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Abstract. Presented here is a method for using magnetism to record the cardiac cycle in humans. The 
study was performed in a shielded room using a magnetometer magnetoresistor and a magnetic marker. 
A group of fifteen subjects were simultaneously evaluated using this biomagnetic modality and also a 
standard electrocardiogram. The morphology of the curves obtained were analysed and the cardiac 
cycle was identified. This biomagnetic modality is capable of recording a graphic representation of 
arterial pressure in humans. It, therefore, could be implemented in the hospital setting for non-invasive 
real time continuous monitoring of blood pressure over protracted periods.    
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1. Background 
Blood pressure (BP) is defined as the force exerted by circulating blood on the walls of the body’s 

arteries and constitutes one of the principal clinical vital signs. Arterial pressure is most commonly 
measured via a sphygmomanometer device [Pannier et al., 2002]. For each heartbeat, BP varies 
between systolic and diastolic pressures. The systolic pressure is the peak pressure in the arteries, 
which occurs early in the cardiac cycle when the ventricles are contracting. Diastolic BP is the 
minimum pressure in the arteries, and occurs late in the cardiac cycle when the ventricles are filled 
with blood, see Fig 1. An invasive technique for assessment the BP, consists of a procedure in which 
the BP is measured inside the blood vessel using an intra-arterial catheter connected to a sensitive 
pressure transducer. Although invasive, this procedure is considered the gold standard technique for 
measuring arterial pressure because it is more accurate than sphygomanometry [Kurtz et al., 2005] and 
can be used to detect rapid variations in BP.  

Recently, a new method using a magnetic device for recording arterial pressure has been 
implemented in our laboratory. This is being tested and correlated with several devices used in clinical 
medicine, in particular with electrocardiography. A graphical analysis of both bio-magnetically 
recorded carotid arterial waveform and standard electrocardiogram is presented in this study. 

2. Material and Methods 
Biomagnetism has different sources, natural and artificial. The latter is used when a biomagnetic 

signal is too weak to be recorded using a magnetic sensor that operates at room temperature. The 
specific modality used in this study was the use of a magnetic marker attached to the skin of a 
volunteer’s neck. 

 
 Throughout the procedure all subjects were in the supine position, see Fig. 1, as previously 

reported [Maldonado-Moreles et al., 2008]. Assuming magnetic dipole behavior, equation (1); the 
signal from the magnetic marker was recorded with a magnetoresistor magnetometer in an unshielded 
room, equipped with an electronic circuit and a LabVIEW platform.    
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Figure 1. Squematization of the recording setup. 
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Data acquisitions were performed for two minutes; data were digitalized and saved to a computer 

file. Subsequently, they were imported to a Matlab 6.5 environment where signal morphology was 
analyzed throughout the cardiac cycle described in Fig 2. Each register was compared with a 
corresponding simultaneously recorded electrocardiogram.  

 

 
Figure 2. Cardiac cycle for an electrocardiogram (dark blue line); aorta pressure (red line); and  

ventricular pressure, (light blue line). 

3. Results  
As described above and seen in Fig 2, it is possible to plot a graph of BP in humans, by fixing a 

small magnet to the skin of the subject’s neck (over the carotid artery) and recording the variation of 
the magnetic field with a magnetometer magnetoresistor. This system was developed in our lab to 
study arterial pressure variation from outside the body. In Fig 3, an electrocardiogram of one subject is 
shown (blue line). The register of an electrocardiogram is well known. Also shown (red line) is an 
arterial blood pressure wave of the same subject. While this physiologic tracing is not as commonly 
recorded  in humans as that of the electrocardiogram, it is of equal clinical utility for monitoring 
patients, particularly in the intensive care setting.  
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Figure 3. Cardiac cycle of one subject recorded in our laboratory  for an electrocardiogram (blue line) and 
aorta pressure line (red line). 

 

4. Discussion and Conclusion 
 

        Left ventricular contraction creates a pressure pulse or pulse wave. It is the pressure pulse that a 
clinician feels when determining a patient’s pulse by palpation. The systolic upstroke or anacrotic limb 
mainly reflects the pressure pulse produced by left ventricular contraction. 
        The pressure pulse is followed slightly later by the flow wave caused by the actual displacement 
of blood volume. The anacrotic shoulder, i.e. the rounded part at the top of the waveform, reflects 
primarily volume displacement [Henneman and Henneman 1989, Campbell, 1997]. 

The systolic pressure is measured at the peak of the waveform, see Figs 2 and 3. The dicrotic (or 
downward) limb is demarcated by the dicrotic notch, representing closure of the aortic valve and 
subsequent retrograde flow. Diastolic pressure is measured just before the beginning of the next 
systolic upstroke, see Fig 2 and 3. 

Bioelectromagnetism allows the indirect recording of the pulsatile movement of arteries. The 
changes in contour of these pulsations as well as the measurement of the duration of the various phases 
of the cardiac cycle by electrocardiogram [Extramiana F et al., 2009]  can provide valuable information 
about cardiovascular dynamics and myocardial performance [O'Rourke MF et al., 2001].   In addition 
the measurement of the duration of the systolic and diastolic time intervals is very helpful in evaluating 
cardiac function. Both methods can identify all the phases of the cardiac cycle. 

Pulse pressure, reflecting the pulsatile component of blood pressure and thus to some extent  
arterial stiffness, is a well-known risk factor for myocardial infarction particularly in men [Dart AM et 
al., 2001; Madhavan S et al., 1994; Benetos et al 1997].  Pulse waveform analysis is different in 
several conditions such as advanced age, smoking, hypertension, diabetes mellitus, and 
hypercholesterolemia [Stefanadis C et al., 1997].    Vasodilating drugs like nitrates, ACE inhibitors, 
angiotensin II antagonists, calcium-channel blockers, and beta blockers all decrease wave reflections. All of 
these drugs are commonly used in patients with atherosclerotic coronary disease [Nichols WW et al., 2002]  

We believe that this novel method can be helpful, not only in diagnosing certain cardiac 
pathology (ischemia and hypertension for example), but also in the evaluation of the severity of 
pathology and its implication with respect to cardiac function [Weber T et al., 2004; Heffernan K et al., 
2009].    When recorded using a transducer with an sufficiently long time constant, the morphologic 
features and timing of the waves and intervals obtained by indirect means are comparable to those 
obtained by direct recording using an indwelling arterial catheter.   Therefore, our method allows the 
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collection of comparable clinical data without having to submit the patient to the potential morbidity of 
am invasive  procedure. 

The biomagnetic evaluation during medical or surgical treatment could be of great value over short 
and long time intervals [Mass J et al., 2009].   

 
Conclusions.  Cardiac catheterization, is not a harmless procedure, complications have been reported 
in up to 3.6% of cases in severely ill patients.  Despite this morbidity, it is considered the gold standard  
method.  Non-invasive techniques for assessing cardiovascular function are being increasingly applied.   
We have shown the similarity of the morphological changes of the pressure pulse contours obtained by 
biomagnetism and by catheterization. Measurement of the various systolic phases may provide the 
clinician not only with an accurate diagnosis but also with useful information concerning the severity 
of the lesion, the evolution and prognosis of the disease and its effects on ventricular function. The 
apparatus is simple and the cost is low. The tracings are relatively easy to obtain and the procedure is 
safe. While admitting that more studies will be necessary to fully explore all the possible applications 
of this technique, we believe that external pulse recording has the potential to become a routine 
procedure in clinical cardiovascular assessment. 
       

Acknowledgement  
The authors would like to thank CONACYT « J50182 » for their financial support. Also, thanks to 

Ing. Angelica Hernandez, MD Kathy Capaccione and all volunteers enrolled in this study. 
 

References  

 
Benetos A, Safar M, Rudnichi A, Smulyan H, Richard JL, Ducimetieère P, Guize L. Pulse pressure: a 
predictor of long-term cardiovascular mortality in a French male population. Hypertension, 
30(6):1410-5, 1997  

Campbell B Arterial waveforms: monitoring changes in configuration. Heart Lung, 26(3):204-214, 
1997 

Dart AM, Kingwell BA. Pulse pressure--a review of mechanisms and clinical relevance. J Am Coll 
Cardiol, 37(4):975-84, 2001 
 
Extramiana F, Leenhardt A, Maison-Blanche P. ECG evaluation of ventricular properties: the 
importance of cardiac cycle length. Ann Noninvasive Electrocardiol,  14 Suppl 1:S54-9, 2009  
 
Heffernan KS, Jae SY, Tomayko E, Ishaque MR, Fernhall B, Wilund KR.  Influence of arterial wave 
reflection on carotid blood pressure and intima-media thickness in older endurance trained men and 
women with pre-hypertension. Clin Physiol Funct Imaging,  29(3):193-200, 2009 

Henneman E, Henneman P. Intricacies of blood pressure measurement. Heart Lung, 9(3):263-73, 1989 

Kurtz TW, Griffin KA, Bidani AK, Davisson RL, Hall JE. Recommendations for blood pressure 
measurement in animals: summary of an AHA scientific statement from the Council on High Blood 
Pressure Research, Professional and Public Education Subcommittee. Arteriosclerosis, thrombosis, and 
vascular biolog, 25(3):478-9, 2005. 
 
Madhavan S, Ooi WL, Cohen H, Alderman MH. Relation of pulse pressure and blood pressure 
reduction to the incidence of myocardial infarction.  Hypertension, 23(3):395-401, 1994  

 

Maldonado-Moreles MA, Cordova-Fraga T, Cano ME, Solorio-Meza S, and Sosa M. Registration of 
intravascular pressure curve: magneto-mechanical evaluation. Medical Physics, AIP Conf. Proc. 1032: 
302-305, (2008).edited by G. Herrera Corral and L. M. Montaño Zetina,USA.  
 
Maas JJ, Geerts BF, van den Berg PC, Pinsky MR, Jansen JR. Assessment of venous return curve and 
mean systemic filling pressure in postoperative cardiac surgery patients. Crit Care Med,  37(3):912-8, 
2009. 



58 
 

 
Nichols WW, Singh BM. Augmentation index as a measure of peripheral vascular disease state. Curr 
Opin Cardio, 17(5):543-51, 2002 
 
O'Rourke MF, Pauca A, Jiang XJ. Pulse wave analysis. Br J Clin Pharmacol,  51(6):507-22, 2001. 

Pannier BM, Avolio AP, Hoeks A, Mancia G, Takazawa K. Methods and devices for measuring 
arterial compliance in humans.  American Journal of Hypertension, 15(8):743-75, 2002. 
 
Stefanadis C, Vlachopoulos C, Tsiamis E, Diamantopoulos L, Toutouzas K, Giatrakos N, Vaina S, 
Tsekoura D, Toutouzas P. Unfavorable effects of passive smoking on aortic function in men. Ann 
Intern Med,  128(6):426-34, 1998  
 
Weber T, Auer J, O'Rourke MF, Kvas E, Lassnig E, Berent R, Eber B Arterial stiffness, wave 
reflections, and the risk of coronary artery disease. Circulation, 109(2):184-9, 2004  
 
 


