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Abstract: We describe a new body surface potential mapping systern installed in Helsinki
University Central Hospital. The properties of
hardware and software are described and sorne
applications are presented.
Keywords: Bioelectricity, ElectrocardiograPhy,
Body Surface Potential Mapping.
IxrRooucrIoN
The Helsinki University of Technology body surface
potential mapping (BSPM) system design is based on
the system reported in [1]. Since the delivery of our
mapping device in May 1995, the system noise characteristics and construction have been improved and the
user interface has been developed further with the aid
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channel and the rest are either not used or contain
variable signals e.g. from breathing or external equipment. The measurement is controlled from a personal
computer where the on-line analysis is also performed.
The system is primarily used as a stand-alone investigation tool. Alternatively, it can be used simultaneously with other equipment used for electrophysioiogic
studies or magnetocardiographic mapping.

Eeulptr,loilr
The electronics for data acquisition is built on four
motherboards contained in a portable x-ray shielded
non-magnetic stainless steel box that is designed to
be placed on the side of the operation bed. The power
supply for the patient front end is provided by a sealed
lead-acid battery which is also fit inside the box. This

arrangement ensures patient safety as no mains powered parts are connected to the patient. The Ag/AgCl
electrodes are mounted on electrode strips to facilitate
easy and reliable applicatio" [2]. The two meters long
electrode wires are individually and actively shielded.
The electrode placement on the body surface is presented in Fig. 1. A 3-D digitizing system is used to
measure the electrode locations. Moreover, auxiliary
signals can be recorded with the mapping system: an
optically isolated breathing signal and an intersystem
sychronisation signal have already been applied.
The signal measured by the electrodes is bandpass
filtered to 0.16 Hz - 300 Hz and sampled with a 2000
Hz sampling rate and 16-bit resolution. The sampling
rate is usually dropped to 1000 Hz at the computer
end. Depending on the sampling frequency, the data
rate to the computer is either 256 KB/s or 512 KB/s.
The data are transferred optically from the patient
front-end to a PC. In the computer, the data are first
read to a 4-kiloword FIFO buffer. To minimize processor load during the data acquisition, DMA transfer
is used to move the data to the computer memory.
Special handshaking circuitry is applied to guarantee
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of ciinical personnel. The first patient measurements

using the mapping device were done in November 1995.
The system contains 128 channels, of which L23 are
used for the ECG mapping, one is used as a marker
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Fig. 1. The electrode array used in the Helsinki body
surface potential mapping system. The fourth intercostal line has been drawn to the figure as well as other
anatomical landmarks used in electrode positioning.
The electrode positioning resembles the layout used

in

[3].

errorless transfer by preventing channel shifting due
to lost words. A commercial data acquisition card is
used to control the DMA transfer.
The instrumental noise of the system is less than
L pVr*r. The electrode noise level is supposed to be

of the same order [2]. In patient measurements, noise

FVr*, have been measured while virtually
no baseline drift was present. Normally, the performance of less than five channels is unsatisfactory, and
no transmission errors have been encountered during
more than 10 hours of measurements.
The computer equipment is placed on a cart as well
as the electrode preparation plane and all accessories

levels of 1.5

needed. The system is very independent and measure-

ments can easily be performed anywhere in the hospital where electromagnetic disturbance level is small
enough.

Sor"rweRB

AII software has been developed to run under Windows in a 486166 PC. The measurement software includes control for data acquisition, user interface man-

agement and disk storage. Data acquisition control
manages the errorless DMA transfer and temporary
disk storage. To meet the needs in clinical use simultaneous viewing and storing of the data is possible
even at the highest sampling rate. The user can easily browse through channels and correct any contact
problems. The data is saved for permanent storage in

that used in [3].
After acquisition, the data can be analyzed imme-

a format analogous to

Medical & Biological Engineering & Computing Vol. 34, Supplement 1, Part 2, 1996
The 1st International Conference on Bioelectromagnetism, June 9-13, 1996, Tampere, Finland

107

ffii.ii,iilu,',i
$llriii$rilffis.

""'
i"t,,,,,.,,4
!::i j::! l::! l:,l

li:l::,i:

t
iii.ii

!llst

rl:ririi:::i::ii!!!

tt

al

aa

it:iri

ir,,,,,.a

at

a

il:

'i:ii:lilli:*i

trig. 2. The ECG morphology of a patient suffering
from frequent VTs. The channel numbers refer to the

numbering in Fig.

1.

diately. The user can view all channels on the same
screen or choose to inspect signal morphology on a few
channels only. Channel sets can be created for averaging or creation of body surface potential maps. A

50 Hz line filter can be applied to the signal before
printouts are produced on the printer.
Map creation involves the selection of working
channels and interpolation according to the method
presented by Oostendorp et al l4l. The software also supports the creation of integral maps, departure
maps as well as activation maps or any other kind of
maps that have been produced from the original data
by a linear operation. Maps can be used for localising
arrhythmia foci, detection of ischemia, or to guide an
operation in the catheterization laboratory [5].

PnupNr sruDrES
The patient measurements for this study were performed in the BioMag-laboratory which is a research
laboratory jointiy owned by Helsinki lJniversity of
Technology (HUT), Helsinki University Central Hos-

pital (HUCH) and University of Helsinki (HU),

and

in the catheterization laboratory of the department of
cardiology in HUCH. To improve electrode contact the
patient's skin is cleaned with alcohol before measurement. After electrode attachment special measures
are taken to ensure that the contact remains good
throughout the entire measurement period, which is
especially important in the limb leads that form the
reference. In the catheterization laboratory, additional
V1-V6 electrodes and an emergency detachment plate
below the connectors have to be applied.
The performance of the equipment was validated
using well-documented applications and the method's
clinical use was established. Four patients suffering
from WPW-syndrome and ten VT patients were studied, and isopotential maps from the representative features of the signals were drawn. These maps were then
compared to published databases for these diseases.
Figs. 2 and 3 present a case of a successful BSPM
localisation. The patient had had a syncopal attack
due to a sustained VT with the same morphology as
the nonsustained VTs seen in our recordings. An Rwave map was plotted and compared to a series of
published QRS integral maps [5]. The patient underwent radiofrequency ablation treatment where the VT
focus was found to lay anteroseptally below the right
ventricular outflow tract as predicted by the mapping
study. We have also obtained encouraging results in
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Fig. 3. An R-wave map drawn from a VT complex.
The potential pattern indicated the VT focus to lay
anteroseptally below the RV outflow tract.

localising accessory pathways of the WPW patients,
and additional data are currently being gathered to
establish a database of maps for localisation.
DrscussroN

Although body surface potential mapping studies
have been started only very recently, the results are
already very promising. The procedure is technically reliable and less tedious than was suspected. With
this method, the clinician has vastly more morphological information available, as compared to the 12lead ECG normally used during the operations. Moreover) potential maps and other analyses that can be
applied on-line to the recordings extract even more information from these measurements. Preliminar)' results from combining this method with other modalities like magnetocardiographic mapping are also encouraging [6].
CoNcr,usrox

The body surface potential mapping system presented here is a portable state-of-the-art system that
has been applied to clinical use. The system is used for
measurements both in the catheterization laboratory
and in the BioMag-laboratory in HUCH. The results
that we have obtained are auspicious, and the use of
the system has already contributed to successful treatment of arrhythmic patients.
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