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ABSTRACT

Objective A reduction in left ventricular ejection fraction
(EF) remains the strongest indicator of increased risk of
sudden cardiac death after an acute myocardial infarction
(AMI). Guidelines recommend that patients with an EF
<35%, 6-12 weeks after AMI should be considered for
implantable cardioverter defibrillator (ICD) therapy. Stress
echocardiography is a safe method to detect viability in

a stunned myocardium. The purpose of this study was

to investigate if stress echocardiography early after AMI
could identify ICD candidates before discharge.

Methods Ninety-six patients with EF <40% early after
AMI were prospectively included in a cohort study, and
investigated by baseline and stress echocardiography
before discharge. Follow-up echocardiography was
performed after 3 months. EF, mitral annular plane systolic
excursion (MAPSE) and peak systolic velocity (PSV) were
determined for each examination.

Results There were 80 (83%) patients who completed
the baseline, stress and follow-up echocardiography.
Among them there were 32 (40%) patients who met the
ICD criteria of EF <35% at 3 months. For these patients,
EF, MAPSE and PSV were significantly lower than for
those patients who recovered. The area under the receiver
operating characteristic curve (AUC) was 85% (95% Cl
0.74 1o 0.94) for baseline EF to predict non-recovery. None
of the other variables had a higher AUC.

Conclusion Patients who met the ICD criteria of EF <35%
at 3 months after myocardial infarction had lower EF,
MAPSE and PSV on baseline and stress echocardiograph
before discharge. Stress echocardiography did not add
additional value in predicting non-recovery.

INTRODUCTION

Sudden cardiac death (SCD) remains a main
threat to patients after an acute myocardial
infarction (AMI). Despite vast effort to deter-
mine other predictors of SCD, heart failure,
expressed as a reduction in left ventricular
ejection fraction (EF), remains the strongest
indicator of an increased risk."! Although the

Key questions

What is already known about this subject?

» Implantable defibrillators save lives in the setting of
ischaemic heart failure. The benefit is, however, not
seen until a period of expectation after a myocardial
infarction, during which the affected myocardium
may or may not recover. The risk of sudden cardiac
death is higher during the initial weeks after a myo-
cardial infarction, and therefore it would be benefi-
cial to find objective parameters to guide clinicians
for early implantation of implantable defibrillators.

What does this study add?

» In this study, simple and commonly used echocar-
diographic systolic parameters were studied before
and during low-dose dobutamine stress echocar-
diography within days after an acute myocardial
infarction. Patients who met the criteria for implant-
able cardioverter defibrillator after 3 months had
significantly lower baseline ejection fraction, mitral
annular plane systolic excursion and peak velocities.
However, low-dose dobutamine stress echocardiog-
raphy did not add any additional prognostic value.

How might this impact on clinical practice?

» For patients where there is uncertainty regarding the
definition of ejection fraction, other parameters such
as mitral annular plane systolic excursion and peak
systolic velocity could add prognostic information.
Low-dose dobutamine stress echocardiography did,
however, not add information to standard resting
echocardiography.

incidence of heart failure due to myocar-
dial ischemia has declined due to improved
medical and surgical therapies, development
of heart failure is still common after myocar-
dial infarction, affecting almost 30% of such
patients.”

Forpatientswith atleastmoderatelyreduced
EF after a myocardial infarction, primary
prophylactic therapy with an implantable
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cardioverter defibrillator (ICD) improves survival.® *

However, in two major studies, the survival benefit was
observed only after several months to years; more than 6
months had passed since the AMI for approximately 75%
of patients in the MADIT study’ and 87% in the MADIT-IT
study.* Implantation of an ICD to all patients with an
EF <35% early (within 40 days) after myocardial infarc-
tion does not seem to affect overall mortality.” ® Current
international guidelines therefore recommend that only
patients with an EF <35% at reassessment echocardiog-
raphy 6-12 weeks after infarction should be considered
for ICD therapy." This period of expectation remains a
clinical challenge; if the risk of SCD is highest early after
a myocardial infarction, why does early implantation of
an ICD not save lives? As time progresses after the index
infarction, many patients with a reduced systolic heart
failure improve their EF due to relief of myocardial stun-
ning,”® and it is difficult to predict who will improve their
EF over time and, more importantly, who will not.

Low-dose dobutamine stress echocardiography is a
safe and non-invasive method to detect viability in a
stunned myocardium.” For simplicity, this will be referred
to as ‘stress echocardiography’ in this paper. In stress
echocardiography, regional wall motion is assessed
during baseline and at stress. With administration of
the sympathomimetic drug dobutamine, the myocardial
contractility increases if the myocardium is viable. This
is visible by an increased wall motion of the segment of
interest. Permanently damaged necrotic myocardium
is not affected. However, the evaluation of stress echo-
cardiography is challenging as movement of individual
segments of the myocardium is affected by neighbouring
segments. Objective global quantification of the longitu-
dinal motion of the mitral annular plane (mitral annular
plane systolic excursion, MAPSE), peak systolic velocity of
the mitral plane (PSV) and EF are parameters that reflect
myocardial contractility. For stress echocardiography in
patients with thrombolytic treatment after myocardial
infarction, an increase in MAPSE >2 mm has been associ-
ated with recovery of EF after 18 months."

The main objective of this study is to evaluate the use
of early stress echocardiography, more specifically if the
response in EF, MAPSE and PSV to low-dose dobutamine
is a better predictor of non-recovery of EF at 3 months
than baseline EF among patients with heart failure after a
myocardial infarction.

METHODS

We conducted a prospective cohort study among 96
patients admitted to hospital for AMI at two teaching
hospitals in Stockholm, Sweden. Patients who were >18
years old with an EF <40% on routine echocardiography
within 1 week of infarction were eligible for inclusion.
The rationale for including patients with EF up to 40%
was that the EF of some patients is reduced over time due
to the fact of ischaemic remodelling of the left ventricle,
and such patients might thus still be future candidates

for ICD implantation. Exclusion criteria were short life
expectancy (<1 year) based on clinical information and
comorbidity, which would also be contraindicative of ICD
implantation, or if more than 8 days had passed since the
AMI.

Baseline and stress echocardiography were performed
before discharge, and follow-up echocardiography was
performed 3 months after the AMI. A team of three
biomedical analysts performed all echocardiographic
examinations using commercially available equipment,
Vivid 7 (GE Vingmed, Norway). For stress echocardi-
ography, dobutamine was administered intravenously
as a continuous infusion of up to 10 pg/kg/min. Stan-
dard apical views of the left ventricle and tissue Doppler
loops were acquired for each patient. If less than 80% of
the endocardial border was visualised, a contrast agent
(Sonovue; Bracco) was used. After baseline images were
acquired, a starting dose of dobutamine 5 pg/kg/min
was administered for 3 min. After 3 min, the dobutamine
infusion was increased to 10 pg/kg/min, and after an
additional 3 min, stress images were acquired. All exam-
inations were recorded and stored digitally and analysed
using software Echo Pac (GE Vingmed).

Measurements of the MAPSE and PSVs were collected
from the tissue Doppler images. For MAPSE, an average
of the longitudinal excursions of the anterolateral and
inferoseptal walls (from the apical four-chamber view),
and the inferior and anterior walls (from the apical
two-chamber view) was used. This was technically bene-
ficial over the use of M-mode since PSV was also to be
measured from these loops. M-mode measurements
and colour-coded tissue Doppler imaging for measure-
ments of MAPSE have shown close correlation in healthy
subjects.'’ For PSV, an average was calculated using all
six basal segments visualised in the three apical views.
EF was quantified by the Simpson biplane method from
the apical four-chamber and two-chamber views. For EF
assessments, two independent members of the research
team independently performed all the measurements.
If there was less than a 5-percentage-unit discrepancy,
a mean value of the two was recorded as the consensus
value of EF. If a discrepancy of more than 5 percentage
units was found, a third reviewer proceeded with the
analysis and a consensus was reached. Intra-observer and
inter-observer analyses were performed.

The main outcome variable was EF <35% at the
3-month echocardiography.

All baseline characteristics and coronary angiography
reports were collected at baseline and at follow-up.

A sample size calculation was performed assuming a
baseline EF of 30%. In order to detect a 10 percentage
unit difference at follow-up, a sample size of 80 patients
was required with significance level of 0.05 and power of
80%. Assuming a drop-out rate of approximately 20%, we
aimed to include 100 patients in this study.

Categorical variables were presented as numbers and
percentages. For comparisons, the y* test was used,
unless the expected count was 5 or lower at which time
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Fisher’s exact test was used. All continuous variables
were tested for normality with the Shapiro-Wilk test and
by visually reviewing histograms. Normally distributed
continuous variables, for which the mean was presented,
were compared by the paired t-test for dependent vari-
ables or independent t-test for independent variables.
For non-normally distributed data, for which the median
and IQR were presented, the Wilcoxon rank-sum test was
used.

Receiver operating characteristic (ROC) curves were
graphed and the area under the ROC curves (AUCs)
presented. AUCs were compared by the DeL.ong method.
Curves were reviewed and cut-off levels were identified
for the continuous predictors. The sensitivity, specificity,
positive predictive value and negative predictive value for
each predictor were presented. For all analyses, complete
case analyses were performed.

RESULTS

In summary, 96 patients were included between 2010 and
2013. Of the 96 patients, three patients did not do the
baseline and stress echocardiography; one due to cardiac
arrest and prolonged stay in the coronary care unit, one
due to multiple premature ventricular contractions and
one due to withdrawal of consent. Of the remaining 93
patients who did the baseline and stress echocardiog-
raphy, 13 patients did not do the 3-month follow-up echo-
cardiography (two patients due to death), thus leaving
80 patients (81%) for the complete case analysis. A flow-
chart describing the reasons for dropping out is found in
figure 1.

Baseline characteristics are summarised in table 1.
Most of the patients were men (76%) and the median
age was 70.5 years (IQR 62-76.5). Both the mean and
median EF at the baseline study echocardiography was
32% (SD 7.0, IQR 28-35). Most patients were admitted
for ST-segment elevation myocardial infarction (STEMI,
61%). There were 92 (96%) patients who underwent
coronary angiography, and 84 (88%) received revas-
cularisation therapy by either percutaneous coronary

Inclusion

(n=296)
Excluded
=3
I cardiac arrest and prolonged stay in
coronary care unit
" 1 ture ventricular ectopic beat
Baseline echo and stress premature ‘:?geﬂ:; ectopic heats
echocardiography 1 withdrawal of consent due to multiple
(n=93) visits
Excluded
(n=13)
2 dead

6 withdrawal of consent
3 lost to follow-up
1 CABG operation
1 travel abroad

3 month follow-up echocardiography
(n=80)

Figure 1 Outline of study participants and
echocardiographic examinations. CABG, coronary artery
bypass graft.

intervention (PCI) or coronary artery bypass graft
(CABG). For completeness, the baseline characteris-
tics were also grouped according to complete case or
drop-out. Drop-out patients were more often women and
had less often received PCI during the index infarction.
Alarger proportion of drop-out patients had three-vessel
disease. Although baseline EF did not differ between
the groups, baseline MAPSE, baseline PSV, stress EF and
stress PSV were significantly lower among those who did
not complete both examinations.

Median time from myocardial infarction to the base-
line and stress echocardiography was 4 days (IQR 3-6).
Mean EF increased from 32+7 at baseline to 40+11 during
stress echocardiography (p<0.001) and to 40+10 (p<0.001
compared with baseline) at 3 months. Mean MAPSE and
mean PSV increased significantly during stress echocar-
diography (from 7 to 8 mm (p<0.001) and 4 to 5 cm/s
(p<0.001), respectively). The intra-observer and inter-ob-
server variabilities in EF quantifications were calculated as
the absolute variability by calculating the absolute differ-
ences between the observations.'? Using this method, the
intra-observer variability was 5+4 percentage units and
the inter-observer variability was 5+5 percentage units.

Characteristics and echocardiographic parameters
of the 80 patients who completed both examinations,
separated by outcome, are found in table 2. Patients
who had an EF <35% at 3 months more often had a
previous history of myocardial infarction and had less
often received PCI treatment for the index infarction
compared with patients who improved their EF. Also,
the EF, MAPSE and PSV were significantly lower at both
baseline and during stress echocardiography for these
patients. The average increase in EF during stress echo-
cardiography was significantly lower in the group meeting
the ICD criteria; median 5 (IQR -2 to 11) versus 9 (IQR
5-13) percentage units (p=0.021). Contractile reserve,
here defined as an increase in EF of 5 percentage units,"”
was seen in 37 (77%) of the patients who improved their
EF compared with 16 (50%) of patients meeting the ICD
criteria (p=0.012).

ROC curves for the different echocardiographic vari-
ables in determining an EF >35% are displayed in figure 2.
The highest AUC was found for baseline EF of 0.85 (95%
CI 0.74 to 0.94), although the AUC for EF during stress
echocardiography was not statistically different at 0.80
(95% CI 0.70 to 0.90), p=0.310. All other AUCs were
significantly lower. None of the studied AUCs changed
significantly when stratifying for previous interventions
or atrial fibrillation. The difference in AUC between
baseline EF and EF during stress echocardiography was
also not significant for patients with STEMI (p=0.639)
or patients with non-STEMI (p=384). Since patients
assigned for CABG were not revascularised at the time of
the baseline and stress echocardiographies, and because
of the possible later recovery of EF in these patients,
comparisons of AUCs were also performed excluding
these patients (n=5). Similar to the overall results, there
was no difference in baseline EF and EF during stress

Muhrbeck J, et al. Open Heart 2019;6:¢001053. doi:10.1136/openhrt-2019-001053

3



Open Heart

I

Table 1 Baseline characteristics and echocardiographic results of the 96 patients completing the first study
echocardiography including the low-dose dobutamine stress echocardiography and separated by completeness
Total Complete Drop-out
(n=96) (n=80) (n=16) P value
Demographics
Gender, male 73 (76) 65 (81) 8 (50) 0.008
Smoking, current 29 (30) 23(29) 6 (38) 0.487
Hypertension 46 (48) 39 (49) 7 (44) 0.715
Previous heart failure 15 (16) 12 (15) 3(19) 0.711
Previous myocardial infarction 13(14) 11 (14) 2(13) 1.000
Previous revascularisation 11(12) 8 (10) 3(19) 0.386
Atrial fibrillation 13 (14) 12 (15) 1(6) 0.688
Chronic kidney disease 5(5) 5 (6) 0(0) 0.586
Diabetes mellitus 19 (20) 13 (16) 6 (38) 0.051
Previous stroke 7(7) 4 (5) 3(19) 0.098
Index infarction
Admitted for STEMI 59 (61) 52 (65) 7 (44) 0.111
Angiography during hospital admission 92 (96) 80 (100) 12 (75) 0.001
No of coronary arteries with significant stenoses 1.9+0.9 1.8+0.8 21+1.2 0.334
Three-vessel disease * 26 (28) 19 (24) 7 (58) 0.033
Left main stem stenosis * 10 (11) 9 (11) 1(8) 1.000
LAD stenosis * 73 (79) 63 (79) 10 (83) 0.715
CX stenosis * 42 (46) 35 (44) 7 (58) 0.370
RCA stenosis * 46 (50) 38 (48) 8 (67) 0.354
PCl treatment for index infarction 79 (85) 73 (91) 6 (38) <0.001
CABG treatment for index infarction 7(7) 5 (6) 2(13) 0.330
Echocardiographic data
Baseline EF, %, mean= SD 32+7 32+7 29+6 0.144
Baseline MAPSE, mm, median [IQR] 7 [6-8] 7 [6-8] 6 [5-6] 0.020
Baseline PSV, cm/s, mean+ SD 3.7+1.0 3.8+1.0 3.2+0.5 0.018
Stress EF, %, median [IQR] 41 [31-48] 42 [31-50] 35 [32-40] 0.080
Stress MAPSE, mm, mean+ SD 8+2 8+2 7x2 0.159
Stress PSV, cm/s, median [IQR] 4.9[3.8-5.8] 5.1 [4.1-6.0] 4.2[3.3-4.7] 0.025
Malignant arrhythmias within 3 months 7(7) 6 (8) 1(6) 1.000

All numbers are presented as n (%) if not otherwise stated.
*Percentage among patients who underwent coronary angiography.

CABG, coronary artery bypass graft; CX, circumflex artery; EF, ejection fraction; IQR, interquartile range; LAD, left anterior descending artery;
MAPSE, mitral annular plane systolic excursion; PCI, percutaneous coronary intervention; PSV, peak systolic velocity; RCA, right coronary
artery; SD, standard deviation; STEMI, ST-segment elevation myocardial infarction.

echocardiography (p=0.300), whereas the AUCs for all
other curves were significantly lower.

In order to account for the combined predictive value
of baseline and stress echocardiography, the baseline
EF was multiplied with the stress echocardiography EF,
MAPSE and PSV, respectively. None of the multiplicative
variables had higher AUC than baseline EF. The AUC for
EFxEF was 0.85 (95% CI 0.75 to 0.94), for EFxXMAPSE
0.80 (95% CI 0.70 to 0.90) and for EFxPSV 0.75 (95% CI
0.64 to 0.86).

For all studied systolic echocardiographic parame-
ters, the sensitivity, specificity, and positive and negative
predictive values were calculated. Relevant variables and
combination of variables are presented in table 3.

During the follow-up period of 3 months, two patients
died, one due to stroke and the other due to heart
failure. There were seven patients who developed ventric-
ular arrhythmias requiring defibrillation. Among them,
one patient had sustained ventricular tachycardia and
was sedated and defibrillated. All others had ventricular
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Table 2 Summary of baseline characteristics, according to outcome

EF <35% at 3 months

EF >35% at 3 months

N=32 N=48 P value
Baseline characteristics
Male gender, n (%) 27 (84) 38 (79) 0.559
Age, years, mean = SD 69+9.7 67+10.6 0.491
Hypertension 17 (53) 22 (46) 0.523
Heart failure 8 (25) 4 (8) 0.056
Atrial fibrillation 6(19) 6(13) 0.443
Diabetes 5 (16) 8(17) 1.000
Chronic kidney failure 2(6) 3(6) 1.000
Previous AMI 8 (25) 3 (6) 0.023
Previous revascularisation 4(13) 4 (8) 0.707
Admitted for STEMI 18 (56) 30 (63) 0.576
Three-vessel disease 10 (31) 9(19) 0.198
LAD stenosis 26 (81) 37 (77) 0.655
PCI 25 (78) 47 (98) 0.004
CABG 3(9 2(4) 0.381
Echo parameters
EF baseline, %, median [IQR] 28 [24-32] 35 [33-39] <0.001
MAPSE, baseline, mm, mean+SD 61 8+2 0.003
PSV, baseline, cm/s, mean+SD 3.4+0.8 4.1+1.0 0.002
Stress EF, mean=SD 3310 44+10 <0.001
Stress MAPSE, mean=SD 7+1 9+2 0.005
Stress PSV, mean=SD 4.6+1.1 5.4+1.8 0.042
EF increase >5 percentage units 16 (50) 37 (77) 0.012
EF absolute difference*, mm, mean+SD 5+8 9+7 0.021
MAPSE absolute difference*, mean+SD 1+1 1+1 0.401
PSV absolute difference*, mean+SD 1.3+0.9 1.4+1.1 0.556
EF relative difference*, median [IQR] 17 [-7 to 43] 25 [15-36] 0.622
MAPSE relative difference*, mean+SD 18+20 18+20 0.876
PSV relative difference*, mean+SD 40+32 35+25 0.408

All values are presented as number (percentage) if not otherwise stated.

*Difference refers to the difference between resting values and values measured during stress echocardiography.
AMI, acute myocardial infarction; CABG, coronary artery bypass graft; EF, ejection fraction; IQR, interquartile range; LAD, left anterior
descending artery; MAPSE, mitral annular plane systolic excursion; PCI, percutaneous coronary intervention; PSV, peak systolic velocity; SD,

standard deviation; STEMI, ST-segment elevation myocardial infarction.

fibrillation or torsade de pointes and cardiopulmonary
resuscitation was performed. All seven patients survived
the malignant ventricular arrhythmia and were offered
and received ICDs. The median time from the myocardial
infarction to the ventricular arrhythmia was 12 days (total
range, 2-53 days) and the median time from ventricular
arrhythmia to ICD implantation was 4 days (total range,
0-15 days). A description of the main baseline and echo-
cardiographic characteristics are found in table 4.

DISCUSSION
Although patients who met the ICD criteria of EF <35%
at 3 months after myocardial infarction had lower EF,

MAPSE and PSV on baseline and stress echocardiograph,
the stress echocardiography did not add additional value
in predicting non-recovery in this study. Baseline EF has
been shown in previous studies to be a strong predictor of
having EF <35% at follow-up at 3 months."* A large multi-
centre study, aiming to assess EF and clinical predictors
of EF recovery 90 days after an acute myocardial infarc-
tion, found that patients with an EF <25% early after the
infarction had an almost threefold increased chance of
recovery, OR 2.77 (95% CI 1.34 to 5.70).'* Other predic-
tors, such as previous myocardial infarction and increased
troponin levels, had trends towards significant ORs, but
were not significant. This, in congruence to our finding
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Figure 2 Receiver operating characteristic (ROC) curves of the various predictors determining ejection fraction (EF) >35%
at 3 months. AUC, area under the ROC curve; LVEF, left ventricular ejection fraction; MAPSE, mitral annular plane systolic

excursion; PSV, peak systolic velocity.

of the highest AUC for baseline EF, supports the fact that
EF indeed is a strong predictor.

One reason that the difference in EF at rest and on
dobutamine administration did not add additional

predictive value to the EF-based outcome could lie in
the difficulty of determining EF itself. Patients with poor
image quality will always be a challenge during evalua-
tion of echocardiographic examinations. Contrast agents

Table 3 Sensitivity, specificity, positive predictive values and negative predictive values for different cut-off levels of the

echocardiographic parameters

Tested positive Sensitivity Specificity PPV NPV

Baseline

EF <35% 59/80 93.75 39.58 50.85 90.48

MAPSE <8 mm 54/76 93.55 44.44 53.70 90.91

PSV <5 cm/s 69/76 96.77 13.33 43.48 85.71
LDE

EF <45% 50/80 90.62 56.25 58.00 90.00

MAPSE <9 mm 51/72 93.33 45.24 54.90 90.48

PSV <6 cm/s 56/72 90.00 30.95 48.21 81.25

EF difference <10 percentage units 55/80 75.00 35.42 43.64 68.00

MAPSE difference <2 mm 59/72 90.00 23.81 45.76 76.92

PSV difference <1 cm/s 30/72 40.00 57.14 40.00 57.14
Combination variables

Baseline EF <35 and baseline PSV <5 and baseline MAPSE <8  43/76 83.87 62.22 60.47 84.85

Baseline EF <35 and stress EF <45 45/80 87.50 64.58 62.22 88.57

EF, ejection fraction; LDE, Low-dose Dobutamine Echocardiography

; MAPSE, mitral annular plane systolic excursion; NPV, negative predictive value; PPV, positive predictive value; PSV, peak systolic velocity.

Muhrbeck J, et al. Open Heart 2019;6:001053. doi:10.1136/openhrt-2019-001053



Coronary artery disease

Table 4 Comparison between patients with and without
malignant ventricular arrhythmias requiring defibrillation
within 3 months

Malignant No malignant
ventricular ventricular
arrhythmias arrhythmia
(n=7) (n=89) P value
Age (years) 69+4 69+11 0.860
Male gender 7 (100) 66 (74) 0.191
Hypertension 4.(57) 42 (47) 0.612
Heart failure 1(14) 14 (16) 1.000
Atrial fibrillation 0 (0) 13 (15) 0.599
Diabetes 1(14) 18 (20) 1.000
Kidney failure 0(0) 5 (6) 1.000
Previous AMI 2(29) 11(12) 0.240
Previous PCI 1(14) 10 (11) 0.586
STEMI 4(57) 51 (57) 1.000
Treated with PCI 7 (100) 72 (83) 0.593
Baseline EF, %,  32+9 32+7 0.864
mean = SD
Baseline MAPSE, 8+2 7+2 0.390
mm, mean + SD
Baseline PSV, 4+1 4+1 0.670
cm/s, mean = SD
Stress EF, %, 39+15 39+10 0.856
mean = SD
Stress MAPSE, 8+1 8+2 0.515
mm, mean + SD
Stress PSV, cm/s, 6 [5-7] 5 [4-6] 0.104
median [IQR]
EF at 3 months, 30 [25-55] 40 [33-47] 0.458
%, median [IQR]
Patients with 4.(57) 29 (39) (n=74) 0.435
EF <35% at 3

months, n (%)

All values are presented as number (percentage) if not otherwise
stated.

AMI, acute myocardial infarction; EF, ejection fraction; MAPSE,
mitral annular plane systolic excursion; PCI, percutaneous
coronary intervention; PSV, peak systolic velocity; STEMI, ST-
segment elevation myocardial infarction.

were used to improve visualisation of the endocardial
border, but not for all patients. The clear visualisation
of the endocardium is very important in the calcula-
tion of EF, which was used (in different settings) both
as a predictor variable and the main outcome variable.
In order to have an as accurate measurement of EF as
possible, this was performed by at least two readers and
analysis of intra-observer and inter-observer variability
was acceptable. However, using the Simpson Biplane
method excludes the inferolateral and anteroseptal wall
(the apical three-chamber view), which could influence
EF calculations. It is possible that 3D echocardiography
could have affected the results as it does not require any

geometrical assumptions. However, this was not available
at the time of the study.

The measurements of MAPSE and PSV are more
robust measurements than EF and are not as sensitive
to an unclear visualisation of the myocardium. Although
the AUC for both MAPSE and PSV, during both base-
line and stress echocardiography, was lower than that
for EF, a cut-off of MAPSE 8 mm had similar sensitivity
and negative predictive value as a cut-off of EF <35%. It
is possible that this parameter could be used as further
clinical assistance when distinguishing high-risk patients
from low-risk patients.

During low-dose stress echocardiography, stress was
induced by the administration of intravenous dobutamine
after which baseline and stress images are compared. A
time duration cut-off of in total 6 min of dobutamine
infusion was used as endpoint for the stress echocardiog-
raphy. We did not investigate other commonly reported
endpoints for the stress test, such as increase in stroke
volume or heart frequency. The rationale for this was the
benefit of all patients receiving the same workload. There
was, however, a significant increase in EF at group level
before and after the administration of dobutamine, indi-
cating increased contractility. Also, only low-dose dobuta-
mine stress echocardiography was performed, as the main
point of interest was to establish increased contractility.
Many studies have addressed the association between
viability detected by early stress echocardiography after
a myocardial infarction and functional recovery of the
left ventricle.”” '® Although there seems to be a general
consensus that stress echocardiography can be used to
predict late left ventricular functional recovery,'” and also
can be used as a predictor for re-infarction and mortality
risks,ls_go there are still some concerns. First, most of the
previous studies were relatively small and performed
during an era where thrombolytic therapy was the domi-
nant method of reperfusion. Second, in many of these
studies, the baseline EF was relatively high thus including
patients who were at relatively low risk. Third, there is
a vast discrepancy of the outcome measurement of left
ventricular recovery both in terms of what parameter was
measured and also when the recovery was meant to take
place, making comparisons and generalisations difficult.

Strain and strain rate are parameters describing
myocardial deformation and have been shown to have
prognostic value in several cardiac conditions. A recent
publication demonstrated that impaired global longitu-
dinal strain by speckle tracking was independently asso-
ciated with first ICD therapy for patients with structural
heart disease with such device, with a HR of 1.94 (95% CI
1.30 to 2.91, p<0.001).21 However, measurement of strain
and strain rate require high image quality and frame
rate, and cannot be used when the contrast preset has
been used. Therefore, we were not able to perform such
measurements.

The study population is among the frailest patient
groups after a myocardial infarction. Patients with the
highest morbidity or most severe heart failure after the
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myocardial infarction might not have accepted inclusion
in the study, thus possibly introducing a selection bias in
the study. It is possible, but not certain, that the patients
with lowest EF after a myocardial infarction are at the
highest risk of not improving their EF. If so, this selection
bias would lead to an underestimation of the patients
meeting the outcome of EF £35% at 3 months.

Although patients who met the ICD criteria of EF
<35% at 3 months after myocardial infarction had lower
EF, MAPSE and PSV on baseline echocardiography and
low-dose stress echocardiography, the stress echocar-
diography did not add additional value in predicting
non-recovery.
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