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Aims

Methods
and results

Distortion of the terminal portion of the QRS complex (so-called Grade 3 ischaemia, G3l) has been associated with
adverse outcomes in ST-elevation myocardial infarction (STEMI) populations. However, the correlation of G3I with
infarct size and microvascular injury as defined by cardiac magnetic resonance (CMR) is not well defined. Aim of
this study was to assess the relation of G3| with myocardial damage as assessed by CMR and clinical outcomes in STEMI
patients.

We analysed the ECGs of 572 consecutive STEMI patients regarding the presence or absence of G3I. CMR was per-
formed within 1 week after infarction for comprehensive assessment of myocardial damage using a standardized proto-
col. The primary clinical endpoint was major adverse cardiac events (MACE) within 12 months after infarction. G3I was
present in 186 (32%) patients. The presence of G3I was associated with larger infarct size (P = 0.01), the presence
of late microvascular obstruction (P = 0.05), the presence of intramyocardial haemorrhage (P = 0.04), and impaired
myocardial salvage (P = 0.01). G3I was associated with a higher incidence of MACE (P = 0.01) and was identified as
an independent predictor of MACE in Cox regression analysis (HR 2.19; 95% Cl 1.10 to 4.38, P = 0.03).

This largest study to date correlating G3| on the admission ECG with CMR markers of myocardial damage demon-
strates that G3| is significantly associated with infarct size, impaired myocardial salvage, and reperfusion injury in a re-
perfused STEMI population. Moreover, G3| was independently associated with MACE.
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Introduction - ECG parameters for risk and prognosis assessment require the
: comparison of pre- and post-reperfusion ECGs [e.g. analysis of

Numerous studies have convincingly demonstrated that ST-segment . ST-segment resolution (STR)].? Changes in the terminal portion

analysis of a 12-lead electrocardiogram (ECG) in patients with . of the QRS complex (G3l) in the pre-treatment ECG have also

ST-elevation myocardial infarction (STEMI) can be used to predict * been shown to be associated with adverse outcome.*® Orriginally

clinical outcomes and myocardial injury after STEML." 3 Most of these © Birnbaum et al.® reported three grades of ischaemia in patients

* Corresponding author. Tel: +49 451 500 2501; Fax: +49 451 500 6437, E-mail: ingoeitel@gmx.de

Published on behalf of the European Society of Cardiology. Al rights reserved. © The Author 2015. For permissions please email: journals.permissions@oup.com.

Downl oaded from https://academ c. oup. conl ehj ci magi ng/ articl e-abstract/17/2/ 194/ 2571136

by guest
on 21 August 2018



QRS distortion and myocardial damage in STEMI

195

with acute coronary syndrome according to their ECG pattern on
admission (Grade 1 ischaemia: peaked T-waves in the involved leads
without ST-elevation, Grade 2 ischaemia: ST-elevation without QRS
distortion, and Grade 3 ischaemia: ST-elevation and distortion of the
terminal QRS complex, G3lI).

It has been speculated that the ECG pattern of G3l occurs be-
cause of ischaemia affecting the Purkinje fibres of the conduction
system, which are less vulnerable to ischaemia than the sur-
rounding myocardium.” Consequently, these depolarization
changes are considered to be caused by more severe and pro-
longed myocardial ischaemia. Indeed, in clinical studies, G3I
has been shown to predict incomplete epicardial and micro-
vascular reperfusion as demonstrated by an impaired thromb-
olysis in myocardial infarction (TIMI)-flow 3 and lower degree
of STR. Moreover, patients with G3I had larger infarcts, a higher
risk of reinfarction, as well as increased short- and long-term
mortality rates.*>® 1" However, most of these studies share im-
portant limitations: (i) they preceded currently guideline recom-
mended clinical practice with routine use of stents and optimal
antiplatelet therapy, (ii) they were conducted retrospectively,
(iii) they examined rather small and highly selected cohorts,
and (iv) infarct characteristics were indirectly measured by
biomarkers.

Meanwhile, cardiac magnetic resonance imaging (CMR) has
emerged as the reference method for comprehensive assessment
of myocardial injury after STEMI. Infarct size (IS), myocardial
salvage, microvascular obstruction (MVO), and intramyocardial
haemorrhage can be adequately and robustly visualized within
one scan after infarction.'>"® The relation of G3I with markers
of myocardial damage assessed by CMR, however, is not well
defined.

Aim of this study was, therefore, to evaluate the relation between
the presence of G3l on the pre-hospital ECG with microvascular in-
jury, IS, and left ventricular (LV) function assessed by CMR and with
clinical outcomes in patients with reperfused STEMI in the contem-
porary era.

Methods

Patients and study design

The present analysis was predefined and prospectively conducted as a
part of the abciximab intracoronary vs. intravenously drug application in
ST-elevation myocardial infarction (AIDA STEMI) trial. The design and
results of the study have been published elsewhere."*'® In brief, AIDA
STEMI was a randomized, open-label, multicentre trial. Patients with
STEMI and symptom duration <12 h were randomly assigned ata 1:
1 ratio to intracoronary or intravenous abciximab bolus (0.25 mg/kg
bodyweight) during primary percutaneous coronary intervention
(PCI) with a subsequent 12-h dose-adjusted intravenous infusion. A to-
tal of 2065 patients were enrolled at 22 sites in Germany. The primary
endpoint was a composite of all-cause mortality, recurrent infarction, or
readmission for new congestive heart failure (MACE) within 90 days of
randomization.

As part of the ECG/CMR sub-study, 795 consecutive patients were
enrolled at eight sites."® Only subjects undergoing primary PCI and
CMR assessment who had an evaluable pre-hospital 12-lead ECG
(n = 593) were eligible for study inclusion (Figure 1).

ECG analysis

A standard 12-lead ECG was recorded at baseline (first diagnostic ECG,
i.e. pre-hospital ECG) and 90 min after PCl according to the AIDA STE-
MI main protocol. ECGs were analysed centrally in the ECG core
laboratory at the University of Leipzig—Heart Center (Leipzig,
Germany) by two observers (K.P.R. and H.B.) blinded to patients’ char-
acteristics, CMR study data, and clinical outcomes. The presence of G3lI
was defined as (i) complete loss of S waves in two adjacent leads with
typical Rs configuration (i.e. V1-V3), or (ii) ST-J point to R wave amp-
litude ratio >0.5 in other leads with R configuration, as reported
previously.®

ST-segment elevation (STE) was measured 20 ms after the ] point to
the nearest 0.05 mV. STR and single lead ST-segment resolution
(SL-STR) were calculated as described previously.>'® Patients with left
bundle branch block (n = 6) were excluded. Furthermore, patients pre-
senting with negative T-waves in the leads with STE were not included
(n=15) (Figure 1).

CMR analysis

Protocol specified CMR acquisition on Days 1—4 after the index event
was performed for the assessment of myocardial salvage, IS, presence
and extent of MVO, LV ejection fraction, and LV volumes. The detailed
scan protocol on a clinical 1.5- or 3.0-T CMR scanner was described
previously.'> CMR images were evaluated at the CMR core laboratory
at the University of Leipzig—Heart Center using certified CMR evalu-
ation software (cmr42, Circle Cardiovascular Imaging Inc., Calgary,
Alberta, Canada). Assessment was performed by observers blinded to
patients’ characteristics, ECG interpretations, and clinical outcomes.
IS, area at risk (AAR), and MVO were expressed as a percentage of LV
volume. Salvaged myocardium was quantified as the difference between
the volume of increased T,-signal (AAR) and the volume of delayed en-
hancement (IS) and consequently expressed as myocardial salvage index
(MSI), as previously described.” The presence and extent of hypoin-
tense infarct cores as indicator of intramyocardial haemorrhage (IMH)
were defined as dark area in the centre of the AAR/oedema having a
mean signal intensity of at least 2 standard deviations below the signal
intensity of the periphery of the AAR, as previously described."

Clinical endpoints

The primary endpoint was the occurrence of MACE defined as a com-
posite of death, re-infarction, and new congestive heart failure (CHF)
within 12 months after infarction. Re-infarction and new CHF were
defined as described previously."*~"*

Statistical analysis

Data for continuous variables are presented as medians with inter-
quartile range (IQR). Categorical variables are presented as frequencies
and percentages. Comparisons within the groups were made using x*
tests for categorical variables and Kruskal—Wallis non-parametric tests
for continuous variables.

Univariate and stepwise multivariate logistic regression analyses were
performed to identify predictors of G3I. Stepwise multivariate regres-
sion was performed using only variables with a P-value of <0.05 in
univariate regression analyses. For univariate analyses, all listed baseline
characteristics, procedural data, randomization group in the overall
AIDA STEMI trial and CMR parameters were investigated.

Kaplan—Meier survival estimates were used to plot the time to first
occurrence of the composite of death, CHF, or re-infarction between
groups at 12 months. Differences were tested with log-rank tests.

The adjusted associations between G3l and 12-month clinical out-
comes were examined using univariate and stepwise multivariate Cox
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Figure | Study profile. AIDA STEMI, abciximab intracoronary vs. intravenously drug application in ST elevation myocardial infarction; CMR,

cardiac magnetic resonance; ECG, electrocardiogram; LBBB, left bundle branch block.

proportional hazards regression models, including characteristics at
randomization, procedural data, CMR measurements and presences
of G3lI as covariates. Multivariable Cox regression was performed using
only variables with a probability value of <0.05 in univariable Cox
regression analyses.

The incremental additive information associated with the presence of
G3l and IS, MVO and LV-EF over other established clinical prognostic
parameters (TIMI risk score) was assessed using c-statistics.'® C-statistic
results were compared using the non-parametric method previously
described by De Long et al."

A two-tailed P-value of <0.05 was considered as statistically signifi-
cant. SPSS version 20.0 was used for statistical analyses.

Results

Suitable pre-hospital ECGs for QRS distortion analysis and CMR ex-
ams were present in 572 patients (Figure 7). G3| was present in 186
(32%) patients, whereas 386 patients (68%) did not show distortion
of the terminal QRS complex.

Baseline characteristics of the total population and by groups
are presented in Table 1. Patients presenting with G3I had signifi-
cantly more often inferior infarctions (P = 0.003), more often
complete occlusion of the culprit artery (TIMI-flow 0 before PCl;
P < 0.001) and a shorter symptom-to-hospital admission time
with comparable door-to-balloon times (P = 0.94). No significant
differences were observed in the frequencies of the presence of dia-
betes mellitus, previous myocardial infarction, male sex, number of
diseased vessels, or age between groups.

CMR results revealed an association of G3I with myocardial dam-
age as shown in Table 2 and Figure 2. Patients with G3I developed

larger infarcts, more pronounced late MVO, a higher frequency of
the presence of IMH, and a lower MSI. The AAR and the LV ejection
fraction did not differ significantly between groups.

Limiting these analyses to patients with successful PCl defined
as TIMI-flow Grade 3 after PCl did not weaken these relationships
considerably (data not shown).

Significant predictors of G3| are displayed in Table 3. Inferior in-
farction (P = 0.002) and CMR-derived IS (P = 0.003) emerged as in-
dependent predictors of distortion of the terminal QRS complex.

The amount of STR and SL-STR did not differ between patients
with or without G3I (64%; IQR 37-85 vs. 62%; IQR 31-81,
P = 0.24 and 75%; IQR 50-93 vs. 75%; IQR 50-93, P = 0.96,
respectively), although absolute ST-elevation was higher in the
G3l group (STE: 1.15 mV; IQR 0.70—1.65 vs. 0.9 mV; IQR 0.55—
1.35, P < 0.001 and maximum single lead STE: 0.40 mV; IQR
0.25-0.55 vs. 0.30 mV; IQR 0.20-0.40, P < 0.001).

Clinical outcome

At 12-month follow-up, patients with G3| experienced significantly
more re-infarctions [5.5 vs. 1.8%, P = 0.02; Hazard ratio (HR) 3.01,
95% C11.18-8.12, P = 0.02] (Table 4). In addition, rates of new CHF
(3.8 vs. 1.8%, P = 0.15; HR 2.14, 95% CI 0.75-6.10, P = 0.15) and
death (3.3 vs. 2.1%, P=0.36, HR 1.64, 95%Cl 0.57-4.72,
P = 0.36) were numerically higher in the G3I group, although not
statistically significant. Consequently, the presence of G3| showed
a significant association with MACE at 12 months (12.3 vs. 5.7%,
P=10.01; HR 2.27, 95% Cl 1.19-4.32, P = 0.01) and generated a
graded stratification for MACE- and re-infarction-free survival
(P=10.01 and P = 0.02, respectively) (Figure 3).
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Table | Patient characteristics

Variable Total study cohort, QRS distortion present QRS distortion absent P-value
n =572 (G3l+),n =186 (G31-),n =386
Age (years) 61 (50-71) 62 (51-71) 60 (50-70) 0.21
Male sex: n (%) 442/572 (77) 148/186 (80) 294/386 (76) 0.39
Cardiovascular risk factors: n (%)
Current smoking 245/519 (47) 791165 (48) 166/354 (47) 0.83
Hypertension 384/569 (68) 124/186 (67) 260/383 (67) 0.77
Hypercholesterolaemia 220/566 (40) 63/184 (34) 157/382 (41) 0.12
Diabetes mellitus 111/569 (20) 36/186 (19) 75/383 (19) 0.95
BMI (kg/m?) 272 (24.8-304) 27.7 (25.0-30.3) 27.1 (24.7-30.5) 0.60
Previous infarction, n (%) 33/571 (6) 10/186 (5) 23/385 (6) 0.77
Anterior infarction, n (%) 269/561 (48) 71/182 (39) 198/379 (52) 0.003
Times (min)
Symptom onset to PCl hospital 179 (108-295) 155 (104-246) 186 (110-319) 0.05
admission
Door-to-balloon time 29 (22-42) 29 (22-41) 30 (22-40) 0.94
Killip-class on admission, n (%) 0.09
1 505/572 (88) 165/186 (89) 340/386 (88) 0.83
2 46/572 (8) 10/186 (5) 36/386 (9) 0.10
3 10/572 (2) 5/186 (3) 5/386 (1) 0.23
4 11/572 (2) 6/186 (3) 5/386 (1) 0.12
TIMI risk score 3 (2-5) 3 (2-5) 3 (2-5) 0.17
Number of diseased vessels, n (%) 0.89
1 298/572 (52) 96/186 (52) 202/386 (52) 0.87
2 173/572 (30) 58/186 (31) 115/386 (30) 0.69
3 101/572 (18) 32/186 (17) 69/386 (18) 0.79
Infarct-related artery, n (%) 0.10
Left anterior descending 248/572 (43) 62/186 (33) 186/386 (48) 0.001
Left circumflex 65/572 (11) 23/186 (12) 42/386 (11) 0.60
Right coronary artery 253/572 (44) 100/186 (54) 153/386 (39) 0.001
Left main 4/572 (1) 1/186 (1) 3/386 (1) 0.75
Bypass graft 2/572 (<1) 0/186 (0) 2/386 (1) 0.33
TIMI flow before PCI, n (%) <0.001
TIMI flow 0 320/572 (56) 126/186 (68) 194/386 (50) <0.001
TIMI flow | 73/572 (13) 19/186 (10) 54/386 (14) 0.23
TIMI flow I 93/572 (16) 13/186 (7) 80/386 (21) <0.001
TIMI flow Il 86/572 (15) 28/186 (15) 58/386 (15) 0.99
Thrombectomy, n (%) 134/572 (23) 44/186 (24) 90/386 (23) 0.93
TIMI flow post-PCl, n (%) 0.57
TIMI flow 0 8/571 (1) 2/185 (1) 6/386 (2) 0.65
TIMI flow | 12/571 (2) 6/185 (3) 6/386 (3) 0.19
TIMI flow |l 41/571 (7) 14/185 (8) 27/386 (7) 0.80
TIMI flow Il 510/571 (89) 163/185 (88) 347/386 (90) 0.52
Intra-aortic balloon pump, n (%) 24/572 (4) 10/186 (5) 14/386 (4) 0.33
Concomitant medications, n (%)
B-blockers 549/571 (96) 180/186 (97) 369/385 (96) 0.58
ACE-inhibitors/ARB 542/571 (95) 174/186 (94) 368/385 (96) 0.30
Aspirin 572/572 (100) 186/186(100) 386/386 (100) NS
Clopidogrel, prasugrel, or both 572/572 (100) 186/186 (100) 386/386 (100) NS
Statins 551/571 (97) 1791186 (96) 372/385 (97) 0.82
Continued
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Tablel Continued

Variable Total study cohort,

n =572

22/186 (12)

Aldosterone antagonist
Gp-lIb/lllla-inhibitor (abciximab)

l.c. abciximab administration

63/571 (11)
539/572 (94)
282/572 (49)

QRS distortion present
(G3l+),n =186

175/186 (94)
91/186 (49)

QRS distortion absent P-value
(G31-),n =386

41/385 (11) 0.67
364/386 (94) 0.94
191/386 (50) 0.90

Continuous data presented as median and inter-quartile range.

TIMI risk score = age > 65years, hypotension, tachycardia, Killip class I1-IV, diabetes/hypertension/angina, anterior ST-elevation/LBBB, <67 kg, time to treatment > 4 h.
ACE, angiotensin-converting enzyme; ARB, angiotensin 1 receptor blocker; BMI, body mass index; l.c., intracoronary; PCl, primary percutaneous coronary intervention;

Gp, glycoprotein; l.c., Intracoronar; TIMI, thrombolysis in myocardial infarction.

Table 2 CMRresults

Characteristic Total study cohort, QRS distortion present (G31+), QRS distortion absent (G31—), P-value
n =572 n =186 n =386
Area at risk (%LV) 34.6 (25.4-47.3) 34.8 (26.1-48.1) 34.4 (25.3-47.0) 0.59
Infarct size (%LV) 17.3 (8.5-25.0) 18.3 (10.4-27.6) 16.5 (8.2-23.5) 0.01
Myocardial salvage index 50.9 (32.5-67.3) 47 (28-64) 53 (35-68) 0.01
Late MVO present, n (%) 282/558 (51) 99/180 (55) 183/378 (48) 0.15
Late MVO (%LV) 0.02 (0.0-0.09) 0.4 (0-2.7) 0 (0-1.5) 0.05
Hypointense core present 175/503 (35%) 69/169 (41%) 106/334 (32%) 0.04
(Haemorrhage)
LV ejection fraction (%) 50.6 (43.6—-57.7) 50.3 (43.5-57.3) 50.6 (43.9-57.9) 0.83

Continuous data presented as median and inter-quartile range.

CMR, cardiac magnetic resonance; LV, left ventricular; MVO, microvascular obstruction.

Likewise the patients with incomplete ST-R (<50%) were
at higher risk for the occurrence of MACE (HR 2.1, 95% ClI
1.09-4.08, P = 0.03).

In the multivariate Cox regression model, the presence of G3I
emerged as an independent predictor of MACE. This was also
true after inclusion of STR in the model (Table 5).

The inclusion of G3l in addition to the TIMI risk score resulted
in an increase of the c-statistics from 0.69 to 0.73. However, this
increase was not statistically significant (P = 0.10) (Figure 4). The
inclusion of CMR markers of myocardial damage resulted in a
significant increase of the c-statistic.

Discussion

To the best of our knowledge, this is the largest study to date inves-
tigating the association of G3I on pre-hospital ECG in STEMI pa-
tients with markers of myocardial damage assessed by CMR. The
main findings of our study are as follows: (i) G3l is significantly asso-
ciated with IS, myocardial salvage, MVO, and IMH after PCI, and (ii)
G3l is a strong indicator of future cardiovascular events in a large
multicentre high-risk STEMI population. Therefore, our data sup-
port the theory of an association of G3| with more severe myocar-
dial and microvascular damage with subsequent adverse clinical
outcome in acutely reperfused STEMI patients.

The ECG has been an essential part of the diagnosis, initial evalu-
ation, and triage of patients with chest pain. The extent of STE and
its resolution have been well investigated and are associated with IS
and adverse outcomes.”” Recently we showed that the easy and
quickly obtainable measure of the magnitude of STE in the worst
residual lead after PCl is associated with CMR-defined myocardial
damage and adverse outcome.® Another easily assessable and
potentially prognostic relevant ECG marker is the presence of the
distortion of the terminal QRS complex (G3I).%°

G3l has been reported to be present between 19 and 53% of
STEMI patients and has been associated with adverse clinical out-
comes after thrombolysis and PCL.*%"'22 Mechanistically, G3I has
been related to larger IS (biomarker and SPECT analysis),*** less
myocardial salvage,”* lower epicardial reperfusion success,” and a
greater extent of coronary artery disease.’’ However, most of these
studies do not reflect contemporary infarction treatment, had small
sample sizes, were single-centre investigations, and were performed
mainly during the thrombolysis era. Therefore, further mechanistic
and pathophysiological insights are needed to understand the
prognostic significance of G3l. CMR is the ideal method to com-
prehensively evaluate the correlation of G3I with infarct charac-
teristics and reperfusion injury. Two previous small single-centre
studies (n = 37 and n = 50) investigated the relation of G3I with
CMR-derived infarct characteristics.>>2° In line with these data,
our study demonstrated that G3l is significantly associated with
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Figure 2 CMR results. Box (25th centile, median, and 75th centile) and whisker (10th and 90th centiles) plots of CMR outcomes according
to the presence of QRS distortion (G3l) groups. (A) Infarct size. (B) Late microvascular obstruction. (C) Myocardial salvage index. (D) Presence

of IMH.

Table 3 Predictors of QRS distortion (G3l) in univariable and stepwise multivariable logistic regression analysis

Variable Univariable
Oddsratio (CI) ~ P-value

Inferior infarction 1.71 (1.19-2.45) 0.003
Symptom onset to reperfusion 0.99 (0.98-1.00) 0.05
TIMI flow grade before PCI 0.78 (0.66-0.92) 0.003
Infarct size (%LV) 1.02 (1.01-1.03) 0.02
Microvascular obstruction (%LV) 1.06 (1.00-1.12) 0.06
Myocardial salvage index 0.98 (0.97-0.99) 0.02
Haemorrhage present 148 (1.01-2.18) 0.04

Stepwise multivariable

Odds ratio (CI) P-value
2.18 (1.45-3.28) 0.002
1.03 (1.01-1.04) 0.003

The table displays only significant variables in univariable logistic regression. All significant variables in univariate analysis were subsequently tested in a multivariable stepwise model.
We excluded myocardial salvage index from multivariable analysis to avoid collinearity as myocardial salvage index has infarct size accounted for by its inclusion in the formula for its

calculation.
Cl, 95% confidence interval; LV, left ventricle; TIMI, thrombolysis in myocardial infarction.
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Table 4 Clinical outcomes

Total study cohort,

n =572 n =186
MACE 45/572 (7.9%) 23/186 (12.3%)
Death 14/567 (2.5%) 6/183 (3.3%)

Re-infarction 171567 (3.0%)

14/567 (2.5%)

10/183 (5.5%)

New heart failure 7/183 (3.8%)

QRS distortion present (G31+),

QRS distortion absent (G31-), P-value

n =386

22/386 (5.7%) 0.01
8/384 (2.1%) 0.39
7/384 (1.8%) 0.02
7/384 (1.8%) 0.15

40+
Log-rank test
p=0.01

304

20

QRS Distortion (G31+)

10+

Cumulative event rate ( %)

No QRS Distortion (G3I-)

T I
0 2 4 6 8 10 12
Time from myocardial infarction (months)
Number at risk

G3k 386 37s EYE] 37 370 389 368
G+ 186 175 m 170 169 167 187

Figure 3 Kaplan—Meier unadjusted survival curves for
12-month MACE according to the presence of QRS distortion
(G3I) groups.

IS, as well as MVO, LV function, and myocardial salvage. Our
results therefore confirm the hypothesis that distortion of
the terminal QRS complex is strongly associated with severe myo-
cardial and microvascular injury in patients with STEMI. Conse-
quently, more severe ischaemia and damage seem to occur
when changes in the QRS configuration (as reflected by G3l) are
detected in the ECG.

Although the AAR was comparable between groups and we ob-
served a shorter ischaemic time in the G3I group, the presence of
G3l was associated with larger infarcts, more MVO, and IMH. More-
over, an inferior infarct location was more frequent in patients with
G3land was even an independent predictor for the presence of G3I.
Explanations for these findings are as follows: (i) Similar to Weaver
et al.,25 we found an association of G3I with impaired TIMI-flow
pre-PCl, an important established predictor of survival in previous
studies.”” G3I seems to indicate complete occlusion of the
infarct-related artery as reflected by low TIMI-flow grades with sub-
sequent severe myocardial damage and risk for future cardiovascu-
lar events. (ii) It has been speculated that the presence of G3l is
associated with a faster progression of irreversible tissue injury,
caused by the absence of an intact collateral flow or ischaemic

preconditioning.?"** Unfortunately, information on these variables
were not systematically assessed in our study. (iii) Although many
studies have linked anterior infarct location to G3l, a significant num-
ber of reports including our study have found the contrary.**°
Inferior infarct location is generally accepted to be linked to a better
prognosis, mostly because of smaller myocardium at risk and ISs in
comparison to anterior Mis.2?? The fact that G3I was linked to in-
ferior infarcts and shorter ischaemic times emphasizes that this ECG
pattern indicates extensive myocardial and microvascular damage,
underlining its predictive value in the acute phase of STEMI even
in early presenters and inferior infarctions.

The ability of G3l to early identify irreversible tissue damage and
clinically relevant reperfusion injury is further supported by our
clinical outcome findings. Patients presenting with a G3I pattern
differed significantly in the occurrence of MACE, and G3I was an
independent predictor of prognosis. Consequently, G3I was able
to identify a high-risk subset of patients with worse 12-month clin-
ical outcomes. The difference in occurrence of MACE between
groups was mainly driven by a significant difference in the occur-
rence of re-infarctions and numerically lower rates of new CHF
and death.

A higher risk of re-infarction with the presence of G3l has
been well described.>?° Recently Bakirci et al.”® showed that
patients with G3| have more complex coronary artery diseases as
assed by the Syntax Score, which might in part explain this phenom-
enon. Similarly, the development of MVO after Ml is associated with
the presence of thin-cap fibroatheromas®” and limited collateral
flow,?” indicating a more vulnerable coronary artery status which
leads to a higher risk of recurrent ischaemia, as observed in patients
with G3l.

Larger infarcts predispose to the development of heart failure and
arrhythmogenic events. Although new CHF occurred numerically
more often in the G3I group, this difference was not significant.
This may be mainly attributed to our relatively small sample size
and limited event rates. In the same way, we did not find a significant
difference in mortality. Overall, mortality was significantly lower in
our patients (2.5%) than described in previous studies investigating
the clinical role of G3lI, limiting statistical power. The more extensive
use of treatment with stents (98%), thienopyridines (100%), and use
of glycoprotein lIb/llla-inhibitors in almost all patients in our study
might contribute to explain this observation.

CMR markers of myocardial damage offered an additive prognos-
tic value over and above G3I. The ECG parameter provides the
advantage of being easily and widely available already at the initial
diagnosis of STEMI.
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Table 5 Predictors of MACE in univariable and stepwise multivariable Cox regression analysis

Variable Univariable
Hazard ratio (CI)

Age 1.05 (1.02-1.08)
Smoker 2.20 (1.01-4.77)
Number of diseased vessel 1.50 (1.07-1.97)
Killip-class on admission 1.92 (1.37-2.68)
TIMI flow before PCI 0.72 (0.51-1.01)
ST-segment resolution (%) 0.99 (0.99-1.00)
QRS distortion present (G3I+) 2.27 (1.19-4.32)
LV ejection fraction (%) 0.92 (0.89-0.95)
Infarct size (%LV) 1.04 (1.02-1.06)

Stepwise multivariable

P-value Hazard ratio (CI) P-value
<0.001 1.05 (1.02-1.08) 0.004

0.05 - -

0.02 - -
<0.001 1.71 (1.18-2.48) 0.005

0.003 - -

0.02 - -

0.01 2.19 (1.10-4.38) 0.03
<0.001 - -

0.001 1.03 (1.01-1.06) 0.02

The table displays only significant variables in univariable Cox regression. Myocardial salvage and MVO were not included in the model as myocardial salvage has infarct size
accounted for by its inclusion in the formula for the calculation of myocardial salvage, and MVO strongly correlates with IS. All significant variables in univariate analysis were

subsequently tested in a multivariable stepwise model.

Cl, 95% confidence interval; LV, left ventricle; TIMI, thrombolysis in myocardial infarction.
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Figure 4 C-statistic: additive prognostic value of G3I.

Whether patients can further benefit from an implementation of
the assessment of G3| to guide their management, for instance by
a higher triage priority, the use of adjunctive therapies or a more
intensive secondary prophylaxes needs to be further investigated.

Taken together our findings suggest that G3l is an important
feature in the electrocardiographic evaluation of acute myocardial
ischaemia, particularly given the correlation of this parameter with
myocardial damage and prognosis in the current study.

However, further well-designed prospective studies are
warranted to investigate the clinical utility of G3I.

Study limitations

Our results are based on relatively small patient numbers, despite
being the largest CMR study to date assessing the relation of G3I
with myocardial damage. Furthermore, the included patients were
recruited from a randomized trial. Generalization might be pre-
cluded by specific inclusion criteria and treatment of exclusively
Caucasian patients in specialized high-volume centres. Finally, IS
and especially MVO are time dependent after acute STEMI. Thus,
CMR timing is an important determinant for the presence and
extent of MVO as well as IS. As the G3I groups underwent imaging
after a similar time delay in our study, a potential bias is limited. A
systematic assessment of death causes and arrhythmogenic events
could have provided further insights in the connection between
G3l and clinical outcomes.

In conclusion, G3lI is significantly associated with IS, myocardial
salvage, MVO, IMH, as well as MACE in a high-risk STEMI popu-
lation. Therefore, this rapidly and easily assessable ECG para-
meter can accurately identify a high-risk patient population early
in the course of STEMI, which could help to guide clinical manage-
ment. The correlation of G3I with clinical prognosis is explained
by its strong relation with severe myocardial and microvascular
injury.

Authors’ contributions

l.E. conceived the study and is guarantor. I.E., K.P.R,, and H.B. ana-
lysed the data. M.G. performed CMR imaging. |.E. performed CMR
analysis. All authors discussed, drafted, and revised the manuscript.
The paper is exclusively submitted to European Heart Journal—
Cardiovascular Imaging and is neither in consideration elsewhere
nor has it been published previously. All authors have read and
approved the manuscript.

Conflict of interest: None declared.

Downl oaded from https://academ c. oup. conl ehj ci magi ng/ articl e-abstract/17/2/ 194/ 2571136

by guest

on 21 August 2018



202

K.-P. Rommel et al.

References

1.

5.

10.

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. | Am Coll Cardiol 1994;24:
384-91.

. Buller CE, Fu Y, Mahaffey KW, Todaro TG, Adams P, Westerhout CM et al.

ST-segment recovery and outcome after primary percutaneous coronary interven-
tion for ST-elevation myocardial infarction: insights from the Assessment of Pexe-
lizumab in Acute Myocardial Infarction (APEX-AMI) trial. Circulation 2008;118:
1335-46.

. Rommel KP, Baum A, Mende M, Desch S, Gutberlet M, Schuler G et al. Prognostic

significance and relationship of worst lead residual ST segment elevation with myo-
cardial damage assessed by cardiovascular MRIin myocardial infarction. Heart 2014;
100:1257-63.

. Birnbaum Y, Herz |, Sclarovsky S, Zlotikamien B, Chetrit A, Olmer L et al. Prognos-

tic significance of the admission electrocardiogram in acute myocardial infarction.
J Am Coll Cardiol 1996;27:1128-32.

Sejersten M, Birnbaum Y, Ripa RS, Maynard C, Wagner GS, Clemmensen P et al.
Influences of electrocardiographic ischaemia grades and symptom duration on out-
comes in patients with acute myocardial infarction treated with thrombolysis
versus primary percutaneous coronary intervention: results from the DANAMI-2
trial. Heart 2006;92:1577-82.

. Birnbaum Y, Sclarovsky S, Blum A, Mager A, Gabbay U. Prognostic significance

of the initial electrocardiographic pattern in a first acute anterior wall myocardial
infarction. Chest 1993;103:1681-7.

. Holland RP, Brooks H. The QRS complex during myocardial ischemia. An experi-

mental analysis in the porcine heart. | Clin Invest 1976;57:541-50.

. Birnbaum Y, Criger DA, Wagner GS, Strasberg B, Mager A, Gates K et al. Prediction

of the extent and severity of left ventricular dysfunction in anterior acute myocar-
dial infarction by the admission electrocardiogram. Am Heart | 2001;141:915-24.

. Billgren T, Maynard C, Christian TF, Rahman MA, Saeed M, Hammill SC et al. Grade

3 ischemia on the admission electrocardiogram predicts rapid progression of
necrosis over time and less myocardial salvage by primary angioplasty.
J Electrocardiol 2005;38:187—-94.

Birnbaum Y, Goodman S, Barr A, Gates KB, Barbash Gl, Battler A et al. Comparison
of primary coronary angioplasty versus thrombolysis in patients with ST-segment
elevation acute myocardial infarction and grade Il and grade Ill myocardial ischemia
on the enrollment electrocardiogram. Am | Cardiol 2001;88:842—7.

. Postma S, Heestermans T, Ten Berg JW, van Werkum JW, Suryapranata H,

Birnbaum Y et al. Predictors and outcome of grade 3 ischemia in patients with
ST-segment elevation myocardial infarction undergoing primary percutaneous
coronary intervention. | Electrocardiol 2011;44:516—22.

. Eitel |, Desch S, Fuernau G, Hildebrand L, Gutberlet M, Schuler G et al. Prognostic

significance and determinants of myocardial salvage assessed by cardiovascular
magnetic resonance in acute reperfused myocardial infarction. | Am Coll Cardiol
2010;55:2470-9.

. Eitel |, Wohrle J, Suenkel H, Meissner ], Kerber S, Lauer B et al. Intracoronary com-

pared with intravenous bolus abciximab application during primary percutaneous
coronary intervention in ST-segment elevation myocardial infarction: cardiac mag-
netic resonance substudy of the AIDA STEMI trial. | Am Coll Cardiol 2013;61:
1447-54.

. Thiele H, Wohrle J, Hambrecht R, Rittger H, Birkemeyer R, Lauer B et al. Intracor-

onary versus intravenous bolus abciximab during primary percutaneous coronary
intervention in patients with acute ST-elevation myocardial infarction: a rando-
mised trial. Lancet 2012;379:923-31.

. Thiele H, Wohrle ], Neuhaus P, Brosteanu O, Sick P, Prondzinsky R et al. Intracor-

onary compared with intravenous bolus abciximab application during primary per-
cutaneous coronary intervention: design and rationale of the Abciximab
Intracoronary versus intravenously Drug Application in ST-Elevation Myocardial In-
farction (AIDA STEMI) trial. Am Heart | 2010;159:547—54.

. Thiele H, Schindler K, Friedenberger ), Eitel |, Furnau G, Grebe E et al. Intracoronary

compared with intravenous bolus abciximab application in patients with

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Downl oaded from https://academ c. oup. conl ehj ci magi ng/ articl e-abstract/17/2/ 194/ 2571136

by guest

on 21 August 2018

ST-elevation myocardial infarction undergoing primary percutaneous coronary
intervention: the randomized Leipzig immediate percutaneous coronary interven-
tion abciximab IV versus IC in ST-elevation myocardial infarction trial. Circulation
2008;118:49-57.

Eitel I, Kubusch K, Strohm O, Desch S, Mikami Y, de Waha S et al. Prognostic value
and determinants of a hypointense infarct core in T2-weighted cardiac magnetic
resonance in acute reperfused ST-elevation-myocardial infarction. Circ Cardiovasc
Imaging 2011;4:354-62.

Morrow DA, Antman EM, Charlesworth A, Cairns R, Murphy SA, de Lemos JA et al.
TIMI risk score for ST-elevation myocardial infarction: a convenient, bedside, clin-
ical score for risk assessment at presentation : an intravenous nPA for treatment of
infarcting myocardium early Il trial substudy. Circulation 2000;102:2031-7.
Delong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under two
or more correlated receiver operating characteristic curves: a nonparametric
approach. Biometrics 1988;44:837—45.

Birnbaum Y, Sclarovsky S. The grades of ischemia on the presenting electrocardio-
gram of patients with ST elevation acute myocardial infarction. | Electrocardiol 2001;
34:17-26.

Birnbaum Y, Kloner RA, Sclarovsky S, Cannon CP, McCabe CH, Davis VG et al. Dis-
tortion of the terminal portion of the QRS on the admission electrocardiogram in
acute myocardial infarction and correlation with infarct size and long-term progno-
sis (Thrombolysis in Myocardial Infarction 4 Trial). Am | Cardiol 1996;78:396—403.
Lee CW, Hong MK, Yang HS, Choi SW, Kim J}, Park SW et al. Determinants and
prognostic implications of terminal QRS complex distortion in patients treated
with primary angioplasty for acute myocardial infarction. Am J Cardiol 2001;88:
210-3.

Ringborn M, Birnbaum Y, Nielsen SS, Kaltoft AK, Botker HE, Pahlm O et al.
Pre-hospital evaluation of electrocardiographic grade 3 ischemia predicts infarct
progression and final infarct size in ST elevation myocardial infarction patients trea-
ted with primary percutaneous coronary intervention. | Electrocardiol 2014;47:
556—65.

Birnbaum Y, Mahaffey KW, Criger DA, Gates KB, Barbash Gl, Barbagelata A et al.
Grade lll ischemia on presentation with acute myocardial infarction predicts rapid
progression of necrosis and less myocardial salvage with thrombolysis. Cardiology
2002;97:166—-74.

Weaver |C, Rees D, Prasan AM, Ramsay DD, Binnekamp MF, McCrohon JA. Grade
3 ischemia on the admission electrocardiogram is associated with severe
microvascular injury on cardiac magnetic resonance imaging after ST elevation
myocardial infarction. | Electrocardiol 2011;44:49—57.

Nimura A, Sakamoto N, Nakagawa N, Ota H, Tanabe Y, Takeuchi T et al. Site of
transmural late gadolinium enhancement on the cardiac MRI coincides with the
ECG leads exhibiting terminal QRS distortion in patients with ST-elevation
myocardial infarctions. Int Heart | 2012;53:270-5.

Brener SJ, Mehran R, Brodie BR, Guagliumi G, Witzenbichler B, Cristea E et al.
Predictors and implications of coronary infarct artery patency at initial angiography
in patients with acute myocardial infarction (from the CADILLAC and
HORIZONS-AMI Trials). Am | Cardiol 2011;108:918—-23.

Bakirci EM, Kalkan K, Hamur H, Buyuklu M, Cetin M, Degirmenci H et al. Terminal
QRS distortion and severity of coronary artery disease in ST-elevation myocardial
infarction. Herz 2015;40:521-7.

Ozaki Y, Tanaka A, Tanimoto T, Kitabata H, Kashiwagi M, Kubo T et al. Thin-cap
fibroatheroma as high-risk plaque for microvascular obstruction in patients with
acute coronary syndrome. Circ Cardiovasc Imaging 2011;4:620—7.

Birnbaum Y, Herz |, Sclarovsky S, Zlotikamien B, Chetrit A, Olmer L et al. Admis-
sion clinical and electrocardiographic characteristics predicting an increased risk
for early reinfarction after thrombolytic therapy. Am Heart ] 1998;135(5 Pt 1):
805-12.

Desch S, Eitel |, Schmitt J, Sareban M, Fuernau G, Schuler G et al. Effect of coronary
collaterals on microvascular obstruction as assessed by magnetic resonance im-
aging in patients with acute ST-elevation myocardial infarction treated by primary
coronary intervention. Am | Cardiol 2009;104:1204-9.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


