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Mechanical Dispersion Assessed by Myocardial
Strain in Patients After Myocardial Infarction
for Risk Prediction of Ventricular Arrhythmia
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O B J E C T I V E S The aim of this study was to investigate whether myocardial strain echocardiography
can predict ventricular arrhythmias in patients after myocardial infarction (MI).

B A C K G R O U N D Left ventricular (LV) ejection fraction (EF) is insufficient for selecting patients for
implantable cardioverter-defibrillator (ICD) therapy after MI. Electrical dispersion in infarcted myocar-
dium facilitates malignant arrhythmia. Myocardial strain by echocardiography can quantify detailed
regional and global myocardial function and timing. We hypothesized that electrical abnormalities in
patients after MI will lead to LV mechanical dispersion, which can be measured as regional heterogeneity
of contraction by myocardial strain.

M E T H O D S We prospectively included 85 post-MI patients, 44 meeting primary and 41 meeting
secondary ICD prevention criteria. After 2.3 years (range 0.6 to 5.5 years) of follow-up, 47 patients had
no and 38 patients had 1 or more recorded arrhythmias requiring appropriate ICD therapy. Longitudinal
strain was measured by speckle tracking echocardiography. The SD of time to maximum myocardial
shortening in a 16-segment LV model was calculated as a parameter of mechanical dispersion. Global
strain was calculated as average strain in a 16-segment LV model.

R E S U L T S The EF did not differ between ICD patients with and without arrhythmias occurring during
follow-up (34 � 11% vs. 35 � 9%, p � 0.70). Mechanical dispersion was greater in ICD patients with recorded
ventricular arrhythmias compared with those without (85 � 29 ms vs. 56 � 13 ms, p � 0.001). By Cox
regression, mechanical dispersion was a strong and independent predictor of arrhythmias requiring ICD
therapy (hazard ratio: 1.25 per 10-ms increase, 95% confidence interval: 1.1 to 1.4, p � 0.001). In patients with
an EF �35%, global strain showed better LV function in those without recorded arrhythmias (�14.0% � 4.0%
vs. �12.0 � 3.0%, p � 0.05), whereas the EF did not differ (44 � 8% vs. 41 � 5%, p � 0.23).

C O N C L U S I O N S Mechanical dispersion was more pronounced in post-MI patients with recurrent
arrhythmias. Global strain was a marker of arrhythmias in post-MI patients with relatively preserved
ventricular function. These novel parameters assessed by myocardial strain may add important
information about susceptibility for ventricular arrhythmias after MI. (J Am Coll Cardiol Img 2010;3:
247–56) © 2010 by the American College of Cardiology Foundation
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he implantable cardioverter-defibrillator
(ICD) is an important innovation in the
treatment of sudden cardiac death (1–3), but
significant questions remain unanswered.

urrently, left ventricular (LV) ejection fraction
EF) is the primary parameter used to select pa-
ients for ICD therapy. Impaired EF is shown to be
marker of increased cardiovascular mortality and

udden cardiac death (4,5), but has relatively low
ensitivity for detecting arrhythmia risk (6). There
s emerging awareness of the limitations of using
F as the main risk stratification tool for ICD

herapy (6–8). Sudden cardiac arrest accounts for a
maller proportion of deaths in patients with lowest
Fs than in patients with relatively preserved ven-

ricular function (9). A variety of diagnostic tests
ave been proposed to improve the accuracy of
election of patients who need ICD therapy. Cur-

rently available data, however, do not sup-
port additional risk-stratification methods
for the selection of patients for ICD ther-
apy (7).

The presence of myocardial scar forms
the substrate for malignant arrhythmias
(10). Heterogeneity in scar tissue creates
areas of slow conduction that generate the
substrate for ventricular arrhythmia after
myocardial infarction (MI) (11,12). Elec-
trical dispersion, including both activation
time and refractoriness, in infarcted tissue
is a known arrhythmogenic factor (13,14).
Electrical abnormalities may lead to dis-
torted myocardial function (15,16).
Therefore, regional differences in electrical
properties may cause heterogeneity of

yocardial contraction and may be recognized as
echanical dispersion. Subtle contraction hetero-

eneity can be demonstrated by myocardial strain
chocardiography, which can accurately quantify
iming and regional myocardial function (17,18).

e recently demonstrated the heterogeneity of
ystolic contraction by echocardiography as me-
hanical dispersion, presumably as a consequence
f electrical dispersion in patients with long QT
yndrome (LQTS). In these patients, mechanical
ispersion was associated with ventricular ar-
hythmias (16).

We hypothesized that post-MI patients at risk of
ardiac arrhythmias have increased myocardial me-
hanical dispersion due to tissue heterogeneity be-
ween infarcted and normal myocardium. We
imed to investigate whether mechanical dispersion

cular
nd myocardial function by strain echocardiography l
n post-MI patients might serve as risk markers for
ardiac arrhythmias.

E T H O D S

tudy population. A total of 85 post-MI patients
ulfilling indications for ICD therapy were recruited
rom 4 university hospitals (St. Olavs Hospital,
rondheim, Norway; Ullevål University Hospital,
slo, Norway; University Hospital Gasthuisberg,
euven, Belgium; and Rikshospitalet University
ospital, Oslo, Norway). Written informed con-

ent was given by all participants. The study was
pproved by the Regional Committee for Medical
esearch Ethics. All patients were included pro-

pectively with echocardiographic examination usu-
lly performed during the hospitalization for ICD
mplantation (median 0 days [range �175 to 84
ays]). Inclusion criteria were previous hospitaliza-
ion for MI and indication for ICD therapy accord-
ng to primary or secondary prevention criteria.
rimary prevention criteria (44 patients) included
atients with an EF �35% at least 40 days after MI
r �40% and nonsustained ventricular tachycardia
nsVT) and sustained arrhythmia inducible by an
lectrophysiology study. Secondary prevention cri-
eria (41 patients) included cardiac arrest survivors
nd patients with sustained ventricular tachycardia
VT) (3). In secondary prevention patients, the
rrhythmia (VT or ventricular fibrillation [VF])
hat provided the indication for ICD therapy was
efined as the index arrhythmia. Medical treatment
nd revascularization therapy were recorded. Exclu-
ion criteria were atrial fibrillation, left bundle
ranch block, previous coronary artery bypass graft
urgery, and valve regurgitations greater than mod-
rate. No patients had more than mild valvular
tenoses. Arrhythmic events during follow-up were
efined as ventricular arrhythmias that required
ppropriate antitachycardia pacing or shock from
he ICD. The time from ICD implantation to the
rst arrhythmic event during follow-up was re-
orded. Follow-up time after ICD implantation
as a minimum of 300 days.
All 85 ICD patients underwent coronary angiog-

aphy before ICD implantation. Percutaneous cor-
nary intervention was performed in 49 patients.
our patients underwent coronary artery bypass
raft surgery after inclusion and ICD implantation.
ne patient had received thrombolytic therapy for
I and had no significant stenoses revealed on

oronary angiography. In 31 patients, the coronary
B B R E V I A T I O N S

N D A C R O N YM S

I � confidence interval

CG � electrocardiogram

F � ejection fraction

CD � implantable

ardioverter-defibrillator

QTS � long QT syndrome

V � left ventricular

I � myocardial infarction

sVT � nonsustained ventri

achycardia

F � ventricular fibrillation
esions were ineligible for revascularization.
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ontrol groups. From our outpatient clinic, we re-
ruited 20 patients with previous hospitalization for

I. Exclusion criteria were identical to those for
he study population. None of the group experi-
nced arrhythmic events.

The control group consisted of 23 healthy indi-
iduals recruited from the hospital staff. All had a
ormal electrocardiogram (ECG) and echocardio-
ram.
CG. A 12-lead ECG was obtained in all partici-
ants. The QT interval was heart rate corrected
ith Bazett’s formula (19).
chocardiography. The echocardiographic studies
ere performed using Vivid 7 (GE, Horten, Nor-
ay) and analyzed with EchoPAC software (GE).
he LVEF was assessed according to Simpson’s
iplane method. Myocardial strain measurements
ere performed using speckle tracking echocardi-
graphy (20). Longitudinal strain was obtained
rom all apical views at 63 � 23 frames/s. Global
V longitudinal strain was obtained by averaging

he maximum systolic shortening in a 16-segment
odel (Fig. 1). Post-systolic shortening was not

ncluded in the global strain analyses. The maxi-
um systolic lengthening was recorded in segments

n which no shortening was present (21).
yocardial mechanical dispersion. The time to max-

mum myocardial shortening, including post-
ystolic shortening, if present, was measured from
he ECG onset Q/onset R-wave in 16 LV segments
Fig. 1). Inclusion of an infarcted segment in time

Figure 1. Global Strain, Mechanical Dispersion, and Delta Contr

Speckle tracking echocardiography longitudinal strain curves in a 4
myocardial shortening in the septal apical segment is indicated (gr
Q/onset R-wave to maximum myocardial shortening (time line). Glo
16 left ventricular segments; mechanical dispersion: SD of the time
shortening in 16 left ventricular segments; delta contraction duratio

time interval from ECG onset Q/onset R-wave to maximum myocardial
nalyses required approval from the automated
oftware. The maximum myocardial shortening
rom a representative strain curve with a shortening
uration of a minimum of 50 ms was used in the
ime analyses. Segments in which no shortening
as present were excluded.
To quantify LV mechanical dispersion, we used

he SD of the 16 different time intervals to maxi-
um myocardial shortening in each participant;

his parameter was defined as mechanical disper-
ion. An alternative measure for mechanical disper-
ion was the difference between the longest and
hortest time interval from ECG onset Q/onset
-wave to the maximum myocardial shortening in

ach individual. This parameter was defined as the
elta contraction duration.
Strain parameters could be assessed in 95% of the
yocardial segments in the study group and in 91%

f the subjects in the control group. Time measure-
ents included 88% of the segments in the in-

arcted patients with ICD. The intraobserver anal-
sis was performed blinded to patients’ arrhythmia
utcome status.
tatistical analyses. Data are presented as mean �
D or as median (range). Comparisons of means
ere analyzed by analysis of variance with the
onferroni correction for multiple comparisons

SPSS version 15.0, SPSS Inc., Chicago, Illinois).
he Kruskal-Wallis test was performed for non-
arametric variables. Proportions were compared
sing a chi-square test. Cox regression analysis was

on Duration

mber view from a post–myocardial infarction patient. Maximum
arrow) as well as the time from electrocardiogram (ECG) onset
strain: average value of the maximum myocardial shortening in
rval from ECG onset Q/onset R-wave to maximum myocardial
ifference between the segments with the longest and shortest
acti

-cha
een
bal
inte
n: d
shortening.
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sed in the patient population to identify predictors
f the outcome of arrhythmia requiring appropriate
CD treatment. Patients with ICD meeting pri-
ary and secondary prevention criteria were ana-

yzed separately. Hazard ratios and 95% confidence
ntervals (CIs) were calculated. The multivariate
nalysis was performed by including significant
ariables from the univariate model (p � 0.05) in
ddition to age and EF, which were forced in. A
lose relationship was observed between mechanical
ispersion and delta contraction duration, and
herefore only mechanical dispersion was included
n the multivariate analysis. Kaplan-Meier analysis
as used to create freedom-from-arrhythmia sur-
ival curves. The value closest to the upper left
orner of the receiver-operator characteristic curve
etermined optimal sensitivity and specificity for
he ability of mechanical dispersion to identify
rrhythmic events. Reproducibility was expressed as
n intraclass correlation coefficient. p Values �0.05
ere considered significant.

E S U L T S

linical findings. Clinical data are presented in
able 1. Indications for ICD therapy according to
rimary prevention criteria were present in 44
atients and according to secondary prevention
riteria in 41 patients. Thirty-eight ICD patients
xperienced 1 or more episodes with sustained VT
r VF requiring appropriate ICD therapy (anti-
achycardia pacing or shock), whereas 47 ICD
atients had no sustained arrhythmia during 2.3
ears (range 0.6 to 5.5 years) of follow-up.

acteristics in 85 Patients With an ICD, 20 Control Patients With a

Healthy Individuals
(n � 23)

Control Patients With
Previous MI
(n � 20)

Ar

62 � 10 62 � 13

65 � 11 64 � 12

7 (30) 3 (15)

om MI (yrs) 4.5 (2.0–30.0)

100 � 15

420 � 25

0

19 (95)

. (%) 14 (70)

py, no. (%) 13 (65)

, no. (%)

ion, no. (%)

less otherwise indicated. *p Values for analysis of variance F test, Kruskal-Wallis t

rting enzyme; AT II � angiotensin II; ICD � implantable cardioverter-defibrillator; MI
The QRS and QTc duration and the use of
edication were similar in the 2 ICD groups (Table

). The median time from ICD implantation to
rst ICD therapy was 239 days (range 2 to 1,529
ays).
Among the 38 patients with recorded arrhyth-
ias occurring during follow-up, 30 received ICD

herapy for VT, 5 for VF, and 3 for unknown
easons. Coronary angiography was performed in 4
f 5 patients with VF occurring during follow-up,
nd 3 required a percutaneous intervention due to
ew coronary lesions. Arrhythmias occurred later
uring follow-up in patients with ICD therapy for
F compared with those with VT (2.6 years vs. 1.0

ears, p � 0.02). There were no differences in QRS
nd QTc duration or in echocardiographic param-
ters between patients with VF or VT occurring
uring follow-up.
No differences were found between the revascu-

arized and nonrevascularized patients regarding
ncidence or modality of arrhythmia (VT or VF) as
ecorded by the ICD device (p � 0.70). Revascu-
arized patients had a significantly better EF com-
ared with nonrevascularized patients (EF 37 �
1% vs. 32 � 8%, respectively; p � 0.04).

RIMARY PREVENTION PATIENTS. In the 44 pa-
ients meeting primary prevention criteria, 12 un-
erwent implantation based on an EF �35% and
2 had an EF �40% and nsVT and were inducible
y electrophysiology study. Of the 32 patients with
sVT, 15 had an EF �35%. During follow-up,
here were significantly more arrhythmic events in
hose with an EF �40% and nsVT/inducible (18 of
2 patients) compared with those with an EF �35%

vious MI, and 23 Healthy Individuals

Patients Without
thmic Events During
llow-Up (n � 47)

ICD Patients With
Arrhythmic Events During

Follow-Up (n � 38) p Value*

62 � 10 65 � 10 0.53

68 � 13 63 � 13 0.36

10 (21) 3 (8) 0.04

6.2 (0.4–29.9) 5.9 (0.6–35.8) 0.98

100 � 15 100 � 25 0.93

450 � 45 440 � 40 0.23

10 (21) 8 (21) 0.07

43 (91) 35 (92) 0.93

40 (85) 32 (84) 0.42

29 (62) 25 (66) 0.92

24 (51) 20 (53) 0.89

23 (49) 18 (47) 0.89

nd chi-square test.
Table 1. Clinical Char Pre

ICD
rhy
Fo

Age (yrs)

Heart rate (beats/min)

No. (%) of women

Median time (range) fr

QRS duration (ms)

QTc (ms)

Amiodarone, no. (%)

Beta-blocker, no. (%)

ACE/AT II inhibitor, no

Revascularization thera

ICD primary prevention

ICD secondary prevent

Values are mean � SD un est, a

� myocardial infarction.
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2 of 12 patients) (p � 0.02). Primary prevention
riteria patients with the ICD indication of an EF
35% alone had fewer arrhythmic events during

ollow-up compared with all other patients (p � 0.04).
ositive and negative predictive values for later ar-

Figure 2. Mechanical Dispersion by Strain Echocardiography in
Arrhythmias During Follow-Up

Speckle tracking echocardiography longitudinal strain curves in a 4
myocardial infarction (MI) implantable cardioverter-defibrillator (ICD
post–MI ICD patient with recurrent arrhythmias (bottom panel). Gr
each segment. Myocardial shortening is reduced in the ICD patient
healthy individual. The dotted line represents the average myocard

Table 2. Echocardiographic Findings in 85 Patients With an ICD

Healthy Individuals
(n � 23)

Con
Wi
M

EF (%) 62 � 7

EF �35%, no. (%) 23 (100)

LVEDV (ml) 107 � 28

LVESV (ml) 42 � 13

Global strain (%) �21.6 � 2.8 �

Mechanical dispersion (ms) 22 � 10

Delta contraction duration (ms) 70 � 33

Values are mean � SD unless otherwise indicated. Multiple comparisons are ob
compared with healthy individuals and control patients with previous MI, ‡p � 0
of the maximum myocardial shortening in 16 left ventricular (LV) segments;
myocardial shortening in 16 LV segments; delta contraction duration: differen
shortening in a 16-segment model.
EF � ejection fraction; LVEDV � left ventricular end-diastolic volume; LVESV �
ejection fraction; SD � standard deviation of time to maximum myocar
hythmias were 17% and 43%, respectively, when
CD implantation was based on EF alone.

ECONDARY PREVENTION PATIENTS. In the 41
econdary prevention criteria patients, 15 had an

ealthy Individual and ICD Patients With and Without

mber view from a healthy individual (upper left panel), a post–
tient without arrhythmic events (upper right panel), and a
Arrows indicate the timing of maximum myocardial shortening in
d the timing of shortening is dispersed compared with the
hortening for each individual. ECG � electrocardiogram; EF �

Control Patients With a Previous MI, and 23 Healthy Individuals

Patients
revious
� 20)

ICD Patients Without
Arrhythmic Events During

Follow-Up (n � 47)

ICD Patients Wi
Arrhythmic Events D

Follow-Up (n � 3

� 9 34 � 11† 35 � 9†

100) 21 (45)† 22 (58)†

� 26 188 � 68† 202 � 86†

� 19 126 � 59† 132 � 66†

� 2.5‡ �11.2 � 4.0† �10.0 � 3.7†

� 15§ 56 � 13§ 85 � 29‡

� 55§ 195 � 65§ 335 � 115‡

d with the Bonferroni post hoc test. *p Values for analysis of variance, F test, and
compared with all other groups, §p � 0.001 compared with healthy individuals. G
anical dispersion: SD of time interval from electrocardiogram (ECG) onset Q/on
etween longest and shortest duration of time from ECG onset Q/onset R-wave

t ventricular end-systolic volume; other abbreviations as in Table 1.
a H

-cha
) pa
een
s, an
ial s
, 20

trol
th P
I (n

th
uring
8) p Value*

55 �0.001

20 ( �0.001

110 �0.001

51 �0.001

15.9 �0.001

45 �0.001

145 �0.001

taine chi-square test, †p � 0.05
.001 lobal strain: average value
mech set R-wave to maximum
ce b to maximum myocardial
dial shortening.
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F �35% and 36 had an EF �35% (Table 2). All
hese patients had experienced sustained VT or
ere cardiac arrest survivors. The index arrhythmia
as VT in 24 patients and VF in 17 patients. The
robability of later arrhythmias was similar regard-

ess of whether the index arrhythmia was VT or VF
p � 0.12). Forty-four percent experienced arrhyth-
ic events during follow-up.
yocardial mechanical dispersion. Both methods of
uantification of mechanical dispersion were related
o the occurrence of arrhythmic events. The SD of
ime to maximum myocardial shortening was sig-
ificantly longer in those with arrhythmias

p � 0.001) (Table 2 and Fig. 2). In addition, delta
ontraction duration (time difference between seg-
ents with the longest and shortest duration of

ystolic shortening) was prolonged in the ICD
atients with arrhythmic events during follow-up
ompared to those without (p � 0.001) (Table 2).
nivariate analyses of risk factors for ventricular

rrhythmias that required appropriate ICD therapy
re shown in Table 3. In the multivariate analysis,
echanical dispersion was a strong and independent

redictor of arrhythmias (p � 0.001). Mechanical
ispersion was more pronounced in patients with an
F �35% who experienced arrhythmias (n � 22)

Arrhythmias During Follow-Up That Require Appropriate ICD Th

Primary Prevention Criteria
Patients (n � 44), HR (95% CI)

se) 1.12 (0.90–1.40)

) 1.04 (0.23–4.56)

ats/min increase) 0.96 (0.77–1.19)

ease) 0.76 (0.50–1.15)

ase) 1.02 (0.94–1.10)

(yes vs. no) 1.54 (0.35–6.86)

rapy (yes vs. no) 1.01 (0.39–2.62)

es vs. no) 2.62 (0.59–11.56)

0.80 (0.59–1.08)

increase) 0.84 (0.71–0.99)

n (per 10-ms increase) 1.25 (1.10–1.43)

ration (per 10-ms increase) 1.05 (1.01–1.08)

se) 1.20 (0.93–1.55)

) 0.92 (0.18–4.78)

0.90 (0.56–1.45)

increase) 0.92 (0.76–1.11)

n (per 10-ms increase) 1.24 (1.07–1.43)

F � ejection fraction; HR � hazard ratio; nsVT � nonsustained ventricular tachy

able 1.
ompared with those with no arrhythmias (n � 21)
p � 0.01) (Table 4). In patients with ICD based
n an EF indication alone, 2 of 12 experienced
rrhythmias during follow-up. Importantly, both of
hese patients had mechanical dispersion �70 ms
138 ms and 142 ms, respectively). In patients with
CD based on an EF indication alone and without
urther arrhythmic events (n � 10), mechanical
ispersion was significantly lower compared with
he rest of the patients who all had experienced
rrhythmic events before or after ICD implantation
50 � 15 ms vs. 71 � 26 ms, p � 0.01). Figure 3
hows a Kaplan-Meier plot that demonstrates ar-
hythmic event–free survival in the ICD popula-
ion. ICD patients with mechanical dispersion �70
s experienced more frequent arrhythmic events

han ICD patients with mechanical dispersion �70
s (log-rank test, p � 0.001). Mechanical disper-

ion of 70 ms had a sensitivity of 65% (95%
onfidence interval [CI]: 0.55 to 0.71) and a spec-
ficity of 92% (95% CI: 0.83 to 0.96) for identifying
rrhythmic events (Fig. 4).

Control patients with a previous MI without any
rrhythmias had significantly lower mechanical dis-
ersion compared with ICD patients with arrhyth-
ias during follow-up (p � 0.001). Compared with

py in a Total of 85 Post–MI Patients With an ICD by Cox

Variable

p Value
Secondary Prevention Criteria
Patients (n � 41), HR (95% CI) p Value

0.30 1.14 (0.88–1.48) 0.33

0.95 5.42 (0.72–40.8) 0.10

0.69 0.90 (0.74–1.08) 0.25

0.20 0.97 (0.76–1.24) 0.78

0.71 0.95 (0.79–1.14) 0.56

0.57 1.06 (0.40–2.86) 0.91

0.97 0.97 (0.36–2.59) 0.95

0.21

0.15 1.13 (0.90–1.42) 0.30

0.03 1.00 (0.89–1.12) 0.98

�0.01 1.30 (1.09–1.55) �0.01

�0.01 1.06 (1.02–1.10) �0.01

0.15 1.23 (0.94–1.59) 0.14

0.92 3.80 (0.50–29.44) 0.20

0.68 1.10 (0.83–1.46) 0.51

0.37

�0.01 1.31 (1.08–1.58) �0.01

a; inducible VT � inducible ventricular tachycardia in electrophysiology study;
Table 3. Predictors of era
Regression Analysis

Univariate analyses

Age (per 5-yr increa

Sex (male vs. female

Heart rate (per 5-be

QRS (per 10-ms incr

QTc (per 10-ms incre

Amiodarone therapy

Revascularization the

nsVT/inducible VT (y

EF (per 5% increase)

Global strain (per 1%

Mechanical dispersio

Delta contraction du

Multivariate analyses

Age (per 5-yr increa

Sex (male vs. female

EF (per 5% increase)

Global strain (per 1%

Mechanical dispersio

CI � confidence interval; E cardi
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CD patients without arrhythmic events during
ollow-up, control patients with a previous MI had
ower mechanical dispersion, although not reaching
ignificant levels (p � 0.11) (Table 2). Healthy
ndividuals had shorter and more homogeneous
ime measurements compared with all post-MI
roups (Table 2).
V volumes and function. Importantly, EF and LV
olumes were equal in the ICD groups, and those
ith recurrent arrhythmias and those without could
ot be differentiated (Table 2). Global strain was
ot reduced in patients with arrhythmias during
ollow-up compared with those without in the total
tudy population. When analyzed separately, in
atients with an EF �35% and �35%, global strain
as significantly reduced in patients with arrhyth-
ias (Table 4).
Intraobserver variability and interobserver vari-

bility were 0.98 and 0.98, respectively, for strain
easurements and 0.86 and 0.81, respectively, for

ime measurements.

I S C U S S I O N

his study introduces a new principle in risk assess-
ent for life-threatening arrhythmias in patients
ith a previous MI. Patients with recorded arrhyth-
ias showed greater mechanical dispersion by an

D of time to maximum myocardial shortening and
elta contraction duration. Mechanical dispersion
as a strong and independent predictor of arrhyth-
ic events. Our findings support the idea that

lectrical abnormalities in post-MI patients are
ssociated with mechanical dispersion. EF on echo-
ardiography was not able to differentiate post-MI

Table 4. Separate Results From 42 ICD Patients With an EF <35

EF <

Without Arrhythmic
Events During

Follow-Up (n � 26)

With A
Dur

Age (yrs) 60 � 9

EF (%) 27 � 5

Global strain (%) �8.9 � 2.2

Mechanical dispersion (ms) 52 � 13

Delta contraction duration (ms) 170 � 40

QRS duration (ms) 104 � 14

ICD secondary prevention, no. (%) 12 (46)

ICD primary prevention, no. (%) 14 (54)

Values shown are mean � SD unless otherwise indicated. *p Values for analysi
maximum myocardial shortening in 16 LV segments; Delta contraction duratio
myocardial shortening in a 16 segment model.
Abbreviations as in Tables 1 and 2.
atients with respect to arrhythmic events in either
rimary or secondary prevention criteria patients.
lobal strain, however, provided added value in

rrhythmia risk stratification.
echanical dispersion. There is ample evidence

rom different cardiac disease models, including
eart failure (22), ischemia (13), and infarction
14,23), that increases in dispersion of conduc-

0.0

0.2

0.4

0.6

0.8

1.0

0 500 1000 1500

C
u

m
u

la
ti

ve
 A

rr
h

yt
h

m
ia

-F
re

e 
S

u
rv

iv
al

Follow Up Time (Days)

Log rank test p<0.001

No. at Risk
<70 ms 55 27 14 7 

>70 ms 30 14 4 0 

Mechanical Dispersion <70 ms

Mechanical Dispersion >70 ms

Figure 3. Kaplan-Meier Arrhythmia-Free Survival in 85 Post-MI

Kaplan-Meier plot demonstrates arrhythmia-free survival in 85 po
infarction (MI) implantable cardioverter-defibrillator (ICD) patients. M
is defined as the SD of the time to maximum myocardial shortenin
left ventricular model and reflects the heterogeneity of myocardial
out the ventricle. Patients with mechanical dispersion �70 ms show

nd 43 ICD Patients With an EF >35%

EF >35%

ythmic Events
Follow-Up
� 16) p Value*

Without Arrhythmic
Events During

Follow-Up (n � 21)

With Arrhythm
During Follo

(n � 22

4 � 8 0.52 64 � 10 67 � 1

7 � 5 0.99 44 � 8 41 � 5

2 � 3.0 0.04 �14.0 � 4.0 �12.0 � 3

3 � 31 �0.001 61 � 12 80 � 2

0 � 120 �0.001 225 � 80 280 � 1

7 � 26 0.88 95 � 13 101 � 2

3 (19) 0.07 11 (52) 15 (68)

3 (81) 0.07 10 (48) 7 (32)

ariance F test. Mechanical dispersion � standard deviation of time interval from
difference between longest and shortest duration of time from ECG onset Q/on
2000

1

0

, + Censored

, + Censored

Patients With an ICD

st–myocardial
echanical dispersion

g in a 16-segment
contraction through-
a higher arrhythmic
% a

35%

rrh
ing
(n

ic Events
w-Up
) p Value*

6 1 0.32

2 0.23

�7. .0 0.05

9 7 0.01

34 10 0.06

10 8 0.49

0.29

1 0.29

s of v onset Q/onset R-wave to
n � set R-wave to maximum
event rate.
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ion velocity result in susceptibility to arrhyth-
ias (22,23). These electrical abnormalities will

resumably lead to changes in myocardial func-
ion, as shown in our study. Assessing the extent
f electrical dispersion in the individual patient
as so far been difficult (22). A recent study
howed that tissue heterogeneity in post-MI
atients assessed by cardiac magnetic resonance
orrelated with increased susceptibility to ven-
ricular arrhythmias induced by programmed
entricular stimulation (24). Our study supports
he idea that tissue heterogeneity, leading to a
ispersed myocardial contraction, is associated
ith the risk of arrhythmic events.
We recently reported mechanical dispersion to be

marker of arrhythmia in LQTS patients (16). Ion
hannel defects in LQTS result in dispersed elec-
rical repolarization, and we showed that mechan-
cal dispersion was present in these patients along
ith normal myocardial shortening. The mecha-
ism for electrical dispersion in post-MI patients,
owever, is different from that in LQTS patients.
n post-MI patients, a delayed start of ventricular
ctivation in scarred myocardium leads to a dis-

0.2 0.4 0.80.6 1.0

1-Specificity

Cutoff value

Mechanical Dispersion Sensitivity Specificity

44 ms 100% 19%

70 ms 65% 92%

88 ms 41% 100%

for the Ability of Mechanical Dispersion to Identify Arrhythmic
-Up in 85 Post-MI ICD Patients

echanical dispersion of 41 ms provided 100% sensitivity and a
d 100% specificity in predicting arrhythmic events. The optimal
s for a sensitivity of 65% and a specificity of 92% in predicting
a under the curve: 0.84 (95% confidence interval: 0.75 to 0.92).
or characteristic.
ersed recovery of excitability (14), resulting in i
ispersed electrical repolarization. The extent of
echanical dispersion appeared to be more pro-

ounced in post-MI patients in the present study
ompared with LQTS patients recently reported.

In control post-MI patients with preserved EF,
echanical dispersion was significantly lower com-

ared with ICD patients with recorded arrhythmias
nd tended to be lower compared with ICD pa-
ients without arrhythmic events. These findings
emonstrate the presence of mechanical dispersion
n all post-MI patients and support the assumption
hat the extent of mechanical dispersion is impor-
ant for arrhythmogenesis.

Similar techniques and parameters used in this
tudy have been used to assess dyssynchrony in
atients eligible for cardiac resynchronization ther-
py (25). Synchronicity, the absence of mechanical
ispersion, in normal individuals was reported ear-

ier with similar techniques and values as healthy
ndividuals in our study (26).
V function. The relationship between LV systolic
ysfunction and deaths due to progressive heart
ailure and ventricular arrhythmias in post-MI pa-
ients is well established (27,28). Earlier echocar-
iographic studies found that an EF of �40%
erves as the threshold for identifying high-risk
ndividuals (27,28). However, EF has reduced sen-
itivity in predicting sudden death; less than 50% of
atients with a previous MI who die suddenly have
n EF �30% (6,29).

Myocardial strain assessed by speckle tracking
chocardiography represents a novel technique to
uantify LV function (30). Strain measures LV
ontraction. Speckle tracking echocardiography–
ased strain has been shown to be a robust tech-
ique for the assessment of LV function. A recent
tudy demonstrated that speckle tracking echocar-
iography–based strain is superior to EF for assess-
ent of myocardial function post-MI (21). In our

tudy, global strain was decreased in post-MI pa-
ients with an EF �35% and arrhythmic events.
his finding might suggest that global strain might
ecome a useful tool for risk stratification in
ost-MI patients with relatively preserved LV func-
ion. EF, however, failed to identify arrhythmic
vents in our post-MI patients with an EF �35%.
linical implications. Measurements of mechanical
ispersion and global strain in post-MI patients add
mportant information about the risk of arrhythmia
eyond the EF. Importantly, in patients with a
reserved or slightly reduced EF, mechanical dis-
ersion �70 ms identified post-MI patients with an
0.0
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Figure 4. ROC Curve
Events During Follow
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value of 88 ms provide
cutoff value was 70 m
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ncreased risk of life-threatening arrhythmias. Ac-
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ording to current guidelines for primary preven-
ion, post-MI patients with an EF �35% should be
onsidered for ICD therapy (1,3). The novel prin-
iples presented in this study might be useful to
dentify the risk of arrhythmias in post-MI patients
ith relatively preserved EF who do not fulfill

urrent ICD indications (EF �35%). Future trials
hould investigate whether mechanical dispersion
nd global strain can be used to select additional
atients for ICD therapy among the majority of
ost-MI patients with a relatively preserved EF in
hom current ICD indications fail. The proposed

chocardiographic measurements can be easily im-
lemented in clinical routine.
tudy limitations. Our study shows that mechanical
ispersion is associated with ventricular arrhythmia.

hether mechanical dispersion can be explained by
lectrical dispersion must be studied experimentally.

Clinical implications of these novel methods must
e interpreted with respect to the fact that all patients
prediction of sudden death risk in
patients with coronary artery disease: Nonuniform recove
resent study was not designed to find the optimal
linical cutoff value for mechanical dispersion in pa-
ients not fulfilling current ICD indications.

O N C L U S I O N S

his study demonstrates that post-MI patients at
isk of cardiac arrhythmias have increased myocar-
ial mechanical dispersion. Assessment of mechan-
cal dispersion by echocardiography might therefore
elp to identify post-MI patients susceptible to
entricular arrhythmias beyond the extent of re-
uced LV function.
Global strain may become an additional tool for

isk stratification in post-MI patients with relatively
reserved ventricles.

eprint requests and correspondence: Dr. Thor Edvard-
en, Department of Cardiology, Rikshospitalet University
ospital, N-0027 Oslo, Norway. E-mail: thor.edvardsen@
ulfilled current guidelines for ICD therapy. The medisin.uio.no.
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