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INSTRUCTIONS FOR USE 
The following Coverage Policy applies to health benefit plans administered by Cigna companies. Coverage Policies are intended to provide 
guidance in interpreting certain standard Cigna benefit plans. Please note, the terms of a customer’s particular benefit plan document 
[Group Service Agreement, Evidence of Coverage, Certificate of Coverage, Summary Plan Description (SPD) or similar plan document] may 
differ significantly from the standard benefit plans upon which these Coverage Policies are based. For example, a customer’s benefit plan 
document may contain a specific exclusion related to a topic addressed in a Coverage Policy. In the event of a conflict, a customer’s benefit 
plan document always supersedes the information in the Coverage Policies. In the absence of a controlling federal or state coverage 
mandate, benefits are ultimately determined by the terms of the applicable benefit plan document. Coverage determinations in each specific 
instance require consideration of 1) the terms of the applicable benefit plan document in effect on the date of service; 2) any applicable 
laws/regulations; 3) any relevant collateral source materials including Coverage Policies and; 4) the specific facts of the particular 
situation. Coverage Policies relate exclusively to the administration of health benefit plans. Coverage Policies are not recommendations for 
treatment and should never be used as treatment guidelines. In certain markets, delegated vendor guidelines may be used to support 
medical necessity and other coverage determinations. Proprietary information of Cigna. Copyright ©2014 Cigna 
 
 
Coverage Policy 
 
Cigna does not cover signal-averaged electrocardiography (SAECG) (CPT® code 93278) for any 
indication because it is considered experimental, investigational or unproven. 
 
Cigna does not cover remote algorithmic analysis of electrocardiographic-derived data (CPT code 
0206T) for any indication because it is considered experimental, investigational or unproven. 
 
Cigna does not cover electrocardiographic body surface mapping (CPT codes 0178T-0180T) for any 
indication because it is considered experimental, investigational or unproven. 
 
 
General Background 
 
Significant effort has been directed to the identification of patients at high risk for ventricular arrhythmias and in 
the diagnosis of patients with known or suspected coronary artery disease (CAD). Various non-invasive 
methods may be used for risk stratification in patients recovering from acute myocardial infarction (MI), and in 
patients with heart failure and diminished left ventricular ejection fraction. Standard 12-lead electrocardiography 
(ECG), Holter monitoring, microvolt T-wave alternans, and exercise stress testing may be used to determine the 
need for interventions such as drugs or automatic implantable cardioverter defibrillators (ICDs). Non-invasive 
methods used to determine the presence or evaluate the risk of CAD include 12-lead ECG, stress testing, with 
or without nuclear imaging, pharmacologic stress testing, and echocardiography, in combination with evaluation 
of medical and family history. Advanced imaging techniques, including computed tomography angiography 
(CTA) and cardiovascular magnetic resonance (CMR) are also being explored for the evaluation of CAD. No 
single non-invasive test has been demonstrated to identify patients with CAD with high sensitivity and specificity. 
Coronary angiography (CA) remains the best reference standard in the diagnosis of CAD. In low risk patients 

https://cignaforhcp.cigna.com/public/content/pdf/coveragePolicies/medical/mm_0181_coveragepositioncriteria_intrnl_extrnl_cardioverter_defibrillators.pdf
https://cignaforhcp.cigna.com/public/content/pdf/coveragePolicies/medical/mm_0181_coveragepositioncriteria_intrnl_extrnl_cardioverter_defibrillators.pdf
https://cignaforhcp.cigna.com/public/content/pdf/coveragePolicies/medical/mm_0431_coveragepositioncriteria_wearable_cardioverter_defibrillator_and_aed.pdf
https://cignaforhcp.cigna.com/public/content/pdf/coveragePolicies/medical/mm_0431_coveragepositioncriteria_wearable_cardioverter_defibrillator_and_aed.pdf


 
Page 2 of 9 
Coverage Policy Number: 0210 

who are not generally referred for CA, noninvasive diagnostic testing is considered an acceptable reference 
standard. Stress testing in particular, with or without imaging, provides incremental risk prediction as the basis 
for management and treatment decisions (American Heart Association, 2010; Topol, 2007; Coeytaux et al., 
2010) 
 
SAECG has been proposed as an additional method of risk stratification. SAECG is a noninvasive technique in 
which segments of a standard electrocardiogram (ECG) are computer-analyzed to detect small electrical 
impulses, called ventricular late potentials that follow the QRS segment. These impulses are imbedded in the 
ECG and are normally obscured by skeletal muscle activity and other extraneous causes of “noise” encountered 
in recording a typical ECG. With SAECG, signals are amplified, filtered, and then averaged using computer 
software. Ventricular late potentials are associated with elevated risk of ventricular tachyarrhythmias and 
sudden cardiac death, particularly in patients who have had recent myocardial infarction (MI) or who have 
cardiac abnormalities, such as coronary artery disease. An electrophysiologic (EP) study, an invasive 
procedure, is also commonly used to evaluate risk of sudden cardiac death. Although ventricular arrhythmias 
induced during EP studies are a strong predictor of risk, non-inducibility does not necessary indicate a positive 
prognosis. There is no single test capable of accurately predicting SCD risk in various clinical settings and 
patient populations. The relative ability of each test to identify risk varies, and the optimal way to combine these 
tests is unclear. The sensitivity of an abnormal SAECG is reported to vary between 30–76%, and specificity 
between 63–96%. SAECG has a low positive predictive value for SCD (7–40%). The negative predictive value is 
high (>95%), but this is related to the low event rate of SCD ((Goldberger et al., 2009, Kusmirek and Gold, 2007; 
Zipes et al., 2006) 
 
Several devices In addition to SAECG have been developed in an effort to enhance ECG capabilities, including 
devices that use algorithmic analysis of ECG data or body surface mapping to evaluate patients with suspected 
coronary artery disease (CAD) and to assess patients with cardiac arrhythmias. The MultiFunction Cardiogram™ 
(MCG) (Premier Heart, Port Washington, NY), a computerized ECG device that uses algorithmic analysis, has 
been proposed as a non-invasive alternative for the evaluation of known or suspected coronary artery disease.  
 
Another device, the PRIME ECG® (Heartscape Technologies, Ltd, United Kingdom) records ECG signals on the 
body surface via an electrode array (vest). The PRIME diagnostic algorithm uses multiple parameters of ECG 
potentials and ECG morphology to make a recommendation on whether the patient has a normal, abnormal or 
acute MI condition.  
 
Body surface maps have been used to localize and to size areas of myocardial ischemia, localize ectopic foci or 
accessory pathways, differentiate aberrant supraventricular conduction from ventricular origin, to identify 
patients prone to development of arrhythmias, and possibly to understand the mechanisms involved. Published 
evidence evaluating body surface mapping is limited, and the clinical usefulness of these procedures has not yet 
been established. In addition, the technique is cumbersome and the analysis is complex (Bonow: Braunwald’s 
Heart Disease, 2011). 
 
There is insufficient evidence to demonstrate that ECG based signal analysis technologies impact diagnostic 
decision-making or result in improved outcomes, compared to standard diagnostic techniques. A technology 
assessment developed for the Agency for Healthcare Research and Quality (AHRQ (Coeytaux et al., 2010) 
evaluated ECG-based signal analysis, including MCG and PRIME ECG, and concluded that “further research is 
needed to determine in what circumstance, if any, these devices might precede, replace, or add to the standard 
ECG for the diagnosis of CAD among patients who present with chest pain in the outpatient setting”.  
 
U.S Food and Drug Administration (FDA) 
Signal-Averaged Electrocardiography (SAECG): Numerous electrocardiography devices are equipped with 
enhanced technology that allows signal averaging. 
 
MultiFunction Cardiogram™ (MCG) (Premier Heart, Port Washington, NY): An early version of the device, 
the Cardiotron EKG Multiphase Information Analysis System, received FDA approval through the 510(k) 
process on March 21, 2000 The Premier Heart MultiFunction Cardiogram (MCG)  records a simultaneous two-
lead resting ECG from leads II and V5, using proprietary hardware and software. The analog MCG ECG signal 
is amplified, digitized, and transmitted to Premier Heart’s data center via an encrypted internet connection. The 
data is analyzed, signal-averaging is performed, and the data is subjected to six mathematical transformations 
to identify functional indices. Patterns of abnormal indices are compared to abnormal index patterns in the 
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reference database to reach a final diagnostic output. The diagnostic output consists of a numeric score of 0–20 
and the presence of local or global ischemia, indicating the level of coronary obstruction/myocardial ischemia. A 
report of the testing is available on the MCG unit or can be viewed through a web browser. 
 
PRIME ECG® (Heartscape Technologies, Ltd, United Kingdom): The PRIME ECG  with enhanced diagnostic 
algorithm, referred to as PRIME ECG, received FDA approval through the 510(k) process on September 12, 
2008. An earlier version of the device, the PRIME ECG System (Meridian Medical Technologies, Ltd, Columbia, 
MD), was approved through the 510(k) process on March 6, 2002.  
 
The PRIME ECG is indicated for the recording of electrocardiographic signals on the body surface. The device 
consists of the PRIME ECG cart, algorithm, and single-use patient vest. The cart is used to record, analyze and 
display ECG signals from the body surface. The system incorporates computer processing that can present 
conventional ECG waveforms as color images displayed on a simulated torso. Segments of the ECG waveform 
are translated into ranges of color based on measured values intended to allow physicians to identify areas of 
abnormality. The PRIME diagnostic algorithm uses multiple parameters of ECG potentials and ECG morphology 
to make a recommendation on whether the patient has a normal, abnormal or acute MI condition. The data 
recording and analysis system is attached to a single-use patient electrode array (vest) that is secured to the 
patient with pre-applied conductive adhesive gel.  
 
Literature Review 
Signal-averaged Electrocardiography (SAECG): The Cardiac Arrhythmias and Risk Stratification after Acute 
Myocardial Infarction (CARISMA) study (Huikuri et al., 2009) was conducted to evaluate the power of various 
invasive and non-invasive risk markers to predict arrhythmias with the potential to be treated with an ICD. Of 
5869 consecutive patients screened two to seven days following acute myocardial infarction (AMI) in ten 
European centers, 312 patients with a mean left ventricular ejection fraction (LVEF) of 31 ± 6% were included. 
Reasons for exclusion included patient or physician refusal, other serious illness, planned coronary bypass graft 
surgery, or death. All patients received an implantable ECG loop-recorder 5–21 days following AMI to document 
fatal or near-fatal ventricular tachyarrhythmias, the primary endpoints of the study. Heart rate 
variability/turbulence, ambient arrhythmias, SAECG, T-wave alternans, and programmed electrical stimulation 
were performed six weeks after AMI. During the two year follow-up, 25 patients (8%) experienced fatal or near 
fatal tachyarrhythmias. The strongest predictor of these events was heart rate variability (p<0.001), as measured 
by Holter monitor. Induction of sustained monomorphic ventricular tachycardia during programmed electrical 
stimulation was also predictive of the final endpoint (p=0.003). QRS duration measured from the SAECG was a 
predictor of the primary endpoint, but when adjusted for clinical variables, the predictive power of SAECG was 
only of borderline significance (p=0.04). The authors stated that, while these results are promising, larger 
randomized interventional studies are needed before recommendations can be made regarding post-AMI Holter 
monitor screening.  
 
A meta-analysis conducted by Bailey et al. (2001) evaluated current risk stratification tests for predicting major 
arrhythmic events after MI. The analysis included a total of 44 studies for which major adverse events incidence 
and predictive accuracy could be inferred. Tests reviewed included SAECG, heart rate variability, severe 
ventricular arrhythmia on ECG, left ventricular ejection fraction and EPS. The authors concluded that 
combinations of the four noninvasive tests in stages may allow 90% of patients to be stratified as high-risk or 
low-risk, with EPS reserved for patients for whom noninvasive tests are inconclusive, but that no single test was 
satisfactory alone for predicting risk. The authors further concluded that a large prospective study to develop a 
robust prediction model is feasible and desirable.  
 
Several case series and cohort studies have evaluated noninvasive methods of identifying patients at risk for 
major arrhythmias and sudden cardiac death. The effectiveness of SAECG, T-Wave Alternans (TWA), 
electrophysiologic studies (EPS), heart rate variability, and baroreflex sensitivity have been evaluated in various 
combinations (Gold, et al., 2000; Iketa, et al., 2000; Gomes, et al., 2001; Huikuri, et al., 2001). These studies did 
not demonstrate that SAECG alone or in combination with other noninvasive tests is effective in defining risk 
and determining the appropriateness of specific pharmacological therapy or ICD implantation.  
 
MultiFunction Cardiogram (MCG): Strobeck et al. (2009) conducted a meta-analysis to compare MCG to 
coronary angiography in detecting the presence and recurrence of hemodynamically relevant coronary artery 
disease. Three published prospective trials were included in the analysis, although the included trials were not 
specifically named (n=1076). The study participants consisted of a convenience sample of patients already 
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scheduled for the reference procedure, coronary angiography, for any indication. The intent of the included 
studies was not to study MCG as a screening device, but to focus on the potential of the device as a diagnostic 
assay for coronary artery stenosis. Patients may or may not have had prior angiography and/or coronary 
intervention. Results were classified by two angiographers for hemodynamically relevant stenosis (>70%). A 
coronary ischemia severity score of 0–20 was calculated for each patient. The severity score was significantly 
higher for patients with relevant coronary stenosis (5.4 ± 1.8 vs. 1.7 ± 2.1). The device correctly classified 941 of 
the 1076 patients (sensitivity 91.2%; specificity 84.6%; negative predictive value [NPV] 0.942, positive predictive 
value [PPV] 0.777). Adjusted PPV and NPV were 81.9% and 92.6%, respectively. 
  
Evidence evaluating the use of MCG is limited; studies published to date, including Weiss et al., 2002; 
Hosokawa, et al., 2008; Grube, et al., 2007, Grube et al., 2008, have compared the device to coronary 
angiography. It is difficult to draw conclusions from the available evidence because of limitations in study design. 
It is not possible to determine how MCG compares to coronary angiography in determining the risk of presence 
of coronary artery disease. In addition, there are no published studies that evaluate the efficacy of MCG 
compared to other available non-invasive diagnostic methods (e.g., standard 12-lead ECG, stress testing, 
echocardiography and other imaging techniques). There is insufficient evidence in the published medical 
literature to determine how the use of this test would impact patient outcomes. The clinical utility of MCG in the 
evaluation or treatment of individuals with known or suspected coronary artery disease has not been 
established.  
 
An Agency for Healthcare Research and Quality (AHRQ) Technology Assessment (Coeyfaux et al., 2010) 
evaluated the available clinical and scientific evidence on ECG-based signal analysis technologies for 
evaluating patients with suspected coronary artery disease (CAD). The MCG (referred to in the assessment as 
the 3DMP) and the PRIME ECG were noted to be the only two devices cleared fro marketing by the FDA and 
commercially available. No studies of 3DMP met the inclusion criteria, but four studies enrolled patients with 
CAD or at high risk for CAD, so met the expanded inclusion criteria. The 3DMP was evaluated in 920 patients 
scheduled for coronary angiography. A single low-quality study compared the 3DMP to 12-lead ECG. The 
3DMP was more sensitive (97% vs. 75%) and more specific (72% vs. 41%) than ECG. The authors stated that, 
since there were differences in the patients and reference standard, these results are not directly comparable to 
the PRIME ECG or to the 12-lead ECG results.  
 
PRIME ECG: Hoekstra et al. (2009) conducted a multicenter observational study (n=1830) to evaluate the 
prevalence, management patterns, and clinical outcomes of patients with ST elevated myocardial infarction 
(STEMI) identified on 80-lead body surface mapping (PRIME ECG) but not on 12-lead ECG. Moderate to high 
risk patients presenting to the emergency department with chest pain received 12-lead and 80-lead ECGs as 
part of the initial evaluation, and received treatment according to the standard of care at each facility. Clinicians 
were blinded to the results of the 80-lead ECG. The primary outcome was door-to-door sheath time in STEMI 
patients diagnosed with 80-lead ECG alone vs. those diagnosed by 12-lead ECG. A total of 91 patients had a 
discharge diagnosis of STEMI and 25 patients met the STEMI criteria based on 80-lead only ECG. Of the 91 
twelve-lead STEMI patients, 84 underwent cardiac catheterization, with a median door-to-sheath time of 54 
minutes. Of the 25 80-lead STEMI patients, 14 underwent cardiac catheterization, with a median door-to-sheath 
time of 1002 minutes. Patients with 80-lead only STEMI had clinical outcomes and revascularization rates 
similar to those diagnosed by 12-lead ECG, but were treated with delayed or conservative invasive strategies. 
The authors noted that although the study was sufficiently powered to evaluate door-to sheath time; it was not 
adequately powered to detect differences in clinical outcomes.  
 
O’Neil et al. (2010) conducted a secondary analysis of the Hoekstra trial, discussed above, to analyze the 
sensitivity and specificity of the 80 lead versus the 12 lead ECG in the detection of high-risk ECG abnormalities 
(ST-segment elevation or ST depression) in patients with myocardial infarction (MI) and acute coronary 
syndrome (ACS), after eliminating all patients diagnosed with STEMI) by 12 lead ECG. A total of 317 of the 
1,830 patients enrolled in the trial were eliminated from the analysis due to STEMI diagnosis (91) missing 80L or 
12L data (225) or missing discharge diagnosis (1). Of the remaining 1,513 patients, 408 had ACS, 206 had MI, 
and one had missing status. The sensitivity of the 80 lead for MI had a relative increase of 81% and actual 
increase of 8.7% (p = 0.0014). The sensitivity of the 80L for ACS had a relative increase of 73% and actual 
increase of 5.2% (p = 0.0025). The 80 lead ECG identified 40 patients with MI and 50 patients with ACS overall, 
or an incremental 18 patients with MI and 21 patients with ACS compared to the 12 lead. There was a 
significant reduction in the specificity of the 80L for MI compared to the 12L, with a relative reduction of 2.7% 
and an actual reduction of 2.5% (p = 0.0005). There was also a significant reduction in the specificity of the 80 
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lead for ACS compared to the 12 lead, with a relative reduction of 2.9% and an absolute reduction of 2.7% (p = 
0.0005), although there was no significant difference in the negative likelihood ratio or positive likelihood ratio 
compared to the 12-lead.  
 
An AHRQ Technology Assessment of ECG-based signal analysis technologies for evaluating patients with 
acute coronary syndrome (ACS) was conducted in 2012 (Coeytuax et al.) This systematic review summarized 
the clinical and scientific evidence for commercially available ECG-based signal analysis technologies for 
evaluating patients at low to intermediate risk for coronary artery disease who have chest pain or other 
symptoms suggestive of ACS. A  meta-analysis of eight studies of PRIME ECG determined a 68.4% sensitivity 
and 91.4% specificity for the PRIME ECG in detecting MI compared to 40.5% sensitivity and 95.0% specificity 
for the standard 12-lead ECG. Differences in test performance between the PRIME ECG and the 12-lead ECG 
were not considered statistically significant, based on overlapping confidence intervals. The assessment 
concluded that existing research is insufficient to confidently inform the appropriate use of ECG-based signal 
analysis technologies in diagnosing coronary artery disease and/or ACS, and that further research is needed to 
describe the performance characteristics of these devices to determine in what circumstances, if any, they might 
precede, replace or add to the standard ECG (Coeytuax et al.).  
 
The 2010 AHRQ Technology Assessment evaluating ECG-based signal analysis technologies in patients with 
suspected coronary artery disease (CAD) discussed above included a sensitivity analysis of the PRIME ECG, 
based on five studies. An abnormal PRIME ECG in a patient with a pre-test probability for clinically significant 
CAD of 50% would yield a post-test probability of 87%. An abnormal result would yield a post-test probability of 
25%. The authors stated that the performance characteristics of the 12-lead ECG were neither clinically nor 
statistically significantly different from the PRIME ECG  
 
Professional Societies/Organizations 
An American Heart Association (AHA) American College of Cardiology (ACC) Foundation/Heart Rhythm Society 
scientific statement on noninvasive risk stratification techniques for identifying patients at risk for sudden cardiac 
death states that an abnormal SAECG is likely a risk factor for sudden cardiac death, based predominantly on 
prospective analysis The clinical utility to guide selection of therapy has been tested, but not yet demonstrated.  
The statement concluded that, given the high negative predictive value of the test, it may be useful for the 
identification of patients at low risk. Routine use of SAECG to identify patients at high risk for sudden cardiac 
death is not supported (Goldberger et al., 2008).  
 
The 2013 American College of Cardiology Foundation/American Heart Association Guideline for the 
Management of ST-Elevation Myocardial Infarction (STEMI) (O’Gara et al.) recommends that patients with an 
initially reduced left ventricular ejection fraction (LVEF) who are possible candidates for ICD therapy should 
undergo reevaluation of LVEF 40 or more days after discharge. In the discussion section following this 
recommendation, the authors state that in addition to determination of LVEF, several other noninvasive 
strategies have been proposed to identify patients at high risk for arrhythmic events after STEMI, such as signal-
averaged or high-resolution ECG, heart rate variability, baroreflex sensitivity, and T-wave alternans. These 
strategies have not been adopted widely because of their limited performance characteristics and are not 
recommended for routine use. 
 
An ACC/AHA/European Society of Cardiology (ESC) guideline for management of patients with ventricular 
arrhythmias and prevention of sudden cardiac death (Zipes, et al., 2006) discusses the use of SAECG to 
improve the diagnosis and risk stratification of patients with ventricular arrhythmias or who are at risk of 
developing life-threatening ventricular arrhythmias. Similar to the ACC/AHA guideline on acute MI, this guideline 
also classifies SAECG as a Class IIb indication, in which the usefulness/efficacy are not well established.  
 
The use of the MultiFunction Cardiogram (MCG) is not addressed in relevant ACC/AHA guidelines.  
 
A scientific statement from the American Heart Association, Electrocardiography and Arrhythmias Committee, 
Council on Clinical Cardiology, and ACCF states that expanded lead sets include the multiple electrode arrays 
used for body surface mapping of the electrical activity of the heart. The authors state that details of these 
arrays are beyond the scope of the report. Studies of body surface maps recorded from large electrode arrays 
have provided useful information about localization of ECG information on the thorax, but their complexity 
precludes their use as a substitute for the standard 12-lead ECG for routine recording purposes.. 
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Use Outside the U.S. 
No relevant information 
 
Summary 
Signal-averaged electrocardiography (SAECG) has been proposed as a noninvasive method for arrhythmia risk 
stratification. There is insufficient evidence in the published medical literature, however, to demonstrate the 
clinical utility of SAECG used alone or in combination with other testing for any indication, including establishing 
the risk of ventricular arrhythmias and sudden death, diagnosis of arrhythmogenic right ventricular 
dysplasia/cardiomyopathy, or when used as a patient selection criterion for pharmacological therapy, 
implantable cardioverter defibrillator (ICD) implantation or other treatment. 
 
Additional devices using ECG-based signal analysis have been developed in an effort to enhance ECG 
capabilities in the evaluation of cardiac disorders, including arrhythmia, coronary artery disease, and acute 
myocardial infarction (MI). The MultiFunction Cardiogram™ (MCG) is a computerized ECG device that uses 
algorithmic analysis. The PRIME ECG® records ECG signals on the body surface via an electrode array (vest), 
and uses an algorithm to evaluate ECG potentials and morphology. There is insufficient evidence to 
demonstrate that ECG based signal analysis technologies impact diagnostic decision-making or result in 
improved outcomes, compared to standard diagnostic techniques. There is insufficient evidence in the published 
medical literature to demonstrate the clinical utility of these techniques for any indication, or to determine how 
these procedures compare to other available diagnostic methods.  
 
 
Coding/Billing Information 
 
Note: 1) This list of codes may not be all-inclusive. 
          2) Deleted codes and codes which are not effective at the time the service is rendered may not be eligible 
              for reimbursement 
 
Experimental/Investigational/Unproven/Not Covered: 
 
CPT®* 
Codes 

Description 

93278 Signal-averaged electrocardiography (SAECG) with or without ECG  
0178T Electrocardiogram, 64 leads or greater, with graphic presentation and analysis; 

with interpretation and report 
0179T Electrocardiogram, 64 leads or greater, with graphic presentation and analysis; 

tracing and graphics only, without interpretation and report 
0180T Electrocardiogram, 64 leads or greater, with graphic presentation and analysis; 

interpretation and report only 
0206T Computerized database analysis of multiple cycles of digitized cardiac electrical 

data from two or more ECG leads, including transmission to a remote center, 
application of multiple nonlinear mathematical transformations, with coronary 
artery obstruction severity assessment 

 
 *Current Procedural Terminology (CPT®) ©2013 American Medical Association: Chicago, IL. 
 
 
References 
 

1. Bailey JJ, Berson AS, Handelsman H, Hodges M. Utility of current risk stratification tests for predicting 
major arrhythmic events after myocardial infarction. J Am Coll Cardiol. 2001 Dec;38(7):1902-11. 

 
2. Bigger JT. Prophylactic use of implanted cardiac defibrillators in patients at high risk for ventricular 

arrhythmias after coronary artery bypass graft surgery. Coronary Artery Bypass Graft (CABG) Patch 
Trial Investigators. N Engl J Med. 1997;337:1569-75. 

 



 
Page 7 of 9 
Coverage Policy Number: 0210 

3. Cain ME, Anderson JL, Arnsdorf MF, Mason JW, Scheinman MM, Waldo AL. Signal-averaged 
electrocardiography. ACC Expert Consensus Document. JACC. 1996 Jan;27(1);238-249. 

 
4. Coeytaux RR, Leisy RJ, Wagner GS, McBroom A, Green CL, Wing L, et al. Systematic review of ECG-

based signal analysis technologies for evaluating patients with acute coronary syndrome. AHRQ 
Technology Assessment Report. Rockville, MD: Agency for Healthcare Research and Quality; 2012 
June. Accessed Aug 13, 2013. Available at URL address: http://www.guideline.gov/resources/ahrq-
evidence-reports.aspx?tab=1 

 
5. Coeytaux R, Williams J, Chung E, Characholou M. ECG-based signal analysis technologies. AHRQ 

Technology Assessment Report. Rockville, MD: Agency for Healthcare Research and Quality; 2010 
May 24. Accessed Aug 13, 2013. Available at URL address: http://www.guideline.gov/resources/ahrq-
evidence-reports.aspx?tab=1 

 
6. Gold MR, Bloomfield DM, Anderson KP, El-Shefir NE, Wilber DJ, Groh WJ, et al. A comparison of T-

wave alternans, signal averaged electrocardiography and programmed ventricular stimulation for 
arrhythmia risk stratification. J Am Coll Cardiol. 2000 Dec;36(7):2247-53. 

 
7. Goldberger JJ, Cain ME, Hohnloser SH, et al. American Heart Association Council on Clinical 

Cardiology, American Heart Association Council on Epidemiology and Prevention; American College on 
Cardiology Foundation; Heart Rhythm Society. AHA/ACC Foundation/Heart Rhythm society scientific 
statement on noninvasive risk stratification techniques for identifying patients at risk for sudden cardiac 
death: a scientific statement from the AHA Council on Clinical Cardiology Committee on 
Electrocardiography and Arrhythmias and Council on Epidemiology and Prevention. Heart Rhythm. 
2008; 5(10):e1-21. 

 
8. Goldberger JJ, Challapalli S, Waligora M, Kadish AH, Johnson DA, Ahmed MW, Inbar S. Uncertainty 

principle of signal-averaged electrocardiography. Circulation.  2000 Jun 27;101(25):2909-15. 
 

9. Gomes JA, Cain ME, Buxton, AE, Josephson ME, Lee KL, Hafley GE, et al. Prediction of long-term 
outcomes by signal-averaged electrocardiography in patients with unsustained ventricular tachycardia, 
coronary artery disease, and left ventricular dysfunction. Circulation. 2001 Jul 24;104(4):436-41. 

 
10. Gregoratos G, Abrams J, Epstein AE, Freedman RA, Hayes DL, Hlatky, MA, et al. American College of 

Cardiology/American Heart Association Task Force on Practice Guidelines. American College of 
Cardiology/American Heart Association/North American Society for Pacing and Electrophysiology 
Committee. ACC/AHA/NASPE 2002 guideline update for implantation of cardiac pacemakers and 
antiarrhythmia devices: summary article. A report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (ACC/AHA/NASPE Committee to Update the 1998 
Pacemaker Guidelines). J Cardiovasc Electrophysiol. 2002 Nov;13(11):1183-99. 

 
11. Grimm W, Christ M, Bach J, Muller HH, Maisch B. Noninvasive arrhythmia risk stratification in idiopathic 

dilated cardiomyopathy: results of the Marburg Cardiomyopathy Study. Circulation. 2003 Dec 
9;108(23):2883-91. Epub 2003 Nov 17. 

 
12. Grube E, Bootsveld A, Buellesfeld L, Yuecel S, Shen JT, Imhoff M. Computerized two-lead resting ECG 

analysis for the detection of coronary artery stenosis after coronary revascularization. Int J Med Sci. 
2008 Mar 2;5(2):50-61. 

 
13. Grube E, Bootsveld A, Yuecel S, Shen JT, Imhoff M. Computerized two-lead resting ECG analysis for 

the detection of coronary artery stenosis. Int J Med Sci. 2007 Oct 16;4(5):249-63. 
 

14. Hoekstra JW, O'Neill BJ, Pride YB, Lefebvre C, Diercks DB, Peacock WF, et al. Acute detection of ST-
elevation myocardial infarction missed on standard 12-Lead ECG with a novel 80-lead real-time digital 
body surface map: primary results from the multicenter OCCULT MI trial. Ann Emerg Med. 2009 
Dec;54(6):779-788.e1. Epub 2009 Sep 19. 

 



 
Page 8 of 9 
Coverage Policy Number: 0210 

15. Huebner T, Goernig M, Schuepbach M, Sanz E, Pilgram R, Seeck A, Voss A. Electrocardiologic and 
related methods of non-invasive detection and risk stratification in myocardial ischemia: state of the art 
and perspectives. Ger Med Sci. 2010 Oct 11;8:Doc27 

 
16. Huikuri HV, Makikallio TH, Raatikainen MJ, Perkiomaki J, Castellanos A, Myerburg RJ. Prediction of 

sudden cardiac death: appraisal of the studies and methods assessing the risk of sudden arrhythmic 
death. Circulation. 2003 Jul 8;108(1):110-5. 

 
17. Huikuri HV, Raatikainen MJ, Moerch-Joergensen R, Hartikainen J, Virtanen V, Boland J, Anttonen O, 

Hoest N, Boersma LV, Platou ES, Messier MD, Bloch-Thomsen PE; Cardiac Arrhythmias and Risk 
Stratification after Acute Myocardial Infarction study group. Prediction of fatal or near-fatal cardiac 
arrhythmia events in patients with depressed left ventricular function after an acute myocardial 
infarction. Eur Heart J. 2009 Mar;30(6):689-98. Epub 2009 Jan 20. 

 
18. Hosokawa J, Shen JT, Imhoff M. Computerized 2-lead resting ECG analysis for the detection of relevant 

coronary artery stenosis in comparison with angiographic findings. Congest Heart Fail. 2008 Sep-
Oct;14(5):251-60 

 
19. Huikuri HV, Tapanainen JM, Lindgren K, Raatikainen P, Makikallip TH, Aoralsomem EK, et al. 

Prediction of long-term outcomes by signal-averaged electrocardiography in patients with unsustained 
ventricular tachycardia, coronary artery disease, and left ventricular dysfunction. Circulation. 2001 Jul 
24;104(4):436-41. 

 
20. Ikeda T, Sakata T, Takami M, Kondo N, Tezuka N, Nakae T. Combined assessment of T-wave 

alternans and late potentials used to predict arrhythmic events after myocardial infarction. A prospective 
study. J Am Coll Cardiol. 2000 Mar 1;35(3):722-30. 

 
21. Josephson M, Wellens HJ. Implantable defibrillators and sudden cardiac death. Circulation. 2004 Jun 

8;109(22):2685-91. 
 

22. Kligfield P, Gettes LS, Bailey JJ, Childers R, Deal BJ, Hancock EW, et al. Recommendations for the 
standardization and interpretation of the electrocardiogram: part I: the electrocardiogram and its 
technology. A scientific statement from the American Heart Association Electrocardiography and 
Arrhythmias Committee, Council on Clinical Cardiology; the American College of Cardiology 
Foundation; and the Heart Rhythm Society. Endorsed by the International Society for Computerized 
Electrocardiology. J Am Coll Cardiol. 2007 Mar 13;49(10):1109-27. 

 
23. McKenna WJ, Thine G, Vava A, Fontaliran F, Blomstrom0-Lyndqvist C, et al. Diagnosis of 

arrhythmogenic right ventricular dysplasia/cardiomyopathy. Task Force of the Working Group 
Myocardial and Pericardial Disease of the European Society of Cardiology and of the Scientific Council 
on Cardiomyopathies of the International Society and Federation of Cardiology. Br Heart J. 1994 
Mar;71(3):215-8. 

 
24. Miller JM, Zipes DP. Diagnosis of cardiac arrhythmias. In: Bonow: Braunwald's Heart Disease - A 

Textbook of Cardiovascular Medicine, 9th ed. Saunders, an imprint of Elsevier, 2011. 
 

25. O'Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, Chung MK, de Lemos JA, Ettinger SM, et al. 2013 
ACCF/AHA guideline for the management of ST-elevation myocardial infarction: a report of the 
American College of Cardiology Foundation/American Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol. 2013 Jan 29;61(4):e78-140. doi: 10.1016/j.jacc.2012.11.019. Epub 2012 
Dec 17. 

 
26. O’Neil  BJ, Hoekstra J, Pride YB, Lefebvre C, Diercks D, Frank Peacock W, et al. Incremental benefit of 

80-lead electrocardiogram body surface mapping over the 12-lead electrocardiogram in the detection of 
acute coronary syndromes in patients without ST-elevation myocardial infarction: Results from the 
Optimal Cardiovascular Diagnostic Evaluation Enabling Faster Treatment of Myocardial Infarction 
(OCCULT MI) trial. Acad Emerg Med. 2010 Sep;17(9):932-9. 

 



 
Page 9 of 9 
Coverage Policy Number: 0210 

27. Owens C, McClelland A, Walsh S, Smith B, Adgey J. Comparison of value of leads from body surface 
maps to 12-lead electrocardiogram for diagnosis of acute myocardial infarction. Am J Cardiol. 2008 Aug 
1;102(3):257-65. Epub 2008 May 24. 

 
28. Premier Heart. MCG System. Accessed Aug 12, 2013. Available at URL address: 

http://www.premierheart.com/webapp/contents/tech.php 
 

29. Ryan TJ, Antman EM, Brooks, NH, Califf RM, Hillis LD, Hiratzka LF, et al. 1999 update: ACC/AHA 
guidelines for the management of patients with acute myocardial infarction. A report of the American 
College of Cardiology/American Heart Association Task Force on Practice Guidelines (Committee on 
Management of Acute Myocardial Infarction). J Am Coll Cardiol. 1999 Sep;34(3):890-911. 

 
30. Strobeck JE, Shen JT, Singh B, Obunai K, Miceli C, Sacher H, et al. Comparison of a two-lead, 

computerized, resting ECG signal analysis device, the MultiFunction-CardioGram or MCG (a.k.a. 
3DMP), to quantitative coronary angiography for the detection of relevant coronary artery stenosis 
(>70%) - a meta-analysis of all published trials performed and analyzed in the US. Int J Med Sci. 
2009;6(4):143-55. Epub 2009 Apr 7. 

 
31. Topol EJ. Textbook of cardiovascular medicine, 3rd ed. Lippincott Willliams & Wilkins; 2007. 

 
32. U.S. Food and Drug Administration 510(k) database. K992703. 3DMP EKG Multiphase Information 

Analysis System. Accessed Aug 12, 2013. Available at URL address: 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMN/pmn.cfm 

 
33. U.S. Food and Drug Administration 510(k) database. K082312. PRIME ECG System (with enhanced 

diagnostic algorithm). 510(K) number K082312. Accessed Aug 12, 2013. Available at URL address: 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMN/pmn.cfm. 

 
34. Weiss MB. Computer-enhanced frequency-domain and 12-lead electrocardiography accurately detect 

abnormalities consistent with obstructive and nonobstructive coronary artery disease. Heart Dis. 2002 
Jan-Feb;4(1):2-12. 

 
35. Zipes DP, Camm AJ, Borggrefe M, Buxton AE, Chaitman B, Fromer M, et al. ACCAHA/ESC 2006 

guidelines for the management of patients with ventricular arrhythmia and the prevention of sudden 
cardiac death: a report of the American College of Cardiology/American Heart Association Task Force 
and the European Society of Cardiology Committee for Practice Guidelines (Writing Committee to 
Develop Guidelines for Management of Patients With Ventricular Arrhythmias and the Prevention of 
Sudden Cardiac Death). J AM Coll Cardiol 2006;48:e247-e346 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The registered marks "Cigna" and the "Tree of Life" logo are owned by Cigna Intellectual Property, Inc., licensed for use by Cigna Corporation 
and its operating subsidiaries.  All products and services are provided by or through such operating subsidiaries and not by Cigna Corporation. 
Such operating subsidiaries include Connecticut General Life Insurance Company, Cigna Health and Life Insurance Company, Cigna Behavioral 
Health, Inc., Cigna Health Management, Inc., and HMO or service company subsidiaries of Cigna Health Corporation.  


	Coverage Policy
	General Background
	Coding/Billing Information
	References

