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L eft ventricular (LV) diastolic dys-
function is a common disorder in
patients with myocardial infarction

(MI) and has been reported to have indepen-
dent prognostic value.1-6 Doppler echo-
cardiography is widely used for the non-in-
vasive assessment of diastolic filling abnor-
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Introduction: Mitral A-wave deceleration time (Adt) is a promising Doppler parameter for the evaluation of
left ventricular (LV) diastolic function. The aim of the present study was to investigate the long-term prog-
nostic value of Adt in relation to the development of heart failure and cardiac death in the setting of the first
acute myocardial infarction (MI). 
Methods: Conventional Doppler echocardiographic study and Adt measurements were performed in 105 pa-
tients (age 60 ± 10 years, 77 men) 8.07 ± 0.96 days post MI. Patients were divided into three groups ac-
cording to Adt duration: group 1 with Adt ≤70 ms, group 2 with 70 ms < Adt < 115 ms, and group 3 with
Adt ≥115 ms. 
Results: Patients of groups 1 (Adt: 64 ± 5 ms, n=11) and 3 (Adt: 123 ± 8 ms, n=38) presented charac-
teristics of restrictive physiology or impaired relaxation, respectively, while patients of group 2 (Adt: 92 ± 9
ms, n=56) had near to normal LV filling characteristics. Patients were followed up for a mean of 44.7
months. Heart failure was found in 4 patients (36%) in group 1 and 6 (16%) in group 3, whereas the patients
in group 2 were free of heart failure. Cardiac death occurred in 4 patients (36%) in group 1, 3 (7.9%) in
group 3 and 2 (3.6%) in group 2. Kaplan-Meier survival curves indicated that patients with Adt ≤70 ms or
Adt ≥115 ms had more frequent cardiac events and a significantly shorter event-free survival period in com-
parison with those with 70 ms < Adt < 115 ms (p=0.0017). Cox analysis showed that Adt ≤70 ms
(p=0.002), Adt ≥115 ms (p=0.02), restrictive LV filling pattern (p=0.003), anterior wall MI (p=0.02),
ejection fraction (p=0.03), age (p=0.04), and treatment with angiotensin converting enzyme inhibitors
(p=0.009) were independent predictors of outcome. 
Conclusions: Adt appears to be a strong and independent predictor of heart failure or cardiac death following
a MI. A shortened Adt ≤70 ms is associated with higher rates of both cardiac death and heart failure, while a
prolonged Adt ≥115 ms is associated with heart failure only.
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malities. Development of a restrictive LV
filling pattern after MI has been shown to be
a strong independent predictor of an ad-
verse outcome2,4-6 and to be predictive of LV
remodelling after anterior MI.7 However,
because of the confounding effects of LV re-
laxation and LV compliance on the mitral



inflow, an apparently normal filling pattern may be seen
in patients with advanced diastolic dysfunction.

Recently, tissue Doppler imaging of mitral annular
motion and colour M-mode Doppler flow propagation
have been proposed as a means of correcting for the in-
fluence of myocardial relaxation on transmitral flow.
The combined assessment of mitral valve velocities with
these techniques allows better estimation of LV filling
pressure8,9 and prediction of outcome following MI.6 It
seems that the evolution of the above techniques may
have hindered the evaluation and application of a con-
ventional late diastolic Doppler variable of transmitral
flow velocity, the mitral A-wave deceleration time (Adt).

Adt has been reported as a useful variable for the
prediction of elevated LV end-diastolic pressure10,11 and
detection of the type of LV diastolic dysfunction in pa-
tients with acute MI.12 Although the prognostic value of
the mitral E-wave deceleration time (Edt) has been ex-
tensively studied in various settings,2,4-7,13-16 data are still
lacking regarding the equivalent potency of ∞dt. On
these grounds, the present study aimed to investigate
the long-term prognostic value of Adt in patients who
survived the acute phase of MI in relation to the devel-
opment of congestive heart failure and cardiac death.

Methods

Patients 

Our study design included a total of 110 survivors of
first acute MI, who were referred to our hospital from
1997 to 1999, presenting typical chest pain, ST-segment
elevation in at least two contiguous leads, and diagnos-
tic serial changes in cardiac enzymes. Patients with atri-
al fibrillation, mitral stenosis, permanent pacemaker,
left bundle branch block, high degree atrioventricular
block, coexisting moderate or severe aortic or mitral re-
gurgitation, were not enrolled in the study. Since at the
time of patient selection primary interventional revas-
cularisation was less frequent in our hospital, we chose
to exclude from the study those who underwent emer-
gency percutaneous transluminal coronary angioplasty
or coronary artery bypass graft during hospitalisation.
Patients who participated gave written consent and the
study protocol was approved by the Hospital Ethics
Committee (Red Cross Hospital, Athens), according to
the Helsinki Declaration.

Echocardiography

A complete M-mode and two-dimensional echocardio-

gram, and Doppler ultrasound examination, were per-
formed 8.07 ± 0.96 days post MI, by two observers
who were unaware of the study protocol, with an ATL-
UM9 ultrasound unit, using a 2.5 MHz phased array
transducer. LV filling was assessed with pulsed-wave
Doppler echocardiography. Measurements were ob-
tained with the transducer in the apical four-chamber
view, and the Doppler beam aligned as perpendicular
as possible to the plane of the mitral annulus. To ob-
tain mitral flow velocities, the pulsed Doppler sample
volume was placed between the tips of the mitral
leaflets during diastole. Care was taken with this ma-
noeuvre because the sample volume position is critical,
as different locations may significantly influence the
flow velocity curve.17 The peak mitral inflow E and A
wave velocities, E/A ratio, Edt and Adt were assessed.
Adt was calculated as the time between peak A veloci-
ty and the upper deceleration slope extrapolated to ze-
ro baseline. In addition, from the apical five-chamber
view with the pulsed-wave Doppler sample volume po-
sitioned in the LV outflow tract, where both mitral in-
flow and aortic outflow patterns are recordable, we
measured the LV isovolumic relaxation time (IRT: the
interval between the end of the aortic flow and the on-
set of the mitral inflow).18 Patients with an E/A ratio
>2 and Edt <150 ms were considered to have a restric-
tive LV filling pattern, while patients with E/A ratio
<0.7 and Edt >250 ms, as well as IRT >105 ms, were
considered to have an impaired relaxation LV filling
pattern.18,19 The conventional Doppler parameters of
transmitral flow velocity, as well as Adt, were calculated
at the end of expiration from an average of 5 consecu-
tive cycles. All the subjects were in fasting condition
and had not received their morning medication.

Other echocardiographic measurements

With the patient in the left lateral decubitus position,
we used the parasternal long-axis view at the mid-left
ventricular level and the M-mode to assess LV end-
diastolic diameter. The anteroposterior diameter of
the left atrium (LA) was measured at end-systole
from the leading edge of the posterior aortic wall to
the leading edge of the posterior LA wall on M-mode
echocardiography. LV ejection fraction was assessed
qualitatively by two-dimensional echocardiography.20

Follow up

Study participants were followed as outpatients at 12-
month intervals for a mean period of 44.7 months.
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Clinic and hospital records, written correspondence
and telephone contacts were used for data collection.
During the follow-up period contact was lost with 5 pa-
tients; thus, 105 patients were finally included in our
study population. For the present analysis the develop-
ment of congestive heart failure (based on the presence
of at least two of the following criteria: bibasilar pul-
monary rales, dyspnoea, a third heart sound or radi-
ographic evidence of pulmonary congestion), or cardiac
death after hospitalisation were considered as end
points. The cause of death was determined from hospi-
tal documentation, information from attending physi-
cians and death certificates. Cardiac death was defined
as death due to a myocardial infarction, heart failure or
documented sudden cardiac death. 

Statistical analysis

Continuous variables are summarised as mean ± stan-
dard deviation (SD). Categorical variables are express-
ed as number of observations followed by percentages
(%). Statistical analysis was performed using Statisti-
ca 6.1 for Windows.

Based on our previous findings that Adt behav-
iour resembles that of Edt, and that extreme values of
Adt detect patients with restrictive physiology or im-
paired relaxation,12 we divided our patients into three
groups according to Adt duration: group 1 with Adt
≤70 ms, group 2 with 70 ms < Adt < 115 ms, and group
3 with Adt ≥115ms.

The ¯2-test was used to compare qualitative char-
acteristics. Between-group differences for numerical
variables were tested using one-way analysis of vari-
ance followed by the Scheffe test for multiple com-
parisons.

Kaplan-Meier curves were plotted to depict event-
free (cardiac death or congestive heart failure) sur-
vival for the three groups. Differences between the
groups were tested using an extension of Gehan’s
generalised Wilcoxon test. When both events occurred
in the same individual, the time of evolution of heart
failure was used for the Kaplan-Meier plot. Univari-
ate and multivariate Cox proportional hazards mod-
els were used to test unadjusted and adjusted associa-
tions of Adt classification and other LV filling para-
meters with the development of death or congestive
heart failure during follow up. Clinical characteristics
selected for multivariate analysis were age, sex, ante-
rior wall MI, presence of arterial hypertension, sys-
tolic blood pressure <90 mmHg during echocardiog-
raphy assessment, treatment with angiotensin con-
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verting enzyme-inhibitors (ACE-I), thrombolytic thera-
py, and Killip class >1 during the acute phase of MI.
Echocardiographic/Doppler variables included LV
ejection fraction, E/A ratio >2 and Edt <150 ms as in-
dices of restrictive filling,18,19 IRT >105 ms as a marker
of impaired relaxation,18,19 and Adt classification. Vari-
ables that reached levels of significance ≤0.20 during
univariate analysis were included in the multivariate
analysis.

Results

Patient characteristics

The clinical and echocardiographic/Doppler charac-
teristics of the study population are summarised in
Table 1. Table 2 presents differences in echocardio-
graphic/Doppler characteristics and event rates be-

Table 1. Baseline characteristics of the patients (n=105).

(a) Clinical data: mean ± SD, or n (%).

Age (yrs) 60 ± 10
Males 77 (73)
Smoking 68 (65)
Hypertension 48 (46)
Diabetes 14 (13)
Thrombolysis 59 (56)
ACE inhibitors 63 (60)
b-blockers 70 (67)
Ca2+-blockers 9 (9)
Nitrates 25 (24)
Antiplatelets 105 (100)
Lipid lowering 51 (49)
Anterior MI 45 (43)
Inferior MI 60 (57)
Heart rate (bpm) 73 ± 13
Systolic BP (mmHg) 115 ± 15
Killip classification >1 11 (10)

(b) Echocardiographic/Doppler findings: mean ±SD

LVDd (cm) 5 ± 0.6
Left atrium (cm) 4 ± 0.4
Ejection fraction (%) 52 ± 13
E wave (cm/s) 60 ± 20
A wave (cm/s) 70 ± 20
E/A ratio 1 ± 0.6
Edt (ms) 225 ± 61
Adt (ms) 100 ± 21
IRT (ms) 127 ± 33

A – peak transmitral flow velocity at atrial systole; ACE – angiotensin con-
verting enzyme; ∞dt – deceleration time of late transmitral diastole; BP –
blood pressure; ∂ – peak transmitral flow velocity during early diastole; ∂dt
– deceleration time of early diastole; IRT – isovolumic relaxation time;
LVDd – left ventricular end diastolic-diameter; MI – myocardial infarction.



tween the patient groups formed according to Adt
classification. In detail, 7/11 (64%) patients of the
group with Adt ≤70 ms presented characteristics of
restrictive physiology, 22/38 (58%) patients of the group
with Adt >115 ms had characteristics of impaired relax-
ation, while 56/56 (100%) patients of the group with 70
ms < Adt < 115 ms had a normal or near to normal
LV filling pattern.18,19 From the above findings it is
clear that the majority of patients with low values of
Adt have a restrictive physiology, while high values
are associated with an impaired relaxation LV filling
pattern. Finally, the ejection fraction of patients in
groups 1 and 3 was significantly lower than that of pa-
tients in group 2, while the ejection fraction in group
3 was higher than that in group 1, though the differ-
ence did not reach statistical significance.

Outcome

Patients were followed up for a mean of 44.7 months.
During this period there were 15 (14%) cardiac events,
9 (9%) cardiac deaths (5 patients from sudden death, 4
from progressive heart failure), and 10 (9%) cases with
congestive heart failure (Table 2). Because of the 4
deaths from progressive heart failure, total events
(n=15) were less than the sum of deaths plus heart fail-
ures n=19). Cardiac events were more frequent in acute
MI survivors with Adt ≤70 ms (restrictive filling pat-
tern) and in those with Adt ≥115 ms (impaired relax-

ation filling pattern) than in patients with 70 ms < Adt
< 115 ms (normal or near to normal filling pattern)
(Table 2). Kaplan-Meier survival curves indicated that
patients with Adt ≤70 ms or Adt ≥115 ms were more
likely to experience cardiac events and had a signifi-
cantly shorter event-free survival period (¯2=17.77 with
2 degrees of freedom, p=0.0017) (Figure 1). Median
event-free survival was 237 days for group 1, 1975 days
for group 2, and 1012 days for group 3 (p=0.0017).
Congestive heart failure occurred more frequently in
groups 1 and 3 than in group 2, while the frequency of
deaths was higher only in group 1 in comparison to
group 2. The 3 groups did not differ significantly with
regard to revascularisation procedures during pa-
tients’ follow up.

Cox proportional hazards model analysis

Univariate regression analysis identified Adt ≤70 ms,
Adt ≥115 ms, restrictive LV filling pattern, anterior
wall MI, ejection fraction <50%, age, the use of
ACE-I, and Killip class >1 on hospital admission as
significant predictors of future outcome (Table 3).
The presence of systolic blood pressure <90 mmHg,
thrombolytic therapy and ∞dt ≥115 ms had border-
line associations with the presence of the pre-speci-
fied adverse events, but as the level of significance
was below 0.20 they were tested for independence in
the multivariate model. Multivariate Cox regression
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Table 2. Echocardiographic/Doppler characteristics and event rates according to Adt classification groups.

Adt ≤70 ms 70 ms < Adt <115 ms Adt ≥115 ms ∞¡√VA
n=11 n=56 n=38 (or ¯2)

p

LVDd (cm) 5.6 ± 0.4* 5 ± 0.6 4.8 ± 0.6† <0.001
Left atrium (cm) 4.2 ± 0.4 4 ± 0.4 3.9 ± 0.5 0.18
Ejection fraction (%) 40 ± 14* 57 ± 11 49 ± 12†† <0.001
E/A ratio 2.3 ± 0.5* 1.1 ± 0.4 0.6 ± 0.1††† <0.001
Edt (ms) 128 ± 19* 210 ± 37 276 ± 52††† <0.001
Adt (ms) 64 ± 5* 92 ± 9 123 ± 8††† <0.001
IRT (ms) 89 ± 24* 120 ± 25 149 ± 31††† <0.001
Restrictive filling pattern, n (%) 7 (64)* 0 (0) 0 (0)† <0.001
Impaired relaxation pattern, n (%) 0 (0) 0 (0) 22 (58)††† <0.001
Normal/near to normal filling, n (%) 4 (36)* 56 (100) 16 (42)†† <0.001
Number of patients with events, n (%) 6 (55) 2 (3.6) 7 (18) <0.001
Death 4 (36)* 2 (3.6) 3 (7.9) 0.002
Heart failure 4 (36)* 0 (0) 6 (16)††† <0.001
Revascularisations (PTCA & CABG) 1 (9) 13 (23) 13 (34) 0.20

CABG – coronary artery bypass grafting; PTCA – percutaneous transluminal coronary angioplasty; other abbreviations as in table 1.

* p<0.05 group 1 vs. group 2, †p<0.05 group 1 vs. group 3, ††p<0.05 group 3 vs. group 2.



analysis identified Adt ≤70 ms, Adt ≥115 ms, restric-
tive LV filling pattern, anterior wall MI, LV ejection
fraction <50%, and age as independent predictors of
the development of congestive heart failure or car-
diac death during follow-up. In addition, the use of
ACE-I independently identified patients with lower
risk (relative ratio 0.23) for future adverse events.

Discussion

To the best of our knowledge this is the first prospec-
tive study investigating the prognostic value of Adt.
The main finding of the present echocardiographic pro-
ject was that Adt identified patients with increased ad-

verse events following an acute MI. We found that low
Adt values (≤ 70 ms) were associated with the develop-
ment of congestive heart failure and cardiac death after
hospitalisation, whereas high Adt values (≥115 ms)
were associated only with heart failure. In contrast, pa-
tients with intermediate values of Adt (70 ms < Adt
<115 ms) experienced significantly fewer cardiac
events.

Prognostic implications of LV diastolic filling patterns

Restrictive filling 

Several studies3,13,14 have shown that Doppler-derived
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Figure 1. Cumulative proportion surviv-
ing in groups of patients with regard to
Adt values (¯2 = 17.77 with 2 degrees of
freedom, p=0.0017).

Table 3. Univariate and multivariate Cox model of conventional diastolic Doppler-variables and Adt classification in prediction of cardiac
events.

Univariate Multivariate 

RR (95%CI) p RR (95%CI) p

Age 1.08 (1.01-1.15) 0.02 1.10 (1.01-1.21) 0.04
Male sex 1.44 (0.49-4.23) 0.5
Ejection fraction <50% 0.96 (0.93-0.99) 0.03 0.94 (0.89-0.99) 0.03
Anterior MI 3.29 (1.25-8.65) 0.02 6.78 (1.37-33.61) 0.02
Arterial hypertension 1.39 (0.56-3.42) 0.47
SBP <90 mmHg 3.56 (0.82-15.43) 0.09 4.47 (0.81-24.86) 0.08
ACE inhibitors 0.24 (0.09-0.65) 0.005 0.23 (0.08-0.70) 0.009
Thrombolysis 0.41 (0.16-1.05) 0.06 0.66 (0.21-2.03) 0.47
Killip >1 2.99 (1.14-7.88) 0.02 1.48 (0.35-15.17) 0.59
Restrictive pattern 4.71 (1.55-14.33) 0.006 5.16 (1.76-96.03) 0.003
IRT 1.66 (0.65-4.22) 0.29
Adt ≤70 ms 11.18 (4.38-28.53) 0.0000 7.29 (1.46-36.39) 0.002
Adt ≥115 ms 3.46 (0.85-14) 0.08 3.69 (1.65-8.23) 0.02

RR relative risk; CI confidence interval; other abbreviations as in Table 1. 



diastolic filling variables (in particular, E/A ratio >2
and short mitral E-wave deceleration time) are im-
portant predictors of cardiac death in patients with
various cardiac diseases. Restrictive LV filling pattern
has been reported as a powerful independent predic-
tor of cardiac death4,5 or heart failure2,5 and has been
related to progressive LV dilatation6,7 after an acute
MI. Furthermore, a restrictive pattern has been demon-
strated to be more common in patients with a large
infarction and low ejection fraction.5,21,22 Since the
majority of patients with Adt values ≤70 ms had a re-
strictive physiology, our findings seem consistent with
previous studies regarding the risk for development
of congestive heart failure and cardiac death after
MI. Moreover, patients of this group had moderate
LV systolic dysfunction, manifested by a relatively
low ejection fraction (40 ± 14%). The latter finding,
with the contribution of Adt, documents once again
that restrictive physiology identifies a subgroup of pa-
tients at very high risk of cardiac death or heart fail-
ure within the group of patients with moderate to se-
vere LV systolic dysfunction. 

Impaired relaxation pattern

The prognostic value of an impaired relaxation LV fill-
ing pattern has not been so well clarified as has that of a
restrictive LV filling pattern. Several studies15,23,24 have
reported that markers of impaired relaxation, such as
low E/A ratio and prolonged mitral E-wave decelera-
tion time or isovolumic relaxation time, identified pa-
tients with increased mortality,15 heart failure23 and
cardiovascular risk24 in several settings. On the other
hand, other recent studies have shown a rather weak
correlation between this type of LV diastolic dysfunc-
tion and New York Heart Association class or cardiac
mortality,16,25 especially in patients with satisfactory
LV systolic function.16 In the setting of MI, it has been
demonstrated that patients with impaired relaxation
had a more favourable outcome in comparison with
patients presenting a restrictive physiology.5,6,25 These
studies5,6 reported that an impaired relaxation LV
filling pattern was more closely associated with the
post-infarction LV remodelling process (compensato-
ry hypertrophy and LV dilatation) leading to symp-
toms of heart failure,5 and seemed to be weakly relat-
ed to cardiac death.5,6 Furthermore, the impaired re-
laxation LV filling pattern is more common in limited
infarction with preserved ejection fraction.5,20,22 In
agreement with the existing evidence concerning pa-
tients with impaired relaxation, Adt ≥115 ms detect-

ed those developing congestive heart failure but not
those with cardiac death. In addition, our patients
who had an impaired relaxation LV filling pattern
presented preserved systolic function (ejection frac-
tion 49 ± 12%), a finding which is also in accordance
with previous studies. 

Prognostic value of Adt

The active atrial contribution to late filling, against a
less compliant ventricle (in comparison with the early
passive filling), could provide Adt with prognostic
ability. In this study, intermediate values of Adt (70 ms
< Adt <115 ms) were detected in patients presenting
normal or near to normal LV diastolic function and
were associated with those experiencing significantly
fewer cardiac events in comparison with the patients
of the other two groups, a finding also consistent with
previous studies of MI patients.5,6 In Cox regression
multivariate analysis, Adt classification (Adt ≤70 ms
or ≥115 ms) and a restrictive LV filling pattern were
reported as the most potent independent predictors
of future adverse outcome. Recent studies showed
that the duration of Adt is an important index for the
estimation of LV end-diastolic pressure.26,27 It seems
that the material contribution of Adt to the duration
of the A wave of transmitral flow, as well as its ability
to detect patients with either restrictive physiology or
impaired relaxation, provides Adt with prognostic ac-
curacy.

Limitations

For obvious reasons, Adt is not applicable in patients
with mitral stenosis, atrial fibrillation, atrioventricular
conductive disorders and an abnormally short PR in-
terval; therefore, those conditions were excluded. Fur-
thermore, the possibility of left atrial mechanical fail-
ure28 in the patients with Adt ≤70 ms (restrictive fill-
ing pattern), could have affected the reliable interpre-
tation of mitral A wave pattern. However, the rela-
tively small left atrial and LV dimension, as well as
the satisfactory ejection fraction are indicative of ef-
fective atrial contractility.29

Invasive procedures were not performed routinely
in this study. However, the echocardiographic Doppler
measurements that were used, Adt included, have pre-
viously been shown to have a close relation to invasive
measures of pressure.10,11,17,30

As an additional potential limitation, patients were
examined only once, at baseline; serial determinations
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could have provided additional prognostic information.
In fact, it is well known that the LV remodelling pro-
cess continues for a long time late after infarction31 and
that LV filling patterns may change during the course
of the disease, because of deterioration or improve-
ment of cardiac function or as a consequence of ther-
apeutic interventions.32 Indeed, these changes of clas-
sic diastolic Doppler-parameters during remodelling
after MI have been studied previously by other inve-
stigators.5,6,21 In a previous study,12 we showed that
Adt behaves similarly to mitral E-wave deceleration
time during the early phase of MI; however, the
variation of Adt during the late phase of MI has not
yet been studied and seems attractive for future re-
search.

The majority of our patients showed an LV filling
pattern characterised by an E/A ratio >1 or <2 (group
2), which may really be normal or pseudonormal. Ap-
plication of novel techniques, such as tissue Doppler
imaging and velocity flow propagation, could possibly
detect patients with pseudonormal physiology. How-
ever, the prolonged isovolumic relaxation time of
these patients, as well as the preserved ejection frac-
tion, are indices supportive of non-increased filling
pressures and normal LV filling pattern.30 Moreover,
4/11 (36%) patients of the group with Adt ≤70 ms
and 16/38 (42%) patients of the group with Adt ≥115
ms showed a normal or near to normal LV filling pat-
tern. The use of the above techniques could possibly
add potency in the identification of patients with re-
strictive physiology or impaired relaxation, a fact that
would not affect our study results. 

Finally, at the time of the echocardiographic eval-
uation all patients were hospitalised, were in a clini-
cally stable condition, and were receiving optimal
medical therapy. Consequently, measurement varia-
tions caused by fortuitous changes in loading condi-
tions were minimised, thus enhancing the prognostic
power of LV filling patterns. However, data regarding
the effect of loading conditions on Adt are still lack-
ing.

Conclusions

Despite the above limitations, we may conclude that
the easily obtainable Adt seems to be a strong and in-
dependent predictor of congestive heart failure and
cardiac death following MI. A shortened Adt ≤70 ms
is associated with higher rates of cardiac death or
heart failure, while a prolonged Adt ≥115 ms is asso-
ciated only with heart failure.
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