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a b s t r a c t
Objective: The objective of this study us to stratify by gender a new cardiac electrical biomarker (CEB) diagnostic
accuracy for detection of acute myocardial ischemic injury (AMII).
Methods: This is a noninferiority retrospective, case-control, blinded study of 310 archived measured electrocardiograms (ECGs) acquired from 218 men and 92 women. The CEB is constructed from the derived ECG (dECG)
synthesized from 3 leads. Electrocardiograms were included if acquired less than or equal to 1 day from patient
presentation. Electrocardiograms were interpreted by 2 blinded physicians and adjudicated by consensus.
Standard ST analyses and computerized ECG interpretations were active controls. Electrocardiograms were
excluded for noise and baseline wander, age younger than 18 years, and ectopic beats in the 10-second ECG
acquisition. Diagnostic accuracy measures of sensitivity, speciﬁcity, positive and negative predictive values, and
likelihood ratios were stratiﬁed by gender. Measured vs derived ECG correlations were quantitatively compared
using Pearson correlation and qualitatively by percent agreement methodology.
Results: The CEB sensitivities for AMII detection in men and women were 93.9% and 90.5%, respectively, and CEB
speciﬁcities were 90.7% and 95.2%, respectively, and were superior to active controls. Derived and measured
ECGs showed high correlation for both men and women with r = 0.857 and r = 0.893, respectively. Reference
standard intra-agreement analysis for measured ECGs and dECGs with AMII was 99.4%.
Conclusions: The CEB demonstrates high diagnostic accuracy for detection of AMII in men and women. The ECG can
be derived with accuracy from 3 leads. This technology is an efﬁcient real-time method of identifying patients with
AMII who are being monitored in acute care settings.
© 2014 Elsevier Inc. All rights reserved.

1. Introduction
The concepts of a new and novel cardiac electrical biomarker (CEB)
and the derived 15-lead electrocardiogram (ECG) have been recently
reported by Schreck and Fishberg [1,2]. Brieﬂy, cardiac electrical activity
is reported to be highly dipolar [3,4], and as such, only 3 measured
orthogonal leads should be needed to actually derive this composite
15-lead ECG from just 5 body surface electrodes that are connected to
a cardiac rhythm monitoring device. This will allow continuous cardiac
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rhythm monitoring with the added simultaneous advantage of
acquiring the derived 12-lead ECG (dECG) and scalar 3-lead derived
vectorcardiogram, a composite 15-lead ECG, instantaneously and in
real-time using 1 cardiac rhythm monitoring device. The objective of
this study is to identify the CEB diagnostic accuracy, stratiﬁed by gender,
compared to active controls (ACs).
2. Materials and methods
This is a noninferiority, retrospective, blinded, case-control, paired
comparator [5] study of ECGs from 218 men and 92 women.
These 310 measured ECGs (mECGs) of various morphologies were
obtained from 2 databases including an archived National Institutes of
Health–funded Physiobank PTBDB database [6] and a database from
Muhlenberg Regional Medical Center (Plainﬁeld, NJ). The Muhlenberg
Regional Medical Center database includes consecutive patients who
were admitted to the emergency department (ED) with chest pain.
Patients included men and women, age 18 years or older. The standard mECGs were acquired using a Marquette MAC-15 machine
(GE Healthcare, Waukesha, WI). The study ECGs represent a gender stratiﬁcation subanalysis of a recent prior study by Schreck and Fishberg [1].
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Fig. 1. ST criteria for ECG interpretation of AMII.

Electrocardiograms were included if acquired less than or equal to 1 day
from patient presentation. Electrocardiograms were excluded for excessive noise and baseline wander, age younger than 18 years, and paced
or ectopic beats in the 10-second ECG period from which a “median
beat” is determined.

The dECGs were constructed from 3 measured leads I, II, and V2,
which were converted to a 3-lead orthogonal basis set of {I, aVF, V2}
[7] using Einthoven triangular geometric relationships. The 15-lead
dECGs were synthesized from this orthogonal lead set. The CEB is constructed from the median beat from each dECG using the VectraplexECG
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MRMC: 94
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Missing leads

Wandering baseline
Duplicate ECGs same day

Paced rhythm
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ECG = Electrocardiogram
UPTM = Universal patient transformation matrix
PVC = Premature ventricular contraction
EP
= Emergency physician
AMI = Acute myocardial infarction
Fig. 2. Flow diagram for case enrollment. Abbreviations: UPTM, universal patient transformation matrix; PVC, premature ventricular contraction; AMI, acute myocardial infarction.
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Table 1
Characteristics of study population
n
Male %
Age (all)
Median age (male)
Median age (female)
Non-AMII%
Median age non-AMII
Male % non-AMII
Median age male non-AMII
Median age female non-AMII
AMII%
Median age AMII
Male % AMII
Median age male AMII
Median age female AMII
AMII% without Q wave
Inferior wall AMII%
Lateral wall AMII%
Anterior wall AMII%
Septal wall AMII%
Posterior wall AMII%

310
70.3%
54.8 ± 14.7
54.0 ± 13.5
58.6 ± 16.2
78.4%
52.4 ± 14.4
71.6%
51.7 ± 13.9
54.1 ± 15.5
21.6%
63.8 ± 12.0
65.7%
59.7 ± 10.8
71.6 ± 10.2
62.7%
49.3%
22.4%
29.9%
26.9%
25.4%

System (VectraCor, Inc, Totowa, NJ) and is a measure of the dipolar
energy in the cardiac electrical ﬁeld.
The CEB was compared to each AC that included the 12-lead ECG
computer interpretation and the ST analysis voltage parameters ST0
(J point) and ST area under curve (STSUM). The STSUM points included
the lead voltages at the J point and at 20, 60, and 80 milliseconds after
the J point (ST0, ST20, ST60, and ST80, respectively).
There were 2 reference standards including 1 board-certiﬁed
emergency physician (EP) and 1 board-certiﬁed cardiologist who independently interpreted the ECGs and were blinded to each other's interpretations. The 2 reference standards also adjudicated the results at
study completion. The rationale for this process was to simulate a
“real-world” situation where the EP identiﬁes an ECG as consistent
with acute myocardial ischemic injury (AMII) and then discusses the
ECG ﬁndings with the cardiologist for corroboration such that immediate care (ie, cardiac catheterization laboratory activation or ﬁbrinolytic
administration) could be implemented based on facility protocols. The
criteria reported by Thygesen et al [8] were used by the reference standards to interpret ECGs for the presence of ST changes consistent with
ST-segment elevation myocardial infarction (STEMI) and non-STEMI
and are shown in Fig. 1.
Measured vs derived ECGs correlations were quantitatively
compared using Pearson correlation coefﬁcient (r) and qualitatively by
reference standard percent agreement methodology [9].
The CEB diagnostic accuracy parameters including sensitivity, speciﬁcity, negative and positive predictive values (NPV and PPV), likelihood
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ratios (LR+ and LR−), and odd ratios (ORs) were identiﬁed and compared to the ACs in a noninferiority design [5] and stratiﬁed by gender
using a 1-sided (α b .025, 1 − β = 0.90) interval with 95% conﬁdence
statistical analysis.
The study was conducted in a community academic teaching hospital.
The institutional review board approved this study methodology and
exempted the need for informed consent.

3. Results
The case selection process is shown in Fig. 2 and followed accepted
guidelines for acquisition and reporting [10]. Table 1 shows the characteristics of the patient population in the study. Table 2 shows the CEB
sensitivities, speciﬁcities, NPV, PPV, LR +, LR −, and OR for AMII
detection in men and women, also stratiﬁed by reference standard
and adjudication. The detailed CEB sensitivity analyses, also known as
the true-positive rate (TPR), and the 1 − speciﬁcity analyses, also
known at the false-positive rate, are shown in Figs. 3 to 8. These ﬁgures
show the analyses of the CEB/AC ratios stratiﬁed by gender, AC, and reference standard interpretation with adjudication. The CEB is considered
a positive test for AMII if greater than 94 and negative for AMII if less
than 66. The CEB is considered indeterminate from 66 to 94. As such,
the sensitivity is also stratiﬁed by “actual” and “worst” case scenarios.
The worst-case scenario is such that any CEB in the indeterminate
region is considered a false-positive or false-negative result.
Fig. 3 shows the sensitivity (TPR) analyses stratiﬁed by gender
and AC for the EP reference standard. The CEB was noted to be
noninferior by hypothesis testing, but superiority was statistically
demonstrated using the actual data compared to the ACs. Fig. 4 shows
the false-positive rate (FPR), also known as 1 − speciﬁcity. The CEB
was noted to be noninferior by hypothesis testing, but superiority was
statistically demonstrated using the actual and worst case data compared to the ACs.
Figs. 5 to 6 show the same TPR and FPR analyses for the cardiology
reference standard. The CEB is shown to be noninferior by hypothesis
testing for the TPR analyses. The CEB is shown to superior to ACs in
the FPR analyses.
Figs. 7 to 8 show the same TPR and FPR analyses as adjudicated by
the reference standards to mimic the real-world situation where the
EP and cardiologist both collaborate on the ECG interpretation. The
CEB is again shown to be noninferior by hypothesis testing in both the
TPR and FPR analyses, but superiority was demonstrated in the actual
data TPR analysis. Superiority was also demonstrated for both actual
and worst case data FPR analysis.
All CEB diagnostic accuracy measures were signiﬁcant (P b .025). Derived vs measured 12-lead ECGs showed high correlation for both men
and women with r = 0.857 and r = 0.893, respectively. Because the CEB
is constructed from the dECG, it is important to demonstrate the correlation between the mECG and dECG to support the diagnostic accuracy

Table 2
Cardiac electrical biomarker diagnostic accuracy parameters

EP

Cardiology

Consensus

Men
Women
Total
Men
Women
Total
Men
Women
Total

AMII

CEB

CEB

CEB

CEB

CEB

CEB

CEB

CEB

n

Prevalence

Sensitivity

Speciﬁcity

NPV

PPV

LR(+)

LR(−)

OR

Utility

222
92
314
228
98
326
218
92
310

18.5%
36.6%
20.1%
15.4%
32.1%
16.3%
20.9%
25.0%
20.6%

92.7%
95.5%
93.7%
82.9%
94.4%
86.8%
93.9%
90.5%
92.2%

91.1%
91.9%
91.3%
82.8%
80.0%
82.0%
90.7%
95.2%
92.9%

98.1%
98.3%
98.1%
96.1%
98.2%
96.7%
97.5%
98.3%
97.7%

71.7%
80.8%
74.7%
48.3%
54.8%
50.5%
79.6%
76.9%
78.7%

10.38
11.84
10.77
4.83
4.72
4.82
10.09
19.00
13.02

0.08
0.05
0.07
0.21
0.07
0.16
0.07
0.10
0.08

129.2
239.4
154.9
23.2
68.0
29.9
149.2
190.0
154.9

92.2%
91.3%
93.3%
94.3%
89.8%
92.9%
94.5%
91.3%
93.5%
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Fig. 3. Emergency physician ECG interpretation: CEB:AC actual and worst case sensitivities for men and women. Abbreviations: TPR, true-positive rate (sensitivity); δ, effect margin; ST0, Jpoint ST voltage; STSUM, area under curve of ST-segment voltages at J point and 20, 60, and 80 milliseconds after J point.

Fig. 4. Emergency physician ECG interpretation: CEB:AC actual and worst case false positive rates for men and women. Abbreviation: FPR, false-positive rate (1 − speciﬁcity).
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Fig. 5. Cardiologist ECG interpretation: CEB:AC actual and worst case sensitivities for men and women.

Fig. 6. Cardiologist ECG interpretation: CEB:AC actual and worst case false positive rates for men and women.
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Fig. 7. Adjudicated ECG interpretation: CEB:AC actual and worst case sensitivities for men and women.

of the dECG for AMII cases. Table 3 shows the quantitative
Pearson r correlations of the mECGs vs the corresponding dECGs by
each derived lead.
Table 4 shows reference standard percent inter-agreement and
intra-agreement analysis for mECGs and dECGs with AMII.

4. Discussion
The concept of the derived ECG is not new and has been reported by
several investigators [11-17]. Now that recent guidelines for STEMI [18]
and non-STEMI [19] care have called for frequent serial ECGs to be acquired, the utilization of the derived ECG technology may now become
more advantageous and clinically useful. The use of the derived ECG
may also be cost effective by using less electrodes and minimizing technician and nursing time.
It was very important to note that this study demonstrated high
correlations between the mECG and dECG. This is a very important
ﬁnding because (1) the CEB is constructed from the derived ECG
and (2) the dECG must be similar to the mECG to bring clinical
value and validation. The high inter-agreement and intraagreement analysis also lends support for the use of the dECG in
the clinical setting.
The concept of the CEB allows a more efﬁcient method for
observing patients being evaluated for chest pain equivalents in
any acute care setting, particularly the ED. The CEB is obtained
continuously and displayed on the cardiac monitor in real time
allowing immediate identiﬁcation of a potential AMII in the proper clinical setting.
It was interesting to note that the CEB diagnostic accuracy parameters were very favorable in both men and women. Speciﬁcally, the

high diagnostic accuracy results found in women were unexpected
given the reported difﬁculties of identifying coronary disease in the female population [20-22].
There are several limitations of this study that should be understood.
This is a retrospective study for which prospective trials are needed
and are already underway. In addition, it should be noted that the
prevalence of disease in the population studied was approximately
20% and may be considered by some to be higher than expected.
However, it was interesting to note that the CEB likelihood
ratios and OR, which are not dependent on prevalence [23], were
very favorable.

5. Conclusions
The CEB demonstrates high diagnostic accuracy for detection of AMII
for men and women when compared to standard ST-segment analysis
and ECG computer interpretation ACs. The 12-lead ECG can be derived
with accuracy from just 3 leads directly from the cardiac monitor. The
measured and derived 12-lead ECGs show high qualitative and quantitative correlation. This technology will allow an immediate, costeffective, and efﬁcient means of identifying patients with AMII who
are being monitored in acute care settings.

Acknowledgments
The authors acknowledge Patricia Wright and the Atlantic Health
System Overlook Medical Center library staff for their assistance in
the extensive literature searching required for the preparation of
this manuscript.

Please cite this article as: Schreck DM, Fishberg RD, Detection of acute myocardial ischemic injury by gender using a novel cardiac electrical
biomarker, Am J Emerg Med (2015), http://dx.doi.org/10.1016/j.ajem.2014.12.029

D.M. Schreck, R.D. Fishberg / American Journal of Emergency Medicine xxx (2015) xxx–xxx

7

Fig. 8. Adjudicated ECG interpretation: CEB:AC actual and worst case false positive rates for men and women.

Table 3
Pearson correlation (r) for each of the measured vs derived leads and the 12-lead ECG
Pearson r

n
III
aVR
aVL
aVF
V1
V3
V4
V5
V6
12-lead

Table 4
Percent agreement results for reference standards
EP dECG vs EP mECG

Men

Women

218
1.00
1.00
1.00
1.00
0.88
0.90
0.71
0.71
0.73
0.86

92
1.00
1.00
1.00
1.00
0.90
0.89
0.77
0.78
0.84
0.89

Cardiology mECG vs cardiology dECG

EP mECG vs cardiology mECG

EP dECG vs cardiology dECG

EP dECG vs cardiology mECG

EP mECG vs cardiology dECG
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