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Background: The cardiac electrical biomarker (CEB) is a novel electrocardiographic 
(ECG) marker quantifying the dipolar activity of the heart with higher levels indicat-
ing myocardial injury.
Methods: We prospectively enrolled 1097 patients presenting with suspected non-
ST-elevation myocardial infarction (NSTEMI) to the emergency department (ED). 
Digital 12-lead ECGs were recorded at presentation and the CEB values were calcu-
lated in a blinded fashion. The final diagnosis was adjudicated by two independent 
cardiologists. The prognostic endpoint was all-cause mortality during 2 years of 
follow-up.
Results: NSTEMI was the final diagnosis in 14% of patients. CEB levels were higher in 
patients with NSTEMI compared to other causes of chest pain (median 44 (IQR 21–
98) vs. 30 (IQR 16–61), p < .001). A weak but significant correlation between levels of 
high-sensitivity cardiac troponin T (hs-cTnT) at admission to the ED and the CEB was 
found (r = .23, p < .001). The use of the CEB in addition to conventional ECG criteria 
improved the diagnostic accuracy for the diagnosis of NSTEMI as quantified by the 
area under the receiver operating characteristics curve from 0.66 to 0.71 (p < .001) 
and the sensitivity improved from 43% to 79% (p < .001).
Conclusion: In conclusion, the CEB, an ECG marker of myocardial injury, significantly 
improves the accuracy and sensitivity of the ECG for the diagnosis of NSTEMI.
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1  | INTRODUC TION

Acute myocardial infarction (AMI) is a major cause of death and dis-
ability worldwide. As highly effective treatments are available, early 
and accurate detection of AMI is crucial (Nawar, Niska, & Xu, 2007; 
Anderson et al., 2013; Hamm et al., 2011; Kontos, Diercks, & Kirk, 
2010; Thygesen et al., 2012). Clinical assessment, the 12-lead elec-
trocardiography (ECG), and cardiac troponin (cTn) form the pillars for 
the early diagnosis of AMI. While major advances have been achieved 
by the development of high-sensitive (hs-)cTn assays (Thygesen et al., 
2012; Safford et al., 2013; Reichlin et al., 2009; Keller et al., 2009, 2011; 
Reichlin et al., 2012; Reiter et al., 2011; Gimenez et al., 2014; Reichlin 
et al., 2011; Haaf et al., 2012), progress in the analysis and interpreta-
tion of the 12-lead ECG has been very limited over the past decade.

Nevertheless, the 12-lead ECG has unique logistic advantages as 
compared to high-sensitive (hs)-cTn testing. First, the ECG allows a 
rapid identification of patients presenting with ST-segment elevation 
myocardial infarction (STEMI) that derive a survival benefit from im-
mediate coronary revascularization (Steg et al., 2012). Second, the 
ECG can be performed immediately at presentation to the emergency 
department (ED), or even earlier in prehospital environment (Al-Zaiti, 
Martin-Gill, Sejdic, Alrawashdeh, & Callaway, 2015). Turnaround 
time for hs-cTn is often more than 60 minutes. In addition, the re-
lease of cTn is a time-dependent phenomenon. Accordingly, two 
measurements are necessary in the vast majority of patients even 
with hs-cTn (Roffi et al., 2016). Third, the ECG is universally available, 
while hs-cTn assays are still not available in many institutions world-
wide. Accordingly, novel 12-lead ECG markers indicative of non-ST-
elevation myocardial infarction (NSTEMI) could have an enormous 
potential to impact on the early diagnosis of NSTEMI.

The cardiac electrical biomarker (CEB) has been investigated as a 
novel ECG marker quantifying the multipolar versus dipolar activity of 
the heart with higher levels possibly indicating acute myocardial ischemic 
injury (Schreck & Fishberg, 2014). Multipolar activity rises from myocar-
dial ischemic injury altered polarization behavior of affected myocardial 
cells. Two pilot studies showed a high diagnostic accuracy of the CEB for 
the detection of AMI when compared to standard ST-segment analysis 
(Schreck & Fishberg, 2014, 2015). A third study found an association be-
tween increased CEB values and increased high-sensitive cardiac tropo-
nin I (hs-cTnI) levels (Tereshchenko, Gatz, Feeny, & Korley, 2014).

The incremental diagnostic value of the CEB on top of stan-
dard ECG signals for the early diagnosis of NSTEMI is unknown. We 
therefore performed a large prospective diagnostic cohort study to 
examine the diagnostic value of the CEB, alone and in conjunction 
with conventional ECG criteria, in unselected patients presenting to 
the ED with symptoms suggestive of NSTEMI.

2  | METHODS

2.1 | Study design and population

Advantageous Predictors of Acute Coronary Syndrome Evaluation 
(APACE) is an ongoing prospective international multicenter study 

designed to advance the early diagnosis of AMI (ClinicalTrials.gov 
registry, number NCT00470587) (Reichlin et al., 2009, 2012, 2011; 
Boeddinghaus et al., 2016, 2017). Unselected patients presenting to 
the ED with symptoms suggestive of AMI (such as acute chest dis-
comfort and angina pectoris) with an onset or peak within the last 
12 hr and an age >18 were recruited. Patients with terminal kidney 
failure requiring dialysis were excluded. Further details regarding the 
study design can be found in the appendix.

For this analysis, only patients enrolled at the University Hospital 
Basel, Switzerland, were included. From April 2006 to May 2013, 
a total of 2121 unselected patients were enrolled. Patients with-
out a digital 12-lead ECG (n = 350) or with insufficient ECG qual-
ity (n = 538) were excluded, as were patients with a QRS duration 
>120 ms (n = 103) on the presenting ECG. Furthermore, patients 
presenting with STEMI (n = 33) were excluded, because no addi-
tional ECG markers are needed in those patients. Patients with ST-
elevations for other conditions such as for example, perimyocarditis 
however were included. This left 1097 patients eligible for this anal-
ysis (Figure S1).

The study was carried out according to the principles of the 
Declaration of Helsinki and approved by the local ethics committees. 
Written informed consent was obtained from all patients. The au-
thors designed the study, gathered, and analyzed the data according 
to the STARD guidelines for studies of diagnostic accuracy (Bossuyt, 
2003).

2.2 | Adjudication of final diagnoses

Details on the adjudication of AMI have been published previously 
(Reichlin et al., 2009, 2012, 2011, 2009) and are given in Appendix 
S1. In brief, AMI was defined and hs-cTn levels interpreted as rec-
ommended in current guidelines (Thygesen et al., 2012, 2012, 2007; 
Apple, Jesse, Newby, Wu, & Christenson, 2007). AMI was diagnosed 
when there was evidence of myocardial necrosis with a significant 
rise and/or fall of hs-cTn levels in a clinical setting consistent with 
myocardial ischemia (Thygesen et al., 2012, 2007).

2.3 | Recording of ECGs for assessment of the CEB

At presentation to the ED, a digital 10 seconds, 12-lead resting ECG 
was recorded using the standard ECG machine (AT 110, Schiller AG, 
Baar, Switzerland). The sampling frequency was 500 Hz (signal band-
width 0.05–150 Hz) and the resolution 1 μV/bit.

2.4 | Manual analysis of standard 12-lead ECGs

All 12-lead resting ECGs were manually interpreted in the ECG core-
lab at the University Hospital Basel by internal-medicine specialists 
blinded to the clinical and biochemical patient’s details. ECG mani-
festations indicative of NSTEMI (ST-depressions and T-wave inver-
sions) during manual interpretation were defined as recommended 
in current guidelines (Thygesen et al., 2012). Given that STEMI pa-
tients were excluded and the focus of the analysis was on the ECG 
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detection of NSTEMI, we did not consider neither ST-elevations due 
to other conditions (such as perimyocarditis) nor hyperacute T waves 
as an indicator of NSTEMI.

2.5 | CEB computation

CEB values were calculated by the manufacturer (VectraCor®, 
Totowa, NJ, USA) in a blinded fashion as previously described in ref-
erence 19. In brief, acute ischemia alters the polarization behavior 
of myocardial cells leading to a potential gradient between ischemic 
regions and surrounding cells. Figure 1a shows normal ventricular 
depolarization behavior, where the body surface potential is ap-
proximated by a dipole potential (arrow, top). The time-dependent 
potential differences projected onto the leads (arrow, bottom) result 
in an ECG curve. Figure 1b shows additionally an ischemic region. 
The change in surface potential is approximated by extra dipoles 
(three arrows). The overall surface potential is of multipolar nature. 
CEB reflects the multipolar versus dipolar activity of the heart. The 

CEB is displayed as a numerical index with higher values represent-
ing a larger overall contribution of multipolar activity in the cardiac 
electrical field and hence a higher probability of acute myocardial 
ischemic injury, including AMI. Other than performing the CEB anal-
yses, VectraCor® had no role in the design of the study, the analysis 
of the data, the preparation of the manuscript, or the decision to 
submit the manuscript for publication.

2.6 | Blood sampling and laboratory methods

Blood samples for determination of hs-cTnT (Elecsys 2010, Roche 
Diagnostics) and hs-cTnI (Abbott Laboratories, IL) were collected in 
serum tubes at presentation to the ED. For the hs-cTnT assays, the limit 
of blank and limit of detection were determined to be 3 and 5 ng/L, re-
spectively. The 99th-percentile of a healthy reference population was 
reported at 14 ng/L, with an imprecision corresponding to 10% CV at 
13 ng/L (Giannitsis et al., 2010). The hs-cTnI assay has a 99th percen-
tile concentration of 26.2 ng/L with a corresponding coefficient of var-
iation (CV) of <5% and a limit of detection (LoD) of 1.9 ng/L (Koerbin 
et al., 2012). The estimate of the glomerular filtration rate (GFR) was 
calculated with the chronic kidney disease epidemiology collaboration 
equation (CKD-EPI) (Levey et al., 2009).

2.7 | Follow-up

After hospital discharge, patients were contacted after 3, 12, and 
24 months by telephone calls or in written form. Information regard-
ing death was furthermore obtained from the national registry on 
mortality, the hospital’s diagnosis registry and the family physician’s 
records.

2.8 | Statistical analysis

Continuous variables are presented as mean (standard deviation) or 
median (interquartile range [IQR]); categorical variables as numbers 
and percentages. Differences in baseline characteristics between 
patients with and without NSTEMI were assessed using the Mann–
Whitney U test for continuous variables and the Pearson chi-square 
test for categorical variables. Correlations among continuous variables 
were assessed with the use of the Spearman rank-correlation coef-
ficient and for correlations including a binary variable the Kendall cor-
relation rank was computed. The Fisher Z transformation and Fisher 
Z test were used for the comparison of correlations in independent 
groups. From the individual ECG changes a score was calculated, as-
signing 5 points for ST-depression and 2 points for T-wave inversion, 
to quantify conventional ECG changes (Abächerli et al., 2017). This 
score accounts for the various standard ECG changes in patients with 
symptoms suggestive of NSTEMI. Receiver operating characteristic 
(ROC) curves were constructed to assess the diagnostic accuracy for 
the diagnosis of NSTEMI for the CEB and the ECG score. Optimal cut-
off values were selected based on the Youden index.

The CEB and the ECG score were combined using binary logis-
tic regression analysis. Comparison of areas under the ROC curves 

F IGURE  1 Cardiac electric biomarker (CEB) reflecting the 
multipolar versus dipolar activity of the heart. Acute ischemia 
alters the polarization behavior of myocardial cells leading to a 
potential gradient between ischemic regions and surrounding cells. 
(a) Normal ventricular depolarization behavior, where the body 
surface potential is approximated by a dipole potential (arrow, top). 
The time-dependent potential differences projected onto the leads 
(arrow, bottom) result in an ECG curve. (b) Additionally an ischemic 
region. The change in surface potential is approximated by extra 
dipoles (three arrows). The overall surface potential is of multipolar 
nature
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(AUC) was performed as recommended by DeLong, DeLong, & Clarke-
Pearson, (1988). Sensitivities and specificities were compared using 
McNemar’s test (Trajman & Luiz, 2008). Survival rates during 2 years 
of follow-up according to CEB tertiles were calculated and the log-
rank test was used to assess differences in survival between groups. 
Multivariable Cox regression analysis was used to assess the prognos-
tic value of the CEB after adjustment for age and cardiovascular risk 
factors including hypertension, diabetes, and coronary artery disease.

All hypothesis testing was two-tailed and p-values <.05 were 
considered statistically significant. All statistical analyses were per-
formed using R 3.3.1 (R Core Team, 2016) with package Survival 
2.39.5 (Therneau, 2015; Therneau & Grambsch, 2000).

3  | RESULTS

3.1 | Characteristics of patients

Baseline characteristics of the 1097 patients with acute chest pain 
are shown in Table 1. The adjudicated final diagnosis was NSTEMI in 
150 patients (14%). Unstable angina (UA) was the diagnosis in 118 
(11%), cardiac symptoms of origin other than coronary artery dis-
eases (CAD) in 140 (13%), noncardiac symptoms in 639 (58%), and 

symptoms of unknown origin in 50 (4.6%). At presentation to the ED 
and recording of the ECG, 497 patients (45%) still had active symp-
toms, and 255 patients did not (23%). For 341 patients (31%), it was 
unknown whether they had active symptoms.

3.2 | Levels of the CEB

Overall, the median CEB was 31 (IQR 17–65). The distribution of sev-
eral baseline characteristics across CEB tertiles are shown in Table 2. 
Patients in higher CEB tertiles were older and had more cardiovascular 
risk factors as well as more often a history of CAD, AMI, and revas-
cularization. Patients in higher CEB tertiles underwent more often a 
percutaneous coronary intervention (PCI) or a coronary artery bypass 
surgery (CABG). With regard to standard ECG parameters, we found 
no relevant correlations between the CEB and QRS duration (r = .045, 
p = .13) or QTc interval (r = .11, p < .001). In patients with presence 
of either ST-depressions or T-wave inversion, CEB levels were sig-
nificantly higher (p < .001) compared to those without ECG changes 
indicative of ischemia (median 45, IQR 20–102 vs. median 30, IQR 
16–60). Results from linear regression analysis for the predictors of 
CEB are shown in Table 3. The strongest predictor of CEB was found 
to be age followed by other cardiovascular risk factors.

TABLE  1 Baseline characteristics of the patients in the study cohort

All patients (n = 1,097) NSTEMI (n = 150) Others (n = 947) p value

Age—year 57 (46–71) 68 (56–77) 56 (44–69) <.001

Male gender—no. (%) 751 (68) 117 (78) 634 (67) .009

Risk factors—no. (%)

Hypertension 603 (55) 115 (77) 488 (52) <.001

Hypercholesterolemia 492 (45) 96 (64) 396 (42) <.001

Diabetes 134 (12) 33 (22) 101 (11) <.001

Current smoking 320 (29) 40 (27) 280 (30) .529

History of smoking 366 (33) 56 (37) 310 (33) .309

History—no. (%)

Coronary artery disease 350 (32) 79 (53) 271 (29) <.001

Previous myocardial infarction 247 (23) 59 (39) 188 (20) <.001

Previous revascularization 301 (27) 68 (45) 233 (25) <.001

Creatinine clearance (CKD-EPI)—(ml/
min/1.73 m2)

94 (78–106) 85 (64–97) 95 (81–107) <.001

ECG findings

CEB 31 (17–65) 44 (21–98) 30 (16–61) <.001

T-inversion—no. (%) 110 (10) 41 (27) 69 (7) <.001

ST-depression—no. (%) 99 (9) 45 (30) 54 (6) <.001

Heart rate (bpm) 72 (63–82) 71 (63–81) 72 (63–82) .582

QRS duration (ms) 96 (90–104) 98 (90–104) 96 (90–103) .292

QTc time (ms) 426 (410–442) 435 (416–455) 424 (408–441) <.001

Biomarker

hs-cTnT (ng/L) 7 (4–14) 59 (23–157) 6 (4–10) <.001

Treatment

PCI/CABG—no. (%) 158 (14) 96 (64) 62 (7) <.001
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Median hs-cTnT levels at admission to the ED were 7 ng/L (IQR 
4–14) in the overall cohort. In patients with NSTEMI, levels were sig-
nificantly higher compared to patients with other causes of chest pain 
(59 ng/L (IQR 23–157) vs. 6 ng/L (IQR 4–10), p < .001). A weak but 
statistically significant correlation between levels of hs-cTnT at ad-
mission to the ED and the CEB was found (r = .23, p < .001). For a 
subgroup of 864 patients (79%), hs-cTnI levels were available at pre-
sentation. Similarly, a weak but statistically significant correlation be-
tween levels of hs-cTnI at admission to the ED and the CEB was found 
(r = .24, p < .001). A significant difference in correlation between levels 
of hs-TnT and CEB, or between levels of hs-TnI and CEB, in the group 
of early presenters, patients presenting within 3 hr of onset of infarct 
symptoms, compared to late presenters, could not be found (p > .05).

3.3 | Diagnostic value of CEB levels

Overall, CEB levels were higher in patients with NSTEMI as com-
pared to patients with other causes of chest pain (median 44 

(IQR 21–98) vs. median 30 (IQR 16–61), p < .001). Median CEB 
levels in patients with unstable angina and cardiac symptoms 
other than coronary artery disease were 40 (IQR 23–84) and 
34 (IQR 16–60) (p = .48 and 0.006 for comparison with patients 
with NSTEMI).

The diagnostic accuracy of the CEB at presentation for the di-
agnosis of NSTEMI as quantified by the area under the receiver 
operating characteristic curve (AUC) was 0.62 (95 % CI 0.57–0.66, 
Figure 2). The diagnostic value of the CEB was similar regardless of 
the presence or absence of active symptoms (AUC 0.61 vs. 0.63, 
p = .75).

Evaluating the value of the CEB as a diagnostic test for NSTEMI, 
ROC curve yielded an optimal cutoff value of 32. Using this cut-
off value yielded sensitivity, specificity, negative predictive values 
(NPV), and positive predictive values (PPV) of 68%, 53%, 91%, 
and 19%. The diagnostic results of the previously published CEB 
thresholds of 65 and 95 are shown in Table 4 (Schreck & Fishberg, 
2014).

TABLE  2 Baseline characteristics of patients in relation to CEB tertiles

Tertile 1 (CEB < 20) 
(n = 368)

Tertile 2 (CEB 20–48) 
(n = 367)

Tertile 3 (CEB > 48) 
(n = 362) p value

Age—year 50 (40–62) 57 (47–69) 64 (53–74) <.001

Male gender—no. (%) 265 (72) 251 (68) 235 (65) .119

Risk factors—no. (%)

Hypertension 159 (43) 206 (56) 238 (66) <.001

Hypercholesterolemia 133 (36) 165 (45) 194 (54) <.001

Diabetes 35 (10) 44 (12) 55 (15) .063

Current smoking 132 (36) 109 (30) 79 (22) <.001

History of smoking 99 (27) 130 (35) 137 (38) .004

History—no. (%)

Coronary artery disease 76 (21) 121 (33) 153 (42) <.001

Previous myocardial infarction 46 (12) 85 (23) 116 (32) <.001

Previous revascularization 62 (17) 104 (28) 135 (37) <.001

Creatinine clearance (CKD-EPI)—(ml/
min/1.73 m2)

101 (88–111) 94 (78–105) 87 (71–98) <.001

ECG findings

CEB 12 (8–17) 32 (25–39) 89 (65–140) <.001

T-inversion—no. (%) 26 (7) 27 (7) 57 (16) <.001

ST-depression—no. (%) 26 (7) 28 (8) 45 (12) .021

Heart rate (bpm) 74 (63–87) 70 (62–81) 72 (63–79) .014

QRS duration (ms) 96 (90–102) 96 (88–102) 98 (90–104) .236

Biomarker

hs-cTnT (ng/L) 5 (3–10) 6 (4–13) 9 (5–18) <.001

Diagnosis

NSTEMI (%) 35 (10) 44 (12) 71 (20) <.001

Treatment

PCI/CABG—no. (%) 36 (10) 52 (14) 70 (19) .001

ECG, electrocardiogram; hs-cTnT, high-sensitivity cardiac troponin; NSTEMI, non-ST-elevation myocardial infarction; PCI, percutaneous coronary in-
tervention; CABG, coronary artery bypass surgery; numbers are presented as median (IQR) or numbers (%); CKD-EPI, chronic kidney disease epidemiol-
ogy collaboration equation.
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3.4 | Incremental diagnostic value of the CEB in 
addition to conventional ECG interpretation for the 
diagnosis of NSTEMI

ECG changes indicative of NSTEMI, being ST-depressions or T-wave 
inversions, were found in 15% of the patients. NSTEMI was the final 
diagnosis in 39% of patients with ECG changes compared to 9% in 
those without (p < .001). The presence of any conventional ECG 
changes indicative of ischemia used as a binary variable reached a sen-
sitivity of 43%, a specificity of 89%, a NPV of 91%, and a PPV of 39%.

A previously published score incorporating conventional ECG 
changes was calculated assigning 5 points for ST-depressions and 
2 points for T-wave inversions (Abächerli et al., 2017). This score 
accounts for the various standard ECG changes in patients with 
symptoms suggestive of NSTEMI. The diagnostic accuracy of this 
conventional ECG score for the diagnosis of NSTEMI as quantified 
by the AUC was 0.66 (95% CI 0.62–0.70), which was similar com-
pared to the AUC of the CEB (p = .16, Figure 2).

The combination of the two markers significantly improved the 
diagnostic accuracy provided by the conventional ECG marker score 
alone, with an AUC of 0.71 (95% CI 0.66–0.76, p < .001 for compar-
ison, Figure 2).

The combination of the CEB as a binary marker at the ROC-
derived cutoff of 32 and the presence of conventional ECG changes 
improved the sensitivity of the ECG from 43% to 79% (p < .001 for 
comparison) and the NPV from 91% to 94%, while the specificity 
decreased from 78% to 48% and the PPV from 29% to 20%.

In the group of patients without ECG changes indicative of 
NSTEMI (85% of the overall cohort), the diagnostic accuracy of 
the CEB for the diagnosis of NSTEMI as quantified by the AUC was 
0.60 (95% CI 0.54–0.66) as opposed to 0.57 (95% CI 0.47–0.66) in 
patients with ECG changes indicative of NSTEMI (p = .56 for com-
parison). The sensitivities, specificities, NPV, and PPV of the CEB in 
those important subgroups are shown in Table 4b,c.

3.5 | Prognostic value of the CEB for the 
prediction of mortality during follow-up

During 2 years of follow-up, there were 41 deaths with a median 
time to death of 349 days. Median CEB levels in deceased patients 
were not significantly higher as compared to those in survivors (41 
(IQR 18–82) vs. 31 (IQR 17–64), p = .23). Cumulative 2-year sur-
vival rates were 98%, 99%, and 94% according to tertiles of the 
CEB (p = .14), with a trend toward a higher mortality in patients in 
the third tertile compared to those in the first two tertiles (p = .06, 
Figure 3). However, after adjustment for important baseline vari-
ables in multivariable analysis (including age and cardiovascular risk 
factors such as hypertension, diabetes and coronary artery disease), 
this association was no longer observed (p = .86).

4  | DISCUSSION

This large observational study assessed the diagnostic and prognos-
tic value of the CEB, a novel ECG marker quantifying the multipolar 
activity of the heart for the diagnosis of NSTEMI. We report five 
major findings:

First, higher CEB values were found in patients that were older, had 
more cardiovascular risk factors, had more often a history of CAD, and 
had more often an AMI and a revascularization. Second, we found a weak 
correlation between levels of the CEB and hs-cTnT (r = .23, p < .001) as 
well as hs-cTnI (r = .24, p < .001). Third, CEB levels were significantly 
higher in patients with NSTEMI as compared to patients with other di-
agnoses (median 44 (IQR 21–98) vs. median 30 (IQR 16–61), p < .001). 
The diagnostic accuracy of the CEB for the diagnosis of NSTEMI was 
moderate and similar to that of a score quantifying conventional ECG 
criteria (AUC 0.62 vs. 0.66, p = .16). Fourth, the combined use of the 
CEB and conventional ECG criteria increased the AUC from 0.66 to 
0.71 (p < .001) and the sensitivity of the ECG for NSTEMI from 43% 
to 79% (p < .001). And fifth, there was a trend toward a higher mortal-
ity during 2-year follow-up in patients in the third tertile compared to 

TABLE  3 Linear regression of predictors of CEB

CEB ~ Variable r p

Age—year .175 <.001

History of coronary artery disease .129 <.001

Hypertension .127 <.001

Hypercholesterolemia .123 <.001

Standard ECG changes indicative of 
NSTEMI

.109 <.001

r is the correlation coefficient. r2 is the coefficient of determination.

F IGURE  2 ROC curves at presentation for the diagnosis of 
NSTEMI. Area under the receiver operator characteristic (ROC) 
curves for a score incorporating conventional ECG criteria (CON 
ECG, green line) and the cardiac electrical biomarker (CEB, red 
line) at presentation, and the combination (blue line) of both in the 
diagnosis of non-ST-elevation myocardial infarction (NSTEMI)
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those in the first two tertiles in univariate analysis. After adjustment for 
important baseline characteristics including age and cardiovascular risk 
factors, this association however was no longer observed.

Our findings have clinical implications. The ECG is the corner-
stone of the diagnosis of STEMI patients. In NSTEMI patients, how-
ever, the conventionally recommended ECG markers of ischemia 
(Thygesen et al., 2012) such as ST-segment depression and T-wave 
inversion have an acceptable specificity (89% in our study), but 
suffer from a low sensitivity (43% in our study). ECG markers with 
improved sensitivity for NSTEMI that are simple, readily available, 
and interpretable by a wide range of healthcare professionals, are 
a major unmet clinical need. The proposed CEB is a fully automated 
ECG marker representing multipolar versus dipolar activity in the 
cardiac electrical field, higher levels indicate a higher probability of 
NSTEMI. It is immediately and automatically calculated and reported 
by the ECG machine as a number, similar to the results of a blood 
test. Accordingly, its interpretation is simple and does not require 
additional training in ECG reading, which makes it suitable for use 
in the ED.

The findings of this large diagnostic study extend and corrobo-
rate previous pilot studies on the possible clinical utility of the CEB 
for the diagnosis of AMI (Schreck & Fishberg, 2014, 2015). In the 
largest published series to date, Schreck and Fishberg used 508 ECG 
obtained from various ECG databases and reported a sensitivity 
of 85%–94% and a specificity of 93% for the CEB to automatically 
detect standard ECG changes suggestive of myocardial ischemia 
(Schreck & Fishberg, 2014). These results however must not be 
confounded with the diagnostic accuracy of the CEB for AMI: given 
that the gold standard was the presence of standard ECG changes 
suggestive of AMI during manual ECG interpretation, a NSTEMI 

TABLE  4  (a) All patients, (b) patients without standard ECG changes indicative of NSTEMI, (c) patients with standard ECG changes 
indicative of NSTEMI

n = 1,097, AUC = 0.62

CEB diagnostic results

CEB threshold Sens Spec NPV PPV

(a)

ROC-optimized cutoff 32 68 53 91 19

Manufacturer threshold for AMI inclusion (Schreck & Fishberg, 2014) 95 27 87 88 25

Manufacturer threshold for AMI exclusion (Schreck & Fishberg, 2014) 65 39 77 89 21

n = 931, AUC = 0.60

CEB diagnostic results

CEB threshold Sens Spec NPV PPV

(b)

ROC-optimized cutoff 32 64 54 94 13

Manufacturer threshold for AMI inclusion (Schreck & Fishberg, 2014) 95 21 88 92 16

Manufacturer threshold for AMI exclusion (Schreck & Fishberg, 2014) 65 33 78 92 13

n = 166, AUC = 0.57

CEB diagnostic results

CEB Threshold Sens Spec NPV PPV

(c)

ROC-optimized cutoff 32 73 41 71 44

Manufacturer threshold for AMI inclusion (Schreck & Fishberg, 2014) 95 34 78 66 50

Manufacturer threshold for AMI exclusion (Schreck & Fishberg, 2014) 65 48 67 67 48

AMI, acute myocardial infarction; Sens, sensitivity; Spec, specificity; NPV, negative predictive value; PPV, positive predictive value.

F IGURE  3 Kaplan–Meier curves for the cumulative survival 
according to CEB tertiles. Kaplan–Meier curves displaying 
survival during 24 months of follow-up according to CEB tertiles. 
Differences in survival were assessed using the log-rank test. 
p = .14 for the comparison of the CEB tertiles
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patient without ECG changes (which is the case in more than half 
of all NSTEMI patients) was classified as a non-AMI patient in that 
study. Furthermore, 70% of the AMI patients included were STEMIs. 
Therefore, this study assessed the ability of the CEB to automatically 
detect standard ECG changes particularly in STEMI patients.

Our study extends the previous CEB-data by assessing the diag-
nostic value of the CEB for the first time in NSTEMI patients. Using 
a gold standard diagnosis incorporating a composite of hs-cTn lev-
els, 12-lead ECG and all other available information as suggested 
in current guidelines (Thygesen et al., 2012) we found significantly 
higher CEB values in NSTEMI patients compared to patients with 
other causes of chest pain. When used in addition to conventional 
ECG changes, the CEB allowed for a remarkable improvement of the 
ECG sensitivity for NSTEMI from 43% to 79%. The optimal cutoff 
found in our study (CEB 32) is remarkably lower compared to what 
has been found in the study by Schreck (CEB 95 for rule-in, CEB 
65 for rule-out) (Schreck & Fishberg, 2014) and reflects the import-
ant difference in the gold standard used as well as the exclusion of 
STEMI patients in our study that accounted for 70% in the Schreck 
study (Schreck & Fishberg, 2014).

Tereshchenko et al., (2014) assessed the correlation of hs-cTnI 
and the CEB in patients with suspected AMI. While they did not 
find a correlation between the CEB levels and baseline hs-cTnI lev-
els, they did find a correlation with hs-cTnI levels after 3 h. In con-
trast, we did find a weak but statistically significant correlation in 
our cohort between CEB levels and both hs-cTnT and hs-cTnI levels 
already at presentation. The only weak or even missing correlation 
is probably mainly explained by the fact that the CEB mainly reflects 
myocardial ischemia rather than necrosis such as the cardiac tro-
ponins. However, the diagnostic value of the CEB was not different 
in patients with active symptoms at the time of the ECG compared 
to those painfree. Our findings suggest that the CEB reflects a sum-
mary of the underlying cardiovascular risk factors rather than merely 
indicating myocardial ischemia.

It is important to highlight that as with any other novel diagnostic 
marker, the CEB should always be used in conjunction with (and cer-
tainly not replace) all other available information from clinical assess-
ment, blood tests and also from the standard ECG. The particular 
added value of the CEB would be to assist in the very early identifi-
cation of NSTEMI patients without standard ECG changes but typ-
ical symptoms even before the troponin results become available. 
However, even though the use of the CEB in addition to conven-
tional ECG criteria improved the diagnostic accuracy for NSTEMI (in-
crease in AUC from 0.66 to 0.71 p < .001), NSTEMI was diagnosed in 
only 20% of patients in the third CEB tertile, indicating a lot of false 
positive cases. Despite the increase in ECG sensitivity from 43% 
to 79% (p < .001), NSTEMI was still diagnosed in 10% of patients 
in the lowest CEB tertile. Accordingly, the diagnostic performance 
is clearly inferior compared to diagnostic algorithms based on high-
sensitive troponins (Reichlin et al., 2012; Boeddinghaus et al., 2016), 
and the search for other, better ECG markers of NSTEMI must go on 
in order to increase the clinical significance of novel automated ECG 
markers indicative of NSTEMI.

4.1 | Limitations

Potential limitations of the present study merit consideration. First, 
we cannot comment on the value of the CEB in patients with a 
wide QRS complex >120 ms, because those patients were excluded 
from analysis. Given that bundle branch blocks result in remarkable 
changes of both depolarization as well as repolarization, we assume 
that the resulting changes to the cardiac electrical field make di-
agnostic value of the CEB in those patients unlikely. Second, there 
were no imaging data available to assess the association of left ven-
tricular hypertrophy or old scars with CEB levels. Third, we did not 
record serial ECGs in our patients. Therefore, we cannot asses dy-
namic CEB changes nor CEB changes after resolution of ischemia. 
Serial ECGs could have increased the diagnostic value, as well as the 
pathophysiological understanding of the CEB Marker. Fourth, this is 
a single center study, and our results require validation in independ-
ent cohorts. Fifth, we have assessed the value of the CEB in patients 
at rest in the ED. Whether or not the marker would be helpful to de-
tect myocardial ischemia in patients undergoing ECG stress testing 
cannot be answered from our data.

5  | CONCLUSION

In conclusion, the CEB, an ECG marker quantifying the multipo-
lar versus dipolar activity of the heart, significantly improves the 
diagnostic accuracy of the ECG for the diagnosis of NSTEMI and 
increases the ECG sensitivity from 43% to 79% when used in addi-
tion to conventional ECG changes. However, the search for other, 
better ECG markers of NSTEMI must go on in order to increase the 
clinical significance of novel automated ECG markers indicative of 
NSTEMI.
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