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ABSTRACT

We aimed to assess whether the echocardiographic parameters as indicators of myocardial
remodeling are of prognostic importance in patients with symptomatic chronic heart failure.

The study included 104 patients with systolic heart failure. The ejection fraction was less than
35% in all patients and the severity of their chronic heart failure under the New-York Heart As-
sociation’s classification was I11-1V class. All patients underwent clinical and laboratory exami-
nation, including transthoracic echocardiography performed in M-mode and 2D echocardiogra-
phy from a left parasternal and apical window. They and were followed up for cardiac related
death and non-fatal cardiac events including hospitalization. The median follow-up period was
13 months. Echocardiographic markers of prognostic assessment have several advantages taking
into consideration availability, non-invasive approach and safety of this method.

The logistical regression analysis revealed the following effective predictors for both survival
and event free survival: left ventricular ejection fraction, left atrial diameter and volume index
and tricuspid annular plane systolic excursion. Other parameters, such as pulmonary artery max-
imal systolic pressure, severity of mitral regurgitation, and left atrial area were moderately cor-
related with cardiovascular events.

In our heart failure population we studied both left atrium size and volume as functional char-
acteristics of left atrium and their prognostic role in cardiovascular mortality and found moder-
ate correlation between left atrium structural parameters and cardiac events.

Thus, further prospective studies are needed for establishing precise levels of variable echo-
cardiographic parameters associated with mortality. This would be of great prognostic impor-
tance for physicians during follow-up evaluation of cardiac functions.

The findings help conclude that the ejection fraction, left atrium diameter, left atrium volume
index and tricuspid annular plane systolic excursion represent significant predictors of survival

and event free survival in patients with symptomatic heart failure.
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INTRODUCTION

Chronic heart failure (CHF) under the New-York
Heart Association’s classification (NYHA) I11-1V func-
tional class patients with higher risk of cardiac events
require more intensive therapy, surgery, and heart trans-
plantation in some cases [Roger VL et al., 2004].

One of the important points in the management
of heart failure (HF) is the availability of reliable
prognostic factors that enable patients and physi-
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cians to determine expectation of prognosis and
treatment options. In addition, insights into which
factors relate to poor outcome may help to ad-
vance concepts for new therapeutic directions.

Echocardiographic markers of prognostic as-
sessment have several advantages taking into con-
sideration availability, non-invasive approach and
safety of this method.

The objective of the study was to find out prog-
nostic parameters of echocardiographic assessment
in patients with NYHA I11-1V CHF and LV dysfunc-
tion (LVD) in order to consider the influence of
baseline remodeling characteristics on outcomes.
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MATERIALS AND METHODS

The study included 104 patients with symptom-
atic CHF (class I11-1V according to New York Heart
Association), who were admitted to the department
of general and invasive cardiology, YSMU Hospital
No. 1, as outpatients for primary assessment with
one of following factors: documented hospital ad-
mission within the previous 12 months with dis-
charge diagnosis of CHF or documented left ven-
tricle (LV) ejection fraction (EF) < 35% within the
previous 6 months. The study was conducted in ac-
cordance with the WMA Declaration of Helsinki.
The research protocol was approved by the YSMU
research ethics committee. All patients with estab-
lished symptomatic CHF were undergoing treat-
ment according to institutional guidelines.

Follow-up. Clinical outcome included cardio-
vascular death, HF hospitalization, recurrent myo-
cardial infarction, and resuscitated sudden death.

The patients were followed up for cardiac mortal-
ity for 13 months. Cardiac death was defined as death
due to congestive HF, myocardial infarction, and ma-
lignant arrhythmias or cardiac arrest. In patients who
died out of hospital and in whom autopsy was not
performed, a sudden death (within 1 hour of the onset
of symptoms) was attributed to a cardiac cause.

Echocardiography. Transthoracic echocardiog-
raphy was performed using a HP 1000 and HP 5500
models (HP Corporation, USA) with 2.5 Mhz trans-
ducers. Patients were examined in the supine and
left lateral positions. They underwent conventional
M-mode and 2D echocardiography from a left para-
sternal and apical window. LV volume measure-
ments for the calculation of LV EF were carried out
in biplane projection from apical four- two- cham-
ber views. LV volume was computed using the bi-
apical Simpson rule [Lang RM et al., 2005]. Mitral
regurgitation was determined by tracing the net area
obtained with color Doppler imaging and was ex-
pressed as a proportion of left atrial area. The tricus-
pid regurgitation pressure gradient between the
right ventricle (RV) and the right atrium (RA) was
calculated by the simplified Bernoulli equation
[Lang RM et al., 2005]. Lateral tricuspid annular
plane systolic excursion (TAPSE) (mm) was deter-
mined by M-mode echocardiography as the distance
between the basal, end diastolic position of the tri-
cuspid annulus and its greatest apical long axis
movement [Kaul S et al., 1984; Ghio S et al., 2000]

Statistics: A p value < 0.05 was taken as a uni-
versal indicative limit for statistical significance in
all analyses. Both univariate and multivariate analy-
ses were used to quantify predictive power of exam-
ined variables to the predefined study endpoints:
cardiac related deaths and combined endpoint.

A logistic regression analysis was applied as a
final model identifying significant predictors of
survival. The odds ratio of different echocardio-
graphic predictors was estimated within its 95%
confidence limits and supported by the signifi-
cance level.

Analyses of clinical and echocardiographic pa-
rameters are performed by Stata 6 software.

RESuULTS

Table 1 demonstrates the clinical, echocardio-
graphic variables in chronic heart failure population.

104 patients with chronic heart failure were in-
cluded in the study. Of 104 patients studied there
were 38 cardiac related deaths. No patient under-
went myocardial revascularization.

All the followed up echocardiographic vari-
ables listed in table 2 were studied as potential pre-

T4BLE 1.

Clinical characteristics of the HF patients
All patients 104
Cardiac related deaths during

. 38

follow up period
Mean age (year) 65.15
Time from diagnosis (year) 7.1
Diabetes mellitus (patients) 35
Renal failure (patients) 50
Atrial fibrillation (patients) 27
Arterial hypertension (patients) 77
Mear.w left ventricular ejection 20% +7 6%
fraction (%)
left atrial diameter (cm) 4.42+1.2
'[I’ICUSp-Id annular plane systolic 1.7740.84
excursion (cm)
left atrial area (cm?) 22.87+£11.2
left atrial volume index (ml/m?) 52.12+36.6
pulmonary artery. hypertension stage 1.14
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dictors of survival study end-points in logistic re-
gression analysis.

The strongest echocardiographic predictors of mor-
tality from all the causes were TAPSE (strongly related
to mortality; r=-34.25; p=0.0001; CI 95%= 0.005-
0.215), LA diameter and volume index (r=-48.9; p=
0.047; CI 95% = 1.2-5.17) and LVEF (r= -59.17,
p=0.0001; CI 95% = 0.83-0.94 ), whereas other pa-
rameters such as pulmonary artery maximal systolic
pressure, mitral regurgitation, LA area and RV dia-
stolic diameter were not associated with mortality (are
not statistically significant p>0.05 in our study).

Discussion.

There are several studies about the clinical and
prognostic role of different parameters in patients
with chronic heart failure. However data on the im-
portance of ventricular systolic and hemodynamic
parameters are rare. Reasons for determination of
RV function in patients with left ventricular dys-
function may include secondary pulmonary hyper-
tension or myocardial diseases [Ghio S et al., 2000].
The present study was aimed to evaluate echocar-
diographic remodeling parameters in an unselected
population of hospitalized CHF patients.

Thus, the objective of our study was to assess the
prognostic significance of noninvasively obtained pa-
rameters derived from echocardiography [Lang RM et
al., 2005]. In most studies of the assessment of RV
prognostic role in heart failure the right ventricular
ejection fraction was obtained by radioisotope ven-
triculography or thermodilution technique was used
[DiSalvo TG et al., 1995; Juilliere Y et al., 1997; De

Groote et al., 1998]. Minority of authors measured the
TAPSE, which is simple, noninvasive method of RV
function assessment. The feasibility of TAPSE mea-
surement is likely to be higher than for parameters
which are dependent on clear endocardial definition,
which has been reported as a limited factor in studies
using fractional shortening change or 3- dimensional
echocardiography [Kaul S et al., 1984; Karatasakis
GT et al., 1998; Zornoff LA et al., 2002].

The MUSIC study showed that LA size is the
predictor for both total and cardiovascular mortal-
ity in ambulatory HF patients with both preserved
and reduced EF. We studied in our HF population
both LA size and LA volume as functional charac-
teristics of LA and their prognostic role in cardio-
vascular mortality and found moderate correlation
between LA structural parameters and cardiac
events [Vazques R et al., 2009]. We suppose that
high compliance of LA to pressure and volume he-
modynamic changes makes its structural monitor-
ing parameters important for clinical and prognos-
tic assessments.

The present study showed that LVEF and
TAPSE are considered as significant predictors of
one year mortality.

Several studies found controversy in the assess-
ment of prognostic role of LV systolic dysfunction
in patients with CHF [Bhatia RS et al., 2006,
Tsuchihashi-Makaya M et al., 2009]. New remod-
eling echocardiographic parameters of adverse
survival in HF are needed.

This study has several limitations. It did not in-
clude relationship between clinical data such as

TABLE 2.
Logistic regression analyses of different echocardiographic parameters
association with 1 year mortality.

Odds Ratio Std. err z P>|z|
Ejection fraction 0.89 0.28 -3.86 0.0001
Left atrial diameter 2.28 0.95 1.98 0.047
Left atrial area 1.08 0.05 1.72 0.085
Right ventricle diameter 1.10 0.43 0.24 0.81
TAPSE 0.03 0.30 -3.53 0.0001
Pulmonary artery pressure (stage) 2.44 1.62 1.40 0.16
Mitral Regurgitation 1.61 0.78 0.22 0.82
Left atrial volume index 1.2 0.08 2.0 0.04
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NYHA functional class, comorbidities, and BNP
which are important prognostic factors. We did not
evaluate the influence of treatment on the outcome
and echocardiographic parameters.

Finally, this was a single cardiac study and in-
cluded limited number of patients which could act
on the statistical power and fail to reveal the statis-
tical significant impact of other echocardiographic
parameters on long-term mortality.

CONCLUSION

Several myocardial remodeling parameters
such as decreased left ventricular ejection fraction,

REFERENCES

1. Bhatia RS, Tu JV, Lee DS., et al. Outcome of heart
failure with preserved ejection fraction in population-
based study. N Engl J Med. 2006;355(3):260-269.

2. De Groote P, Millaire A, Foucher-Hossein C., et al.
Right ventricular ejection fraction is an independent
predictor of survival in patients with moderate heart
failure. J Am Coll Cardiol. 1998;32(4):948-954.

3. Di Salvo TG, Mathier M, Semigran MJ, Dec GW.
Preserved right ventricular ejection fraction predicts
exercise capacity and survival in advanced heart fail-
ure. JAm Coll Cardiol. 1995;25(5):1143-1153.

4. Ghio S, Recusani F, Klersy C., et al. Prognostic use-
fulness of tricuspid annular plane systolic excur-
sion in patients with congestive heart failure sec-
ondary to idiopathic or ischemic dilated cardiomy-
opathy. Am J Cardiol. 2000; 85(7):837-842.

5. Juilliere Y, Barbier G, Feldmann L., et al. Addi-
tional predictive value of both left and right ven-
tricular ejection fractions on long-term survival in
idiopathic dilated cardiomyopathy. Eur Heart J.
1997;18(2):276-280.

6. Karatasakis GT, Karagounis LA, Kalyvas PA., et al.
Prognostic significance of echocardiographically
estimated right ventricular shortening in advanced
heart failure. Am J Cardiol. 1998;82(3):329-334.

7. Kaul S, Tei C, Hopkins JM, Shah PM. Assessment of
right ventricular function using two-dimensional
echocardiography. Am Heart J. 1984;107(3):526-531.

left atrial diameter, left atrial volume index and
right ventricular systolic dysfunction as measured
by TAPSE are independently associated with mor-
tality in an unselected population of chronic heart
failure patients. The obligatory assessment of men-
tioned noninvasive simple rapid assessment echo-
cardiographic parameters may be applied as part of
work-up in patients hospitalized for CHF.

Further prospective studies are needed for estab-
lishing precise levels of variable echocardiographic
parameters associated with mortality. This would be
of great prognostic importance for physicians dur-
ing follow-up evaluation of cardiac functions.

8. Lang RM, Bierig M, Devereux RB., et al. Spencer,
Recommendations for chamber quantification: a re-
port from the American Society of Echocardiogra-
phy’s Guidelines and Standards Committee and the
Chamber Quantification Writing Group, developed
in conjunction with the European Association of
Echocardiography, a branch of the European Soci-
ety of Cardiology. J Am Soc Echocardiogr.
2005;18(12):1440-1463.

9. Roger VL, Weston SA, Redfield MM., et al. Trends in
heart failure incidence and survival in a community-
based population. JAMA. 2004;292(3):344-350.

10. Tsuchihashi-Makaya M, Hamaguchi S, Kinugawa
S., et al. JCARE-CARD investigators Characteris-
tics and outcomes of hospitalized patients with
heart failure and reduced vs preserved ejection
fraction. Report from the Japanese Cardiac Regis-
try of Heart failure in Cardiology (JCARE-CARD).
Circ J. 2009;73(10):1893-1900.

11. Vazquez R, Bayes-Genis A, Cygankiewicz 1., et al.
MUSIC Investigators. The MUSIC Risk score: a
simple method for predicting mortality in ambula-
tory patients with chronic heart failure. Eur Heart J.
2009;30(9):1088-1096.

12. Zornoff LA, Skali H, Pfeffer MA., et al. SAVE inves-
tigators. Right ventricular dysfunction and the risk
of heart failure and mortality after myocardial in-
farction. J Am Coll Cardiol. 2002;39(9):1450-1455.

30



