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Background: Since the introduction of the electrocardiogram 
(ECG) in 1902, the fundamentals of ECG data acquisition, 
display, and interpretation in the clinical arena have not 
changed much. 
Objectives: To present a new method to enhance and improve 
acquisition, analysis, and display of the standard ECG. 
Methods: We performed ECG enhancement by superimposition 
and summation of multiple standard ECG cycles of each lead, 
by temporal alignment to peak R wave and voltage alignment 
to an improved baseline, at the T-P segment. 
Results: We enhanced ECG recordings of 504 patients who 
underwent coronary angiograms for routine indications. Several 
new ECG features were noted on the enhanced recordings. 
Examination of a subgroup of 152 patients with a normal rest 
12-lead ECG led to the discovery of a new observation, which 
may help to distinguish between patients with and without 
coronary artery disease (CAD): namely, a spontaneous cycle-to-
cycle voltage spread (VS) at the S-T interval, normalized to VS 
at the T-P interval. The mean normalized VS was significantly 
greater in those with CAD (n=61, 40%) than without (n=91, 
60%), 5.61 ± 3.79 vs. 4.01 ± 2.1 (P < 0.05).
Conclusions: Our novel method of multiple ECG-cycle super- 
imposition enhances the ECG display and improves detection 
of subtle electrical abnormalities, thus facilitating the standard 
rest ECG diagnostic power. We describe, for the first time, 
voltage spread at the S-T interval, an observed phenomenon 
that can help detect CAD among individuals with normal rest 
12-lead ECG. 
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S ince 1902, when Willem Einthoven introduced the electro-
cardiogram (ECG), this method has become an established 

medical diagnostic tool [1]. Several modifications of the ECG 
were introduced over the years but basically the fundamentals 
of ECG data acquisition, and its display and interpretation in the 
clinical arena, have not changed much since Einthoven’s time. 

We designed a new system that combines a slightly modified 
machine with novel software for enhancement, analysis, and 
display of ECGs using contemporary computing technology.

The purpose of the current study was to describe our novel 
method for ECG enhancement, and to demonstrate the vir-
tues of the enhanced ECG display. Our investigation led to 
the observation of new parameters that were derived from the 
improved ECGs. We tested the potential of these parameters to 
improve the limited diagnostic power of standard rest 12-lead 
ECG for identification of patients with significant underlying 
CAD [2]. Our new technique enhances the ECG signal by using 
a novel processing method for summation and superimposition 
(not averaging) of multiple ECG complexes of each lead. The 
method reveals fine waves that are undetected or can be missed 
in standard ECG displays. 

PATIENTS AND METHODS
ECG ACQUISITION DEVICE 

To improve sampling duration and accuracy of a standard ECG 
acquisition device, we selected a 3-channel machine (Nihon 
Kohden ECG-6511; Nihon Kohden, Tokyo, Japan), which 
simultaneously acquired 3 minutes of synchronized mul-
tiple leads. To simplify our analysis we took two simultaneous 
acquisitions: leads I, II, III, representing the limb leads; and 
subsequently leads V2, V4, V6, representing the chest leads. We 
developed dedicated software to capture and perform measure-
ments, digital operations, and display and to store the data on 
the three synchronized channels. Standard ECGs were taken 
for comparison at a paper speed of 25 mm/s, calibration of 10 
mm/mV, and regular filtering.

MULTIPLE ECG CYCLE SUMMATION FOR SIGNAL ENHANCEMENT

To enhance the ECG signal, multiple cycles (about 200) from 
each lead were superimposed to obtain a single improved 
graphical display of the complex. To acquire a consistent 
superimposition, temporal and voltage (i.e., baseline) align-
ments were performed. Voltage alignment was based on the 
ECG T-P-interval recognized and displayed as the “true zero,” 
which should always be at baseline and which is used as a 
reference of S-T segment deviation since there are no specific 
disease conditions that elevate or depress the T-P segment. 
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The mathematical formulation is based on a complex linear 
regression model, which is beyond the scope of this paper, that 
automatically corrects for any breathing-related baseline shifts 
or baseline noise. Few sporadic extreme noises were eliminated 
from the final enhanced graphic formation. 

For temporal alignment, the well detectable R wave peak 
was chosen as a “point of collection” for all the cycles, after 
baseline alignment. 

DISPLAY

We developed a novel method for displaying multiple com-
plexes on a single image. Our method enables rapid observation 
of both the structure of the complex and the variations as well 
as outliers that may occur in each ECG lead. After alignment 
for voltage by baseline correction, and for time by peak R-wave, 
we superimposed all ECG cycles on top of each other in a 2-R-R 
interval window. Regions of the image that had a denser col-
lection of beats were brighter and more strongly colored. The 
bordering red lines represent one standard deviation from the 
voltage median position [Figure 1, Figure 2, Figure 3, Figure 4]. 
The R-R interval variability is added as an extra diagnostic tool. 

STATISTICAL METHOD

Student’s t-test was used to calculate P values for all variables. To 
compare between the leads, we used the paired sample test. For 
prediction analysis we used the receiver operating characteristic 
(ROC) curves for all leads together and for each lead separately. 
We used the best area under the curve (AUC) to obtain sensitivity 
and specificity. Statistical analysis was performed using IBM SPSS 
statistics software, version 20 (IBM Corp, Armonk, NY, USA).

DIAGNOSTIC ACCURACY STUDY 

We studied consecutive patients who were scheduled for a 
coronary angiogram for standard clinical indications. Exclusion 
criteria were: clinical instability, multiple premature electrical 
activity or atrial fibrillation, conduction abnormalities, and 
refusal to participate in the study. 

Prior to performing the coronary angiogram, a standard rest 
12-lead ECG recording was obtained from all patients. Clinical 
data were documented and all ECG recordings were stored 
digitally for off-line analysis.

Three minute recordings of synchronized multi-leads were 
acquired (leads I-II-III and leads V2-V4-V6, which are good 
representations of the limbs and the chest leads). 

Figure 1. Enhanced lead I versus the traditional standard 
electrocardiogram (ECG) of a patient with normal ECG and normal 
coronary arteries. Note on the enhanced lead, the much better graphic 
display and no voltage spread and the R-R interval variability rate

1: Acquired electrocardiogram (ECG) multiple complexes. 2: R-R 
intervals (horizontal axis: minutes, vertical axis: time sampling units: 
2000 = 1 second). [A] enhanced lead (horizontal axis: time sampling 
unit: 2000 = 1 second, vertical axis: voltage sampling units).  
[B] Traditional standard lead (corresponding lead). The complete 
normal standard ECG is depicted to show also the gain and bandwidth

Figure 2. Enhanced lead I versus the traditional standard lead I 
of a patient with 3-vessel coronary artery disease. Note on the 
enhanced lead, the much better graphic display, the S-T-elevation 
and the extra wave at the J point that cannot be seen in the standard 
electrocardiogram below. Note also the low R-R interval variability rate

1: Acquired electrocardiogram (ECG) multiple complexes. 2: R-R 
intervals (horizontal axis: minutes, vertical axis: time sampling units: 
2000 = 1 second). [A] enhanced lead (horizontal axis: time sampling 
unit: 2000 = 1 second, vertical axis: voltage sampling units). 
[B] Traditional standard lead (corresponding lead). The complete 
normal standard ECG is depicted to show also the gain and bandwidth5000
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method, several new ECG graphic features with unique quali-
ties emerged. 

The following are selected examples that demonstrate the 
virtues of the enhanced ECG display:

Figure 1 presents an enhanced lead I versus 
the regular standard ECG of a 45 year old man presenting 
with chest pain and a normal 12-lead ECG. The angiogram 
showed NCA. Lead 1, as shown in the standard recording, 
varies from complex to complex, and thus, a consistent inter-
pretation based on this lead is difficult. In contrast, the same 
lead I after signal enhancement, has a much better quality 
and superb visualization of even minute features of the 
electrical activity, such as the appearance of two atrial com-
ponents in the P wave, which are not visible in the standard 
recording. In addition, prominent R-R interval variability 
can be seen in the top panel. 

 Figure 2 presents an enhanced lead I versus 
the regular standard lead I of a 76 year old man present-
ing with anginal pain. His standard 12-lead rest ECG was 
normal. The angiogram showed triple vessel CAD. Besides 

Our gold standard was coronary anatomy obtained by 
angiography. Patients were classified as having normal coro-
nary arteries (NCA) or significant CAD, which was defined as 
≥ 50% stenosis of the minimal lumen diameter in any major 
coronary artery.

The study protocol was approved by the Hillel Yaffe Medical 
Center institutional review board and ethics committee. The 
study was registered as NCT01909817.

RESULTS 
We recruited 504 patients for participation in this study. First, to 
learn the method, we included all comers with no exclusion cri-
teria, and then we focused on patients with normal rest 12-lead 
ECG. Mean age was 58 ± 12 years, 375 (74%) were males, 135 
(27%) presented with acute MI, 53 (11%) with unstable angina, 
80 (16%) with chest pain only, 138 (27%) with chest pain and 
ECG changes, and 98 (19%) with ischemia in a functional test 
(cardiac stress test, radio-nucleic scan, stress echo). 

ECG ENHANCEMENT DISPLAY AND NEW FEATURES

The first aim of this study was to depict the novel graphic 
capability of the new algorithm. Using our enhancement 

Figure 3. Enhanced lead II versus the traditional standard lead II of 
a patient with significant left main disease and total right coronary 
artery occlusion. Note on the enhanced lead, the superior graphic 
display and the S-T-depression that can be appreciated in the 
enhanced figure but not in the standard electrocardiogram (ECG) 
below. Note also the low R-R interval variability rate

1: Acquired electrocardiogram (ECG) multiple complexes. 2: R-R 
intervals (horizontal axis: minutes, vertical axis: time sampling units: 
2000 = 1 second). [A] enhanced lead (horizontal axis: time sampling 
unit: 2000 = 1 second, vertical axis: voltage sampling units).  
[B] Traditional standard lead (corresponding lead). The complete 
normal standard ECG is depicted to show also the gain and bandwidth  

Figure 4. Enhanced lead II of a patient with a normal rest 12-lead 
electrocardiogram (ECG) but with severe coronary artery disease. 
Note on the enhanced lead, the typical wide voltage spread. The two 
red lines bordering the ECG complex represent one standard deviation 
from the voltage median position. Note also the low R-R interval 
variability rate

1: Acquired electrocardiogram (ECG) multiple complexes. 2: R-R 
intervals (horizontal axis: minutes, vertical axis: time sampling units: 
2000 = 1 second). [A] enhanced lead (horizontal axis: time sampling 
unit: 2000 = 1 second, vertical axis: voltage sampling units). 
[B] Traditional standard lead (corresponding lead). The complete 
normal standard ECG is depicted to show also the gain and bandwidth
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Comparing results of VS between CAD and NCA patients, 
the most significant differences were noted in lead V2 and in 
patients with two-vessel disease (P values 0.03 and 0.02, respec-
tively). Using the ROC curve method, the largest area under the 
ROC curve was found for lead V2 (0.719) with a 67% sensitivity 
and 60% specificity to reveal coronary disease by the normal-
ized VS criteria. 

DISCUSSION
In the current study we describe a new method to acquire, 
enhance, and display rest-ECG signals. For each patient we 
acquired multiple consecutive ECG cycles at rest with a stan-
dard ECG machine (about 200 cycles per lead). The data was 
processed using a dedicated algorithm developed by BSA (Tel 
Aviv, Israel), which involved aligning the complexes for time 
to the R-wave peak, and for voltage to the T-P interval, and 
then superimposing them to assemble an enhanced display 
for each lead. This enhanced display presented a superior 
resolution [Figure 1, Figure 2, Figure 3, Figure 4] compared 
to standard ECGs, and in our view, brings the long standing 
19th century ECG graphic display to the 21st century. It also 
enabled derivation of new ECG parameters that could dis-
tinguish, in patients having normal standard ECG, between 
those with and without CAD. Remarkably, the normalized 
VS criteria detected coronary disease with greater sensitivity 
than was reported in a study of patients with S-T/T abnor-
malities, 67% vs. 51% [3].

The enhanced ECG signal enables a better visual display 
and shows details that could not be appreciated on traditional 
standard ECGs. These features facilitate the reading and inter-
pretation of the standard rest 12-lead -ECG. The new method 
is more intuitive to the common physician than several systems 
that claim better ECG visualization and interpretation such as: 

Standardized seventeen segment bull’s eye plot [3,4]
Signal averaged electrocardiography [3,5] 
Derived “3-dimensional” (spatial/spatio-temporal) ECG 
[6-9]
High-frequency QRS ECG [10]
Detailed studies of waveform complexity by singular value 
decomposition (SVD) [11-13]
Beat-to beat QT variability (QTV) [14-17]
R-wave to R-wave variability (RRV) [18-20] 

Most of these systems share a common problem: they dis-
play specific graphics that are not yet established in the general 
medical practice and are not familiar to most clinicians. Our 
display method merely enhances the visualization of the clas-
sic ECG waveforms, enabling clinicians to interpret the ECG 
with only minutes of training, while at the same time making it 
substantially easier to locate anomalies in the ECG. 

the improved visualization, additional features emerge from 
the enhanced graphics, which cannot be appreciated on the 
standard rest-ECG: a mild degree of S-T elevation, a small 
additional wave following the QRS complex (that may rep-
resent late potentials), and poor R-R interval variability on 
the top panel. 

Figure 3 presents the enhanced lead II versus 
the regular standard lead II of a 72 year old woman present-
ing with congestive heart failure (CHF) and chest pain. Her 
standard 12-lead rest ECG was normal and not diagnostic 
of CAD. Her angiogram showed a 70% narrowing of the 
left main ostium with a catheter-induced pressure drop and 
total occlusion of a non-dominant right coronary artery 
(RCA). The enhanced ECG differed from the standard lead 
in the clearly superior graphical qualities, the appearance of 
S-T depression that can hardly be seen in the standard lead, 
a wide, double peaked P wave that emerged, and the dem-
onstration of poor R-R interval variability on the top panel. 

VOLTAGE SPREAD: A NEW OBSERVATION THAT MAY CORRELATE 

WITH CAD 

In a subgroup of 152 (30%) patients we observed normal 
rest 12-lead ECG. Of them, 61 (40%) had significant CAD 
and 91(60%) had NCA. We noted on the enhanced display, 
an overall increase in S-T and P-R voltage level variability, 
mainly in patients with CAD. To quantify these phenomena 
we measured the width of this voltage spread (VS) at the 
S-T, the P-R and the T-P intervals, at three similar locations 
in each interval, on the same ECG lead (beginning, middle, 
and end), and obtained the mean width of the voltage vari-
ance for each interval. This result can be seen in the enhanced 
graph, in which the width is measured between the two lines, 
representing one standard deviation from the voltage median 
position [Figure 4]. To normalize the electrical variance among 
patients, we first computed the variance at the T-P interval, 
under the assumption that this variance represents the under-
lying measurement of noise. We then divided the mean VS at 
the S-T and P-R intervals by the mean VS at the T-P interval 
for the same patient in the same lead, and obtained normalized 
VS values for the S-T and P-R intervals (“VS at S-T” and “VS 
at P-R”, respectively).

Figure 1 shows an example of an enhanced lead I in a patient 
with NCA and almost no VS. In contrast, Figure 4 shows an 
example of an enhanced lead II of a patient with severe CAD 
and wide VS. Both patients had a normal baseline standard ECG.

 We analyzed normalized VS in the S-T and the P-R intervals 
in six leads (I, II, III and V2, V4, V6) for each patient. Mean 
values of the normalized VS in the S-T interval for the group 
with CAD versus the group with NCA were 5.61 ± 3.79 vs. 4.01 
± 2.1 (P < 0.05). A trend toward a similar phenomenon was 
noted for the P-R interval (5.37 ± 3.63 in CAD vs. 3.92 ± 2.31 
in NCA patients, P = 0.07). 
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Our system uses signal summation, which is totally different 
from the signal averaged electrocardiography (SAECG) method 
[5]. SAECG uses temporal averaging to reduce “random” or 
“uncorrelated noise” by calculating the square root of the num-
ber of waveforms averaged, in an attempt to resolve detailed 
features on the ECG complex. The described enhancement is 
not the result of simple “zooming-in”, because each added cycle 
(all together around 200) augments the graphic display of the 
specific lead.

As we have shown, in patients with normal rest 12-lead 
ECGs but who had CAD, we observed a random cycle-to-cycle 
shift of the baseline voltage, mainly at the S-T interval, and 
to a lesser extent at the P-R interval. This VS phenomenon 
could be seen only after voltage alignment to the T-P interval, 
as described previously. The superimposition with summation 
of multiple cycles is a unique feature of our new method. As 
shown, VS was significantly more prevalent in patients with 
CAD than in those with NCA (for example, Figure 1 for 
NCA vs. Figure 4 for CAD). Thus, VS cannot be explained by 
changes in heart rate or respiratory motion, as our improved 
baseline depends only on the T-P intervals before and after 
each cycle, as explained in the Patients and Methods sec-
tion. In this study, we have shown that this newly described 
phenomenon correlates with CAD and can thus increase the 
diagnostic power of standard rest ECG recordings. We did 
not study the correlation between VS and other heart diseases 
and we included only patients with known coronary anatomy 
acquired by angiogram. 

The VS is an observational phenomenon unique to our 
system and is described for the first time. It may have several 
theoretical explanations that require further scientific valida-
tion. It can be explained by uneven propagation of the cardiac 
electrical activity in hearts with some degree of atherosclerosis. 
This phenomenon can be seen mainly at the S-T interval, which 
represents the energy requiring re-polarization phase of the 
heart action potential, mainly at the left ventricle level. Similar 
phenomena can be seen, to a lesser degree, at the P-R interval, 
which represents the atria re-polarization. Relative or regional 
ischemia may induce spatially discordant alternans [21]. As a 
result, the action potential duration may alternate out of phase 
in different regions of the heart, markedly enhancing dispersion 
of refractoriness. 

LIMITATIONS

Our novel observations regarding the “voltage spread” phe-
nomenon are preliminary results that need further studies 
and validation on a larger patient group. Future studies should 
also address the relationship between CAD and R-R interval 
variability, as obtained by this new method. The added value 
of the enhanced ECG to other cardiologic disorders (arrhyth-
mias, conduction disturbances, cardiomyopathies) has yet to 
be explored. 

CONCLUSIONS

We describe a new technology that enhances and improves 
standard ECG display, and which may markedly increase cli-
nicians’ ability to analyze and interpret ECG. The enhanced 
ECG display may increase the diagnostic value of rest ECGs 
to detect CAD by using the familiar, inexpensive, easy-to-per-
form and side-effect-free, standard rest-ECG while retaining 
its well-known format. Further validation following recruit-
ment of a larger group of patients in a multi-center study, is 
still needed. 
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Asprosin is a recently discovered fasting-induced hormone 
that promotes hepatic glucose production. Duerrzchnid and 
colleagues demonstrated that asprosin in the circulation 
crosses the blood–brain barrier and directly activates 
orexigenic AgRP+ neurons via a cAMP-dependent pathway. 
This signaling results in inhibition of downstream anorexigenic 
proopiomelanocortin (POMC)-positive neurons in a GABA-
dependent manner, which then leads to appetite stimulation 
and a drive to accumulate adiposity and body weight. In 
humans, a genetic deficiency in asprosin causes a syndrome 
characterized by low appetite and extreme leanness. This 
phenomenon is phenocopied by mice carrying similar 

mutations and can be fully rescued by asprosin. Furthermore, 
the authors found that obese humans and mice had 
pathologically elevated concentrations of circulating asprosin 
and neutralization of asprosin in the blood with a monoclonal 
antibody reduced appetite and body weight in obese mice, in 
addition to improving their glycemic profile. Thus, in addition 
to performing a glucogenic function, asprosin is a centrally 
acting orexigenic hormone that is a potential therapeutic 
target in the treatment of both obesity and diabetes.

Nature Med 2017; 23: 1444
Eitan Israeli

Capsule

Asprosin is a centrally acting orexigenic hormone

Older adults are more likely to die after influenza A viral 
infection than younger adults. This effect is in part because 
monocytes from older people produce less interferon and 
show reduced induction of antiviral genes in response to 
infection. Molony and co-authors found that monocytes from 
older human donors showed impaired signaling downstream 

of the cytosolic RNA sensor RIG-I, which initiates the innate 
immune response to influenza A virus. Thus, restoring RIG-I 
signaling in older individuals may reduce age-related mortality 
from influenza A viral infection.

Sci Signal 2017; 10: eaan2392
Eitan Israeli

Capsule

Why aging attenuates antiviral responses

Lindholm Cordtz et al. studied the impact of the introduction of 
biological disease-modifying anti-rheumatic drugs (bDMARDs) 
and associated rheumatoid arthritis (RA) management 
guidelines on the incidence of total hip replacement (THR) 
and total knee replacement (TKR) in Denmark. The authors 
identified 30,404 patients with incident RA and 297,916 
general population cases (GPCs). In 1996, the incidence 
rate of THR and TKR was 8.72 and 5.87, respectively, among 
patients with RA, and 2.89 and 0.42 in GPCs. From 1996 to 
2016, the incidence rate of THR decreased among patients 
with RA, but increased among GPCs. Among patients with RA, 

the incidence rate of TKR increased from 1996 to 2001, but 
started to decrease from 2003 and throughout the bDMARD 
era. The incidence of TKR increased among GPCs from 1996 
to 2016. The authors concluded that the incidence rate of THR 
and TKR was threefold and 14-fold higher, respectively, among 
patients with RA compared with GPCs in 1996. In patients 
with RA, introduction of bDMARDs was associated with a 
decreasing incidence rate of TKR, whereas the incidence of 
THR had started to decrease before bDMARD introduction.

Ann Rheum Dis 2017; annrheumdis-2017-212424
Eitan Israeli

Incidence of hip and knee replacements in patients with rheumatoid arthritis following the 
introduction of biological DMARDs

Capsule


