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7.

PREDICTION OF VIABILITY WITH EARLY ELECTROCARDIOGRAPHIC FINDINGS 
AFTER ACUTE MYOCARDIAL INFARCTION. AN ELECTROCARDIOGRAPHIC  
SUBSTUDY OF THE VIAMI-TRIAL.

Ramon B. van Loon, Gerrit Veen, Stefan J. Schuurmann, Albert C. van Rossum 

SUBMITTED

ABSTRACT

Objectives: This study investigated early electrocardiographic characteristics  
after acute myocardial infarction (AMI) to evaluate their predictive value for  
myocardial viability with the intention to develop an ECG prediction model. 
Background: In the VIAMI-trial we demonstrated a beneficial effect of early  
in-hospital stenting of the infarct-related coronary artery in patients with viability 
in the infarct-area after AMI. Low dose dobutamine echocardiography (LDDE) is 
a time-consuming test with a less than 100% yield due to poor acoustic windows.  
It would be even more practical when simple electrocardiographic measures 
could help clinicians in the selection of patients with viability.  Therefore, we used 
the electrocardiogram for detecting myocardial viability early after AMI.
Methods: We retrospectively investigated 285 patients who were initially included  
in the VIAMI-trial. Eventually, 213 patients with proven viability and 72 patients 
without viability had well evaluable electrocardiograms. The number of Q waves, 
ST segment deviation/resolution and T wave direction on the pre-discharge ECG 
were evaluated. A risk model was developed with these independent predictors 
for viability. The performance of the model was tested using the Area Under the  
Receiver Operating Characteristic (ROC), the Hosmer & Lemeshow goodness-of-fit  
test and the explained variance. Coefficients were converted to easy to use risk 
scores that were further validated for clinical use by measures of  sensitivity,  
specificity and positive and negative predictive values.
Results: The number of pathological Q waves, persistent ST-segment elevation 
with positive or negative T waves on discharge ECG were all strong independent 
negative predictors for the present of myocardial viability with an area under the 
curve of 73% (95% CI 66-80%). The goodness-of-fit of the model was good and 
the explained variance was 17%. The risk scores indicated that especially in the low 
and high risk values, our model is useful in clinical practice. For the intermediate  
range alternative testing should be recommended.    
Conclusion: The number of Q waves and persistent ST-segment elevation (with 
positive or negative T waves) on the discharge ECG are independent negative  
predictors for the present of myocardial viability. The developed model for  
predicting myocardial viability appears useful in clinical practice. Especially in the 
high and low range scores.  
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BACKGROUND

The electrocardiogram (ECG) is still the most used diagnostic tool to evaluate the 
risk for patients in de early hours and days after successful reperfusion therapy for 
acute myocardial infarction (AMI). The use of ST-segment elevation as a reflection 
of myocardial injury was already established in the 1970’s [1,2]. Later in the 1990’s, 
ECG was proven to demonstrate important prognostic information in patients 
treated with thrombolytic therapy or primary percutaneous coronary intervention 
(PCI) [3,4]. 
Assessment of the degree of resolution of ST-segment elevation on a 12-lead 
ECG early after reperfusion therapy (fibrinolysis or primary PCI) provides strong 
prognostic information in patients presenting within 6 hours of the onset of  
ST-elevation myocardial infarction (STEMI). The less the ST-segment resolution, 
the higher the 30-day mortality rate [5]. 
In patients with older infarctions, the number of Q-waves is associated with a 
worse prognosis, since they are related to larger infarcts and increased mortality  
[6-8]. These ‘pathological’ Q waves on the ECG post AMI have been widely  
considered to reflect irreversibly scarred non-viable myocardium [9]. Despite 
the presence of Q waves, several studies have shown that there is evidence of  
preserved myocardial viability after AMI [10-13]. 
The prognostic value of viability after AMI remains a matter of debate. In a  
meta-analysis we already showed that patients with proven viability and preserved 
left ventricular function early after AMI, suffered from significantly more ischemic 
events (AMI and unstable angina), without differences in mortality [14]. In the  
VIAMI-trial, a randomized clinical trial (RCT), we also demonstrated a beneficial 
effect of early in-hospital stenting of the infarct-related coronary artery in patients 
with viability in the infarct-area after acute MI (treated with thrombolysis or without 
reperfusion therapy). This treatment resulted in a long-term uneventful clinical  
course [15]. We investigated myocardial viability with low dose dobutamine  
echocardiography (LDDE) 48 to 72 hours after AMI. Since the applicability of 
LDDE in daily practice is somewhat limited because of 10-15% of patients have 
poor acoustic windows, a more practical tool for detecting viability would be helpful.  
For the purpose of this prospective substudy, we compared the electrocar-
diographic characteristics of the patients with viability and without viability to  
determine the predictive value of electrocardiographic findings and to develop 
a electrocardiographic prediction model for the presence of myocardial viability 
early after acute myocardial infarction. 

METHODS

Patient population

Between April 2001 and January 2006, 291 patients with an (sub)acute myocardial  
infarction, who were not treated by primary or rescue PCI, and who were  
stable during the first 48 hours after the acute event, were included in the  
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VIAMI-trial. Patients who were admitted within 6 hours after symptom onset,  
received thrombolysis combined with heparin. Patients admitted more than  
6 hours after symptom onset, received only heparin or low weight molecular  
heparin (LWMH). All patients underwent low dose dobutamine echocardiography 
(LDDE) for the detection of viability within 72 hours after AMI. A total of 216 patients 
with proven viability were randomized to an invasive (stenting infarct-related  
coronary artery with abciximab as adjunct treatment) or a conservative strategy 
(ischemia guided strategy). Seventy-five (75) patients without viability served as 
registry group and received also an ischemia guided strategy. More detailed  
information about the enrolled patients and randomly assigned treatment has 
been published previously [16]. Eventually, 213 out of 216 patients with proven 
viability and 72 out of 75 patients without viability had well evaluable electrocar-
diograms (6 ECG’s were missing or of poor technical quality). For the purpose of 
this electrocardiographic substudy, we compared the randomized viable patient 
group to the non-randomized nonviable group.

Electrocardiographic analysis

A 12-lead surface ECG was recorded before initiation of therapy and before  
discharge. 
The 12-lead ECG recordings were obtained at a paper speed of 25 mm/s and 10 
mm/mV amplitude. The isoelectric line was defined as the level of the preceding 
TP segment. The ST segment was measured 60ms seconds after the J point, and 
the sum of all leads with ST segment elevations (α ST) was calculated. The presence  
of a Q wave was defined as an initial negative deflection of the QRS complex of 
> 30ms in duration and 0.1mV amplitude, and with exclusion of aVR [17]. Also 
the ST segment deviation and T wave direction on the pre-discharge ECG was 
evaluated resulting in 4 groups with different electrocardiographic characteris-
tics. Isoelectric ST segments with positive or negative T waves, or persistent ST  
segment elevation (> 1 mm) with positive or negative T waves [18].
ECG measurements were performed in the ECG core laboratory by operators 
blinded to the viability status and clinical outcome data.

Statistics

Baseline descriptive data are presented as means ± standard deviations (SD).  
Differences in clinical variables are assessed by unpaired Student’s t-tests.  
Differences between proportions are assessed by Chi-square analysis; a Fisher’s 
exact test is used when appropriate. A 2-tailed probability value of P < 0.05 was 
considered statistically significant. 

Development of prediction model based on ECG-variables
For the development of the prediction model the TRIPOD statement was followed  
[19]. To identify independent predictors of myocardial viability, multivariable  
logistic regression analysis was used with a backward selection procedure using 
a p<0.157 [20].  The performance of the prediction model was evaluated by the 
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Receiver Operating Characteristic (ROC) curve, whereby the area under the curve 
(AUC) showed the discriminative ability of the model. Because prediction models 
perform better in the dataset used to develop the model than in new patients, 
the model was internally validated. This was performed by using bootstrapping  
techniques (using 250 random bootstrap samples ). With this procedure a shrinkage  
factor is obtained which is used to correct the regression coefficients for  
optimal use in future patients [21]. The goodness-of-fit of the prediction model 
was verified by the Hosmer-Lemeshow test. A non-significant α2 value in this test 
is indicative of a good model fit. Furthermore, the explained variation of the  
prediction model was determined with Nagelkerke’s R2, reflecting the proportion 
of variation in the outcome explained by the predictors in the model.

To calculate scores that can easily be used in practice to determine the risk of  
myocardial viability, the regression coefficients were divided by the lowest regression  
coefficient of the model and rounded to the nearest integer. Subsequently, these 
individual scores were summed to calculate the total risk score for each patient. 
These risk scores were used to determine risk categories of myocardial viability.  
Finally, the sensitivity, specificity, and positive and negative predictive values 
using these risk categories were calculated.
We converted the negative regression coefficients to positive risk scores to  
simplify our prediction model and to optimize it for use in clinical practice. 
The analyses were performed using SPSS version 21.0 (SPSS for Windows  
version 21.0, IBM SPSS Inc, Chicago, IL) and R statistical software version 3.1.2  
(R development Core Team).

RESULTS

Baseline characteristics

In total 291 patients were enrolled in the VIAMI trial. From 285 patients we  
collected a well evaluable baseline and pre-discharge ECG. Based on LDDE  
testing 213 patients were considered viable and 72 patients nonviable. The baseline  
characteristics of the randomized viable patient group versus the non-randomized 
nonviable patients are depicted in table 1. 
In general, the two patient groups were well comparable. In the viable group 
patients were significantly younger and predominantly male. The nonviable  
patients had a medical history with more percutaneous interventions and a trend 
to more anginal complaints  and previous myocardial infarction. More than half 
of the nonviable study population was active smoker. The higher use of ACE  
inhibitors in the nonviable group is a reflection of the differences in cardiovascular 
history. The treatment of the index infarction in both groups was comparable. In 
the viable group 49% received thrombolysis, compared to 46% in the nonviable 
group. The time from onset of symptoms to the start of fibrinolytic therapy was 
also comparable in both groups. However, the nonviable patients experienced 
more anterior infarctions.
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Electrocardiogram

Characteristics
Table 2 shows the differences in electrocardiographic data at discharge between 
the viable (5.1±5.8 days) and the non-viable patients (4.9±4.7 days). Significantly  
more pathological Q-waves were present in the non-viable patient group  
compared to the viable patients group. Furthermore, a significant difference is 
shown in ST-segment resolution.  Complete ST-segment resolution is found in 
80% of the viable patients and in 48% of the non-viable patients (p=<0.001). As 
a consequence, more patients with persistent ST-segment elevation (with positive 
or negative T waves) were present in the non-viable patient group.

Table 1

Characteristic Viable
(n = 213)

Non-viable
(n = 72)

p- value*

Male 78% 65% 0.04

Age (years) 60 64 0.01

Clinical history (%)

Angina 43% 53% 0.14

Myocardial infarction 5% 8% 0.31

Percutaneous coronary intervention 2% 10% 0.01

Coronary-artery bypass grafting 0% 1% 0.42

Risk Factors (%)

Dabetes mellitus 10% 13% 0.62

Hypertension 27% 31% 0.62

Hypercholesterolemia 17% 18% 0.79

Current cigarette smoking 43% 63% <0.01

Family history of CAD 32% 19% 0.04

Medications at admision (%)

Aspirin 13% 13% 0.97

Beta-blocker 12% 17% 0.32

Ca-inhibitor 6% 8% 0.51

Statins 10% 13% 0.61

ACE-inhibitor 7% 15% 0.02

AT II antagonist 6% 6% 0.87

Time from onset of symptoms 193±152 189±113 0.90

To thrombolysis - minutes

Thrombolysis 49% 46% 0.66

Anterior infarction 32% 47% 0.02

* Differences between the groups are expressed with a P-value. Plus-minus values are means ± SD.
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Table 2: Electrocardiographic Data

Predictive values of ECG measures
In Table 3 the predictive value of ECG variables for viability are depicted. The 
number of pathological Q waves, persistent ST-segment elevation with positive 
or negative T waves on discharge ECG were all strong independent negative 
predictors for the presence of myocardial viability early after AMI. 
The predictive value of these 3 ECG measures was determined by the receiver 
operating characteristic (ROC) curve analysis with an area under the curve (AUC)
of 73% (95% CI 66-80%)(Figure 1). The Hosmer and Lemeshow goodness-of-fit 
test showed a good fit of the model (chi-square 1.22, p=0.98) and the explained 
variation of the model was 17%.
We calculated risk scores to determine risk categories of myocardial viability. The 
negative regression coefficients were converted to positive risk scores to optimize 
it for use in clinical practice. Every pathological Q wave on the discharge ECG 
scores 1 point. Any persistent ST segment elevation with or without a negative T 
wave scores 8 or 9 points respectively (Table 3). 
Table 4 shows the diagnostic characteristics of the model according to five  
different risk categories of the presence of myocardial viability. In figure 2 the  
relationship between the risk scores and the probabilities of viability are plotted.

 

Characteristic Viable
(n = 213)

Non-viable
(n = 72)

p- value

Number of pathological Q-waves

0-2 150 (70%) 34 (47%) <0.001

3 35 (16%) 11 (15%) 1.0

4 14 (7%) 14 (19%) 0.005

>5 14 (7%) 13 (18%) 0.009

ST-segment resolution

Complete 169 (79%) 33 (46%) <0.001

STT-segment configuration

Persistent ST elev. with neg. T 32 (15%) 27 (38%) <0.001

Persistent ST elev. with pos. T 12 (6%) 12 (17%) 0.006

ST isoelectic with neg. T 138 (65%) 27 (38%) <0.001

ST isoelectric with pos. T 31 (15%) 9 (8%) 0.22
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Table 3: Predictive value of electrocardiographic measures on viability

Figure 1                Figure 2

AUC: 0.73 (95%CI 0.66-0.80)                   Relationship between risk scores and probability  
of myocardial viability

Variable
Univariate Multivariable Risk

Scores

Beta Waldχ2 p- value Beta Waldχ2 p- value

Admission ECG

Presence of pathological Q’s -0.50 3.43 0.064

Discharge ECG

Number pathological Q’s -0.28 14.91 <0.001 -0.17 4.52 0.034 1

Persistent ST elev. with neg. T -1.14 14.16 <0.001 -1.28 14.91 <0.001 8

Persistent ST elev. with pos. T -1.40 11.03 0.001 -1.56 11.23 0.001 9

ST isoelectic with neg. T 1.12 15.44 <0.001

ST isoelectric with pos. T 0.82 2.15 0.14

Cumulative ST deviation -0.19 14.79 <0.001

Admission vs. discharge

Delta ST segment deviation 0.01 0.19 0.67
Prediction model (after bootstrapping) with adjusted coefficients: 1.97 - 0.16 * Number pathological Q’s - 1.22 *  
Persistent ST elev. with neg. T - 1.48 * Persistent St elev. with pos. T.
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Table 4: Diagnostic characteristics of the prediction model using different risk 
score categories of the presence of myocardial viability 

DISCUSSION

To the best of our knowledge, the present study is the first and largest to evaluate 
the early post-infarction electrocardiographic findings, and in particular, to study 
its value for predicting myocardial viability. 
The number of pathological Q waves, persistent ST-segment elevation with  
positive or negative T waves on discharge ECG were all strong independent  
negative predictors for the presence of myocardial viability with an area under 
the curve of 73% determined by receiver operating characteristic curve analysis.  
We also created a prediction model for use in daily clinical practice. 
ST-segment resolution in patients with ST-segment elevation MI have been  
associated with patency of the infarct-related artery in multiple clinical studies 
[22,23]. However, despite successful revascularization with TIMI 3 flow, several 
patients do not show normalization of  the ST-segment [4]. This is caused by  
impaired reperfusion at the level of myocardial tissue. A complex process of  
tissue edema, platelet plugging, neutrophil adhesion, myonecrosis and intracapillary  
red blood cell stasis, is resulting in microvascular obstruction (MVO) [24].  
Microvascular obstruction is associated with a higher incidence of LV remodelling, 
congestive heart failure, and death [25,26].  
In 180 patients, Nijveldt et al. demonstrated persistent ST-segment elevation as 
an independent predictor for MVO (assessed with gadolinium-enhanced cardiac 
magnetic resonance) and left ventricular function. In this study the number of  
Q-waves was an independent predictor for infarct size and left ventricular function 
[27].  
Karadede et al. evaluated discharge ECG’s of 62 patients admitted with their first 
anterior infarction. Patients with persistent ST segment elevation and positive T 
waves had less viability demonstrated with LDDE [18].
In a subanalysis of the DREAM study, Taneja et al. evaluated in 176 patients the 
usefulness of Q waves on ECG for the prediction of contractile reserve (CR) met 
LDDE after acute myocardial infarction. The study showed that CR was more  
prevalent in patients with the absence of Q waves on ECG than those with Q 
waves. Furthermore, they showed a strong correlation between the number of 
Q waves  and the number of segments without CR. However, the presence of 

Risk score 
Cut-off

Risk score
range

Mean probability of
Myocardial Viability SE SP PPV NPV

≥ 0 0 - 3 0.85 1.00 0.00 0.75 -

≥ 4 4 - 7 0.77 0.67 0.71 0.56 0.14

≥ 8 8 - 11 0.62 0.58 0.78 0.53 0.15

≥ 12 12 - 15 0.48 0.33 0.92 0.42 0.20

≥  16 16 - 19 0.31 0.06 0.99 0.20 0.24

SE=Sensitivity, SP=Specificity, PPV and NPV are positive and negative predictive values respectively.
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Q waves did not exclude patients with CR. The sensitivity for ECG (Q waves) to 
detect non-viable myocardium was 65%. They found in there study approximately 
30% with CR in patients with extensive Q waves [28]. 
This phenomenon was already demonstrated by Moons et al. 33% of patients 
with Q waves after acute myocardial infarction demonstrated significant viable 
myocardium as diagnosed on cardiac magnetic resonance (CMR)[13]. 
To overcome the flaws of only using Q waves on the electrocardiogram, we have 
used multiple known electrocardiographic measures possibly related to myocardial  
viability or scar. From Table 4 it can be appreciated that the positive predictive 
value of the model is best for low risk score values (0-3), i.e. 75%, without the 
chance of selecting false positives. At higher risk score values the sensitivity is low 
with an increasing number of false positives and a much lower positive predictive 
value, which could hamper the use of the model in practice.

Limitations
It can be questioned whether or not LDDE can be used as a gold standard.  
We used this technique to evaluate the presence of myocardial viability early after 
AMI. LDDE is one of the best modalities to predict viability with high sensitivity  
and specificity [29,30]. In an echocardiographic sub-study of the VIAMI trial we 
already demonstrated the value of early post-AMI viability-testing with LDDE 
and the association with LV improvement after revascularization [31]. A recent  
meta-analysis demonstrating myocardial stunning after AMI with different CMR 
modalities (including low dose dobutamine CMR), revealed lower sensitivity and 
specificity compared with the model of chronic ventricular dysfunction patients [32].
 
Clinical implications
An electrocardiogram is still the simplest and most available tool to evaluate 
prognosis early after AMI. In our study we developed an ECG-based prediction  
model for myocardial viability early after AMI. Our model is best for low risk  
values (0-3) with high predictive values for viability.  For high risk values (≥16) our 
model has high specificity (99%), and very low probability of viability. Especially 
in these low and high values, our model is useful in clinical practice with high 
and respectively low probabilities of myocardial viability. For the intermediate risk  
values (4-15) alternative testing should be recommended.    

CONCLUSION

We found that the number of Q waves and persistent ST-segment elevation  
(with positive or negative T waves) on the discharge ECG are independent  
negative predictors for the present of myocardial viability.
We developed a prediction model for myocardial viability to be used in  
clinical practice. 
 



7

113

 Reference List

1.   Muller JE, Maroko PR, Braunwald E: Evaluation of precordial  
electrocardiographic mapping as a means of assessing changes in 
myocardial ischemic injury. Circulation 1975, 52: 16-27.

2.  Muller JE, Maroko PR, Braunwald E: Precordial electrocardiographic  
mapping. A technique to assess the efficacy of interventions  
designed to limit infarct size. Circulation 1978, 57: 1-18.

3.  Schroder R, Dissmann R, Bruggemann T, Wegscheider K, Linderer 
T, Tebbe U et al.: Extent of early ST segment elevation resolution:  
a simple but strong predictor of outcome in patients with acute 
myocardial infarction. J Am Coll Cardiol 1994, 24: 384-391.

4.  van ‘t Hof AW, Liem A, de Boer MJ, Zijlstra F: Clinical value of 12-lead 
electrocardiogram after successful reperfusion therapy for acute 
myocardial infarction. Zwolle Myocardial infarction Study Group. 
Lancet 1997, 350: 615-619.

5.  Schroder R: Prognostic impact of early ST-segment resolution in acute  
ST-elevation myocardial infarction. Circulation 2004, 110: e506-e510.

6.  Aguirre FV, Younis LT, Chaitman BR, Ross AM, McMahon RP, Kern MJ 
et al.: Early and 1-year clinical outcome of patients’ evolving non- 
Q-wave versus Q-wave myocardial infarction after thrombolysis.  
Results from The TIMI II Study. Circulation 1995, 91: 2541-2548.

7.  Goldberg RJ, Gore JM, Alpert JS, Dalen JE: Non-Q wave myocardial 
infarction: recent changes in occurrence and prognosis--a community- 
wide perspective. Am Heart J 1987, 113: 273-279.

8.  Nicod P, Gilpin E, Dittrich H, Polikar R, Hjalmarson A, Blacky AR et al.: 
Short- and long-term clinical outcome after Q wave and non-Q wave 
myocardial infarction in a large patient population. Circulation 1989, 
79: 528-536.

9.  Barbagelata A, Califf RM, Sgarbossa EB, Goodman SG, Stebbins AL, 
Granger CB et al.: Thrombolysis and Q wave versus non-Q wave first 
acute myocardial infarction: a GUSTO-I substudy. Global Utilization 
of Streptokinase and Tissue Plasminogen Activator for Occluded  
Arteries Investigators. J Am Coll Cardiol 1997, 29: 770-777.

10.  Matetzky S, Barabash GI, Rabinowitz B, Rath S, Zahav YH, Agranat O  
et al.: Q wave and Non-Q wave myocardial infarction after thrombolysis.  
J Am Coll Cardiol 1995, 26: 1445-1451.

11.  Brunken R, Tillisch J, Schwaiger M, Child JS, Marshall R, Mandelkern 
M et al.: Regional perfusion, glucose metabolism, and wall motion 
in patients with chronic electrocardiographic Q wave infarctions: 
evidence for persistence of viable tissue in some infarct regions by 
positron emission tomography. Circulation 1986, 73: 951-963.

12.  Taneja AK, Hayat S, Swinburn J, Senior R: Usefulness of Q waves on 
ECG for the prediction of contractile reserve after acute myocardial 
infarction. Int J Cardiol 2009.



114

13.  Moon JC, De Arenaza DP, Elkington AG, Taneja AK, John AS, Wang 
D et al.: The pathologic basis of Q-wave and non-Q-wave myocardial  
infarction: a cardiovascular magnetic resonance study. J Am Coll 
Cardiol 2004, 44: 554-560.

14.  van Loon RB, Heijmans MW, Veen G, van Rossum AC: Viability Tested 
with Dobutamine Stress Echocardiography and Prognosis Early after 
Acute Myocardial Infarction: A Meta-Analysis. Clinical & Experimental  
Cardiology 2012, S5.

15.  van Loon RB, Veen G, Baur LH, Kamp O, Bronzwaer JG, Twisk JW 
et al.: Improved clinical outcome after invasive management of  
patients with recent myocardial infarction and proven myocardial  
viability: primary results of a randomized controlled trial (VIAMI-trial).  
Trials 2012, 13: 1.

16.  van Loon RB, Veen G, Kamp O, Bronzwaer JGF, Visser CA, Visser FC: 
Early and long-term outcome of elective stenting of the infarct-related  
artery in patients with viability in the infarct-area: Rationale and 
design of the Viability-guided Angioplasty after acute Myocardial  
Infarction-trial (The VIAMI-trial). Current Controlled Trials in  
Cardiovascular Medicine 2004, 5.

17.  Wagner GS, Macfarlane P, Wellens H, Josephson M, Gorgels A, Mirvis 
DM et al.: AHA/ACCF/HRS recommendations for the standardization  
and interpretation of the electrocardiogram: part VI: acute ischemia/
infarction: a scientific statement from the American Heart Association  
Electrocardiography and Arrhythmias Committee, Council on Clinical  
Cardiology; the American College of Cardiology Foundation; and 
the Heart Rhythm Society. Endorsed by the International Society for  
Computerized Electrocardiology. J Am Coll Cardiol 2009, 53: 1003-
1011.

18.  Karadede A, Aydinalp O, Sucu M: Predischarge ST segment and T 
wave patterns in predicting left ventricular function and myocardial 
viability in Q wave anterior myocardial infarction patients. Int Heart J  
2005, 46: 961-973.

19.  Collins GS, Reitsma JB, Altman DG, Moons KG: Transparent reporting  
of a multivariable prediction model for individual prognosis or  
diagnosis (TRIPOD): the TRIPOD statement. BMJ 2015, 350: g7594.

20.  Royston P, Moons KG, Altman DG, Vergouwe Y: Prognosis and prog-
nostic research: Developing a prognostic model. BMJ 2009, 338: 
b604.

21.  Harrell F.E.Jr.: Regression Modeling Stategies: With Applications to 
Linear Models, Logistic Regression, and Survival Analysis. New York: 
Springer; 2001.

22.  Clemmensen P, Ohman EM, Sevilla DC, Peck S, Wagner NB, Quigley 
PS et al.: Changes in standard electrocardiographic ST-segment  
elevation predictive of successful reperfusion in acute myocardial 
infarction. Am J Cardiol 1990, 66: 1407-1411.



7

115

23.  Klootwijk P, Langer A, Meij S, Green C, Veldkamp RF, Ross AM et al.: 
Non-invasive prediction of reperfusion and coronary artery patency 
by continuous ST segment monitoring in the GUSTO-I trial. Eur Heart J  
1996, 17: 689-698.

24.  Kloner RA, Ganote CE, Jennings RB: The “no-reflow” phenomenon 
after temporary coronary occlusion in the dog. J Clin Invest 1974, 
54: 1496-1508.

25.  Ito H, Maruyama A, Iwakura K, Takiuchi S, Masuyama T, Hori M et al.: 
Clinical implications of the ‘no reflow’ phenomenon. A predictor of 
complications and left ventricular remodeling in reperfused anterior 
wall myocardial infarction. Circulation 1996, 93: 223-228.

26.  Wu KC, Zerhouni EA, Judd RM, Lugo-Olivieri CH, Barouch LA,  
Schulman SP et al.: Prognostic significance of microvascular obstruction  
by magnetic resonance imaging in patients with acute myocardial 
infarction. Circulation 1998, 97: 765-772.

27.  Nijveldt R, van d, V, Hirsch A, Beek AM, Tio RA, Tijssen JG et al.: 
Early electrocardiographic findings and MR imaging-verified  
microvascular injury and myocardial infarct size. JACC Cardiovasc 
Imaging 2009, 2: 1187-1194.

28.  Taneja AK, Hayat S, Swinburn J, Senior R: Usefulness of Q waves on 
ECG for the prediction of contractile reserve after acute myocardial 
infarction. Int J Cardiol 2010, 145: 265-266.

29.  Romero J, Xue X, Gonzalez W, Garcia MJ: CMR imaging assessing 
viability in patients with chronic ventricular dysfunction due to  
coronary artery disease: a meta-analysis of prospective trials. JACC 
Cardiovasc Imaging 2012, 5: 494-508.

30.  Schinkel AF, Bax JJ, Poldermans D, Elhendy A, Ferrari R, Rahimtoola 
SH: Hibernating myocardium: diagnosis and patient outcomes.  
Curr Probl Cardiol 2007, 32: 375-410.

31.  van Loon RB, Veen G, Kamp O, Baur LH, van Rossum AC: Left  
ventricular remodeling after acute myocardial infarction: the influence  
of viability and revascularization - an echocardiographic substudy of 
the VIAMI-trial. Trials 2014, 15: 329.

32.  Romero J, Kahan J, Kelesidis I, Makani H, Wever-Pinzon O, Medina H 
et al.: CMR imaging for the evaluation of myocardial stunning after  
acute myocardial infarction: a meta-analysis of prospective trials.  
Eur Heart J Cardiovasc Imaging 2013, 14: 1080-1091.


