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Abstract

Background: Eleven criteria correlating electrocardiogram (ECG) findings with re-
duced left ventricular ejection fraction (LVEF) have been previously published. These
have not been compared head-to-head in a single study. We studied their value as a
screening test to identify patients with reduced LVEF estimated by cardiac magnetic
resonance (CMR) imaging.

Methods: ECGs and CMR from 548 patients (age 61 + 11 years, 79% male) with previ-
ous myocardial infarction (MI), from the DETERMINE and PRE-DETERMINE studies,
were analyzed. Sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of each criterion for identifying patients with LVEF < 30%
and < 40% were studied. A useful screening test should have high sensitivity and
NPV.

Results: Mean LVEF was 40% (SD = 11%); 264 patients (48.2%) had LVEF < 40%, and
96 patients (17.5%) had LVEF < 30%. Six of 11 criteria were associated with a signifi-
cant lower LVEF, but had poor sensitivity to identify LVEF < 30% (range 2.1%-55.2%)
or LVEF < 40% (1.1%-51.1%); NPVs were good for LVEF < 30% (range 82.8%-85.9%)
but not for LVEF < 40% (range 52.1%-60.6%). Goldberger's third criterion (RV4/
SV4 < 1) and combinations of maximal QRS duration > 124 ms + either Goldberger's
third criterion or Goldberger's first criterion (SV1 or SV2 + RV5 or RV6 > 3.5 mV)
had high specificity (95.4%-100%) for LVEF < 40%, although seen in only 48 (8.8%)
patients; predictive values were similar on subgroup analysis.

Conclusions: None of the ECG criteria qualified as a good screening test. Three
criteria had high specificity for LVEF < 40%, although seen in < 9% of patients.
Whether other ECG criteria can better identify LV dysfunction remains to be
determined.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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1 | INTRODUCTION

Ischemic heart disease with myocardial infarction (Ml) is a com-
mon cause of left ventricular (LV) failure. Loss of ventricular mus-
cle due to Ml results in LV systolic dysfunction, decrease in LV
contractility, ventricular remodeling, and heart failure. In clinical
practice, the most common measure of LV function is the left ven-
tricular ejection fraction (LVEF) (Luemns et al., 2015). LVEF has
limitations as a true measure of contractility as it is also influenced
by ventricular afterload and preload. Nevertheless, it is commonly
used in clinical practice because it is easy to conceptualize and can
be measured non-invasively by trans-thoracic echocardiography
(TTE) (Borlaug & Kass, 2011). Cardiac magnetic resonance (CMR)
imaging, though not as widely available as TTE, has now become
the gold standard for measurement of ventricular volumes and
ejection fraction, because of its ability to deal with three-dimen-
sional structures without relying on geometric assumptions (de
Haan et al., 2014).

In clinical cardiology, the electrocardiogram (ECG) remains the
first-line diagnostic test for evaluation of patients with suspected
heart disease due to its ease of use, low cost, and near-universal
availability. A few previous studies have attempted to identify ECG
findings that correlate with reduced EF (Bounous et al., 1988; Chinitz
et al., 2008; Cincin et al., 2012; Goldberger, 1982; Momiyama
et al., 1994; Palmeri et al., 1982). In one such study, Goldberger de-
scribed a triad of ECG findings in patients with symptomatic dilated
idiopathic cardiomyopathy and found that their presence correlated
well with reduced EF on TTE (Goldberger, 1982). Other authors have
described other ECG criteria that have correlated with a reduced
LVEF in patients with prior MI; in most of these studies, EF was as-
sessed using TTE (Bounous et al., 1988; Chinitz et al., 2008; Cincin
et al., 2012; Momiyama et al., 1994; Palmeri et al., 1982). However,
most of these criteria have not been externally validated head-to-
head in a single study in patients with previous myocardial infarction.

ECG changes after myocardial infarction include loss of R-wave
amplitude and appearance of QS wave which correlate with the
location and size of the infarct. The modified Selvester QRS score
has been found to correlate reasonably well with infarct size on
cardiac MR imaging (Geerse et al., 2009). As infarct size is an
important determinant of decrease in LVEF following myocar-
dial infarction, it would be reasonable to correlate ECG changes
with reduction LVEF. Although echocardiography is most com-
monly used to estimate LVEF, the present study was performed
to assess the diagnostic value of the previously described ECG
criteria to identify reduced LV function in patients with previous
Ml from two large studies (the DETERMINE study and the PRE-
DETERMINE study) in which CMR imaging was used to diagnose
previous Ml and estimate LVEF.

2 | METHODS
2.1 | Study population

Patients with a clinical history of myocardial infarction were identi-
fied from the Defibrillators to Reduce Risk by Magnetic Resonance
Imaging (DETERMINE) Trial and Registry and the PRE-DETERMINE
study. The DETERMINE Trial (ClinicalTrials.gov ID NCT00487279)
was a multicenter randomized trial which sought to test the hy-
pothesis that implantable cardioverter-defibrillator (ICD) therapy
would improve survival over optimal medical therapy in patients
with coronary artery disease (CAD), with LVEF > 35% and infarct
mass > 10% as estimated by CMR (Kadish et al., 2009). Patients
screened for the DETERMINE study but who had LVEF < 35%, in-
farct mass < 10%, and/or an ICD already implanted were enrolled
inthe DETERMINE Registry. All patients were required to undergo
CMR imaging to assess LVEF. Other patients screened and other-
wise ineligible or unwilling to participate in the randomized trial
were offered enrollment in either the DETERMINE Registry or the
PRE-DETERMINE Study.

The PRE-DETERMINE Study (ClinicalTrials.gov ID NCT01114269)
is a prospective, multicenter study of 5,763 patients with CAD, all
with documentation of prior Ml and/or mild to moderate LV dys-
function (LVEF 35%-50%), to determine the value of biomarkers of
inflammation, membrane stabilization, fibrosis, and myocardial dys-
function in predicting risk of ventricular arrhythmic events. CMR
imaging was not required as part of the study protocol (Clinicaltrials.
gov., 2018).

Of 5,993 patients enrolled in the above studies, cine and late
gadolinium enhanced CMR images were collected in 920 patients
from 64 field sites across the United States. Patients with poor CMR
or ECG image quality that precluded quantitative analysis or had an
interval of > 1 year between CMR and ECG were excluded. Patients
with left bundle branch block (LBBB) were also excluded as the
changes in the QRS morphology due to bundle branch block would
have confounded the occurrence of the previously described ECG

criteria associated with reduced LVEF.

2.2 | Cardiac magnetic resonance

All patients included in this study underwent cine and late gado-
linium enhanced (LGE) cardiac magnetic resonance (CMR) imag-
ing, which were analyzed by a CMR core laboratory (Northwestern
University Cardiovascular Imaging Core Laboratory). CMR studies
were excluded if the short axis stack did not include the entire LV
from the mitral valve plane to the apex, or if image artifact (such as

wrap, poor respiratory or ECG gating, and/or improper inversion time
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selection) precluded quantitative analysis. Quantitative analysis was
performed using Qmass software (Medis, Leiden, the Netherlands).
Endocardial and epicardial borders were manually planimetered on

cine short axis images at systole and diastole for calculation of LVEF.

2.3 | 12-lead electrocardiogram

All 12-lead ECGs in this study were analyzed at a core ECG laboratory
(IQVIA, Connected Devices; formerly known as Quintiles Cardiac
Safety Services, Mumbai, India). Paper ECGs were scanned (Fujitsu
Scanner model Fi-5120C, Tokyo, Japan) to a PNG file format at a
resolution of 300 dots per inch (dpi). The scanned ECGs were then
analyzed on-screen using a mouse-driven ECG measurement soft-
ware tool (Cardio Calipers version 3.3, Iconico Inc, New York, NY)
by a team of trained readers (Panicker et al., 2009). The ECG analy-
sis included amplitude and duration measurements of the individual
components of the P wave, QRS complex, ST segment, and T wave in
each of the 12 leads, as well as overall morphological interpretation
of the ECG waveform. ECGs were excluded if measurements were

not possible in two or more leads due to noise or artifact.

2.4 | ECG criteria for detection of reduced left
ventricular ejection fraction (LVEF)

A literature search was performed using PubMed, Google Scholar,
and Scopus to identify prior studies, which used or defined ECG
criteria for estimation of LVEF or for detection of a reduced LVEF.
Based on the literature search, we found 11 ECG criteria that had
been found to correlate with LVEF (Bounous et al., 1988; Chinitz
et al., 2008; Cincin et al., 2012; Goldberger, 1982; Momiyama
et al., 1994; Palmeri et al., 1982). Of these, there were 7 distinct
ECG criteria, while the other 4 were combinations of these 7 distinct
criteria (Table 1). We looked for the presence or absence of each
of the 11 ECG criteria in each ECG and correlated these with LVEF
estimated by CMR.

2.5 | Statistical analysis

Baseline characteristics of patients such as age, gender, history of
hypertension, diabetes, smoking, impaired renal function, and medi-
cations used were considered. Continuous numeric data were sum-
marized as mean + standard deviation (SD) and categorical data by
numbers and percentages. The LVEF in patients meeting each of the
11 ECG criteria were compared with those not meeting the ECG cri-
terion using unpaired t test. The diagnostic utility of each of the 11
ECG criteria to identify patients with reduced LVEF as defined by 2
cutoff values (LVEF < 30% and LVEF < 40%) was assessed. Sensitivity,
specificity, and positive and negative predictive values were calcu-
lated to determine if any of these ECG criteria could act as a screen-
ing test in identifying patients with LVEF < 30% or LVEF < 40%. To

study whether any of the ECG criteria performed better in specific
subgroups of patients based on baseline characteristics, subgroup
analysis was performed based on gender (females and males), age
(260 years and < 60 years), diabetes (present, absent), hypertension
(present, absent), and number of prior episodes of myocardial infarc-
tion (prior Ml = 1 and > 1).

As each patient's ECG could meet more than one criterion, the
total number of criteria that were met in each ECG was considered
and its correlation with LVEF was assessed using Spearman's rank
correlation. The proportion of patients with low LVEF (using cutoffs
of 30% and 40%) with increasing number of ECG criteria was also
evaluated using the chi-square test for trend as a sensitivity analysis.
All statistical analyses were performed using SAS software (version
9.4, SAS Institute Inc., Cary, NC, USA).

3 | RESULTS
3.1 | Study population

Atotal of 843 patients were enrolled from 54 sitesin the DETERMINE
study and registry. After exclusion of 61 patients due to insufficient
CMR image coverage/quality and 4 patients who withdrew from the
study, 754 CMR studies from the DETERMINE study were eligible
for inclusion in this analysis. Of the 5,764 patients enrolled in the
PRE-DETERMINE study, 77 patients from 19 sites had clinically or-
dered CMR studies. After exclusion of 15 MRl studies for insufficient
image coverage/quality, 62 CMR studies from the PRE-DETERMINE
study were eligible for inclusion in this analysis. An additional 149
patients were excluded for the following reasons: insufficient ECG
data for computation of criteria (n = 113), no prior history of Ml
(n = 62), >1 year between ECG and CMR (n = 46), presence of LBBB
(n = 26), and missing LVEF values (n = 15). Thus, 548 patients (age
61 + 11 years, 78% men, 22% women) that included 510 from the
DETERMINE study and 38 from the PRE-DETERMINE study were
finally considered for this analysis. Patient demographics are shown
in Table 2. The LVEF ranged from 9.5% to 69.1%, with a mean LVEF
of 40.3% (SD 11%) (Figure 1). Of the 548 patients, 264 (48.2%) had
LVEF < 40% and 96 of these had LVEF < 30% (36.4% of patients with
LVEF = 40% and 17.5% of all patients).

3.2 | ECG criteria and left ventricular
ejection fraction

The LVEF in patients meeting an ECG criterion was significantly
lower than LVEF in those not meeting the ECG criterion for 6 of the
11 ECG criteria studied (Table 3). For 3 criteria, the difference in
LVEF did not reach statistical significance and for two criteria there
were < 3 patients with ECGs meeting the criteria and hence p-values
could not be calculated. The mean LVEF ranged from 27% to 38.1%
in patients meeting one of these 6 ECG criteria compared to a mean
LVEF of 40.4% to 42.5% in patients not meeting the ECG criterion.
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TABLE 2 Descriptive baseline characteristics of patient
population (n = 548)

Number of patients

Baseline characteristics (%) (n = 548)

Age® 61 +11°
Gender
Male 430 (78.5%)
Female 118 (21.5%)

397 (72.5%)
177 (32.3%)

Hypertension
Diabetes Mellitus
Smoking history

Current 75 (13.7%)

Former 306 (55.8%)

Never 167 (30.5%)
Impaired renal function

Serum creatinine = 2.0 mg/dl 4 (0.7%)
Location of myocardial infarction on CMR

Anterior 263 (48%)

Lateral 96 (17.5%)

Inferior 170 (31.0%)

None 19 (3.5%)

Medication

ACE Inhibitors or Angiotensin Il receptor 455 (83%)

blockers
ACE Inhibitors/Angiotensin Il receptor 461 (84.1%)
blockers/Aldosterone inhibitors
Antiplatelets (clopidogrel, orasugrel, 38 (6.9%)
ticagrelor)
B-blockers 502 (91.6%)
Diuretics 227 (41.4%)
Statins 499 (91.1%)

#Values are mean + SD.

On comparison of proportion of patients with ejection frac-
tion < 30% (n = 96) and patients with ejection fraction > 30%
(n = 452) for each of these criteria, the difference was statistically
significant for 5 of these 6 ECG criteria (Table 4a). The proportion of
patients with LVEF < 40% was also significantly higher when one of
the same 5 criteria was present in the ECG. (Table 4b).

3.3 | Diagnostic value of ECG criteria

Computation of the predictive characteristics (Sensitivity and speci-
ficity, positive predictive value and negative predictive value) of the
ECG criteria showed that none of the 11 criteria had a combination
of high sensitivity and negative predictive values that would make
them qualify as a good screening test (Figure 2). All 11 criteria had
poor sensitivity ranging from 1% to 55.2% in detecting patients
with LVEF < 30% and from 1.1% to 51.1%, in detecting patients

with LVEF < 40%. The negative predictive values for these criteria

were reasonably good in patients with LVEF < 30% and ranged from
81.6% to 85.9%. Goldberger's third criterion (RV4/SV4 < 1) had the
highest negative predictive value (85.9%) for identifying patients
with LVEF < 30% followed by maximal QRS duration 2 124 ms
(84.5%). In contrast, the negative predictive values for patients with
LVEF < 40% were poor and range between 51.6% and 60.6%.

For identification of patients with LVEF < 30%, the combination
of “Maximal QRS duration + Goldberger's first + third criteria” had
a positive predictive value of 100%, but was seen in only one of
our 548 patients. For all other criteria, the positive predictive value
ranged from 14.9% to 66.7% (Figure 2). For identification of patients
with LVEF = 40%, Goldberger's first criterion (SV1 or SV2 + RV5 or
RV6 > 3.5 mV) had a positive predictive value of 92.9%. Of the 14 pa-
tients with ECGs meeting this criterion, 13 had LVEF < 40%. The pos-
itive predictive value of this criterion increased to 100% when it was
combined with the criterion of “Maximal QRS duration > 124 ms,”
but this was seen in only 3 of the 548 patients in the study. The
combination criteria of “Maximal QRS duration + Goldberger's
first + third criteria” also had a positive predictive value of 100%,
but was seen in only one of the 548 patients. For all other criteria,
the positive predictive values ranged from 47.6% to 72.9% (Figure 2).

3.4 | LVEF and number of ECG criteria

Using a cutoff of LVEF < 30%, the proportion of patients with re-
duced LVEF steadily increased with an increasing number of ECG cri-
teria met from 9.15% for O criteria to 18.6% for 1, 21.1% for 2, 29.4%
for 3, and 50% for 4 criteria (p = .0019 by chi-squared for trend;
Table 5). This was also observed on using a cutoff of LVEF < 40%.
The proportion of patients with reduced LVEF increased from 29.1%
for O criteria to 46.8% for 1, 55.3% for 2, 67.4% for 3, and 83.3% for
4 criteria (p < .0001) (Table 5).

3.5 | Subgroup analysis

We also studied the diagnostic value of the 6 potentially use-
ful ECG criteria in specific subgroups based on baseline charac-
teristics including gender (females and males), age (260 years and
age < 60 years), diabetes (present, absent), hypertension (present,
absent), and number of prior episodes of myocardial infarction (prior
Ml =1and > 1).

All 6 criteria had poor sensitivity ranging from 0% to 62.1% in
detecting patients with LVEF < 30% and from 0% to 57.3%, in de-
tecting patients with LVEF < 40% (see Supplementary data file). The
negative predictive values for these criteria were reasonably good in
patients with LVEF < 30% and ranged from 76.6% to 88.3%. In con-
trast, the negative predictive values for patients with LVEF < 40%
were poor and range between 45.2% and 64.4% (see Supplementary
data file). The sensitivity and negative predictive values in the sub-
groups were not significantly different from that in the overall group

of patients (see Supplementary data file).
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4 | DISCUSSION

We identified 11 previously defined ECG criteria that had been
found to correlate with reduced LVEF; these included 7 independent
criteria, and 4 criteria that were combinations of the 7 independent
criteria. We studied the diagnostic value of these 11 criteria in a set
of 548 patients, who were part of the DETERMINE Trial and Registry
and the PRE-DETERMINE study, all of whom had prior history of

110

Number of patients

5 10 15 20 25 30 35 40 45 50 55 60 65 70
Left ventricular ejection fraction

FIGURE 1 Distribution of left ventricular ejection fraction
estimated from cardiac magnetic resonance (CMR) imaging in 548
patients included for the evaluation of ECG criteria

myocardial infarction. Of the 548 patients, 264 patients (48.2%) had
a LVEF < 40% and 96 patients (17.5%) had a LVEF < 30%.

We found a statistically significant difference in the LVEF in pa-
tients with and without the presence of a particular ECG criterion for
only 4 of the 7 independent criteria and 2 of the 4 combination cri-
teria (Table 3). We therefore further studied the predictive charac-
teristics of these 6 ECG criteria to identify patients with LVEF < 30%
of LVEF = 40%.

Electrocardiography is typically used as a screening test for
heart disease, which could subsequently be confirmed by other
more specific tests. We started with the assumption that to serve
as a useful screening test, these ECG criteria should be highly sen-
sitive and should identify most patients with depressed LVEF, who
could then be subjected to a more specific test like echocardiogra-
phy or cardiac MRI (Leong et al., 2010). Moreover, a useful screen-
ing test, if negative, should also give reasonable assurance that the
LVEF is likely to be normal (high negative predictive value) (Won
etal., 2015).

In 1982, Goldberger prospectively studied 2000 consecutive
ambulatory and in-hospital patients, after excluding patients who
had undergone cardiac surgery within the preceding six months
and patients with idiopathic congestive cardiomyopathy. He de-
scribed a triad of ECG findings, all of which were present in only
32 patients (1.6%) of his patients, 29 of whom showed evidence of
LV dysfunction (LVEF < 40%); 20 of these had ischemic heart dis-
ease (Goldberger, 1982). These criteria were (a) SV1 or SV2 + RV5
or RV6 = 3.5 mV, (b) total QRS amplitude in each of the limb

TABLE 3 Ejection fraction in patients meeting an ECG criterion versus patients not meeting the ECG criterion (N = 548)

Patients with ECG meeting

Patients with ECG not meeting

criteria criteria
Ejection fraction Ejection fraction  p value for
ECG Criteria N (%) (mean + SD) N (%) (mean + SD) difference in EF
1 Goldberger's first criterion—SV1 or 14 (2.6%) 30.5+11.7 531 (97.4%) 40.5 + 10.9 0.0007
SV2 + RV5 or RV6 = 3.5 mV
2 Goldberger's second criterion—Total 154(28.1%) 40.6 + 10.6 394(71.9%) 40.2+11.2 0.7440
QRS amplitude in each of the limb
leads < 0.8 mv
3 Goldberger's third criterion—RV4/5V4 < 1 231 (43.1%) 38.1+11.0 305 (56.9%) 41.9 + 10.8 <0.0001
4 Goldberger's triad (all 3 criteria present) 0 548 (100.0%) - -
5 Maximal QRS duration = 124 ms® 115 (21.0%) 36.4 +10.8 433 (79.0%) 41.3 +10.9 <0.0001
6 Maximal QRS duration + Goldberger's first 3(0.6%) 27.0+4.3 545 (99.5%) 404 +11.0 0.0365
criterion®
7 Maximal QRS duration + Goldberger's third 48 (8.8%) 344 +111 500 (91.2%) 40.9 +10.9 0.0001
criterion®
8 Maximal QRS duration + Goldberger's first 1(0.2%) 547 (99.8%) 40.3+11.0 -
and third criteria®
9 All voltage ratios of RV6/RI, R, RIIl > 3° 4(0.8%) 30.9 + 20.3 526 (99.3%) 40.5 + 10.9 4170
10  Simplified Selvester QRS Score of > 78 221 (40.3%) 37.0+10.2 327 (59.7%) 42.5+11.0 <.0001
Simplified Selvester QRS Score of = 10° 84 (15.3) 35.5 + 10.0 464(84.7%) 41.2 +11.0 <.0001
11 QRS voltage less than 5 mm in all limb 5(0.9%) 38.7 +10.8 543 (99.1%) 40.3+11.0 7474

leads and greater than 10 mm in at least 2
contiguous precordial Leads’



70of11

WILEY

PANICKER ET AL.

(senunuo)d)

000’

[472)

6100°

anjend

0000°T
8€00°
T6LC

Ye6e’

8800°

8LET
SY10°

2800

661€

1000

anjeand

(87540 %8'TS) ¥8Z (815 40 %C'8Y) ¥9C (%0°00T) 8% - - 0
(TeT
(S0€ 40 %¥'8S) 84T  (SOE 40 %9°T¥) LTT (%6'9S) SO€ (TET 40 %6'CH) 66 JO%TLS) CET (%T°EY) TET
(16€ 40 %8'1S) ¥OT  (16€ 40 %C'8Y) 06T (%6'TL) ¥6€ (PST 40 %6'15) 08 (VST 40 %T'8Y) L (%1°82) ¥ST
(T€S 40 %6'2S) 18T (TES 40 %T'L¥) 05T (%1°L6) TES (FTIO%TL) T (1T 40 %6°C6) €T (%9°2) ¥T
%01 < uoldely %0t 5 uoljoely (%)N %0f < uonoeuy %01 S uoloely (%) N
uoid3(3 uo1d3(3 uo13d3(3 uo13d3(3
eL193142 Sueaw Jou HHJ YyM sjualjed eLIaLId e1493142 Su3esw HHJ Yyum sjuaijed eLaLd
Suneaw jou HH3 Sunesw HH3
YHMm sjusnjed YHMm sjuaned
(E¥S 40 %S°C8) 8¥71 (E¥S 40 %S°LT) G6 (%T°66) €S (540 %0°08) (540 %0°02) T (%6°0) S
(#9¥ 40 %S"¥8) T6E (19 40 %S°'ST) ¢L (%L ¥8)¥9¥Y (1830 %¥'TL) 09 (78 40 %9°82) ¥ (%€°ST) ¥8
(925 40 %T°€8) LEV (926 40 %6'9T) 68 (%€°66) 925 (740 %0°09) ¢ (740 %0°05) ¢ (%8°0) 7
(L¥S 40 %9°28) TS (VS 30 %¥'LT) S6 (%8°66) L¥S 0 (T30 %0°00T) T (%20 T
(005 40 %8°€8) 6T (005 40 %Z'9T) 18 (%C'76)00S (817740 %8'89) €€ (8% 40 %E°1€) ST (%8°8) 8¥
(S¥S 40 %8°28) TS (S¥S J0 %ELT) ¥6 (%5°66) G (€J0%E€E) T (€40%L99)C (%9°0) €
(€€ 40 %S ¥8) 99¢ (E€¥ 40 %S°ST) L9 (%0'6L) €€ (STT 40 %8'17L) 98 (STT 40 %T'ST) 62 (%0°'T2) STT
(8%S 40 %S°T8) ¢S (8175 40 %S'LT) 96 (%0°00T) 8%S - - 0
(S0€ 40 %6°G8) 79T (S0€ JOo %TVT) €V (%6'9G) S0 (T€CIOBTLL)8LT  (TET IO %6'CT) €S (%1°ev) 1€C
(16€ 40 %5°18) 1€ (16€ 40 %5°8T) €L (%6 TL)¥6E  (PSTIO%T'S8)TET  (PST 40 %6¥T) €C (%1°82) ¥ST
(TES Jo %1'€8) eV (T€S J0 %9°9T) 88 (%¥'£6) TES (#T 40 %6°CY) 9 (#T 40 %T'LS) 8 (%972) ¥T
%0€ < uoldely %0€ 5 uoljoely (%) N %0€ < uoldely %0€ 5 uoljoely (%) N
uonalz uonoaly uonaly uonoalz
e1133142 SuilLsw Jo0u HHJ YHM sjualled eLald el191110 Suleaw HHJ Yum sjusaiied e1493142 Suj3saw

Suneaw jou HH3

yum syuaned

923 YHm syuaired

(3uasaud ela)ld g |[e) pely s,4984agpjoD

T > PAS/PAY—UOLIILID paIY) S,49819gp|oD
AWG'0 S SPea| quii| Y3 Jo yoea uj apnyjdwe

SYO 8301 —UOLIS}IID PUOIIS S,49843GpP|0D

AW G°E < 9AY 10 SAY + CAS
10 TAS—UOLIS}IID }S41) S,49819qp[0D)

eLa3 533

(,SPeaT [e1p1023.d snongdi3uod
2 1S3 B U] Ww QT Uey3 J23eals pue spea|
quil| || Ul ww G ueyy ssa| 98e3|0A SYD

40T < 40 91005 SYD 19359A19S payylidwiis
¥ ‘114 “14/9AY 40 soned 98e3(oA ||y

(B13IID paIy3 pue
15414 5,198490P|09D + UOIEINP SYD [BWIXEA]

o€ 2

JuoLIs3Ld

P4IY3 5,498490p|09 + UoEINP SYO [eWIXe|n
RITNE 6]

15414 5,49819Gp|0D) + UOIEINP SYD [eWIXE|N

SW HZT = UOIIRIND SYD [BWIXEIN

(3uasaud ela3ld ¢ ||e) pely s Ja819gp|oD

T > $AS/P/ANd—UOLISLID Py} 5,19819GP|0D)
AWG'Q S Spes| quii| 3y} Jo yoea ul apniijdwe

SYD €30 —UOLI}IID PUOIS S,49849GpP|0D)

AW G°E < 9AY 10 GAY + CTAS
10 TAS—UOLISILID }S1} S,49813qp|0D)

eu9)d 513

(@)

17
(0]

M < n 0

(877G = N) uolI21d HHJF ay3 Su3dsw jou sjualed pue uolia}Id HIHF ue Sussw sjusiied Ul %0y 5 (4) %0E 5 (8) 440INd 43 Yyum sjusijed Jo Joquinu Jo uosuedwo)d 4 J19VL



8 of
81t | \WiLEY

(Continued)

TABLE 4

Patients with

Patients with
ECG meeting
criteria

ECG not meeting

criteria

Patients with ECG not meeting criteria

Patients with ECG meeting criteria

Ejection

Ejection

Ejection

Ejection

p value

fraction > 40%

fraction < 40%

N (%)

fraction > 40%

fraction < 40%

N (%)

ECG criteria

PANICKER ET AL.

<.0001
2217

246 (56.8% of 433)
284 (52.1% of 545)

187 (43.2% of 433)
261 (47.9% of 545)

433 (79.0%)
545 (99.5%)

8(33.0% of 115)

7 (67.0% of 115)
3(100.0% of 3)

115 (21.0%)
3(0.55%)

Maximal QRS duration = 124 ms®

5

0

Maximal QRS duration + Goldberger's first

criterion’

.0003

271 (54.2% of 500)

229 (45.8% of 500)

13 (27.1% of 48) 500 (91.2%)

35(72.9% of 48)

48 (8.8%)

Maximal QRS duration + Goldberger's third

criterion’

.9708

284 (51.9% of 547)

263 (48.1% of 547)

547 (99.8%)

0

1(100.0% of 1)

1(0.2%)

Maximal QRS duration + Goldberger's first

and third criteria®

1.0000
<.0001

275 (52.3% of 526)

251 (47.7% of 526)
129 (39.45% of

327)

2 (50.0% of 4) 526 (99.2%)

2 (50.0% of 4)

4 (0.8%)

All voltage ratios of RV6/RI, RIl, RIII > 3¢
Simplified Selvester QRS Score of > 78

9

198 (60.55% of 327)

327 (59.67%)

135 (61.09% of 86 (38.91% of 221)

221)

221 (40.33%)

10

9346

282 (51.9% of 543)

261 (48.1% of 543)

543 (99.1%)

2 (40.0% of 5)

3(60.0% of 5)

5(0.9%)

QRS voltage less than 5 mm in all limb

11

leads and greater than 10 mm in at least 2

contiguous precordial Leads’

leads < 0.8 mV, and (c) RV4/SV4 < 1. Goldberger attributed these
ECG findings to a spatial shift in the QRS vector perpendicular
to the frontal plane and toward the transverse plane as a conse-
quence of ventricular dilation. Interestingly, none of our patients
had an ECG meeting all criteria of the triad. Two other studies have
evaluated these criteria in patients with LV dysfunction. Cincin
et al studied 143 patients with heart failure that included 106 with
LV dysfunction defined as LVEF < 50 and 92 with coronary artery
disease. Only 10 patients of the 106 fulfilled all three criteria (sen-
sitivity 9.4%, specificity 100%, positive predictive value 100%, and
negative predictive value 27.8%) (Cincin et al., 2012). In another
study, Lopez et al studied 51 patients with severe LV dysfunction
defined by LVEF < 20%; 7 of these had coronary artery disease
(Lopez et al., 2012; Madias, 2012). The ECG triad was present in
only in 1 out of their 51 patients. Thus, the triad seems to be a
very insensitive criterion to identify patients with reduced ejection
fraction.

Of the 3 components of the Goldberger triad, the first criterion
(SV1 or SV2 + RV5 or RV6 = 3.5 mV) was one of the 6 criteria that
we identified as potentially useful to identify patients with LVEF
above or below a cutoff of 40% or 30%. The sensitivity of this cri-
terion to identify patients with LVEF < 40% was only 5%, and the
negative predictive value was 53%. The other 5 potentially useful
criteria too had a low sensitivity: Goldberger's third criterion (RV4/
SV4 < 1) and the Simplified Selvester QRS score had the best sen-
sitivity of 51% and 51.1% each, and the sensitivity of the remaining
3 criteria ranged from 1.1% to 29.2%. The negative predictive val-
ues ranged from 52.1% to 60.6% for these 6 criteria. All 6 criteria
performed better when used to identify patients with LVEF < 30%:
The negative predictive value improved and ranged from 82.8% to
85.9%, though sensitivity remained low and ranged from 2.1% to
55.2%. Here too, Goldberger's third criterion (RV4/SV4 < 1) per-
formed the best with a negative predictive value of 85.9% and sen-
sitivity of 55.2%. Thus, none of these criteria met the characteristics
of a useful screening test (high sensitivity and high negative predic-
tive value) (Schwartz, 2005) to identify patients with a LVEF < 40%,
although they were all more sensitive in identifying patients with
LVEF < 30%.

Another potentially useful criterion was the simplified Selvester
QRS score, which was primarily developed as a method to estimate
infarct size based on ECG findings (Wagner et al., 1982). It was sub-
sequently found to correlate well with survival, and its prognostic
value was explained largely by its correlation to left ventricular
function (Palmeri et al., 1982). Palmeri et al studied the value of this
scoring system for assessing left ventricular function after acute
myocardial infarction and found a significant inverse linear rela-
tionship between the simplified Selvester score and LVEF (Palmeri
etal., 1982). Their findings suggested that a simplified Selvester QRS
score of > 10 would identify patients with LVEF < 30% and a score
of > 7 would identify patients with LVEF < 40% (Palmeri et al., 1982).
Although we found a statistically significant difference in the LVEF
in patients with ECGs meeting this criterion and those without,

the sensitivity (51%) and negative predictive value (60.6%) of this
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FIGURE 2 Negative predictive value (NPV), positive predictive value (PPV), specificity, and sensitivity and for each of the ECG criteria
with LVEF cutoff of 30% (Panel a) and LVEF cutoff of 40% (Panel b). (N = 548)
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TABLE 5 Left ventricular ejection fraction (LVEF) versus number of ECG criteria met in 548 subjects with previous MI (N = 548)

Left ventricular ejection fraction cutoff of 30%

Left ventricular ejection fraction cutoff of 40%

Number of ECG
criteria met?

Total number of

patients® (N) LVEF < 30% fraction > 30%

0 164 15 (9.15%) 149 (90.9%)
1 220 41 (18.6%) 179 (81.4%)
2 109 23(21.1%)  86(78.9%)
3 51 15 (29.4%) 36 (70.6%)
4 2 (50%) 2 (50%)

>4 0 0 0

2 (Chi-square for 0.0019

Trend) P Value

Left ventricular ejection

Total number of Left ventricular ejection

patients® (N) LVEF < 40%  fraction > 40%
141 41 (29.1%) 100 (70.9%)
171 80 (46.8%) 91 (53.2%)
141 78 (55.3%) 63 (44.7%)
89 60 (67.4%) 29 (32.6%)
5(83.3%) 1(16.7%)
0 0 0
<0.0001

aSimplified Selvester QRS Score of > 10 was used as cutoff for LVEF < 30% and Simplified Selvester QRS Score of > 7 was used as cutoff for

LVEF < 40%.

PNumber of patients with ECGs meeting the specified number of criteria. The numbers in these columns differ for LVEF < 30% and LVEF < 40%
because different cutoff values of the Simplified Selvester QRS Score were used in the two groups.

criterion were poor (mean + SD of 37 + 10.2% versus 42.5 + 11%,;
p <.0001 for Selvester QRS score of > 7 for identifying patients with
LVEF < 40%). Similarly, the sensitivity (25%) for Selvester QRS score
of > 10 for identifying patients with LVEF < 30% was poor, though
the negative predictive value was high (84.5%).

Although none of the previously defined criteria had suffi-
ciently high sensitivity or negative predictive values to serve as a
screening test, three criteria were highly specific in identifying pa-
tients with LVEF < 40%. These were Goldberger's first criterion
(SV1 or SV2 + RV5 or RV6 = 3.5 mV) with a specificity of 99.6%,
Goldberger's first criterion plus maximal QRS duration > 124 ms
(specificity 100%) and Goldberger's third criterion plus maximal
QRS duration > 124 ms (specificity 95.4%). However, the number
of patients with ECGs meeting these criteria was extremely small:
Goldberger's first criterion was present in ECGs of only 14 (2.6%)
patients of which 13 (92.9%) had LVEF < 40%, Goldberger's first cri-
terion plus maximal QRS duration > 124 ms was seen in 3 patients
(all had LVEF = 40%), and Goldberger's third criterion (RV4/5V4 <1)
plus maximal QRS duration > 124 ms was seen in 48 patients (35 had
LVEF < 40%).

Subgroup analysis showed that diagnostic value of the 6 poten-
tially useful ECG criteria did not differ in subgroups based on gen-
der, age, diabetes, hypertension, and number of prior episodes of
myocardial infarction and were not much better in any subgroup as
compared to the overall study population.

5 | CONCLUSION

Although echocardiography is most commonly used to quantify
LVEF, we attempted to validate the usefulness of the 12 lead ECG
to identify patients with previous Ml who had reduced LVEF using
existing ECG criteria. Our study differed from previous studies in
that this was a large cohort of patients with previous Ml where

the presence of the infarct as well as the LVEF were confirmed by

cardiac MRI. Moreover, ECGs as well as cardiac MRI scans were
analyzed in a central laboratory, thereby limiting observer vari-
ability. Of the eleven previously defined ECG criteria studied for
their value as a screening test to identify patients with reduced
LVEF, LVEF was statistically significantly lower in patients with
ECGs meeting 6 of these criteria. However, none of these crite-
ria had a sufficiently high sensitivity or negative predictive value
to serve as screening tests to identify patients with reduced
LVEF. However, three criteria (presence of SV1 or SV2 + RV5 or
RV6 = 3.5 mV with or without a maximal QRS duration = 124 ms
and RV4/5V4 < 1 plus maximal QRS duration = 124 ms) had high
specificity to identify patients with reduced LVEF, even though
these were seen in < 9% of all patients studied. Our study sug-
gests the need to develop better ECG criteria as the present ECG
criteria do not permit the use of the 12-lead ECG as a screening
tool to identify patients with previous Ml who have reduced LVEF.
Whether other ECG criteria can better identify LV dysfunction re-

mains to be determined.
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