
 

 

 

 

Introduction to 
Magnetocardiography 

(MCG) 
 

 

 

A breakthrough in cardiology:  
 

“detect heart-attacks safely and quickly before they happen” 
 

 

Magnetocardiography (MCG) Diagnostic Equipment 
 

    
 

The detection of biomagnetic signals generated from the heart (Magnetocardiography, 
MCG) is an advanced diagnostic technology for early diagnosis of numerous heart 
diseases.  

• The MCG System is capable of carrying out a non-invasive, safe, quick and 

harmless diagnostic test for the early detection of heart diseases, in particular 

coronary artery disease (CAD).  

• The CS MAG II MCG System is the most advanced MCG system worldwide and is 

developed, refined and maintained by German engineers.  

• The MCG System includes a 64-channel sensor array, a liquid helium dewar, a 

gantry and bed, as well as electronics inside the shielded room, and analog signal 

processing outside the shielded room. Furthermore it has a power supply, data 

acquisition boards and a computer for measuring and analyzing MCG data. An 

additional unique part of the CS MAG II system is the non-magnetic ergometer, 

which enables a physical stress MCG investigation.  
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• 3 MCG Systems are currently installed in 2 hospitals in Germany and 1 clinic in 

Hong Kong. So far tests have been done for the detection of CAD on over 5,000 

patients. No adverse event has been reported.  

• The test requires only 10-15 minutes with an accuracy of over 90%i compared to 

other screening examinations. It is harmless, since it does not require any insertion 

of catheters and is free from radiation or contrast agents. Thus it is suitable for 

patients requiring frequent monitoring of the functionality of the heart after 

treatment. Another breakthrough is that the MCG enables the accurate diagnosis of 

patients who have received stenting, for whom the CTA’s diagnostic accuracy is 

limited.  

• The MCG Systems reliably and accurately detect coronary artery diseases at an 

early stage, at which the patient is normally either asymptomatic or has mild or 

atypical symptoms. 

• For those patients the MCG System is the best choice to frequently monitor their 

heart’s functionality to reduce a disease recurrence. 

s 

Technology Highlights for Stress MCG 
 

 

Stress Magnetocardiography Technique 
 

• Stress magnetocardiography (Stress MCGi) is a non-invasive technique to detect and 

display the local magnetic field signals generated by the electrical activity of the heart 

during exercise.  

• Stress MCG is a safe, quick and harmless test, which is very useful for the early 

detection of heart diseases, in particular coronary artery disease.  

• In order to detect these very weak cardiac magnetic signals, the subject will need to 

perform cycling exercises in a shielding room, where the subtle changes of cardiac 

magnetic activities during exercise will be measured by very sensitive magnetic 

sensors, commonly known as the SQUID (Superconducting QUantum Interference 

Device) sensors.  

 

Proven Proprietary Technology – F A S T 
• The CS MAG II (or MCG System) is US FDA (510k) and EU CE approved and registered. 

• Clinical papersi have shown the MCG System as a useful, non-invasive strategy for the 

diagnosis and assessment of ischemia in patients with suspected CAD or after a 

percutaneous coronary intervention (PCI). 

• Fast: It takes only 10-15 minutes to carry out a test. 

• Accurate: It has comparable accuracy (>90%i) to other screening tests like Computed 

Tomography Coronary Angiogram (CTA). 

• Safe: Does not require insertion of catheters and is free from radiation or contrast 

agents. 

• Tolerable: Useful for patients that require frequent monitoring of their heart’s 

condition after treatment. 
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Multiple Uses of the MCG System 

• Screening for CAD in patients with risk factors (e.g. DM, HT), but without symptomsi. 

• Diagnosis of CAD patients with symptoms (e.g. chest pain), especially for emergency 

casesii.  

• To guide treatment decisions for patients with equivocal CT findings (e.g. if the CTA 

showed 50% narrowing in one vessel, the patient would need stenting in the case that 

the MCG System showed the presence of functional ischemia.)iii.  

• Magneto-electro-cardiography in the case of arrhythmiaiv: non-invasive recording 

(mapping) of atrial fibrillation, ventricular mapping, mapping of accessory pathways.  

• Monitoring of the recurrence of a disease after revascularization treatment (e.g. post-

stenting or post CABG open heart surgery)v.  

• Risk stratification for sudden cardiac death: analysis of the fragmentation of the QRS 

complex at rest and during exercise; micro-re-entry recognitionvi.  

• Fetal magnetocardiographyvii.  

• Surveillance of patients with congestive heart failureviii. 

• Sports medicine (quantification of myocardial functional reserve)ix. 

 

 

MCG is the most convenient technology for the patient 

 high diagnostic accuracyi (higher than that of ECG, Echo, SPECT) 

 fast (resting MCG 1 min, exercise MCG 12 min) 

 no radiation (as CT, SPECT, PET, or coronary angiography) 

 no contrast agents (as CT, coronary angiography or MRI) 

 no radioactive substances (as SPECT, PET) 

 no vessel puncture (venous or arterial as SPECT, CT, MRI, coronary angiography) 

 no pain (potentially in SPECT, CT, MRI, PET, coronary angiography) 

 no drug application (as MRI, SPECT, coronary angiography) 

 no claustrophobia (potentially in CT and MRI) 

 no noise (as MRI)  
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MCG is the ideal first-line diagnosis for the patient 

 

 diagnostic 

accuracyi,v 

spacial 

resolution 

time 

resolution 

investigation 

speed 

MCG + + + + + + + + + + + 

ECG + (+) + + + + + + 

Echo + + + + + + + + 

SPECT + + + - - 

CT + + + + + + ++ 

MRI + + + + + + - 

PET + + + + + - - 
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Clinical Applications and Publications 
 

i  
High accuracy (>90%) of MCG in the diagnosis of chronic CAD: 
 
A significant number of publications are available regarding the MCG diagnosis of CAD in medical 
literature (selected examples at the bottom). However, the limitation of these studies is the lack of MCG 
information during stress-induced myocardial ischemia. From 2010 to 2013 BMP invented, patented, 
and developed a non-magnetic bicycle, which allows a physical stress protocol with a stepwise 
increment of workload and a 12-lead ECG recording simultaneously with the 64-channel MCG. The 
integration of the non-magnetic bicycle and the 12-lead ECG into the BMP 64-channel MCG system 
represents the robust CS MAG II MCG system from BMP for routine clinical use. If the patient is unable 
to ride the bicycle, a pharmacological stress protocol using dobutamine/atropine is performed. 
 
Our clinical evidence of the CS MAG II as a robust non-invasive diagnostic tool is based on the 
investigations of approx. 5,000 stable patients from 2 German and 1 Hong Kong centers undergoing 
stress MCG test for CAD diagnosis. So far we have performed and published 3 prospective, clinical 
studies on 243 patients: 
 
Study A:  
Dobutamine stress MCG vs coronary angiography, 100 patients, sensitivity 98%, specificity 82%. 
 
Study B: 
Exercise stress MCG vs invasive FFR, 47 patients, sensitivity 91%, specificity 92%. 
 
Study C: 
Exercise stress MCG vs coronary angiography, 96 patients, sensitivity 85%, specificity 88%. Combination 
of 2 MCG parameters improved C-statistics, indicating the enhancement of diagnostic performance in 
the detection of significant CAD (0.790 to 0.930; p < 0.001). 
  
 

Study A: Park J-W, Leithäuser B, Vrsansky M, and Jung F. Dobutamine stress magnetocardiography for 
the detection of significant coronary artery stenoses – A prospective study in comparison with 
simultaneous 12-lead electrocardiography. Clinical Hemorheology and Microcirculation 
2008;39(1-4):21-32. 

Study B: Park J-W, Shin E-S, Ann SH, Gödde M, Park LS-I, Brachmann J, Vidal-Lopez S, Wierzbinski J, Lam Y-
Y, and Jung F. Validation of Magnetocardiography versus Fractional Flow Reserve for Detection of 
Coronary Artery Disease. Clin Hemorheol Microcirc. 2015;59:267-281. 

Study C: Shin E-S, Lam Y-Y, Her A-Y, Brachmann J, Jung F, Park J-W. Incremental diagnostic value of 
combined quantitative and qualitative parameters of magnetocardiography to detect coronary 
artery disease. Int J Cardiol 2017; 228:948-952. 

Shin E-S, Ann SH, Brachmann J, Lam Y-Y, Jung F, and Park J-W. Noninvasive detection of myocardial 
ischemia: A case of magnetocardiography. Clin Hemorheol Microcirc. 2015;60:163-169. 

Hailer B, Chaikovsky I, Auth-Eisernitz S, Schafer H, Steinberg F, Gronemeyer DH. Magnetocardiography 
in coronary artery disease with a new system in an unshielded setting. ClinCardiol. 2003;26:465-71. 

                                                        



 

 6 

                                                                                                                                                                        
Hailer B, Chaikovsky I, Auth-Eisernitz S, Schafer H, Van Leeuwen P. The value of magnetocardiography 
in patients with and without relevant stenoses of the coronary arteries using an unshielded system. 
Pacing ClinElectrophysiol. 2005;28:8-16. 

Kandori A, Ogata K, Miyashita T, Takaki H, Kanzaki H, Hashimoto S, et al. Subtraction magnetocardiogram 
for detecting coronary heart disease. Ann Noninvasive Electrocardiol. [Evaluation Studies]. 2010 
Oct;15(4):360-8. 

Lim HK, Chung N, Kim K, Ko YG, Kwon H, Lee YH, et al. Reproducibility of quantitative estimate of 
magnetocardiographic ventricular depolarization and repolarization parameters in healthy subjects and 
patients with coronary artery disease. Ann Biomed Eng. [Evaluation Studies Research Support, Non-U.S. 
Gov't]. 2007 Jan;35(1):59-68. 

Nakai K, Izumoto H, Kawazoe K, Tsuboi J, Fukuhiro Y, Oka T, et al. Three-dimensional recovery time 
dispersion map by 64-channel magnetocardiography may demonstrate the location of a myocardial 
injury and heterogeneity of repolarization. Int J Cardiovasc Imaging. [Research Support, Non-U.S. Gov't]. 
2006 Jun-Aug;22(3-4):573-80. 

Nakai K, Miyake F, Kasanuki H, Shoda M, Futagawa K, Takahashi A, et al. Newly developed signal-
averaged vector-projected 187-channel electrocardiogram can evaluate the spatial distribution of 
repolarization heterogeneity. IntHeart J. 2008;49:153-64. 

Nakai K, Tsuboi J, Okabayashi H, Fukushima A, Itoh M, Kawata H, et al. Development of a signal-averaged 
vector-projected 187-channel high-resolution electrocardiogram for the evaluation of the spatial 
location of high-frequency potentials and abnormal ventricular repolarization. IntHeart J. 2007;48:701-
13. 

Ogata K, Kandori A, Watanabe Y, Suzuki A, Tanaka K, Oka Y, et al. Repolarization spatial-time current 
abnormalities in patients with coronary heart disease. Pacing Clin Electrophysiol. 2009 Apr;32(4):516-
24. 

On K, Watanabe S, Yamada S, Takeyasu N, Nakagawa Y, Nishina H, et al. Integral value of JT interval in 
magnetocardiography is sensitive to coronary stenosis and improves soon after coronary 
revascularization. Circ J. 2007;71:1586-92. 
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ii
  

1-minute resting MCG detects Acute Coronary Syndromes (ACS) with 
a high accuracy (>90%) and predicts patient ś prognosis: 

 
Only a small number of publications are available in regards to the MCG diagnosis of a ACS in the 
emergency department (literature at the bottom). The scientific group of the Yonsei University in Seoul 
studied prospectively more than 300 patients with unstable angina applying a resting MCG protocol5-8. 
A recent publication of the same group (124 patients with acute myocardial infarction) revealed that the 
MCG predicted a long-term prognosis in patients with acute myocardial infarction9-10. 
 
Our clinical evidence of the MCG value for the emergency department is based on 2 prospective 
studies (402 patients) of patients presenting with acute chest pain without a ST segment 
elevation in the ECG1,2. A resting MCG at hospital admission predicted ACS as the cause of chest 
pain with a sensitivity of 95% and a specificity of 93% (sensitivity of 12-lead ECG, Troponin I, and 
Echo were 34%, 43%, and 51%, respectively). The 3-year mortality of patients with a 
pathological resting MCG at hospital admission was significantly higher than the mortality of 
patients with a normal resting MCG (17.3% vs 3.77%, relative risk 4.58 (95% CI 1.68 – 12.42)). 
Our studies confirm the findings of the Yonsei University group that the resting MCG at hospital 
admission predicts a long-term prognosis of patients presenting with ACS. The MCG is valuable 
for identifying high-risk chest pain patients. 
 
 
 

1. Park JW, Hill PM, Chung N, Hugenholtz PG, Jung F. Magnetocardiography predicts coronary 

artery disease in patients with acute chest pain. AnnNoninvasiveElectrocardiol. 2005;10:312-

23. 

2. Park JW, Leithauser B, Hill P, Jung F. Resting magnetocardiography predicts 3-year mortality 

in patients presenting with acute chest pain without ST segment elevation. 

AnnNoninvasiveElectrocardiol. 2008;13:171-9. 

3. Park JW, Leithauser B, Jung F. Magnetocardiography predicts coronary artery disease in 

bundle-branch block patients with acute chest pain. J Electrocardiol. 2007;40:S53.  

4. Park J-W, Jung F. Qualitative and quantitative description of myocardial ischemia by means of 

magnetocardiography. Biomed Technik 2004;49:267-273. 

5. Kwon H, Kim K, Lee Y-H, Kim J-M, Yu KK, Chung N, et al. Non-Invasive Magnetocardiography 

for the Early Diagnosis of Coronary Artery Disease in Patients Presenting With Acute Chest 

Pain. Circulation Journal. 2010;74(7):1424-30. 

6. Kyoon Lim H, Kim K, Lee YH, Chung N. Detection of non-ST-elevation myocardial infarction 

using magnetocardiogram: new information from spatiotemporal electrical activation map. 

Ann Med. [Research Support, Non-U.S. Gov't]. 2009;41(7):533-46. 

7. Lim HK, Chung N, Kim K, Ko YG, Kwon H, Lee YH, et al. Can magnetocardiography detect 

patients with non-ST-segment elevation myocardial infarction? Ann Med. 2007;39(8):617-27. 

8. Lim HK, Kwon H, Chung N, Ko YG, Kim JM, Kim IS, et al. Usefulness of magnetocardiogram to 

detect unstable angina pectoris and non-ST elevation myocardial infarction. The American 

Journal of Cardiology. [Research Support, Non-U.S. Gov't]. 2009 Feb 15;103(4):448-54.  
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9. Bang WD, Kim KW, Lee YH, Kwon HC, Park YK, PakHN, Ko YG, Lee MH, and Joung BY. 

Repolarization Heterogeneity of Magnetocardiography Predicts Long-Term Prognosis in 

Patients with Acute Myocardial Infarction. Yonsei Med J 2016 Nov;57(6):1339-1346.  

10. Her A-Y and Park J-W. Repolarization heterogeneity of magnetocardiography predicts long-

term prognosis in patients with acute myocardial infarction. Editorial. Yonsei Med J 

2016;57(6):1305-1306.  

11. Tolstrup K, Madsen BE, Ruiz JA, Greenwood SD, Camacho J, Siegel RJ, et al. Non-invasive 

resting magnetocardiographic imaging for the rapid detection of ischemia in subjects 

presenting with chest pain. Cardiology. [Clinical Trial]. 2006;106(4):270-6. 
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iii  
CS MAG II in comparison with other tools 
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iv  
Role of the CS MAG II in electrophysiology1-21 

 
The CS MAG II application in the field of electrophysiology shows huge potential, because electro-
anatomical mapping can be performed non-invasively and also during exercise. Our current main 
priorities are: 

 

 

 Electro-magnetic mapping of the atria in patients with paroxysmal atrial fibrillation at rest and 

during exercise 

 Detection of left atrial fibrosis 

 Non-invasive mapping of WPW syndromes 

 Ventricular mapping (scar, aneurysm, stem cell therapy control, etc.) 

 Pre-operative identification of non-responder scheduled for CRT therapy 

 

 

 

 

                     
 

Spatio-Temporal Activation Graph (STAG). 

Left: In the left atrial posterior wall of this healthy volunteer a strong, homogenous increase of the 
pseudo-current is measured during exercise (STAG value: +3) 

Right: In the left atrial posterior wall of this AFib patient with a twice failed PVI, the pseudo-current 
decreases during exercise (STAG value: -1) (Unpublished data) 

 

 
1. Brisinda D, Fenici R. Noninvasive classification of ventricular preexcitation with unshielded 

magnetocardiography and transesophageal atrial pacing and follow-up. Pacing Clin 

Electrophysiol. [Clinical Trial Comparative Study]. 2007 Jan;30 Suppl 1:S151-5. 

2. Fenici R, Brisinda D. Magnetocardiography provides non-invasive three-dimensional 

electroanatomical imaging of cardiac electrophysiology. IntJ CardiovascImaging. 2006;22:595-

7. 

3. Joung B, Kim K, Lee YH, Kwon H, Lim HK, Kim TU, et al. Magnetic dispersion of the late 

repolarization in Brugada syndrome. Circ J. 2008;72:94-101. 
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4. Jurkko R, Mantynen V, Tapanainen JM, Montonen J, Vaananen H, Parikka H, et al. Non-invasive 

detection of conduction pathways to left atrium using magnetocardiography: validation by 

intra-cardiac electroanatomic mapping. Europace. [Research Support, Non-U.S. Gov't 

Validation Studies]. 2009 Feb;11(2):169-77. 

5. Jurkko R, Vaananen H, Mantynen V, Kuusisto J, Makijarvi M, Toivonen L. High-resolution 

signal-averaged analysis of atrial electromagnetic characteristics in patients with paroxysmal 

lone atrial fibrillation. AnnNoninvasiveElectrocardiol. 2008;13:378-85. 

6. Kandori A, Hosono T, Chiba Y, Shinto M, Miyashita S, Murakami M, et al. Classifying cases of 

fetal Wolff-Parkinson-White syndrome by estimating the accessory pathway from fetal 

magnetocardiograms. Med Biol Eng Comput. 2003;41:33-9. 

7. Kandori A, Miyashita T, Ogata K, Shimizu W, Yokokawa M, Kamakura S, et al. Electrical space-

time abnormalities of ventricular depolarization in patients with Brugada syndrome and 

patients with complete right-bundle branch blocks studied by magnetocardiography. Pacing 

Clin Electrophysiol. [Comparative Study]. 2006 Jan;29(1):15-20. 

8. Kandori A, Miyashita T, Ogata K, Shimizu W, Yokokawa M, Kamakura S, et al. 

Magnetocardiography study on ventricular depolarization-current pattern in patients with 

brugada syndrome and complete right-bundle branch blocks. Pacing Clin Electrophysiol. 

[Comparative Study]. 2006 Dec;29(12):1359-67. 

9. Kandori A, Shimizu W, Yokokawa M, Kamakura S, Miyatake K, Murakami M, et al. 

Reconstruction of action potential of repolarization in patients with congenital long-QT 

syndrome. Phys Med Biol. 2004 May 21;49(10):2103-15. 

10. Kim D, Kim K, Lee YH, Ahn H. Detection of atrial arrhythmia in superconducting quantum 

interference device magnetocardiography; preliminary result of a totally-noninvasive 

localization method for atrial current mapping. Interact Cardiovasc Thorac Surg. 2007 

Jun;6(3):274-9. 

11. Koskinen R, Lehto M, Vaananen H, Rantonen J, Voipio-Pulkki LM, Makijarvi M, et al. 
Measurement and reproducibility of magnetocardiographic filtered atrial signal in patients 
with paroxysmal lone atrial fibrillation and in healthy subjects. J Electrocardiol. [Controlled 
Clinical Trial]. 2005 Oct;38(4):330-6. 

12. Leder U, Haueisen J, Huck M, Nowak H. Non-invasive imaging of arrhythmogenic left-

ventricular myocardium after infarction. Lancet. 1998;352:1825. 

13. Lehto M, Jurkko R, Parikka H, Mantynen V, Vaananen H, Montonen J, et al. Reversal of atrial 

remodeling after cardioversion of persistent atrial fibrillation measured with 

magnetocardiography. Pacing ClinElectrophysiol. 2009;32:217-23. 

14. Nomura M, Nakaya Y, Saito K, Kishi F, Watatsuki T, Miyoshi H, et al. Noninvasive localization of 

accessory pathways by magnetocardiographic imaging. Clin Cardiol. 1994 May;17(5):239-44. 

15. Oikarinen L, Paavola M, Montonen J, Viitasalo M, Makijarvi M, Toivonen L, et al. 

Magnetocardiographic QT interval dispersion in postmyocardial infarction patients with 

sustained ventricular tachycardia: validation of automated QT measurements. Pacing Clin 

Electrophysiol. [Comparative Study Research Support, Non-U.S. Gov't]. 1998 Oct;21(10):1934-

42. 

16. Oikarinen L, Viitasalo M, Korhonen P, Vaananen H, Hanninen H, Montonen J, et al. 

Postmyocardial infarction patients susceptible to ventricular tachycardia show increased T 
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wave dispersion independent of delayed ventricular conduction. J Cardiovasc Electrophysiol. 

[Comparative Study Research Support, Non-U.S. Gov't]. 2001 Oct;12(10):1115-20. 

17. Sato M, Terada Y, Mitsui T, Miyashita T, Kandori A, Tsukada K. Visualization of atrial excitation 

by magnetocardiogram. IntJ Cardiovasc Imaging. 2002;18:305-12. 

18. Smith FE, Langley P, van Leeuwen P, Hailer B, Trahms L, Steinhoff U, et al. Comparison of 

magnetocardiography and electrocardiography: a study of automatic measurement of 

dispersion of ventricular repolarization. Europace. [Comparative Study Research Support, 

Non-U.S. Gov't]. 2006 Oct;8(10):887-93. 

19. Yamada S, Tsukada K, Miyashita T, Kuga K, Yamaguchi I. Noninvasive, direct visualization of 

macro-reentrant circuits by using magnetocardiograms: initiation and persistence of atrial 

flutter. Europace. [Research Support, Non-U.S. Gov't]. 2003 Oct;5(4):343-50. 

20. Yamada S, Tsukada K, Miyashita T, Oyake Y, Kuga K, Yamaguchi I. Noninvasive diagnosis of 

partial atrial standstill using magnetocardiograms. Circulation journal : official journal of the 

Japanese Circulation Society. [Case Reports]. 2002 Dec;66(12):1178-80. 

21. Yan GX, Lankipalli RS, Burke JF, Musco S, Kowey PR. Ventricular repolarization components on 

the electrocardiogram: cellular basis and clinical significance. J Am Coll Cardiol. [Research 

Support, Non-U.S. Gov't Review]. 2003 Aug 6;42(3):401-9. 
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v 

Monitoring of the recurrence of disease after revascularization 
(surveillance post-stenting or post CABG). 

 
 
 
On-going exercise MCG study in 50 patients pre- and post-stenting. 
 
 
 

 
 
The so-called PLP2-curve (Tbeg-Tmax, 0 = dipole, 1 = monopole) shows a significant imbalance of the 
dipole (left) pre-PCI indicating electro-magnetic vulnerability at rest and myocardial ischemia during 
exercise. In the control exercise MCG eight months post PCI a balanced dipole at rest and exercise 
presents itself(right) 
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vi  
Risk assessment sudden cardiac death (SCD) and ventricular 

arrhythmia by CS MAG II 
 
 
The MCG derived intraQRS-fragmentation-score correlates with the risk of SCD and ventricular 
arrhythmia. 
 
 

 
 
 

 
The CS MAG II can additionally measure the IntraQRS-fragmentation-score 
during exercise and unmask the underlying conduction disturbance. 
 

                 
 
                      Unpublished data                                                                     Unpublished data 
 
 

1. Godde P, Agrawal R, Muller HP, Czerski K, Endt P, Steinhoff U, et al. Magnetocardiographic 
mapping of QRS fragmentation in patients with a history of malignant tachyarrhythmias. Clin 
Cardiol. [Research Support, Non-U.S. Gov't]. 2001 Oct;24(10):682-8. 

2. Huck M, Haueisen J, Hoenecke O, Fritschi T, Leder U, Nowak H. QRS amplitude and shape 

variability in magnetocardiograms. Pacing Clin Electrophysiol. [Research Support, Non-U.S. 

Gov't]. 2000 Feb;23(2):234-42. 

3. Korhonen P, Husa T, Tierala I, Vaananen H, Makijarvi M, Katila T, et al. QRS duration in high-

resolution methods and standard ECG in risk assessment after first and recurrent myocardial 

infarctions. Pacing ClinElectrophysiol. 2006;29:830-6. 
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vii  
Fetal MCG with CS MAG II 

 
 
Fetal MCG is the MCG application with the best acceptance by medical associations1-17. Fetal MCG is 
already introduced in the recommendations of the AHA guidelines1. 
 

 
 
 

1. Donofrio MT et al. Diagnosis and Treatment of Fetal Cardiac Disease: A Scientific Statement 
from the AHA. Circulation. 2014;129:2183-2242. 
 

2. Brisinda D, Comani S, Meloni AM, Alleva G, Mantini D, Fenici R. Multichannel mapping of fetal 
magnetocardiogram in an unshielded hospital setting. Prenat Diagn. [Evaluation Studies 
Research Support, Non-U.S. Gov't]. 2005 May;25(5):376-82. 

 
3. Comani S, Liberati M, Mantini D, Gabriele E, Brisinda D, Di Luzio S, et al. Characterization of 

fetal arrhythmias by means of fetal magnetocardiography in three cases of difficult 
ultrasonographic imaging. Pacing Clin Electrophysiol. [Research Support, Non-U.S. Gov't]. 
2004 Dec;27(12):1647-55. 

 
4. Hartmann M, van Leeuwen P, Gronemeyer D. [Fetal heart rate variability in pregnancy. 
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5. Horigome H, Iwashita H, Yoshinaga M, Shimizu W. Magnetocardiographic demonstration of 

torsade de pointes in a fetus with congenital long QT syndrome. J Cardiovasc Electrophysiol. 

[Case Reports]. 2008 Mar;19(3):334-5. 

6. Horigome H, Ogata K, Kandori A, Miyashita T, Takahashi-Igari M, Chen YJ, et al. 

Standardization of the PQRST waveform and analysis of arrhythmias in the fetus using vector 

magnetocardiography. Pediatr Res. [Evaluation Studies]. 2006 Jan;59(1):121-5. 
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viii  
Surveillance of patients with congestive heart failure with the CS 

MAG II 
 
 
 
 

 
 
 
Exercise induced global pseudo-current increase before (left) and after (right) heart failure treatment 

in a patient with severe dilated cardiomyopathy (unpublished data) 
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ix 
CS MAG II in sports medicine 

 
Because of the correlation between the exercise induced left ventricular contractility and the pseudo-
current increase, the CS MAG II parameters may become objective assessment tools for the cardiac 
function of athletes (quantification of myocardial functional reserve). 

 
 

 

 
 
Amateur runners developed a significantly higher pseudo-current increase during exercise than 
healthy volunteers, patients with paroxysmal atrial fibrillation, CAD patients with or without ischemia. 
(unpublished data) 


