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The purpose of this study was to evaluate left and right ventricular diastolic functions
in children with dilated cardiomyopathy using Doppler echocardiographic indices.

Material and Methods

Patient group consisted of 16 patients with clinical and echocardiographic
diagnosis of dilated cardiomyopathy in the absence of clinical evidence of
myocarditis and primary valvular disorder (mean age 6.55 years, range 2 months-
15.5 years). All patients had cardiomegaly as determined from chest x-ray
(cardiothoracic ratio > 0.5). M-mode echocardiographic study demonstrated left
venticular enlargement (end-diastolic dimension greater than 25% above the
normal value as predicted from the age and body surface area)®, decreased
fractional shortening (< 25%) and a marked increase of E point-septal separation’.
Mean ejection fraction measured in the study group was also reduced
(41.6 £ 11.2%). Two dimensional echocardiography revealed a dilated
nonhypertrophic left ventricle with diffuse hypokinesia or akinesia of left ventricular -
wall motion in all patients. None of the cases had significant arrhythmia,
atrioventricular block or pacemaker implants at the time of the study: Presumed
etiology of dilated cardiomyopathy was idiopathic in 15 patients and adriamycin-
induced in one. Each patient was clinically stable during the time of examination.
None of the patients was receiving parenteral inotropic or ventilatory support
at the time of the study. Digoxin was being administered to all but one patient.
Three patients were receiving a diuretic, five captopril, and three both, in addition
to digoxin. One patient was treated with captopril alone.

Control group consisted of 20 healthy children with a similar age distribution
(mean age. 6.6 = 2.5 years).

Echocardiographic Examination

Complete two-dimensional and Doppler echocardiographic examinations were
performed on each subject by one investigatior using a Toshiba Sonolayer SSH
160 A echocardiographer with 2.5, 3.75, and 5 MHz transducers. Examinations
were recorded on a standard VHS videotape and measurements were made from
the replay. Continuous wave and color Doppler echocardiography were applied
to each patient with standard methods to rule out valvular abnormalities that are
not infrequent in patients with dilated cardiomyopathy®.

Each subject underwent pulsed Doppler echocardiographic examination of mitral
and tricuspid valves from an apical four-chamber view. The Doppler cursor was
placed at the tips of the valve leaflets, in the left and right ventricular inflows,
almost parallel to the direction of flow. We simultaneously recorded the subjects'
electrocardiogram, phonocardiogram and respiration (using a pressure transducer
placed over the subphrenic region) (Fig. 1). Care was taken to keep the positions
of the body and the transducer unchanged during the recording.
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Table Ill: Right Ventricular Diastolic Parameters in Normal Subjects
and in Patients with Cardiomyopathy

Cardiomyopathy Normal p Value
Peak E (cm/s) 41+7.9 475 + 8.8 <0.05
Peak ‘A (cm/s) 359+68 379+ 71 NS
Peak E/A ratio 1.16 £ 0.27 1.25 £0.22 NS
E integral (cm) 30+10 3.87 £ 1.1 <0.05
A integral (cm) 217 £0.72 2.23 + 0.51 NS
E/A integral 1.46 + 0.46 1.67 £ 0.71 NS
AT (ms) 736+ 16.8 712 +13.7 NS
DT (ms) 81.8 +27.7 929+ 208 NS
TDF (ms) : 272.6 + 89.1 296.9 + 52.4 NS
EF Siope (cm/s?) 5.0+20 4.17 + 0.86 NS
OE Slope (cm/s?) 715222 771255 NS
IVRT (ms) 60.6 + 16.3 52.2 +12.8 <0.05

Abbreviations as in Table Il and methods section.

Discussion

The use of transmitral Doppler recordings in assessing left ventricular diastolic
function has received increased attention in clinical cardiology. Hence, several
studies in adult patients with dilated cardiomyopathy recently demonstrated
diastolic abnormalities as being responsible for symptoms during periods of
clinical deterioration®'2. Three distinct filling patterns have been described. The
first, characterized by a prolonged isovolumic relaxation time, slow deceleration
of early filling velocity and a decrease in E/A ratio, is associated with "impaired
relaxation®. The second type, called the “restrictive” pattern, is characterized by
a short isovolumic relaxation time, rapid filling in early diastole (high E velocity),
reduced atrial filling velocity (a velocity) and an increase in E/A ratio. The third
pattern is called a "normalized" or "pseudonormal” pattern*4. The restrictive pattern
is usually seen in patients with an advanced form of disease, while the impaired
relaxation is usually associated with a mild form of the disease'# S,

In this study in the cardiomyopathy group we detected significant reductions
in left ventricular early filling velocity, early velocity-time integral and in E/A ratio,
whereas a significant increase was detected in isovolumic relaxation time. These
changes were in accord with impaired relaxation of left ventricle. All our patients
were clinically stable during the study period; therefore; an abnormal relaxation
pattern was compatible with the clinical status of our patients. Our findings are
also in agreement with previous studies, demonstrating abnormal relaxation
patterns in aduits with a mild or moderate form of dilated cardiomyopathy.
However, in the only other study performed in six children with dilated
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cardiomyopathy, Riggs’® reported an increased rather than decreased early to
late peak filling velocity (peak E/A) ratio in the cardiomyopathy group. The finding
of a higher peak E/A ratio was supposedly related to the increased left atrial
pressure due to mitral insufficiency present in most of their patients.

Unlike the case with left ventricular filling, right ventricular diastolic filling has
not been studied extensively in either adults or in children with dilated
cardiomyopathy. In one study assessing right ventricular diastolic function in
patients with dilated cardiomyopathy by cinemagnetic resonance, Suziki et al. "
demonstrated impairment of diastolic function of the right ventricle. Their findings
were consistent with the notion of the existence of impaired early diastolic filling
of the right ventricle in patients with dilated cardiomyopathy. In the only other
study performed in children by Doppler echocardiography'®, the E/A integral,
peak early velocity and peak E/A ratio were each lower in the cardiomyopathy
group, while the peak A velocity was higher. Isovolumic relaxation time was not
evaluated in this investigation. In the present study, peak E velocity and the
corresponding velocity-time integral were significantly lower, and the isovolumic
relaxation time significantly higher, in the cardiomyopathy group. Our findings
are in favor of impaired relaxation of the right ventricle and suggest that the
cardiomyopathic process is a diffuse process associated with impairment of
both right and left ventricular diastolic filling.

Study Limitations

The most important limitation of the study lies in the complexity of the physiology
that is evaluated. Diastole represents a complex interplay of multiple factors,
including ventricular and atrial systclic and diastolic properties and loading
conditions, and the pattern of filling may not reflect all diastolic properties.
Heart rate, respiration, age, and valvular regurgitation are some of the factors
that could also alter diastolic filling'® 1822, |n the current study, end expiratory
values of diastolic indices were used in order to minimize the effects of
respiration, and patients with valvular regurgitation were not included in the
study. Also, there were no significant differences in age, heart rate, or systolic
blood pressure between the control group and the group with dilated.
cardiomyopathy. Therefore, we think that these variables were unlikely to have
had significant effects on our results.

Lack of an invasive hemodynamic assessment of the patients could be
considered as a limitation. However, the purpose of the study was to evaluate
diastolic filling by Doppler echocardiography, which is a noninvasive method.
Furthermore, previous studies with simultaneous Doppler echocardiographic and
hemodynamic measurements have demonstrated that the findings were closely
correlated with each other'# 23,
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In conclusion, this study shows that in addition to left ventricular diastolic
dysfunctilon, abnormalities of right ventricular diastolic filling may also occur in
children with dilated cardiomyopathy. In light of these findings, we recommend
Doppler echocardiographic assessment of left and right ventricular diastolic filling
in every patient with dilated cardiomyopathy.

10.

11.

12,

13.

14.

15.

REFERENCES

. Soufer R, Wohigelemtar D, Vita NA, et al. Intact systolic left ventricular function in clinical

congestive heart failure. Am J Cardiol 1985; 55: 1032-1036.

Dougherty AH, Naccarelli GV, Gray EL, Hicks CH, Goldstein RA. Congestive heart failure with
normal systolic function. Am J Cardiol 1984; 54: 778-782.

Vanoverschelde JL, Raphael DA, Robert AR, Cosyns JR. Left ventricular filling in dilated
cardiomyopathy: relation to functional class and hemodynamics. J Am Coll Cardiol 1990;
15: 1288-1295.

Takenaka K, Dabestani A, Gardin JM, et al. Pulsed Doppler echacardiographic study of left
ventricular filling in dilated cardiomyopathy. Am J Cardiol 1986; 58: 143-147.

Lavine SJ, Arends D. Importance of the left ventricular filling pressure on diastolic filling in
idiopathic dilated cardiomyopathy. Am J Cardiol 1989; 64: 61-65.

Henry WL, Ware J, Gardin JM, Hepner Si, McKay J, Weiner M. Echocardiographic
measurements in hormal subjects: growth-related changes that occur between infancy and
early aduithood. Circulation 1978; 57: 278-285.

Gardin JM, Iseri LT, Elkayam U, et al. Evaluation of dilated cardiomyopathy by pulsed Doppler
echocardiography. Am Heart J 1983, 106. 1057-1065.

Jenni R, Ritter M, Eberli £, Grimm J, Krayenbuehl HP. Quantification of mitral regurgitation
with amplitude-weighted mean velocity from continuous wave Doppler spectra. Circulation
1989; 79: 1294-1299.

Galderisi M, Benjamin EJ, Evans JC, et al. Intra-and interobserver reproducibility of Doppler-
assessed indexes of left ventricular diastolic function in a population based study (the
Framingham Heart Study). Am J Cardiol 70: 1341-1346.

Rihal CS, Nishimura RA, Hatle LK, Bailey KR, Tajik AJ. Systolic and diastolic dysfunction in
patients with clinical diagnosis of dilated cardiomyopathy. Relation to symptoms and prognosis.
Circulation 1994; 90: 2772-2779,

Shen WF, Tribouilloy C, Rey JL, et al. Prognostic significance of Doppler-derived ieft ventricular
diastolic filling variables in dilated cardiomyopathy. Am Heart J 1992; 124: 1524-1533.

Clements IP, Brown ML, Zinsmeister AR, Gibbons RJ. Influence of left ventricular diastolic
filing on symptoms and survival in patients with decreased left ventricular systolic function,
Am J Cardiol 1991; 67: 1245-1250.

Werner GS, Schasefer C, Dirks R, Figulla HR, Kreuzer H. Doppler echocardiographic assessment
of left ventricular filling in idiopathic dilated cardiomyopathy during a one-year follow up: relation
to the clinical course of disease. Am Heart J 1993; 126: 1408-1416.

Appleton CP, Hatle LK, Popp RL. Relation of transmitral flow velocity patterns to left ventricular
diastolic function: new insights from a combined hemodynamic and Doppler echocardiographic
study. J Am Coll Cardiol 1988; 12: 426-440.

Xie Gy, Berk MR, Smith MD, Gurley JC, DeMaria AN. Prognostic value of Doppler tranasmitral
flow patterns in patients with congestive heart failure. J Am Coll Cardiol 1994; 24: 132-139.



346 Alehan F, ot al The Turkish Journal of Pedialrics

16.
17.
18.

19.

20.

21.

23.

July - September 1998

Riggs TW. Abnormal right ventricular filling in patients with dilated cardiomyopathy. Pedialr
Cardiol 1993; 14: 1-4,

Suzuki J, Caputo GR, Masui T, Chang JM, O'Sullivan M, Higgins CB. Assessment of right
ventricular diastolic and systolic function in patients with dilated cardiomyopathy using cine
magnetic resonance imaging. Am Heart J 1991; 122: 1035-1040.

Voutilainen S, Kupari M, Hippeladinen M, Karppinen K, Ventila M, Heikkila J. Factors influencing
Doppler indexes of left ventricular filling in healthy persons. Am J Cardiol 1991; 68: 653-659.

Kuo LC, Quinones MA, Rokey R, Sartori M, Abinader EG, Zoghbi WA, Quantification of atrial
contribution to left ventricular filling by pulsed Doppler echocardiography and the effect of
age in normal and diseased hearts. Am J Cardiol 1987; 59: 1174-1178.

Choong CY, Herrmann HC, Weyman AE, Fifer MA. Preload dependence of Doppler-derived
indexes of left ventricular diastolic function in humans. J Am Coll Cardiol 1987; 10: 800-808.

Alehan FK, Ozkutlu S, Alehan D. Effects of respiration on left ventricular diastolic function in
healthy children. Eur Heart J 1996; 17: 453-456.

Keren G, Pardes A, Eschar Y, Hansch E, Scherez J, Laniado S. Left ventricular filling dynamics
by Doppler echocardiography in ditated cardiomyopathy. ane-year follow-up in patients treated
with captopril compared to placebo. Cardiology 1992; 81: 196-2086.

Pinamonti B, Di Lenarda A, Sinagra G, Camerini F. Restrictive left ventricular filling patterns
in dilated cardiomyopathy assessed by Doppler echocardiography: clinical, echocardiographic
and hemodynamic correlations and prognostic |mpllcat|ons Heart Muscle Disease Study Group.
J Am Coll Cardiol 1993; 22: 808-815.



