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Measurement of the Human Magnetic Heart Vector
Abstract. A unipositional lead system has heen developed to record the human
wgnetic heart vector and to permit comparison v.,ith the electric heart yector recorded with a conv'entional Frank lead system. Recordings made infir;e normal subjects showed a remarkably consistent relation between the electric and magnetic
heart veclors. However, the angle between electric heart veclor RandT wayes was
markedly dffirentfrom the magnetic heart vector R-T angle.ln addition, recordings
made in two patients with bundle branch block show,ed a different relution hetween
the electric and magnetic heart vectors compared to normal suhjects, These dato
support the hypothesis that magnetic meosurements have a clifferent sensitititlt to
some components of cardiac activation compared x,ith hody .surface potentiul measuremenls.
Since the first recording of the magne-

tocardiogram (MCG)

by Baule

and
McFee (1), considerable effort has been

to theoretical analysis of the
magnetic field produced by cardiac electrical activity (2). While such analysis is
devoted

complicated by the inhomogeneous nature of the human. body, some investigators have concluded that the MCG contains information about intracardiac curent sources that is unattainable from
surface potential measurements alone (3,
4). For instance, mathematical analysis
shows that the electrocardiogram (ECG)
is more sensitive than the MCG to cardiac current sources that are radial with
respect to the cardiac center (5), whereas
the MCG is primarily sensitive to tangential sources (6', 7).This finding is applicable to a modeFof cardiac excitation
that is based on ä moving depolarization
wave front which could be pictured as a
double layer of charge, or on a model using distributed current dipoles (4).
Several Studies have been made to de-

ECG mapping of body surface potentials

(/0) and reflects nondipolar as well as
dipolar components of cardiac activation. A systematic analysis of the relation beteen maps of Bn and maps of
ECG surface potentials does not appear

to have been made.

A different approach to

magneto-

the magnetic dipole moment of the heart.
An ideal MHV lead system would detect
the magnetic field from the tangential
components of cardiac current in an ele-

ment of myocardium with a sensitivity
proportional to the distance of the active

element from the cardiac center, and
would be equally sensitive to cardiac

MCG data. A-C coupled magnetometers

events occurring in the anterior and pos-

terior portions of the heart. The MHV
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Copyt'ighta 1977

ularly in the free wall of the right ventricle and intraventricular septum (?).
Mapping of Bn is analogous to detailed

cardiography suggested by Baule and
McFee (//) is to measure the magnetic
heart vector (MHV), which is related to

termine whether such sensitivity dif:
ferences might provide clinically useful

with a typical bandwidth of 0.1 ro

hertz have been used to record the magnetic field perpendicular to the chest wall
(8") at multiple precordial locations (d,
9). Such "maps" may aid in the analysis
of local cardiac activation events, partic-

b?t

obtained with such a lead system woutd
have the advantage of being easily compared with the electric heart vector
(EHV), such as commonly recorded with
the Frank lead system for vector electrocardiography.
Baule and McFee measured the sagittal component of the MHV, but did not
construct a lead system capable of measuring all three MHV components. Rosen and Inouye (12) recorded the vector
magnetic field over the precordium and
used the data at the instant of maximum
signal to determine the components of a
fixed magnetic dipole model. However,
signal quality was not optimal, the distortions produced by the torso bounda.
ries and inhomogeneities were not discussed, and apparently no attempt was
made to compare these data with the
vector electrocardiogram. Matelin (/J)

recorded two orthogonal MHV com-

ponents. Wikswo (l4) examined the temporal and spatial dependence of the vector magnetic field around the thorax and
interpreted the data in terms of a moving
magnetic dipole -model.

To overcome the practical limitations
of other MCG recording techniques, we
have designed a "unipositional" lead
system employing a SQUID (superconducting quantum interference device)
differential magnetometer system located above the anterior chest wall of a
supine subject, with the instrument axis
through'the estimated center of the ventricular chambers (4, 7). Borh pickup
coils of the magnetometer are oriented at
an angle of 54o44' to the instrument axis
so that three orthogonal components
(B^, Bn, and Bc,) of the magnetic field can
be recorded with successive l20o rotations of the magnetometer. A linear
transformation converts these com-
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ponents to orthogonal components B*,
8", and B, in an anatomically oriented
coordinate system. Studies performed in

an electrolytic tank model of an inhomogeneous torso indicate that, to a
common scale factor, the true MHV (rz*,

ffi", ffi") can be estimated from B*, 8",
and B, by correction factors of -2, -2,

and + l, respectively (7). This system is
not equally sensitive to anterior and pos-

terior cardiac currents, however,

and

lead field studies show that the sensitivity of both m* and m" to the anterior right

Fig. la clearly illustrates that, for this
typical normal subject, the EHV and
MHV loops in the sagittal and frontal
planes are approximately perpendicular,
while they are almost parallel in the
transverse plane. The instantaneous
angle between the EHV and MHV was
88" at the time of R wave peak and varied
from 50o to 150" during QRS and T seg-

ments, with sudden changes at the

S

wave and at the end of the T wave. For
comparison, the EHV and MHV of a
point current dipole or a double-layer

.

,-,

,.7,

tients, the ratio lrfi,l / | bl at 25 percent of
QRS duration was less than that at 75
percent of QRS duration (LBBB: 0.28
versus 0.75pa-mzlmv; RBBB: 0.75 ver-

sus I .21p"a-mzlmv), suggesting that the

MHV is more sensitive to cardiac currents during aberrant activation of either
the left ventricle or right ventricle than is
the EHV. The apparent increased magni-

tude of the MHV relative to the EHV
during the later portion of the QRS may
be due to a relative increase in the tan-

greater than the sensitivity to the posteri-

with a circular rim in a spherical conductor would be separated by a fixed

gential components of current flow in the
portion of the heart activated in an aberrant fashion. The data of Spach and Barr

or left ventricular free wall (7).
Here we present data obtained with

angle of 90' (4).
On the basis of data from five normal

(17) on intramural potential distributions
during ventricular activation in the dog

the unipositional lead system in five normal subjects and in two individuals with
bundle branch block. The technical details of our magnetometer-signal processing system have been described (/4,

subjects, the following comparisons between the MHV and EHV can be made:
(i) In each individual the Y component of
the EHV consistently resembled the Z
component of the MHV. (ii) The vector
loops in the left sagittal and frontal
planes were approximately perpendicular, but in the transverse plane they were
parallel to each other. For the five sub-

during normal conduction and ectopic

ventricular free wall are a factor of

2

15). Recordings were made with the sub-

'ects

in a magnetic shield, and signal
of 15 to 20 beats further increased the signal-to-noise ratio. An
.veraging

EHV was recorded simultaneously with
the Frank lead system. Figure la shows
the EHV and MHV for a normal 3l-yearold male, displayed in the standard EHV
ioordinate system where positive X, Y,

jects, the average angle between

and Z axes are left, inferior, and posterior, respectively. [n the upper half of the
figure the MHV and EHV vector loops in
the left sagittal, frontal, and transverse
planes are directed posteriorly and leftward, the MHV loop is directed superiorly, and the EHV loop is directed inferiorly. Each arrowhead represents a 4msec real-time interval. with the arrowhead indicating the direction of change
with time. The MHV calibration in microamperes-square meters and the EHV
calibration in millivolts is also shown. In
\e lower half of Fig. la, the MHV magnirude 17; and the EHV magnitude l-il,
are plotted as functions of time, with P,
QRS, and T wave detail clearly visible.
Not shown, but also available, are the X,
Y, and Z components. of both signals.
The plots of ;71 and l7l are particularly
valuable for identifying phases in the cardiac cycle when the MHV and EHV contain different information. For example,
this subject shows more ST segment
shift in the EHV than was seen in the

(/,6).1(iii) The average angle between the
MHV at the R-wave peak and the MHV
at the T-wave peak (RT angle for the
MHV) was27.9" -r 6.4 and the RT angle
for the EHV was 85.7" + 10.3". (iv) The
average ratio of MHV magnitude at R
wave to that at T wave (R/T ratio for the
MHV) was 3.38 +- 0.48 and the average
R/T ratio for the EHV was 3.26 I 0.59.
Figure lb shows an example of MHV
and EHV recordings from a subject with
left bundle branch block (LBBB), a left
ventricular conduction defect. Figure lc
shows the corresponding data from a
subject with right bundle branch block
(RBBB). In LBBB, right ventricular activation proceeds in a relatively normal
manner, but the left ventricle is activated

MHV. The superimposed loop display in

these pa-

the

EHV and MHV at the R-wave peak was
94.5" -f 8.8o (standard error). [The perpendicularity of the EHV and MHV has
been confirmed by Denis and Matelin

later than normal and in an aberrant fashion. In RBBB, the opposite situation occurs. Thus, the initial portion of the QRS

complex in classic RBBB reflects septal
and relatively pure left ventricular activation, and the initial portion of the QRS
in LBBB reflects septal and right ven-

tricular activation. [n both

rhythms are consistent with this hypothesis.

These studies demonstrate the feasi-

bility of clinical recording of the

magnet-

ic heart vector. Our data show that in
normal subjects the RT angles for the
MHV and EHV are markedlY different,
whereas the R/T ratios for the MHV and
EHV are similar. This, and the finding of

differences in the relations between the
EHV and MHV in patients with aberrant

ventricular activation, are consistent
with theoretical predictions of an enhanced sensitivity of the MHV to certain
cardiac electrical events, relative to the

EHV. The observed differences between
the electric and magnetic data lead us to
conclude that the EHV-MHV relationship is not a simple one and may be influenced by cardiac abnormalities.
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