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Abstract: Recent data have demonstrated that a new tissue Doppler index, E/(E’×S’), index that includes the ratio between 
early diastolic transmitral and mitral annulus velocity (E/E’), as well as the systolic mitral annulus velocity (S’), has a good 
accuracy to predict cardiac death in patients with heart failure (HF). We analyzed the prognostic value of the E/(E’×S’) ratio 
in patients with heart failure with reduced ejection fraction (HFrEF). Methods – Echocardiographic examination was perfor-
med in 166 patients hospitalized with the diagnosis of heart failure with reduced ejection fraction, before discharge as well as 
one month later. Worsening of E/(E’×S’) was defi ned as a value greater than the previous value determined at discharge. The 
primary event consisted of cardiac death or hospital admission due to HF worsening. Results – During follow-up (34±8.8 
months) cardiac events were recorded for 113 patients (68%). The optimal cut-off value for E/(E’×S’) ratio was 1.96 with 84% 
sensitivity and 80% specifi city. At discharge, 60 patients (36,2%) presented a value of the E/(E’×S’) index ≤1.96 (group I) and 
106 patients (63.8%) encountered a value of the E/(E’×S’) index >1.96 (group II). The composite end point was signifi cantly 
higher in group II than in group I (95 events, 89.6% versus 18 events, 30%, p<0.001). Patients with an E/(E’×S’) ratio >1.96 
at discharge and its worsening after one month presented the worst prognosis (p<0.05). Conclusions – In patients with 
with heart failure with reduced ejection fraction, a value of the E/(E’×S’) index >1.96 at hospital discharge associated with its 
worsening after one month is an important predictor for future cardiac events
Keywords: Heart failure, hospital readmission, cardiac events, Tissue Doppler imaging. 

Rezumat: Date recente au demonstrat că un nou index, E/(E’×S’), index ce include atât raportul dintre velocitatea precoce 
diastolică transmitrală şi cea a inelului mitral (E/E’), precum şi velocitatea sistolică a inelului mitral (S’), are o bună acurateţe în 
predicţia morţii de cauză cardiacă la pacienţii cu insufi cienţă cardiacă. Am analizat valoarea prognostică a raportului E/(E’×S’) 
la pacienţi cu insufi cienţă cardiacă şi fracţie de ejecţie scăzută. Metodă – Examinarea ecocardiografi că a fost efectuată la 166 
de pacienţi spitalizaţi cu diagnosticul de insufi cienţă cardiacă cu fracţie de ejecţie scăzută, atât la externare cât şi la interval 
de o lună. Scăderea raportului E/(E’×S’) a fost defi nită ca orice scădere a acestuia faţă de valoarea iniţială. End-point-ul primar 
a fost reprezentat de decesul de cauză cardiacă sau reinternarea cauzată de agravarea fenomenelor de insufi cienţă cardiacă. 
Rezultate – Pe parcursul perioadei de urmărire (34±8,8 luni) s-au înregistrat evenimente cardiace la 113 pacienţi (68%). 
Valoarea cutt-off optimă a raportului iniţial E/(E’×S’) în predicţia evenimentelor cardiace a fost de 1,96 (84% senzitivitate, 80% 
specifi citate). La externare, 60 de pacienţi (36,2%) au prezentat o valoare a raportului E/(E’×S’) ≤1.96 (grup I) iar 106 pacienţi 
(63,8%) au înregistrat o valoare a E/(E’×S’) >1,96 (grup II). End point-ul compozit a fost semnifi cativ mai mare în grupul II (95 
evenimente, 89,6% versus 18 evenimente, 30%, p<0,001). Pacienţii cu raport E/(E’×S’) >1,96 la externare şi scăderea acestuia 
la o lună au înregistrat cel mai prost prognostic (p<0,05). Concluzii – La pacienţii cu insufi cienţă cardiacă cu fracţie de 
ejecţie scăzută, o valoarea a E/(E’×S’) >1,96 la externare asociată cu scăderea acesteia la interval de o lună este un predictor 
important pentru apariţia evenimentelor cardiace. 
Cuvinte cheie: Insufi cienţă cardiacă, reinternare în spital, evenimente cardiace, imagistică Doppler tisular. 

INTRODUCTION
Since echocardiography is a very useful technique 
for the diagnostic evaluation of dyspnoeic patients, 
Doppler imaging is providing useful information regar-
ding the prognosis of patients with heart failure, taking 

into the fact that the rate of cardiac events after the 
onset of HF remains high despite recent advances in 
the management of this condition1. 

Previous studies have demonstrated that a new 
tissue Doppler index, E/(E’×S’), has a good accuracy 
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to predict cardiac death in patients with heart failure 
(HF)2,3. Currently, the main terminology used to de-
scribe HF is historical and is based on the determi-
nation of the left ventricular ejection fraction (LVEF)4. 
This E/(E’×S’) index includes the ratio between early 
diastolic transmitral and mitral annulus velocity (E/E’), 
as well as the systolic mitral annulus velocity (S’). Also, 
from all the patients diagnosed with HF, at least half of 
the cases are represented by heart failure with redu-
ced ejection fraction (HFrEF), a condition due to the 
inability of the heart to supply the body’s tissues with 
an adequate amount of blood under the conditions of 
normal cardiac fi lling pressure5. This entity was defi ned 
in the 2016 ESC Guidelines for the diagnosis and treat-
ment of acute and chronic heart failure as a clinical 
syndrome characterized by typical symptoms and/or 
signs associated with LFEF <40%4. 

 Thus, in order to perform a proper assessment 
of these patients prognosis, a parameter that explo-
res the global LV function is in order. Therefore, we 
analyzed the prognostic value of an index that asso-
ciates a marker of diastolic function (E/E’) and a pa-
rameter that explores LV systolic performance (S’) in 
patients with HfrEF: the E/(E’×S’) index. Moreover, we 
tried to determine if a deterioration of E/(E’×S’) ob-
served at hospital discharge is able to provide comple-
mentary prognostic data.

METHODS

Study population
We retrospectively analyzed a group of 400 consecu-
tive patients hospitalized at the Timisoara Institute of 
Cardiovascular Diseases between January and Octo-
ber 2007 with HF, in sinus rhythm, diagnosed accor-
ding to the guidelines4. We included adult patients with 
exacerbation of symptoms of HF with at least 1 New 
York Heart Association (NYHA) class deterioration, 
with typical signs of HF and LVEF <40%. The exclusion 
criteria were represented by: patients with inadequa-
te echocardiographic images, cardiac pacemaker/de-
fi brillator, signifi cant primary valvular heart disease, 
acute coronary syndrome at inclusion, coronary re-
vascularization during follow-up, severe pulmonary di-
sease, congenital heart disease, malignant neoplasia or 
renal failure. Only 166 patients with HFrEF formed our 
study group. The study has been approved by the local 
ethics committee and all the patients gave informed 
consent in agreement with ethics regulations.

Echocardiography
Before discharge and in a reasonably stable clinical 
condition (within 24 hour), our patients underwent an 
echocardiographic examination with an ultrasonogra-
phic system (Vivid 7 General Electric, Milwaukee, WI) 
equipped with multifrequency transducer. LVEF was 
calculated from apical two- and four-chamber views 
using a modifi ed Simpson’s rule6. Left atrial (LA) volume 
was calculated using the biplane area-length method at 
the apical four-chamber and apical two-chamber views 
at ventricular end-systole and was indexed for body 
surface area6. The regurgitant orifi ce area (ROA) and 
the regurgitant volume (RV) of mitral regurgitation 
were determined7,8. Transmitral fl ow patterns were re-
corded from apical four-chamber windows with 4-5 
mm pulsed-sample Doppler volume placed between 
mitral valve tips in diastole during fi ve consecutive car-
diac cycles. Maximal velocities of E and late transmitral 
fl ow (A) waves were measured during end-expiratory 
apnea; the velocities were recorded for fi ve consecuti-
ve cardiac cycles, and the results were averaged9.

The TDI program was set in pulsed-wave Doppler 
mode10. Motion of mitral annulus was recorded in the 
apical four-chamber view at a frame rate of 80 to 140 
frames per second. A 4-5 mm sample volume was po-
sitioned sequentially at the lateral and septal corners 
of the mitral annulus. The peak early (E’) and late (A’) 
diastolic mitral annular velocity were determined. The 
peak mitral annular systolic velocity (S’) was defi ned 
as the maximum velocity during systole, excluding the 
isovolumic contraction. All velocities were recorded 
for fi ve consecutive cardiac cycles during end-expi-
ratory apnoea, and the results were averaged. All TDI 
signals were recorded at horizontal time sweep set 
at 100 mm/s. The average of the velocities from the 
septal and lateral site of the mitral annulus was calcu-
lated. E/E’ and E/(E’×S’) were determined. The same 
measurements were repeated one month after hos-
pital discharge (30 ± 3 days). Worsening of E/(E’×S’) 
was defi ned as a value greater than the previous value 
determined at discharge.

Clinical variables recorded
At hospital discharge, the following clinical variables 
were recorded: age, sex, body mass index, heart rate, 
mean arterial pressures, etiology of HF, NYHA func-
tional class, N-terminal pro-brain natriuretic peptide 
(NTproBNP) level.

Clinical outcome
The primary event consisted of cardiac death or ho-
spital admission due to HF worsening. Cardiac death 
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RESULTS
We analysed 166 consecutive hospitalized patients (60 
± 13 years; 121 men), with HF, in sinus rhythm. The 
mean LVEF was 29 ± 6.7% and mitral annular velocities 
from TDI were recordable at both sites in all patients. 
The aetiology of HF was coronary artery disease (99 
patients), non-ischemic cardiomyopathy (57 patients) 
and systemic hypertension (10 patients). Coronary 
artery disease was assessed by angiocoronarography 
for all the 99 patients of the coronary artery disease 
group. Baseline characteristics of the overall group are 
presented in Table 1.

During the follow-up period (34 ± 8.8 months) car-
diac events occurred in 113 patients (68%). The fi rst 
cardiac event was represented by cardiac death in 6 
patients (3.6%) and readmission for HF in 107 patients 
(64.4%). By analyzing echocardiographic parameters 
at hospital discharge, the ROC curves to predict car-
diac events identifi ed the greatest AUC for E/(E’×S’) 
(AUC = 0.85, p <0.001) followed by E/E’ (AUC = 0.77, 
p <0.001) and S’ (AUC = 0.76, p <0.001) (Table 2). The 
optimal cut-off value for E/(E’×S’) ratio was 1.96 with 
84% sensitivity and 80% specifi city. Patients were divi-
ded into 2 groups according to E/(E’×S’) at discharge: 
group I consisted of patients with E/(E’×S’) ≤1.96 (60 
patients, 36.2%) and group II with E/(E’×S’) >1.96 (106 

was defi ned as either a death directly related to cardi-
ac disease, mainly congestive HF, or sudden death. The 
follow-up information was obtained from electronic 
medical fi les or by telephone contact with the patients 
or their family members.

Statistical analysis
Data are expressed as mean ± standard deviation for 
continuous variables and as proportions for categori-
cal variables. The comparison of continuous variables 
was performed by an independent sample t-test. For 
categorical variables, the chi-square test was used. 
Receiver operating characteristic (ROC) curves for 
predicting cardiac death were determined for different 
parameters and area under the ROC curves (AUC) 
were compared. The cardiac event-free survival rates 
were calculated using the Kaplan-Meier analysis, and 
the event rates were compared using the log-rank test. 
Patients who died of non-cardiac causes were censo-
red (as non-events) at the time of death. A signifi cance 
level of 0.05 was assumed for all statistical tests. Sta-
tistical analysis was performed using SPSS version 18.0 
(SPSS Inc., Chicago, Illinois).

Table 1. Baseline characteristics of the overall group of 166 patients with heart failure with reduced ejection fraction.
Characteristics Data
Clinical characteristics
Age, years 61±12
Female/male gender, n (%) 45 (27.1) / 121 (72.9)
Body mass index, kg/m2 26.5±4.3
Heart rate, beats/min 77.3±20
Mean arterial pressure, mmHg 98.2±13.7
Coronary artery disease, n (%) 99 (59.6)
Non-ischemic cardiomyopathy, n (%) 57 (34.3)
Systemic hypertension, n (%) 10 (6.1)
NYHA class I/II/III/IV, n (%) 49 (29.5)/16 (9.6)/64 (38.6)/37 (22.3)
NTproBNP, pg/ml 3903±3721
Medical therapy
Beta blocker, n (%) 141 (84.9)
ACEI/angiotensin receptor antagonist, n (%) 157 (94.6)
Diuretics, n (%) 166 (100)
Digoxin, n (%) 43 (25.9)
Nitrates, n (%) 98 (59)
Echocardiographic parameters
LV ejection fraction, % 29±6.7
Left atrial volume, ml 107±47
Indexed left atrial volume, ml/m2 58±26
Systolic pulmonary artery pressure, mmHg 44±15
Mitral regurgitant orifi ce area, mm2 27.3±9.1
Mitral regurgitant volume, ml 38.5±13
ACEI = angiotensin converting enzyme inhibitor; LV = left ventricle; NTproBNP = N-terminal pro-brain natriuretic peptide; NYHA = New York Heart Association.
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greater NYHA functional class, higher NTproBNP and 
pulmonary artery systolic pressures (PASP), larger LV 

patients, 63.8%). Table 3 outlines the characteristics 
of patient groups. Patients of group II had signifi cantly 

Table 2. Area (AUC) under the receiver operating characteristic curves for predicting cardiac death and 95% confi -
dence intervals for the analyzed echocardiographic parameters. 
Echocardiographic parameter AUC 95% confi dence interval p-value 
LVEF 0.60 0.42 - 0.70 0.03 
Indexed left atrial volume 0.51 0.40 - 0.62 0.88 
Pulmonary artery systolic pressure 0.69 0.60 - 0.77 0.001
Mitral regurgitant orifi ce area 0.56 0.46 - 0.65 0.21
Mitral regurgitant volume 0.59 0.50 - 0.69 0.06
LVEF ≤40% combined with E/E’ >15 0.73 0.62 - 0.82 0.003
E wave 0.64 0.56 - 0.73 0.04 
E/A ratio 0.60 0.50 - 0.70 0.05 
E’ wave 0.58 0.50 - 0.68 0.08 
S’ wave 0.76 0.68 - 0.84 <0.001 
E/E’ ratio 0.77 0.70 - 0.84 <0.001 
E/(E’×S’) ratio 0.85 0.77 - 0.92 <0.001 
A = peak late diastolic transmitral fl ow velocity; A’ = peak late mitral annular diastolic velocity; E = peak early diastolic transmitral fl ow velocity; E’ = peak early mitral annular diastolic velocity; LVEF = left 
ventricular ejection fraction; S’ = peak systolic velocity of mitral annulus.

Table 3. Baseline characteristics of the patient groups at hospital discharge. 

Characteristics E/(E’×S’) ≤1.96
(n = 60)

E/(E’×S’) >1.96
(n=106) P value

Clinical characteristics
Age, years 59.7±13 61.5±12.1 0.22
Male/female gender 44 /16 77 / 29 0.54
Body mass index, kg/m2 27±3.7 28±4.9 0.51
Heart rate, beats/min 72±16 84±22 0.45
Mean arterial pressure, mmHg 95.8±13.2 93.4±16.5 0.62
Coronary artery disease, n (%) 32 (53.4) 67 (63.2) 0.14
Non-ischemic cardiomyopathy, n (%) 24 (40) 33 (31.1) 0.31
Systemic hypertension, n (%) 4 (6.7) 6 (5.6) 0.44
NYHA class I/II/III/IV, n 9/21/25/5 0/45/49/12 0.03
NTproBNP, pg/ml 1993±1225 4984±3472 <0.001 
Diabetes mellitus, n (%) 25 (41.6) 45 (42.4) 0.52
Medical therapy 
Beta blocker, n (%) 50 (83.3) 91 (85.8) 0.41
ACEI/angiotensin receptor antagonist, n (%) 57 (95) 100 (94.3) 0.58
Diuretics, n (%) 60 (100) 106 (100) 1
Digoxin, n (%) 24 (40) 19 (17.9) 0.003
Nitrates, n (%) 31 (51.6) 67 (63.2) 0.10
Echocardiographic indices 
LV end-diastolic volume index, ml/m2 89±31 122±37 0.002 
LV ejection fraction, % 31±5.3 27±7.4 0.001
Left atrial volume, ml 93±37 116±48 0.015
Indexed left atrial volume, ml/m2 49±17 63±29 0.002
Systolic pulmonary artery pressure, mmHg 38±11 48±16 <0.001 
Regurgitant orifi ce area, mm2 23.9±6.7 27.2±9.7 0.06 
Regurgitant volume, ml 33±10 37±14 0.16
E, cm/s 31±8 22±5 0.001
E/A ratio 1.02±0.78 1.73±0.99 0.05
E’, cm/s 7.7±3.7 5.9±1.48 <0.001
S’, cm/s 6.4±1.6 4.6±1.0 0.001
E/E’ ratio 8.9±2.5 15.1±4.1 0.002
E/(E’×S’) ratio 1.44±0.39 3.33±1.08 <0.001 
A = late transmitral fl ow velocity; ACEI = angiotensin converting enzyme inhibitor; E = early diastolic transmitral fl ow velocity; E’ = early mitral annular diastolic velocity; LV = left ventricle; NTproBNP = 
N-terminal pro-brain natriuretic peptide; S’ = systolic velocity of mitral annulus.
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after one month presented the worst prognosis in the 
overall population (Fig. 3). The same subgroup presen-
ted the higher rate of cardiac death (Fig. 4).

and LA, higher values for E, E/E’ and E/(E’×S’), lower 
LVEF, E’ and S’. Age, gender, body mass index, heart rate, 
E/A, ROA, and RV, did not differ between the groups.

The composite end point was signifi cantly higher in 
group II than in group I (95 events, 89.6% versus 18 
events, 30%, p<0.001). Kaplan–Meier analysis showed 
that cardiac event-free survival rate during follow-up 
was signifi cantly higher in group I than in group II (log 
rank, p<0.001) (Fig. 1). During the entire follow-up pe-
riod, cardiac death occurred in 34 patients (20.4%) and 
was signifi cantly higher in group II (31 deaths, 29.2%) 
than in group I (3 deaths, 5.%), p<0.001. Kaplan–Meier 
analysis showed that in patients with HFrEF survival 
rate was signifi cantly higher in group I than in group 
II (Fig. 2).

One month after hospital discharge we identifi ed 
worsening of E/(E’×S’) ratio in 53 patients (31.9%). 
Thirty seven of this patients (22.2% of our overall 
group) presented an initial value of E/(E’×S’) ratio gre-
ater than 1.96. However, as shown in Figure 3, the wor-
sening of E/(E’×S’) was associated with lower cardiac 
event-free survival rate, regardless of the E/(E’×S’) va-
lue at inclusion in the study (2.7% versus 14%, p = 0.002 
in patients with the initial E/(E’×S’) >1.96, and 25% vs. 
79.5%, p <0.001 in those with E/(E’×S’) ≤1.96 at hos-
pital discharge, respectively). The subgroup of patients 
with an initial E/(E’×S’) ratio >1.96 and its worsening 

Figure 1. Kaplan-Meier curves of cardiac event-free survival in patients 
with heart failure with reduced ejection fraction according to E/(E’×S’) 
ratio at hospital discharge below and above 1.96. 
E = early diastolic transmitral velocity; E’ = early mitral annular diastolic 
velocity; S’ = systolic mitral annular velocity.

Figure 2. Kaplan-Meier survival curves in patients with heart failure with 
reduced ejection fraction according to E/(E’×S’) ratio at hospital discharge 
below and above 1.96.
E = early diastolic transmitral velocity; E’ = early mitral annular diastolic 
velocity; S’ = systolic mitral annular velocity.

Figure 3. Kaplan-Meier event free survival curves of patients classifi ed 
according to the initial E/(E’×S’) value and to worsening of E/(E’×S’) one 
month after hospital discharge.
E = maximal early diastolic transmitral velocity; E’ = maximal early mitral 
annular diastolic velocity using the average of the medial and lateral site of 
mitral annulus; S’ = maximal systolic mitral annular velocity using the aver-
age of the medial and lateral site of mitral annulus.
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E/(E’×S’). The superiority of E/(E’×S’) index could be 
explained by the dependence of the mitral fl ow to the 
volemic status, LA pressure, age and myocardial rela-
xation.

Nowadays, TDI is widely available on echocardio-
graphic equipment of various manufacturers. One of 
the advantages of this new technique is that it does 
not require the tracing of endocardial contours, unlike 
LV volumes and LVEF11. In the last years, a handful of 
studies have evaluated the prognostic value of TDI pa-
rameters in order to predict cardiac events15-20. Wang 
et al15. have demonstrated that both S’ and E’ were 
predictors of cardiac mortality on univariate analysis, 
but E’ was marginally superior on multivariate analysis. 
Other studies identifi ed E/E’11,18,21,22 and S’18,21 as strong 
predictors of outcome in HF patients. Møller et al23. re-
ported that E/E’ ≥15 was an independent predictor of 
cardiac outcome after fi rst myocardial infarction and 
Hirata and colleagues20 showed that a combined index 
including LVEF ≤40% and E/E’ >15 permitted identifi -
cation of patients at higher risk of cardiac outcome in 
patients with HF. Although LVEF ≤40% combined with 
E/E’ >15 offered a good accuracy for the prediction of 
future cardiac events, E/(E’×S’) was a better predictor.

Because of the time-dependent changes in S’ and 
E/E’, we tried to determine whether our new index 
obtained at the time of the fi rst TDI examination after 
hospital discharge is able to provide complementary 
prognostic data. TDI measurements were repeated 
one month after hospital discharge at the patient’s 
fi rst visit requested by the outpatient clinical program 
of HF control. The subgroup of patients with a high E/
(E’×S’) ratio at hospital discharge and its worsening 
after one month presented the worst prognosis in the 
overall population

The utility of NTproBNP to predict future cardi-
ac events was demonstrated by a number of previ-
ous studies analyzing patients with reduced systolic 
function17,24, patients presenting to the emergency de-
partment with dyspnea25 or consecutive patients with 
acute or chronic HF4, demonstrated. Echocardiogra-
phy as well as NTproBNP determination at hospital 
discharge, after appropriate medical treatment, were 
performed. Statistical analysis of our data supports the 
observation that NTproBNP has prognostic value but 
it is inferior to E/(E’×S’), despite the good relationship 
between these two parameters26. Lim et al.27 showed 
also the higher sensitivity of an abnormal echocardio-
gram to predict outcome compared with NTproBNP. 

Coronary artery disease was highly prevalent in the 
present series and one cannot rule out the occurrence 

DISCUSSION
The main fi nding of our study is that E/(E’×S’) ratio 
is useful in order to predict the worsening of HF as 
well as cardiac death in patients with HFrEF in sinus 
rhythm. An E/(E’×S’) index >1.96 at hospital dischar-
ge was the best predictor for future cardiac events 
when compared to several other echocardiographic 
parameters and NTproBNP level. The subgroup of pa-
tients with an initial E/(E’×S’) index >1.96 associated 
with its worsening after one month encountered the 
worst prognosis.

Predicting the prognosis of patients with LV dysfunc-
tion is a matter of great clinical importance. Previous 
studies in the fi eld of conventional echocardiographic 
imaging have suggested that LA size11,12, LV volumes 
indices11, E/A13 and LVEF11 were robust predictors of 
outcome in HF patients. RV and ROA are also accep-
ted as prognostic markers for cardiac events14. A high 
value of RV and ROA would probably lead to an incre-
ase of the transmitral E wave and consecutively of the 
E/(E’×S’) ratio. Consequently, E/(E’×S’) ratio includes 
the prognostic value of the ROA and RV. In our study, 
conventional echocardiographic parameters like PASP, 
LVEF, LAVI, E/A, E, RV or ROA registered a lower accu-
racy in predicting cardiac events in comparison with 

Figure 4. Kaplan-Meier survival curves of patients classifi ed according to 
the initial E/(E’×S’) value and to worsening of E/(E’×S’) one month after 
hospital discharge.
 E = maximal early diastolic transmitral velocity; E’ = maximal early mitral 
annular diastolic velocity using the average of the medial and lateral site of 
mitral annulus; S’ = maximal systolic mitral annular velocity using the aver-
age of the medial and lateral site of mitral annulus.
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of E/(E’×S’) ratio with that of the newer parameters 
analyzing myocardial deformation, like LV longitudinal 
strain, strain rate and/or torsion determined by two- 
or three-dimensional echocardiography. Another limi-
tation of our study is the one that, for the coronary 
artery disease group, the patients with basal wall moti-
on abnormalities were not excluded from the analysis. 

However, we took into consideration this specifi c 
category of patients, considering the observations of 
Price et al., who suggested that the velocity of an in-
dividual myocardial segment may be infl uenced by the 
motion of the adjacent muscle; consequently an aki-
netic basal segment interrogated from the apical view 
may have near normal values when infl uenced by a 
hyperkinetic near segment30.

CONCLUSIONS
The results of our study indicate that in patients with 
HF in sinus rhythm, the novel TDI derived index, E/
(E’×S’), is an important independent long-term pro-
gnostic parameter of cardiac death or hospitalization 
due to HF worsening. E/(E’×S’) >1.96 at hospital dis-
charge can identify patients at high risk of future cardi-
ac events, particularly if it is associated with worsening 
after one month.
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