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Tissue Doppler Imaging as a Long-Term Prognostic Index in Left
Ventricular Systolic Dysfunction

Roberto Magalhaes Saraiva, Rita de Céssia Castelli da Rocha, Adriana Ferraz Martins, Dario Marins Duarte, Renata da
Silva Peixoto, Simone Henriques de Castro, Carla Tavares Callicchio, Andréa Licia de Aradjo, Sérgio Emanuel Kaiser
Total Care, Rio de Janeiro, R| — Brazil

Summary
Background: Tissue Doppler parameters correlate with left ventricular (LV) filling pressure and can be useful as prognostic
indexes for patients with heart failure.

Objective: Determine whether tissue Doppler parameters can predict events during long term follow-up of outpatients
with LV systolic dysfunction.

Methods: Retrospective study with 73 patients (aged 60.9+12.1 years) who underwent Doppler echocardiogram between
March 2001 and May 2004. The primary endpoint studied was death or hospitalization due to heart failure worsening.

Results: The mean follow-up period was 1,367+665 days. After logistic stepwise multivariate analysis, including
echocardiographic parameters, the ratio of maximal early diastolic filling wave velocity to maximal early diastolic
myocardial velocity (E/E” ratio; p=0.0007), and LV ejection fraction (EF; p=0.01) remained significant predictors of
the primary outcome. The optimal cutoffs for primary endpoint prediction for E/E’ ratio (AUC 0.77; p=0.0001) and EF
(AUC 0.68, p=0.006) were respectively 12.7 and 30%. Accordingly, patients with E/E’ ratio > 12.7 (hazard ratio=3.8,
p =0.001) or EF <30% (hazard ratio=2.3, p=0.03) had a poorer outcome by survival curve analysis. It is noteworthy that
47% of the patients with EF above the optimal cutoff point, but with high E/E’ ratio, presented events during follow-up.

Conclusion: E/E’ ratio is an important independent long-term prognostic index of death or hospitalization due to
worsening heart failure in outpatients with LV systolic dysfunction. Therefore, we recommend the measurement of this

variable in the routine evaluation of such patients. (Arq Bras Cardiol 2008;91(2):77-83)
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Introduction

Despite the great advancements in the management of
heart failure (HF), responsible for a significant improvement in
patient survival during the last 50 years', the morbimortality of
this syndrome remains elevated'2. However, patients with HF
can be grouped in subgroups with distinct prognoses, defined
by clinical and laboratory parameters. In addition to the left
ventricle (LV) ejection fraction (EF)**, other echocardiographic
variables derived from the mitral flow interrogation by
pulse Doppler were capable of predicting cardiac events
in patients with HF**. However, the velocities of the mitral
flow are influenced by several factors, such as age, heart rate
and preload’. On the other hand, new echocardiographic
indices obtained at the tissue Doppler have shown to be less
preload-dependent®™'°. In parallel, in patients with systolic
HF, an index derived from the analysis of the mitral flow and
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the myocardial velocity of the mitral annulus in early diastole
has a good correlation with the final diastolic pressure of the
LV. This index is the E/E’ ratio, which is the ratio between the
maximum LV filling velocity and the myocardial velocity of
the mitral annulus measured in early diastole'-'>.

The maximum velocity of the mitral annulus during the
atrial contraction (A)' also has a good correlation with the final
diastolic pressure of the LV. That allows the identification of
patients with elevated final diastolic pressure of the LV''-'3.

Recently, some studies demonstrated that the tissue
Doppler parameters were capable of adding prognostic
information in inpatients' or outpatients with HF'#16:17,
However, the comprehensiveness of the results was limited
by the short follow-up period''®, or by the disequilibrium
that resulted from the excessive number of patients included
in the study that were New York Heart Association” (NYHA)
Functional Class 1l or V41820,

Therefore, the present study aimed at determining whether
the tissue Doppler parameters could also predict long-term
events in a situation closer to the routine outpatient clinical
practice, where most of the patients refer mild to moderate
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symptoms. Additionally, we tried to determine whether the
tissue Doppler obtained at the first examination after the
patient’s referral to the outpatient clinic is capable of predicting
the prognosis of these patients, in contrast with previous
studies'*'”' that used data obtained from echocardiographic
assessments carried out at least 2 months after the patient was
clinically stabilized.

Methods

Patients

The studied population consisted of 81 consecutive patients
from our Heart Failure Control Program, who underwent
their first Doppler echocardiogram at our echocardiogram
laboratory between March 2001 and May 2004.

Eligibility criteria included age between 18 and 75 years,
EF < 50% and a history of HF according to Framingham'’s
criteria®'. Patients with heart rate > 100 bpm, severe valvular
stenosis, severe pulmonary disease, congenital cardiopathy,
malignant neoplasia, permanent pacemaker, atrial fibrillation
and patients with inadequate windows for the Doppler
echocardiogram were excluded from the study.

The NYHA functional class was evaluated at each visit
through a specific activity scale questionnaire??, but for survival
analysis, we considered only the assessment obtained at the
first visit. The primary event determined retrospectively
consisted of death or hospital admission due to HF worsening.
The follow-up information was obtained from electronic
medical files or by telephone contact with the patients or
their family members.

The study protocol was approved by the Ethics Committee
in Research of our institution, following the ethical
recommendations from the Declaration of Helsinki of 1975.

Echocardiography

The patients were assessed while lying on left lateral
decubitus using standard echocardiographic sections.
The studies were carried out using the commercially
available echocardiography equipment (Sonos 4500,
Hewlett-Packard, Andover, MA), equipped with a 2.5
MHz transducer. The cardiac dimensions were measured
according to the recommendations of the American Society
of Echocardiography?. At least five consecutive beats were
obtained from the parasternal view, to obtain the internal
diameters of the LV in the short axis of the LV.

The M-mode was used to measure the cardiac dimensions:
left atrium diameter (LA) and final diastolic (LVd) and systolic
(LVs) diameters of the LV. The EF of the LV was determined using
the modified Simpson’s method, with images obtained from the
4- and 2-chamber apical views. The mitral flow was obtained
by positioning the pulsed Doppler cursor on the tip of the
mitral leaflets at the 4-chamber apical view. This flow was used
to determine the maximum LV filling velocity at early diastole
(E) and during the atrial (A) contraction, the corresponding E/A
ratio and the E wave deceleration time (DT).

The tissue Doppler of the mitral annulus was obtained
from the 4-chamber apical view in the septal position. The
maximum myocardium velocities were measured at early

(E') and late (A) diastole and the ratio E'/A" was calculated.
The maximum myocardial velocity during systole (S") was
also determined. All echocardiographic measurements were
recorded to allow posterior analysis.

Statistical Analysis

Statistical calculations were carried out using the GraphPad
Prism 3.02 (San Diego, CA) and MedCalc 9.2.0.2 (Mariakerke,
Belgium) programs. Continuous variables were expressed as
means + standard deviations. Patients with or without events
were compared using the non-paired Student’s t test or Chi-
square test, as appropriate.

Each variable was tested by univariate logistic regression
analysis for the final combined outcome of death or hospital
admission due to HF worsening. All the variables with a
significant association through the univariate analysis were
included in the stepwise multivariate logistic regression
analysis, with the objective of identifying predictors that were
independent from the final study outcome.

Cumulative survival curves were constructed using the
Kaplan-Meier method in combination with log rank test.
Patients who were lost to follow-up were censored from
statistical analysis. ROC (receiver operating characteristic)
curves were generated to determine the optimal cutoffs, with
the corresponding sensitivities and specificities, to preview the
primary final study outcome. The null hypothesis was rejected
when p value was < 0.05. A previous study by our group
showed high interobserver and intraobserver agreement for
the E” and A" measurements?.

Results

Of an initial population of 81 patients, five were excluded,
four of whom presented atrial fibrillation and one had a
permanent pacemaker. Other three patients were lost to
follow-up soon after the echocardiogram was performed
and were excluded from the analysis. Seventy-three patients
(54 men) aged 60.9%12.1 years, represented the studied
population and were followed for a mean of 1,367=665
days. Twenty-four patients presented the primary event (death,
n=12: 9 due to cardiac causes, 2 due to cerebrovascular
accident and 1 due to renal failure; hospitalization due to HF
worsening, n=12). Of the 11 patients that were censored due
to loss of follow-up, the mean follow-up period until the last
contact was 1,089+647 days. The mean interval between the
echocardiogram and the first event was 785+544 days.

Clinical Data

The clinical characteristics of the patients are listed in
Table 1. Most of the patients presented mild to moderate
HF (NYHA Class I: 23.3%; Class 1l: 54.8%; Class lll: 19.2%;
Class IV: 2.7%). The comparison between patients that
presented or not the combined primary event did not show
any significant differences regarding age, sex, HF etiology,
hospital admission during the last 6 months before the
echocardiogram, presence of hypertension and frequency
of medication use, except for furosemide. Patients that
presented the combined primary event had a worse NYHA
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functional class, used furosemide more often and had a  lower EF when compared to patients free of events (Table 2).
higher prevalence of diabetes mellitus (Table 1). They also presented worse diastolic function, evaluated by
. . Lo the pulsed Doppler (higher E wave velocity and E/A ratio and
Echocardiographic Characteristics lower DT) as well as by the tissue Doppler (higher E/E’ ratio;

Patients that presented events had a larger LA diameterand ~ Table 2). S” velocity was also lower in patients with events.

Clinical characteristics of the studied patients

Total (n=73) Patients with events (n=24) Patients without events (n=49) p
Clinical Parameters
Age (yrs) 60.9 +12.1 620+ 118 60.3+12.3 0.58
Male/Female (%) 74126 66.7/33.3 77.6/22.4 0.32
Functional Class 2707 2306 1.9£07 0.01
ICM/DCM (%) 68.5/31.5 70.8/29.2 67.3/32.7 0.76
Previous Myocardial Infarction (%) 58.9 41.2 67.3 0.03
DM (%) 39.7 58.3 30.6 0.02
Hypertension (%) 53.4 45.8 57.1 0.46
Hospital admission in the last 6 mo (%) 37.0 4.7 34.7 0.56
Medications (%)
ACEIl or ARB 9.5 95.8 93.9 0.73
B-blocker 65.7 54.2 714 0.14
Spironolactone 438 54.2 38.8 0.21
Digoxin 46.6 58.3 40.8 0.16
Furosemide 64.4 91.7 51.0 0.0007

ARB - angiotensin-receptor blocker; DCM - dilated cardiomyopathy; ICM - ischemic dilated cardiomyopathy; DM diabetes mellitus; ACEI - angiotensin-converting enzyme
inhibitor; P value for comparison between patients with or without events.

Echocardiographic characteristics of the studied patients

Total (n=73) Patients with events (n=24) Patients without events (n=49) p

Lvd (cm) 6.62 +0.84 6.74 +0.93 6.56 +0.79 0.40
LVs (cm) 5.34 +0.87 5.59+0.93 522 +0.81 0.09
LA (cm) 433+0.65 467 +0.67 417 +0.58 0.002
EF (%) 346+8.0 31.1+838 36.4+7.1 0.008
E wave (cm/s) 82.8+30.2 100.8 +32.4 74.0+249 0.0002
Awave (cm/s) 68.9 +27.1 63.7+5.1 714 +40 0.26
E/A Ratio 153 +1.05 1.89+£0.93 1.36 +1.07 0.04
DT (msec) 194.6 +71.4 161.4 + 56.8 211.3+72.6 0.004
Tissue Doppler

S’ (cmls) 6.3+1.7 57+16 6.5+14 0.02
E' (cmls) 78+22 73+24 79+23 0.32
A’ (cm/s) 91+24 83+24 94+26 0.08
EE 113147 143146 9.8+4.0 <0.0001
E/A 09+04 1.0£05 09+04 0.55

A - peak LV filling velocity at the atrial contraction; A’- peak myocardial velocity during late diastole; LA - left atrium diameter; E - peak LV filling velocity during early diastole;
E’- peak myocardial velocity during early diastole; EF - ejection fraction; S’- maximum myocardial velocity during systole; TD - time of deceleration of the E wave; LVd - final
LV diastolic diameter; LVs - LV final systolic diameter; P value for comparisons between patients with or without events.
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Association between Clinical and Echocardiographic
Parameters and Prognosis

Regarding the clinical characteristics, the univariate analysis
showed a significant association between the occurrence of
events and functional class, presence of diabetes mellitus or
previous myocardial infarction and furosemide use (Table
3). Echocardiographic parameters that also showed to be
significantly associated with the occurrence of events at the
univariate analysis were LA, EF, E wave velocity, E/A ratio and
DT (Table 3). The E/E’ ratio and A™ velocity were the tissue
Doppler parameters that were significantly associated to the
occurrence of events at the univariate analysis (Table 3).

Predictors of the primary outcome at the Univariate Analysis

Chi-square P
Clinical Parameters
Functional Class 6.17 0.01
Previous Myocardium Infarction 5.13 0.02
DM 4.36 0.04
Medications
Furosemide 10.2 0.001
Echocardiography characteristics
AE 10.4 0.003
FE 7.07 0.008
E Wave 13.5 0.0002
E/A Ratio 4.00 0.04
D 5 0.002
Tissue Doppler
A 473 0.03
E/E 15.8 0.0001

Abbreviations as in Tables 1 and 2.

The stepwise multivariate logistic regression analysis,
including all the variables with univariate association
and adjusted for sex and age, selected as independent
predictors of the combined primary event, only furosemide
use (p=0.01, OR=8.1 [95%Cl=1.6 to 40.4]), EF (p=0.04,
OR=0.91 [95%CI=0.83 to 0.99]) and E/E" ratio (p=0.001,
OR=1.37 [195%Cl=1.13 to 1.65]). When the same analysis
was carried out including only the variables of the Doppler
echocardiogram, the EF (p=0.01, OR=0.90 [95%CI=0.82 to
0.97]), and the E/E" ratio (p=0.0007, OR=1.31[95%Cl=1.12
to 1.52]) remained as independent predictors of the combined
primary event.

ROC curves were generated to identify the optimal cutoffs
for the tissue Doppler parameters and EF. The following
values arose as the optimal cutoffs to identify the patients
that presented the combined primary event (Figure 1a):
S'<5.4 cm/s (area under the curve [AUC]=0.67, p=0.008,
sensitivity 54.2%, specificity 81.2%), E'<6.8 cm/s (AUC=0.63,
p=0.06, sensitivity 58.3%, specificity 68.7%), A<9.7 cm/s
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A-ROC (receiver operating characteristic) curves generated for the ratio
between the peak LV filling velocity and peak myocardial velocity during early
diastole; E/E’ratio and B - for the LV ejection fraction; EF - in order to determine
the optimal cutoff to preview the combined primary event of the study; The areas
under the curve; AUC - are described between parentheses.

(AUC=0.66, p=0.01, sensitivity 83.3%, specificity 56.2%),
and E/E’ ratio>12.7 (AUC=0.77, p=0.0001, sensitivity 66.7%,
specificity 77.1%). The optimal cutoff for the identification
of the patients that presented the combined primary event
through the EF was 30% (AUC=0.68, p=0.006, sensitivity
50.0%, specificity 77.1%; Figure 1b).

The areas under the ROC curves for EF and E/E’ ratio did
not significantly differ (Figure 1). However, when the patients
with EF> 30% (50 patients) are divided in two groups,
according to the E/E’ ratio, we found 19 (38%) who had values
= 12.7 and 31 (62%) with a E/E" ratio < 12.7. The first group
concentrated 75% (9/12) of the events of patients with EF
> 30%, resulting in an incidence of events of 47%, whereas
in the second group, only 3 events were recorded, which
corresponds to an incidence of events of 9.7%.

According to the Kaplan-Meier analysis of survival, the
prognosis was worse in patients with E/E’ ratio>12.7 (odds
ratio=3.8, 95%Cl: 1.8 t0 9.6, p=0.001; Figure 2a) or EF<30%
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Kaplan-Meier Curves of event-free survival in outpatients with heart
failure classified according to (A) the ratio between the peak LV filling velocity
and peak myocardial velocity (E/E’ ratio) during early diastole, (B) LV ejection
fraction (EF) or (C) the association of both parameters.

(odds ratio =2.3,95%Cl: 1.07 to 6.1, p=0.03; Figure 2B). The
comparison between patients with and those without these two
abnormalities, simultaneously present: E/E’ ratio >12.7 and
EF<30%, resulted in a clearer identification of patients with
worse prognosis (OR=10.8, 95%Cl: 7.2 to 188.0, p<0.0001;
Figure 2C). The presence of these two factors resulted in an
OR=19.8 (p=0.0005) with high specificity (97.9%), but low
sensitivity (29.2%) for the occurrence of events. On the other
hand, the presence of at least one of these factors resulted in
an OR=9.3 (p=0.0003) with lower specificity (57.1%), but
higher sensitivity (87.5%) for the occurrence of events.

Discussion

The main finding of the present study was the indication
that the parameters derived from the tissue Doppler obtained
as early as after the first outpatient clinic visit can predict
events (total mortality or hospitalization due to HF worsening)
in patients with LV systolic dysfunction.

The E/E’ ratio and the EF were the only echocardiographic
variables capable of adding a prognostic value when clinical
variables were included in the multivariate analysis. Our
analysis is different from those in previous studies, in which
the echocardiogram information was obtained at least two
months after the start of the standard therapy'*'7'®. As far as
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we can see, the high morbimortality associated to HF results
in the necessity to obtain prognosis information as soon as
possible and, therefore, we chose to use the data obtained
at the echocardiogram requested after the patients’ first visit
to the outpatient clinic program of HF control.

The prognostic value of parameters that measure systolic
function in HF has long been known. The decrease in EF*
as well as the increased final systolic diameter or volume of
the LV*?° are classically associated to a worse prognosis.
In our series, the EF was also an independent predictor of
events in the outpatient clinic population with LV systolic
dysfunction. Additionally, variable degrees of systolic and
diastolic dysfunction can coexist and diastolic function
parameters, such as decreased DT or restrictive pattern were
also recognized as strong predictors of prognosis'’?’. In the
present study, the decreased DT was also associated with the
occurrence of events at the univariate analysis.

The E/E’ ratio correlates well with the final diastolic pressure
of the LV'"""® and to the plasma concentration of the brain
natriuretic peptide?. These findings stimulated the researchers
to carry out studies to test and identify the prognostic value
of this parameter in the LV systolic dysfunction'>7:19:2029,
Additionally, the E/E" ratio has shown to be the strongest
predictor of future cardiac events when compared to several
other echocardiographic parameters'?. Our study confirmed
the prognostic value of the E/E’ ratio for the combined
outcome of total mortality or hospitalization due to the HF
worsening. It is worth mentioning that the cardiac mortality
was responsible for most of the cases of death reported in
our study. The optimal cutoff for the E/E’ ratio described by
us (12.7) is similar to that described in another study (12.5)"
and close to another, reported by a third group (15)" that
also studied the value of this ratio as a predictor of cardiac
events. The classical study', describing the capacity to identify
elevated final diastolic pressures of the LV through the septal
E/E’ ratio, found a value of 15 as an optimal cutoff, which is
higher than the one described by us to identify prognosis. It
is important to mention, however, the difference between
the focus of the present study, concentrated on prognosis
assessment and the higher implication of the other study,
focused on the identification of the elevated diastolic pressure
of the LV, possibly contributing to the diversity of results'.

The superiority of the E/E" ratio over parameters that are
derived exclusively from the analysis of the mitral flow can
be attributed to the dependence of the mitral flow to several
factors, such as the volemic status, left atrial pressure, age
and myocardial relaxation®. In fact, the DT could predict
the prognosis at the univariate analysis, as corroborated by
literature data™'7'*?’, but it was a weaker event predictor
when compared to the E/E’ ratio in multivariate analysis
models, both in our study and in others''”.

In our study, differently from what is observed in the
literature'”19%°, the E’ velocity was not a predictor of events
at the univariate analysis. However, in all, except one, its
independent prognostic value was not confirmed after a
multivariate analysis'®. This can be attributed to the small,
but significant difference in the mean value of E’ between
patients with and without events, of only 1 to 2 cm/s in these
studies'?°, In contrast, the E/E’ ratio showed to be the most
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accurate marker of diastolic dysfunction in HF and allowed
the selection of patients with HF and advanced diastolic
dysfunction associated to the highest incidence of events.

The prognostic importance of the A" velocity in patients
with HF was demonstrated by a recent publication, where
this parameter was selected among other echocardiographic
variables, including the E/E’ ratio, as the most powerful
independent predictor™. In fact, previous studies have shown
that the A velocity was significantly lower in patients with events'”
9, and in our study, the A’ velocity was a predictor of events at
the univariate analysis. However, in our and other studies'", this
parameter was not an independent predictor of events.

Although the E/E’ ratio and the EF have been recognized
as independent prognostic indices in the population with HF
of our study, the sensitivities for the identified optimal cutoffs
were low, for the E/E’ ratio as well as for the EF. Additionally,
the specificities were not high, either. One of the possible
reasons for these findings is the long period of follow-up,
during which other undetected factors might have influenced
patient evolution. For instance, coronary disease was highly
prevalent in the present series and one cannot rule out the
occurrence of ischemic events contributing to the death of the
patients. However, the combination of both indices resulted
in high specificity for the occurrence of events, when both
were altered beyond the cutoff in the same patient and a good
sensitivity when one or the other was altered. Another aspect
to be pointed out is that /4 of the patients presented EF above
the cutoff, but with an elevated E/E’ ratio. These patients had
a high incidence of events. This elevated E/E’ ratio allowed
the identification of a subgroup of patients who presented a
high occurrence of events among those that would not be
identified based solely on the EF value.

The chronic use of furosemide was also an independent
prognostic predictor in our study. This can be attributed to
the fact that the more symptomatic patients, and thus, more
severe ones, had the loop diuretic included more often in
their prescriptions.

Limitations

We did not evaluate the LA volume through the 2-D
echocardiography, but only the LA diameter through the
M-mode. The inclusion of the LA in the analysis could
have resulted in another independent predictor, as the LA
volume is closely associated with elevated serum levels of the
brain natriuretic peptide®*" and was recognized as an event
predictor in HF, as described in the literature?”2%32. Other
parameters with prognostic meaning in HF, such as tolerance
to exercise or the heart rate variability were not analyzed in
the present study, either.

Other limitations include the retrospective nature of the
study and the selected population that was referred to our

service. These results should not be extended to the patients
excluded from this study due to characteristics such as atrial
fibrillation or severe valvular stenosis. A recent study extended
the prognostic value of the E/E’ ratio to patients with HF and
secondary severe mitral regurgitation®*. Our population sample
consisted of patients with relatively lower risk, as suggested by
the low mortality and therefore, the inclusion of more severe
patients could lead to different results. It seems, however,
that our results are more applicable to the population that is
usually treated during routine clinical practice.

Conclusions

Our findings indicate that the E/E’ ratio is an important
independent long-term prognostic index of death or
hospitalization due to HF worsening in patients treated
at the outpatient clinic for HF secondary to LV systolic
dysfunction. In our series, the E/E’ ratio and EF were the only
echocardiographic variables that added a prognostic value in
a multivariate analysis model that included clinical variables
as well as echocardiographic ones. Additionally, our analysis
showed a new aspect, as it extracted information from the first
echocardiogram performed after the initial examination of the
patient at the outpatient clinic, thus allowing the immediate
attainment of important prognostic information.

It is worth mentioning that the present study identified a
subgroup of patients who, although presented EF higher than
our optimal cutoff, had an elevated E/E’ ratio and high frequency
of events. Consequently, it is recommended that the systematic
measurement of this variable, through an easily applicable
instrument such as the Doppler echocardiogram, should be
included in the routine assessment of outpatients with LV systolic
dysfunction and mild or moderate symptoms of HF.
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