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Abstract
Objective—To assess the relations between early filling deceleration time, left ventricular
remodelling, and cardiac mortality in an unselected group of postinfarction patients.
Design and patients—Prospective evaluation of 131 consecutive patients with first acute myo-
cardial infarction. Echocardiography was performed on day 1, day 2, day 3, day 7, at three and six
weeks, and at three, six, and 12 months after infarction. According to deceleration time on day 1,
patients were divided into groups with short (< 150 ms) and normal deceleration time
(> 150 ms).
Setting—Tertiary care centre.
Results—Patients with a short deceleration time had higher end systolic and end diastolic
volume indices and a higher wall motion score index, but a lower ejection fraction, in the year
after infarction. These patients also showed a significant increase in end diastolic (p < 0.001) and
end systolic volume indices (p = 0.007) during the follow up period, while ejection fraction and
wall motion score index remained unchanged. In the group with normal deceleration time, end
diastolic volume index increased (p < 0.001) but end systolic volume index did not change; in
addition, the ejection fraction increased (p = 0.002) and the wall motion score index decreased
(p < 0.001). One year and five year survival analysis showed greater cardiac mortality in patients
with a short deceleration time (p = 0.04 and p = 0.02, respectively). In a Cox model, which
included initial ejection fraction, infarct location, and infarct size, deceleration time on day 1 was
the only significant predictor of five year mortality.
Conclusions—A short deceleration time on day 1 after acute myocardial infarction can identify
patients who are likely to undergo left ventricular remodelling in the following year. These
patients have a higher one year and five year cardiac mortality.
(Heart 2001;85:527–532)
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Left ventricular remodelling following acute
myocardial infarction is a well known phenom-
enon,1 occurring in the earliest postinfarction
phase and continuing for weeks or months.2 It
has been shown that left ventricular volume
and ejection fraction are major predictors of
prognosis in these patients.3 However, the
prognostic value of left ventricular filling
indices in patients with acute myocardial
infarction is less well defined. It has recently
been suggested that a restrictive transmitral
filling pattern—as a marker of diastolic
dysfunction—provides significant additional
prognostic information in such patients.4 The
usual definition of restrictive filling includes
the ratio of maximum early to atrial (E:A) fill-
ing velocities. This variable can be influenced
by heart rate, left ventricular systolic function,
and loading conditions,5 making its interpret-
ation in particular patients diYcult. On the
other hand, it appears that the early filling
deceleration time is largely independent of
these factors5 and reliably reflects left ventricu-
lar chamber stiVness,6 suggesting that this sin-
gle variable may provide similar prognostic
information. In addition, deceleration time is
inversely correlated with pulmonary capillary
wedge pressure, which is one of the strongest
predictors of mortality after infarction.7 8 It has
recently been shown that deceleration time was

the best single predictor of all cause mortality
in both symptomatic and asymptomatic pa-
tients with left ventricular dysfunction.9 How-
ever, the relation between left ventricular
transmitral filling pattern early after infarction
and subsequent left ventricular dilatation has
not been fully clarified.

Our aim in this study was to evaluate the
relation between early filling deceleration time
and left ventricular remodelling in the year fol-
lowing a first acute myocardial infarct, and to
assess the impact of a short early filling
deceleration time on one year and five year car-
diac mortality.

Methods
STUDY PATIENTS

We prospectively evaluated 131 consecutive
patients with a first acute myocardial infarct
who met the following criteria: age < 70 years;
chest pain lasting more than 30 minutes; ST
segment elevation > 2 mm at least in two ECG
leads; transient elevation of creatine kinase
and/or MB isoenzyme; and an echocardiogram
performed within 24 hours of the onset of pain.

TREATMENT

Thrombolytic treatment (intravenous strep-
tokinase 1 500 000 units over 30–60 minutes)
was given in 81 patients; the remaining 50
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patients were not treated with thrombolysis at
the discretion of their attending cardiologist,
because they were admitted late after the onset
of pain or had contraindications to the
treatment. The use of thrombolysis, nitrates, â
blockers, calcium channel blockers, angio-
tensin converting enzyme (ACE) inhibitors,
diuretics, and digoxin was similar in patients
with and without restrictive filling.

ECHOCARDIOGRAMS

Echocardiographic examinations were per-
formed in the following sequence: day 1, day 2,
day 3, day 7, at three and six weeks, and at
three, six, and 12 months after the index
infarction. All examinations were performed
with an Acuson 128 machine (Mountain View,
California, USA), using a 2.5 MHz transducer,
and stored on videotape for later analysis.

Transmitral flow recordings were obtained
from the apical four chamber view, with the
sample volume positioned at the tips of the
mitral leaflets. Modal flow velocities were
traced in three consecutive beats after quiet
expiration and averaged. As tachycardia alters
diastolic filling and leads to the fusion of the
early and atrial filling waves, studies in which
heart rate was > 100 beats/min were not
included in the analysis. We also excluded
studies in which atrial fibrillation or significant
mitral regurgitation were present.

Adequate transmitral flow recordings were
obtained in 106 patients on day 1, 104 patients
on day 2, 96 patients on day 3, 99 patients on
day 7, 108 patients after three weeks, 102
patients after six weeks, 101 and 89 patients
after three and six months, respectively, and 87
patients after one year.

According to early filling deceleration time
on day 1, patients were divided into groups
with short (< 150 ms) and normal deceleration
time (> 150 ms). We chose this value because
it is considered to be the lower limit of normal
for deceleration time, and also because it is very
close to the value identified by receiver operat-
ing characteristic curve (ROC) analysis as the
one predicting cardiac death with the greatest
accuracy (152 ms) (fig 1). Importantly, ROC
analysis of deceleration time measured on day
3 (167 ms) showed that the cut oV point was
some 15 ms longer than on day 1. In addition,
both sensitivity and specificity of deceleration
time in predicting cardiac mortality decreased
from 69.5% on day 1 to 57% on day 3.

Left ventricular end diastolic volume, end
systolic volume, and ejection fraction were
determined from apical two and four chamber
views using Simpson’s biplane formula. Trac-
ing of endocardial borders in end diastole and
end systole was performed on the Acuson 128
machine in the technically best cardiac cycle.
The volumes were normalised for body surface
area and expressed as indices. Left ventricular
wall motion score index was calculated by
using a 16 segment model. Wall motion for
each segment was graded semiquantitatively
as normokinesia = 1, hypokinesia = 2, aki-
nesia = 3, and dyskinesia = 4. Wall motion
score index was calculated by summing the
scores for each segment and dividing by the
number of analysed segments.

INTEROBSERVER AND INTRAOBSERVER

VARIABILITY

To test the reproducibility of the echocardio-
graphic data, end diastolic and end systolic
volume indices, ejection fraction, wall motion
score index, and deceleration time were
measured by two observers and twice by one
observer, in 20 random patients. For two
observers, coeYcients of variation for measur-
ing end diastolic and end systolic volume indi-
ces, ejection fraction, wall motion score index,
and deceleration time were 6%, 9%, 9%, 3%,
and 5%, respectively. For one observer, these
values for repeating measurements were 4%,
6%, 5%, 2%, and 3%, respectively.

CORONARY ANGIOGRAPHY

Coronary angiography was performed in 107
patients before hospital discharge, and decel-
eration time was measured in 94 of these. Ste-
nosis of the major coronary artery of > 70%
was considered significant. Perfusion of the
infarct related artery was assessed using TIMI
(thrombolysis in myocardial infarction) crite-
ria.10

STATISTICAL ANALYSIS

All data are expressed as mean (SD). We used
÷2 and t tests for comparisons between the sub-
groups for categorical and continuous vari-
ables, respectively. Analysis of variance
(ANOVA) with the ScheVé post hoc test was
used to analyse repeated measures of left
ventricular volumes, ejection fraction, and wall
motion score index. A logistic regression model
was used to identify predictors of left ventricu-
lar chamber stiVness early after myocardial inf-
arction. An actuarial survival curve was con-
structed using the Kaplan–Meier method.
ROC analysis was performed to establish the
most accurate value of deceleration time for
predicting cardiac death. Multivariate Cox
model analysis was performed to assess the
independent contribution of deceleration time
to one year and five year mortality (a probabil-
ity value of p < 0.1 was considered significant).

Results
PATIENT CHARACTERISTICS

On day 1, a short deceleration time was found
in 32 of 106 patients (30%). The percentage
of patients with a short deceleration time

Figure 1 Receiver operating characteristic curve analysis
to establish the most accurate value of deceleration time
predictive of cardiac death.
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decreased to 25% and 24% on day 3 and 7,
respectively, with a further decrease to 18% at
12 months. Baseline demographic, clinical,
and angiographic characteristics of the pa-
tients with short and normal deceleration time
on day 1 are shown in table 1. Patients with a
short deceleration time had larger infarcts,
measured by peak creatine kinase value, and
were more likely to have anterior infarcts.

When patients in whom deceleration time
was measured on day 1 were compared with
those who were excluded from the analysis
because of sinus tachycardia, atrial fibrillation,
or significant mitral regurgitation, it was found
that the patients in the latter group were older,
more often female, had larger infarcts, and had
a higher incidence of anterior infarcts, Killip
class > 1, and diabetes mellitus (table 2). In
addition, these patients had higher left ven-
tricular volumes and wall motion score indices
on day 1 and a lower ejection fraction. Finally,
patients excluded from the measurement of
deceleration time had a higher mortality during
follow up.

ECHOCARDIOGRAPHIC FINDINGS

At baseline, both global and regional contrac-
tile function (ejection fraction and wall motion
score index) were significantly better (49.5

(9.7)% v 44.0 (9.7)%, p = 0.04 and 1.45
(0.30)% v 1.69 (0.26)%, p = 0.002, respec-
tively) in the group with normal deceleration
time than in the group with a short decelera-
tion time. During the follow up, according to
ANOVA, a significant progressive improve-
ment of ejection fraction was observed in
patients with a normal deceleration time
(p = 0.002), whereas no change was detected
in patients with a short deceleration time
(p = 0.2). Additionally, a progressive decrease
in wall motion score index was observed in the
group with a normal deceleration time
(p < 0.0001), while no change was observed in
the group with a short deceleration time
(p = 0.67). In contrast, comparisons between
the groups by ANOVA showed that the pattern
of changes in global and regional contractile
function were similar (p = 0.91 and p = 0.14,
respectively) (fig 2A, B).

Similarly, initial end diastolic and end systo-
lic volume indices were higher in patients with
a short deceleration time than in those with a
normal deceleration time (65.0 (8.3) v 57.2
(10.2) ml/m2, p = 0.005, and 36.9 (10.1) v
29.3 (9.4) ml/m2, p = 0.005, respectively). A
progressive increase in end diastolic volume
index was observed in both groups (p < 0.001,
for both), whereas a progressive increase in end
systolic volume index was observed only in
patients with a short deceleration time
(p = 0.007), with no change in those with a
normal deceleration time (p = 0.58). Further-
more, comparisons between groups by
ANOVA revealed that both end diastolic and
end systolic volume indices showed a greater
increase in the group with short deceleration
time than in the group with normal decelera-
tion time (p < 0.0001 and p = 0.004, respec-
tively) (fig 2C, D).

When deceleration times in studies other
than on day 1 were analysed, no consistent dif-
ference could be shown in left ventricular
volumes, ejection fraction, and wall motion
score index between groups with short and
normal deceleration times during the one year
follow up. Therefore only the initial decelera-
tion time was used for further analysis.

PREDICTORS OF SHORT DECELERATION TIME ON

DAY 1

A logistic regression model—which included
infarct location, Killip class, peak creatine
kinase value, initial left ventricular volume
indices, ejection fraction and wall motion score
index, extent of coronary artery disease,
patency of the infarct related artery, and the
presence of collaterals—identified initial wall
motion score index as the only predictor of
short deceleration time on day 1 (p = 0.005).

PROGNOSTIC VALUE OF DECELERATION TIME

AFTER MYOCARDIAL INFARCTION

A Cox model—which included infarct loca-
tion, infarct size (measured by peak creatine
kinase value), initial deceleration time, ejection
fraction, and end systolic volume index—was
constructed to assess this issue. A model was
constructed for both one year and five year
mortality. Because by definition end systolic

Table 1 Baseline demographic, clinical, and angiographic
characteristics of patients with and without short
deceleration time on day 1 after myocardial infarction

Short DT
(n=32)

Normal DT
(n=74)

Age (years) 52 (7) 55 (8)
Sex (F/M) 6/26 18/56
Hypertension 10/32 31/74
Diabetes mellitus 3/32 13/74
Smoking 20/32 43/74
Killip class >1 5/32 8/74
Anterior infarct 18/32 20/74†
Peak CK value 1287 (628) 915 (827)*
Patent IRA 17/30 34/64
Multivessel CAD 14/30 28/64
Collaterals 11/30 21/64

Values are mean (SD) or n.
*p < 0.05; †p < 0.01 v short deceleration time.
CAD, coronary artery disease; CK, creatine kinase; DT, early
filling deceleration time; IRA, infarct related artery.

Table 2 Baseline characteristics of the patients in whom
deceleration time was measured on day 1 and of those who
were excluded from the analysis

DT measured
(n=106)

DT not measured
(n=25)

Age (years) 54 (9) 58 (9)*
Sex (F/M) 24/82 12/13*
Hypertension 41/106 9/25
Diabetes mellitus 16/106 3/25
Smoking 63/106 7/25†
Killip class >1 13/106 16/25‡
Anterior infarct 38/106 16/25*
Peak CK value 1021 (787) 1364 (713)*
ESVi on day 1 (ml/m2) 32.02 (10.29) 43.70 (15.72)‡
EDVi on day 1 (ml/m2) 60.14 (15.26) 68.42 (15.76)†
EF on day 1 (%) 47.53 (9.82) 37.43 (12.83)‡
WMSi on day 1 1.53 (0.30) 1.87 (0.42)‡
Patent IRA 51/94 7/13
Multivessel CAD 42/94 9/13
Collaterals 32/94 6/13
Cardiac mortality 14/106 13/25‡

Values are mean (SD) or n.
*p < 0.05; †p < 0.01; ‡p < 0.001.
CAD, coronary artery disease; CK, creatine kinase; DT, early
filling deceleration time; EDVi, end diastolic volume index; EF,
ejection fraction; ESVi, end systolic volume index; IRA, infarct
related artery; WMSi, wall motion score index.
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volume index and ejection fraction are interre-
lated, they were not included simultaneously in
the same model. We found that none of the
examined variables was predictive of one year
mortality. When initial ejection fraction was
entered into the model, deceleration time on
day 1 was the only variable predictive of five
year mortality (â = −1.1, p = 0.05). On the
other hand, when ejection fraction was substi-
tuted by initial end systolic volume index, this
variable was identified as the only predictor of
five year mortality (â = 1.7, p = 0.006).

FOLLOW UP

During follow up (59 (19) months, range 1–89
months), 14 of 106 patients with deceleration
time measured on day 1 died of cardiac causes
(eight of the 32 patients with a short decelera-
tion time and six of the 74 patients with a nor-
mal deceleration time). During the first year
after infarction, actuarial survival analysis
showed higher cardiac mortality in patients
with a short deceleration time (log-rank
÷2 = 4.00, p = 0.04); this trend was even more
pronounced during the five year follow up
(log-rank ÷2 = 5.34, p = 0.02) (fig 3).

Discussion
DECELERATION TIME AND LEFT VENTRICULAR

REMODELLING

Our study showed that a short initial decelera-
tion time was associated with left ventricular
remodelling during the first year after acute
myocardial infarction. To our knowledge, this
is the first study demonstrating that a single
Doppler measurement, obtained as early as day
1 after infarction, can identify patients prone to
short and long term ventricular dilatation.
Recently, Cerisano and colleagues11 have re-
ported, in a selected group of patients with
reperfused acute anterior myocardial infarc-
tion, that a short deceleration time on day 3 is
a strong predictor of left ventricular dilatation
in the following six months. In our study, this
observation was extended to unselected pa-
tients following infarction. We also showed that
extensive left ventricular remodelling observed
in these patients is associated with a worse
prognosis.

An intriguing finding was that only decelera-
tion time measured on day 1 could separate
patients in whom left ventricular remodelling is
likely to occur during the next year, while
deceleration time measured in the later studies
failed to do so. As clinical and experimental
studies have shown that shortening of the
deceleration time in the acute phase may be
transient,12 13 we hypothesised that deceleration
time on day 1 may better reflect the functional
damage caused by infarction than deceleration
time in the later studies. In addition, owing to
the selection bias inherent in analysing the
prognostic value of repeatedly measured vari-
ables, the value of the initial variable has the
greatest prognostic potential, as the sickest
patients may die before the next measure is
obtained. It should also be noted that the cut
oV point for most accurate value of decelera-
tion time for predicting cardiac death changes
over time, and the same values may not have
identical implications at diVerent time points.

Figure 2 Changes in ejection fraction (A), wall motion score index (B), and end diastolic (C) and end systolic volume index
(D) during the follow up in patients with and without short deceleration time on day 1. EDVi, end diastolic volume index;
ESVi, end systolic volume index; WMSi, wall motion score index. *p < 0.05; †p < 0.01; ‡p < 0.001, between groups.
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Finally, deceleration time values in later studies
may be influenced by various therapeutic
interventions during the acute and chronic
phases of myocardial infarction.

In our study, the incidence of a short decel-
eration time decreased during follow up,
supporting previous experimental findings13

that left ventricular diastolic function following
myocardial infarction changes over time, prob-
ably because of a complex interplay of left ven-
tricular dilatation, ischaemia, stunning, scar
formation, and hypertrophy of non-infarcted
segments. We have also recently shown that left
ventricular chamber stiVness is increased
24–48 hours after infarction, but returned to
normal within several days.12 Interestingly, it
appears that changes in deceleration time are
more pronounced in patients with an initially
short deceleration time.11 These findings may
be attributed, at least in part, to the decrease in
left ventricular filling pressures caused by ven-
tricular dilatation, and the subsequent prolon-
gation of deceleration time. As ventricular dila-
tation is more pronounced in patients with an
initially short deceleration time, it may be
assumed that changes in filling pressures are
greater, leading to pronounced changes in
deceleration time over time in these patients.

We found that patients with a short decelera-
tion time had larger infarcts, which is consist-
ent with a previous finding that deceleration
time is directly related to the size of the
infarct.14 The only predictor of a short
deceleration time was the initial wall motion
score index, implying that the extent of infarc-
tion is the major determinant of early left ven-
tricular chamber stiVness. As left ventricular
dilatation is critically dependent on infarct
size,15 it appears that the amount of infarcted
myocardium is the link between increased early
chamber stiVness and subsequent left ventricu-
lar remodelling over the year following the inf-
arct. These observations have been extended
by Poulsen and colleagues,16 who have showed
that a short deceleration time on day 1 predicts
the development of congestive heart failure fol-
lowing acute myocardial infarction better than
the ejection fraction. Thus the ability of a short
deceleration time to identify patients prone to
left ventricular dilatation as early as day 1 may
have therapeutic and clinical implications in
relation to attempts to prevent further remod-
elling. These patients might benefit from a
more aggressive attempt to reopen the infarct
related artery with alteplase17 or reteplase,18 or
from primary percutaneous transluminal cor-
onary angioplasty.19 20 Also, acute administra-
tion of intravenous â blockers21 and glyceryl
trinitrate22 to reduce infarct size, as well as the
early use of ACE inhibitors23 to limit left
ventricular remodelling, should be strongly
recommended in these patients.

PROGNOSTIC VALUE OF DECELERATION TIME

AFTER MYOCARDIAL INFARCTION

Survival analysis showed a significantly greater
one year and five year cardiac mortality in
patients with a short initial deceleration time.
Although it has been shown that a restrictive

filling pattern is associated with a dismal prog-
nosis in patients with dilated cardiomyopa-
thy,24 25 there are few data on the prognostic
value of restrictive filling after myocardial
infarction. While there is evidence that a short
deceleration time can identify the patients with
the worst prognosis, the prognostic value of
deceleration time increments is less clear. It has
recently been reported that restrictive filling is
the single best predictor of cardiac mortality
following myocardial infarction, and that it
adds significantly to the predictive power of
clinical and echocardiographic markers of
systolic dysfunction.4 The Cox model analysis
failed to identify any variable as an independ-
ent predictor of one year mortality, probably
because of the relatively small number of
patients and the low mortality during this
period. Although independent predictors of
five year mortality varied according to the
model used, we believe that our findings
support the value of deceleration time
measurement for early prognostic assessment
after acute myocardial infarction for the
following reasons. First, deceleration time was
found to be superior to ejection fraction.
Second, deceleration time is easier to measure
than left ventricular volumes and ejection frac-
tion, making it appropriate for the use in acute
settings. Third, in our series, deceleration time
measurement was subjected to an almost two-
fold lower intraobserver and interobserver
variability than end systolic volume index.

Exclusion criteria for deceleration time
measurement used in our study were the same
as those used by other groups, and all these
criteria (sinus tachycardia, atrial fibrillation,
and significant mitral regurgitation) have been
shown to be predictors of adverse outcome fol-
lowing infarction.26 It appears that by applying
these criteria we have excluded patients with
the worse prognosis, and that patients in whom
deceleration time was obtained represent the
group that has a more favourable prognosis.
However, it should be emphasised that al-
though deceleration time measurement repre-
sents selection bias per se, a short initial decel-
eration time can still identify patients who are
at increased risk for cardiac death and in whom
short and long term left ventricular remodel-
ling is likely to occur.

STUDY LIMITATIONS

It may be argued that a deceleration time of
150 ms is too loose a cut oV point to separate
patients into groups with short and normal
deceleration time. Other groups have used dif-
ferent definitions of restrictive physiology,
which may preclude direct comparisons be-
tween the studies. However, a common de-
nominator for all these definitions is short
deceleration time, suggesting that similar
pathophysiology was involved in patients in the
diVerent studies, irrespective of the definition
used.

The terms “increased chamber stiVness”
and “short deceleration time” were used inter-
changeably, although the formula relating
chamber stiVness and deceleration time has
not been validated in humans.
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CONCLUSIONS

Our data indicate that a short deceleration time
on day 1 after acute myocardial infarction can
identify patients who are likely to undergo left
ventricular remodelling in the following year.
This is associated with a higher one year and
five year cardiac mortality.

We would like to thank Dr Leonardo Bolognese for his thought-
ful comments.
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