reduced, due to the fact
that part of the atrial ejection volume travels in a retro-
grade direction since there are no valves in the pulmo-
nary veins. Various factors that affect ventricular con-
tractility, such as chronic volume and pressure
overload, can also affect atrial contractility which also
tends to diminish, in infiltrative cardiomyopathy and
in patients with atrial fibrillation, immediately after
cardioversion.?

The combination of all of these processes allows for
maintenance of an ejection volume and cardiac output
that are adequate under normal filling pressure.
Patients with diastolic dysfunction may present with
different degrees of change in one or more of these
processes, as well as manifest symptoms ranging from
slight exertional dyspnea to pulmonary and peripheral
edema.

ETIOLOGY

Arterial hypertension, heart disease, and senility are
the most common causes of diastolic dysfunction
(Table 2). Hypertensive cardiomyopathy is responsible
for a third of hospitalizations due to heart failure?' and
half of cases of acute pulmonary edema without hypo-
tension that present to emergency departments.?
Chronic arterial hypertension increases wall stress and
at the same time induces hypertrophy of the sarcome-
res, increasing wall thickness.?> Humoral factors, such
as the increase in angiotensin II and in circulating con-
centrations of insulin, have been linked to the develop-
ment of myocardial hypertrophy and to an increase in
the expression of type II collagen in the extracellular
matrix. Muscle hypertrophy and the increase in the co-
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llagen matrix thickness prevent progressive dilation
and keep wall stress stable but, at the same time, cause
a decrease in distensibility. Experimental studies in
humans have also shown that in these patients both the
presence of acute ischemia and the abrupt increase in
arterial pressure can cause an even greater increase in
ventricular rigidity and in filling pressures, contribu-
ting to the development of acute pulmonary edema
syndrome.

The prevalence of diastolic heart failure increases
with the aging of the population. Between the third
and ninth decades it is estimated that ventricular mass
increases 1g to 1.5¢g for every year of life.>* Pathology
studies on normal individuals of advanced age have
shown an increase in the thickness of muscle fibers
and in type II collagen content and, therefore, a reduc-
tion in ventricular distensibility.?> These anomalies
may result in a decrease in aerobic capacity during
exercise, as well as the development of symptoms of
dyspnea and low cardiac output in many people of ad-
vanced age who develop atrial fibrillation.

Heart disease can affect relaxation by limiting the
energetic substrate during episodes of acute ischemia.
In patients with a previous infarct or chronic arterial
hypertension, or both, in the setting of interstitial fi-
brosis that affects ventricular distensibility,?® the ische-
mic episodes may cause pulmonary edema to develop.

Restrictive cardiopathy comprises a group of cardiac
changes characterized by reduced ventricular volume
and decreased distensibility.?” The increase in the
thickness of the ventricular wall in these patients is
caused by interstitial infiltration with no muscle hy-
pertrophy. Therefore, the diagnosis tends to be esta-
blished when there is a disparity between low voltage
electrocardiographic results and the presence of an in-
crease in the thickness of the ventricular wall on echo-
cardiogram. The ejection fraction may be reduced in
patients with severe restrictive cardiomyopathy, alt-
hough the left ventricle volume may remain low. The
atria are characteristically dilated. The most common
causes of restrictive cardiopathy include, among ot-
hers, amyloidosis, post-irradiation cardiopathy, mus-
cular dystrophy, and changes in glycogen deposit.

Diastolic function is frequently altered in primary
hypertrophic cardiomyopathy. The disruption of mus-
cle fiber organization, with an increase in ventricular
wall thickness,?® and abnormal electrical conduction
tend to cause changes in ventricular relaxation and dis-
tensibility.?

In dilated idiopathic myocardiopathy there are also
changes in relaxation, distensibility, and atrial func-
tion. Several studies have shown that diastolic func-
tion is directly related to the symptomatology and
prognosis of these patients.*

In constrictive pericarditis, the thickening of the pe-
ricardium causes a decrease in distensibility, with an
increase in the interdependence between both ventri-
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Fig. 3. Two-dimensional echogram. Four-chamber view of a patients
with diastolic dysfunction caused by amyloidosis. Note the dilation of
the right (RA) and left (LA) atria and the thickening in the wall of the
right (RV) and left (LV) ventricles.

cles. Constrictive pericarditis is the only cause of
diastolic dysfunction in which ventricular relaxation is
normal. Clinically, there is a predominance of symp-
toms of low output and peripheral edema in these pa-
tients, without pulmonary congestion.?!

DIAGNOSIS

The diagnosis of diastolic dysfunction requires a de-
tailed analysis of patient history, a physical examina-
tion, and the results of various diagnostic tests. It is im-
portant to exclude the presence of pulmonary disease,
anemia, tyrotoxicosis, and heart or valve disease. Chest
radiograph and spirometry tests can establish the diag-
nosis of pulmonary dyspnea. In some patients with
exertional dyspnea a stimulation test with methacholine
allows establishing a diagnosis of bronchial asthma. In
those cases where there are moderate changes in pul-
monary function, the circulating value of brain natriure-
tic peptide (BNP) can help determine whether the cause
of dyspnea is pulmonary disease or heart failure, as, in
heart failure, BNP tends to be elevated.*

Although the diagnosis of diastolic dysfunction can
be established invasively by means of catheterization,
this procedure is rarely necessary. Catheterization
allows precise determination of filling pressures, rela-
xation constant (T), and, in combination with simulta-
neous volume measurement, can also determine ven-
tricular distensibility. Because it is invasive, this
method is not ideal to perform consecutive tests in am-
bulatory patients. Isotopic ventriculography can be
used to obtain filling time and velocity. Nevertheless,
this method has been replaced by Doppler echography
imaging which offers, in addition, anatomical informa-
tion. Magnetic resonance imaging and high resolution
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tomography are useful for the evaluation of pericar-
dium thickness in certain patients in whom a diagnosis
of constrictive pericarditis is suspected.*

At the present time, echography is the most compre-
hensive technique for establishing the diagnosis and
mechanism of diastolic function. Two-dimensional
echogram allows detection of dilation of the left
atrium and systolic ventricular function, helping to es-
tablish the cause and chronicity of diastolic dysfunc-
tion** (Figure 3). The precision of the measurements
obtained by echography has been corroborated by se-
veral clinical and pathological studies.®> Two-dimen-
sional echocardiography also allows evaluation of the
distensibility of the venas cava and hepatic veins,
which is useful for estimating right atrial pressure.*

Doppler transmitral flow studies

Once the anatomical information has been obtained
by 2-dimensional echogram, the use of transmitral
flow Doppler provides functional information. This
study allows precise measurement of ventricular fi-
lling velocity. The simplified Bernouilli equation
allows direct relation of this velocity (v) and the pres-
sure gradients of the atrium (P,) and the left ventricle
(Py).

In patients in sinus thythm, Doppler study of ventri-
cular filling is composed of 1 early filling wave

(E) and 1 atrial contraction (A) (Figure 4). During
early filling, ventricular relaxation causes a reduction
in ventricular pressure to less than the atrial pressure,
creating a pressure gradient. In accordance with the
isovolumetric relaxation hemodynamic formula
(p=p,e-t/t), when the atrial pressure (pA) varies, the
velocity of the decrease in intraventricular pressure
([-] dp/dt) varies in accordance with p,/t, so that E is
directly proportionate to atrial pressure and the rela-

TABLE 3. Application of Doppler in the diagnosis of
diastolic dysfunction

Stages of diastolic dysfunction

Normal Slow relaxation Pseudonormal Restrictive
E/A, cm/s >1 <1 1-2 >2
Epp, ms <220 >220 150-200 <150
S/D <1 or>12 >1 <1 <1
AR,,~A,, <35 <35 >35¢ >25¢
v, cm/sP >50 <45 <45 <45
E,, cm/sb >10 <8 <8 <8

aNormally >1 but can be <1 in very young subjects or athletes.

v =45-50 y Em 8-10 cm/s are intermediate ranges.

E/A indicates relation of early ventricular filling wave to atrial contraction; Ey;,
deceleration time of the early ventricular filling wave; S/D, ratio of systolic
wave and diastolic wave of pulmonary venous flow; AR, r-A,,, difference bet-
ween the duration of the retrograde atrial contraction of pulmonary venous
flow and the anterograde atrial contraction in ventricular filling; vp, propaga-
tion velocity gradient of ventricular flow via M-mode color Doppler; E,,, myo-
cardium diastolic velocity obtained via tissue Doppler during early filling.
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Fig. 4. Pulsed transmitral Doppler indicating early ventricular filling
wave (E) and atrial contraction (A). Measured from the time of decele-
ration (DT) of the early filling wave.

Fig. 5. Pulsed Doppler that indicates the systolic (S), diastolic (D) and
retrograde flow waves of atrial contraction (AR) in pulmonary venous
flow.

xation velocity of the left ventricle (1/7).37 At the end
of the early filling stage, the decrease in atrial pressu-
re and the simultaneous increase in intraventricular
pressure reduce the pressure gradient, causing decele-
ration of early filling flow. The distensibility of the
left ventricle (C,) is the principal determinant of dece-
leration of the early filling velocity (Eg,). In rigid
ventricles, the deceleration time is reduced, as the fi-
lling volume causes a sudden increase in intraventri-
cular pressure, equalizing this pressure with the atrial
pressure and causing the rapid cessation of early fi-
lling flow E,=70/2 C,. The physical determinants of
the ventricular filling wave during atrial contraction
(A) are the same as those that determine the E
wave.’®* Muscular contraction of the left atrium in-
creases atrial pressure and, therefore, the atrioventri-
cular gradient, causing acceleration of the A-wave
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Fig. 6. M-mode dolor Doppler indicating the ventricular flow propaga-
tion gradient (v,).

flow. The relaxation of the left atrium and the simul-
taneous increase in ventricular pressure cause decele-
ration of A. The left atrial function and ventricular
distensibility are the factors that fundamentally con-
tribute to the occurrence of these events. The E/A re-
lationship is the basis for the interpretation of diasto-
lic function on Doppler echography (Table 3).
Nevertheless, since interpretation depends on various
factors, its correct interpretation tends to require com-
plementary information.

Doppler study of pulmonary venous flow

A Doppler study of pulmonary venous flow comple-
ments the interpretation of ventricular filling flow, par-
ticularly in the study of atrial function. Pulmonary ve-
nous flow in patients in sinus rhythm has 3
characteristic waves: a) the S wave, which represents
filling of the atrium during ventricular systole; b) the
D wave, which represents a second filling phase du-
ring ventricular diastole, and ¢) the AR wave, which
represents the reserve flow toward the pulmonary
veins during atrial contraction (Figure 5). Since there
are no valves that impede the backward movement of
flow from the left atrium to the pulmonary veins, the
relation between the amplitude and the duration of the
A filling wave of the left ventricle and the AR wave in
the pulmonary veins depends on the distensibility of
the left ventricle:*

CVe<A, —AR

dur dur

Doppler study of ventricular flow propagation

Several studies have shown that the filling veloci-
ties of the left ventricle vary depending on spatial lo-
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cation. The maximum velocity E changes as the flow
is displaced from the mitral orifice toward the apex.
In ventricles functioning normally, E is rapidly displa-
ced and reaches higher amplitude near the apex, pro-
bably due to the suction caused by the apical relaxa-
tion accelerating the flow.*! In patients with abnormal
relaxation, E is greater near the mitral orifice, decrea-
sing in amplitude and displacing itself more slowly
toward the ventricular apex. This information can be
easily obtained by means of an M-mode color
Doppler imaging study. The propagation velocity (v,)
of the early filling wave on M-mode color Doppler
allows qualitative estimation of left ventricular rela-
xation*>*  (Figure 6). In contrast with the E wave on
pulsed Doppler, v, is relatively independent of atrial
pressure,* so that the pattern of normal filling can be
distinguished from that of pseudonormal filling.*> The
digital information obtained on M-mode color Doppler
imaging can also be quantitatively analyzed. Using a
simplified form of the Euler differential equation, the
spatial-temporal distribution of the velocities can be
applied to calculate the pressure intraventricular pres-

sure gradients:
dv Ov]_ dp
ol 55 - o

These pressure gradients physiologically generate
the ventricular filling suction.***” M-mode color
Doppler can also be useful to estimate atrial pressure,
in combination with pulsed Doppler imaging of ventri-
cular filling. The propagation velocity (v,) from M-
mode color Doppler imaging of ventricular filling is
inversely related to the isovolumetric relaxation cons-
tant (1), and is relatively independent of atrial pressu-
re. On the other hand, the E wave filling on ventricular
Doppler imaging is determined by atrial pressure and
relaxation: -3

(B

Therefore, atrial pressure can be non-invasively®!
estimated as:

_ E
Pa= kx—v

p

Tissue Doppler studies

Applying the same physical principle used to analyze
blood flow, Doppler studies can be adapted to obtain
the velocity of myocardial movement.52 In normal
subjects, tissue Doppler allows determination of a sys-
tolic velocity (S,,) and a diastolic velocity during early
filling (Em) and atrial contraction (A,) (Figure 7).
Several studies have shown a direct relationship betwe-
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Fig. 7. Tissue Doppler showing systolic myocardial velocity (Sm) and
diastolic myocardial velocity during early filling (Em) and atrial con-
traction (Am).

en ventricular relaxation and E,_,** which also appears

to be less influenced by atrial pressure. This method
has proven to be useful for differentiating restrictive
cardiomyopathy from  constrictive  pericarditis.**
Similar to the application of M-mode color Doppler
imaging, the Em wave of tissue Doppler can be used in
combination with transmitral E wave Doppler imaging
to estimate atrial pressure?’

Normal filling pattern

The normal Doppler pattern for ventricular filling is
characterized by a prominent E, with rapid accelera-
tion and gradual deceleration. The E wave amplitude
is determined by rapid relaxation. The A wave is of
lesser proportion due to the low atrial volume at the
end of the early filling phase and, therefore, E/A>1.
M-mode color Doppler imaging shows a propagation
velocity (vp)>45 cm/s, and tissue Doppler shows
Em>8 cm/s.

Slow filling pattern

Upon diminishing the relaxation velocity of the
myocardial fibers, the E amplitude is reduced. Given
that atrial contraction begins before ventricular relaxa-
tion is complete, the volume in the atrium at the end of
early filling increases, which in turn increases the
atrial ejection volume and therefore the A amplitude.
A slow relaxation pattern is characterized by an E/A<1
and an EDT>240 ms.5%57 A slow relaxation pattern is
common in normal individuals of advanced age and in
patients with hypertensive,*® hypertrophic,* and ische-
mic cardiomyopathy.®® These patients frequently pre-
sent with few symptoms, but tend to have reduced
cardiac output during exercise. The slow relaxation
pattern tends to be associated with the presence on
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auscultation of an S4 atrial gallop. M-mode color
Doppler shown a propagation velocity (vp)<45 cm/s,
and on tissue Doppler Em<8 cm/s.

Pseudonormal filling pattern

As diastolic dysfunction advances, cardiac output di-
minishes, which in turn causes a reduction in renal ex-
cretion of sodium and water and the elevation of left
atrial pressure. This elevated pressure, in turn, produ-
ces changes in the mitral flow pattern in the opposite
manner to those changes caused by abnormal relaxa-
tion. The isovolumetric relaxation time is shortened,
as atrial pressure advances the moment of mitral ope-
ning. The E amplitude is increased, while the A decre-
ases due to the reduction in ventricular distensibility.
This pattern is indistinguishable from a normal filling
pattern, and is frequently observed in patients with di-
lated, hypertrophic, and restrictive cardiomyopathy.
Certain clinical and echographic characteristics help
distinguish a pseudonormal filling pattern from a nor-
mal filling pattern. These include the presence of sys-
tolic dysfunction or other echocardiographic findings
suggestive of heart disease, such as dilation of the left
atrium. Pulmonary vein flow tends to demonstrate a
reverse atrial contraction wave (AR)>35 cm/s and
AR, >A,,, M-mode color Doppler shows a propaga-
tion velocity (v )<45 cm/s, and on tissue Doppler
E, <8 cm/s. These allow a normal filling pattern to be
distinguished from a pseudonormal filling pattern.

Restrictive filling pattern

An excessive increase in atrial pressure ultimately
causes a marked shortening in isovolumetric relaxa-
tion time. In this filling pattern, the early filling dece-
leration time (EDT) is also shortened due to low ven-
tricular distensibility. The amplitude and duration of
A are reduced significantly. Thus, the filling pattern
cannot be detected in spite of there being evidence of
atrial activity on electrocardiogram and in pulmonary
vein flow on Doppler. The restrictive filling pattern is
related to the presence of advanced congestive symp-
toms, with auscultatory detection of an S3 ventricular

TABLE 4. General therapeutic recommendations
in accordance with phases of diastolic dysfunction?

Phase

Slow relaxation ~ Reduction in cardiac frequency, prevention
of arrhythmias, control of hypertension®
Vasodilators, diuretics, beta blockers

Diuretics and vasodilators®

Pseudonormal
Restrictive

aBased on expert opinion, without prospective validation.

bTaking into account the pressure response during stress test.

¢Taking into account the administration of beta blockers following the appro-
priate use of diuretics and in the absence of pulmonary congestion.
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gallop,’! as well as with an elevated cardiac mortality
rate. The restrictive filling pattern is characterized by
an E/A ratio >2 and an EDT<150 milliseconds. The
reverse atrial contraction wave (AR) is prominent,
unless atrial function has deteriorated. M-mode color
Doppler shows a propagation velocity (vp)<45
cm/second, and on tissue Doppler Em<8 cm/second

TREATMENT

In spite of the prevalence of diastolic heart failure,
to date no randomized studies have been performed to
determine the effect of specific therapeutic agents for
the treatment of this syndrome. Nevertheless, evidence
available at present suggests that most drugs that are
used today for the treatment of systolic heart failure
are also effective in the management of diastolic heart
failure (Table 4).

Diuretics are useful in patients with diastolic dys-
function who show signs of volume overload (edema,
pulmonary congestion). Nevertheless, it must be ta-
ken into account that these patients have a tendency
to easily develop pre-renal azotemia, since when the
filling pressure decreases the ejection volume also
decreases. In the SHEP study, patients of advanced
age with ventricular function who received antihy-
pertension treatment with hydrochlorothiazide sho-
wed a reduction in the incidence of heart failure.®
This suggests that the chronic use of diuretics in hy-
pertensive patients can also cause an improvement in
distensibility by reducing the thickness of the ventri-
cular wall.

The decrease in arterial pressure with the use of an-
giotensin converting enzyme inhibitors (ACEI) and
calcium channel blockers in patients with hypertensive
cardiopathy are effective, causing remodeling by redu-
cing ventricular wall thickness and mass and, therefo-
re, causing an increase in distensibility. In certain pa-
tients with hypertrophic cardiopathy, verapamil has
been shown to increase ventricular relaxation.®
Nevertheless, in patients with dilated an restrictive
cardiopathy, the effect of verapamil tends to be the op-
posite, causing a deterioration in diastolic function and
an increase in filling pressures.*

In contrast. ACEIs tend to improve relaxation and
distensibility in patients with diastolic dysfunction, in-
dependently of the ejection fraction.®® Treatment of
hypertension with these agents causes a reduction in
ventricular mass, a decrease in atrial volume, normali-
zation of ventricular filling Doppler parameters, and a
reduction in circulating values of atrial natriuretic pep-
tides (ANP).% Recent studies have shown similar ef-
fects with use of angiotensin II inhibitors.*’

In patients with diastolic dysfunction, control of car-
diac frequency and maintenance of sinus rhythm allow
optimization of ventricular filling. Treatment with
beta-blockers is effective not only due to these mecha-
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nisms,% but also because of their neurohormonal inhi-
bitory effect. Chronic stimulation by catecholamines
entails the development of interstitial fibrosis and, the-
refore, the long-term use of beta blockers causes an in-
crease in distensibility.*

The vast majority of patients with diastolic dysfunc-
tion are asymptomatic or paucisymptomatic at rest, but
tend to show exercise intolerance. During exercise, the
duration of filling time diminishes at a higher rate than
the ejection time. In normal subjects, relaxation velo-
city increases, increasing filling due to suction and
allowing an increase in the ejection volume. In pa-
tients with diastolic dysfunction, the increase in rela-
xation proportionate to cardiac frequency is limited.
The increase in venous return results in an proportio-
nately greater increase in pressure than in filling volu-
me, due to a reduction in distensibility, also limiting
aerobic capacity.”® Recent studies have shown that be-
tablockers and angiotensin II receptor antagonists may
improve exercise tolerance in patients with diastolic
dysfunction,™ although it is not known if this occurs
by some direct mechanism or indirectly by reducing
arterial pressure.

CONCLUSIONS

Diastolic dysfunction not only is important in the
development of symptoms and the response to treat-
ment in patients with a normal ejection fraction, but
also has prognostic and therapeutic implications in
systolic heart failure. Echography allows the establish-
ment of a diagnosis, the severity of the condition, and
the specific mechanism in the majority of patients.
Therefore, command of these techniques is important
for the clinical cardiologist and the echography techni-
cian. Future studies are needed to determine the use-
fulness of the study of diastolic function during exerci-
se and the application of echography studies as
therapeutic guidelines.
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