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Abstract: A computerized analysis system has been
developed for cardiac electrophysiological (EP) testing,

integrating three main functional sections of the EP
test: the recording and analysis of the EP signals, the
capture and storing of fluoroscopic images and the

monitoring and storing of information related to
catheter ablation. The application of the system in
more than one hundred EP tests in the university
hospital has shown that the system is suitable for
clinical routine work.

computer. The EP signals are recorded from the amplifier unit
l6-channel DAPl200 data acquisition board
(Microstar, USA) using a sampling rate of 1000 Hz per a
channel and the resolution of 12 bits. ICP's were recorded
with a l2-channel amplifier. The gain and filter settings of the
amplifier are computer-controlled. The video signal from the
fluoroscopy system is digitized using a video card (Screen
Machine, Fast Electronic GmbH, Germany) with a sampling
rate of 13.5 MHz and a resolution of 704x560 pixels.

with a

INTRODUCTION

Software

Electrophysiological (EP) test is an invasive diagnostic
method to assess the condition of the conduction system of
the heart and the mechanisms maintaining cardiac

The software of the system was implemented using the
Borland Pascal with Objects (Borland International, Inc,
USA). The software contains the graphical interface and
program modules for data acquisition and storage, data
retrieval and analysis as well as reporting. The software

[]. During the EP test, several types of
information is treated simultaneously, including basic

arrhythmias

intracardiac potentials (lCP) and body-surface ECG and in
some applications the arterial blood pressure signal.

provided by the video card was used for fluoroscopic image

Fluoroscopy provides image information about the
locations of the catheters. To get the best therapeutic

interlaced mode. Two alternative modes are available for
running the software: the recording of the EP signals and the
review of the recorded signals.

action in the catheter ablation, the tissue temperature and
electrode impedance must be monitored to keep them

within certain limits.

capturing and displaying

with SVGA resolution in

an

RECORDING METHODS FOR THE EP SIGNALS

The equipment used in the EP tests is diverse ranging
from analog physiological recorders to digital analyzers.
To extend the methodology to smaller cardiac units,
compact and inexpensive systems are required to perform
basic standard tests. The purpose of this study was to
develop a low-cost computerized system to meet the basic
needs of standard EP testing and to integrate the EP signal
acquisition and analyzing, catheter ablation monitoring
and fluoroscopic image capturing functions under a same
PC.

Up to 16 traces can be monitored simultaneously in
different colors in real time on the monitor. The drawing
speed can be changed, the display of each signal can be
turned on and off and the position of the signal can be changes
while monitoring. The continuous display of the signals can be
stopped for a while to make quickly measurements of the

signals. The heart rate of the patient is determined and
displayed during the monitoring using an accurate QRS
detector.

SYSTEM DESCRIPTION

The equipment used in the EP testing
includes physiological amplifiers for

laboratory
recording,
programmable stimulator for pacing the heart, ablation

device for applying the rf-energy to the heart, x-ray
imaging system for fluoroscopy and the computer system
for data acquisition and analysis. The system developed in
this study comprises both hardware and software.
Hardware

The core of the computer system is a 486166

PC

Several high-level and low-level methods have been
developed to assist and control the recording of the EP
signals. At the high-level the selection of the type of the study
(clinical problem in question) sets the channels and labels to
be recorded while the selection of the protocol (type of the
clinical routine) will initialize the parameters that control the
recording and analysis (data file, the way of initiating and
terminating the recording, analysis methods available).
A protocol defines a recording session holding several
repeated recordings of the same type. Specific protocols for
several types of EP tests are organized according to the pacing
site and pacing mode (pacing with an incrementally shortened
cycle length and pacing with one or more extra stimuli).
At the low-level, the selected protocol determines the way
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of starting and stopping the recording. The recording can
be started manually from the keyboard or triggered
automatically by an event, like a synchronizing pulse
delivered by the programmable stimulator, a tachycardia
induced by pacing or the impedance signal provided by the
catheter ablation device. In both recording types, also the

termination of the recording can be manual or automatic.
At the low-level the user has a full possibility to change
the value of the control parameters at any instant during
the recording.

All

recording methods include also the internal

memory loop that enables to start the recording in delay
and store signals proceeded the start of the recording.
During the recording, the signals are logged in to the

The measurements of time intervals and time alignment is

based

on the efficient cursor

operation. Two

basic

measurement types are available. The user can quickly draw
and move electrical calibers and make measurement by
clicking the signal window and drag the calibers. In this mode
the measurement result is not stored. If the user wants to store
the result, first the variable must be selected from the log file
list and after the measurement the result is stored to the log
file list record.
The cursor functions play an important role also in semiautomatic analysis functions. The basic conduction intervals

in the baseline ECG and EP recordings can be measured
automatically. Also the antegrade conduction in atrial
stimulation can be analyzed automaticallv.

data file specified by the program automatically and
displayed in realtime on the screen. The name of the data
file is based on the selected protocol.
During the catheter ablation, the tissue temperature and
impedance levels can be monitored on the screen using
horizontal color bars and numeric values. Any catheter
ablation device that provides an analog output of the

impedance, temperature and/or power signal can be

to the computer system. An increase in
electrode impedance above a threshold level gives a sound
alarm. The impedance, temperature and power signals are
recorded during the ablation into a separate file to review
the levels of the signals during the analysis.

DISPLAY OF FLUOROSCOPIC IMAGES

During the fluoroscopy, the live video signal can

be

displayed in one window simultaneously with the EP signals.
The capture of the images is synchronized to the ECG. The
captured images can be replayed on the screen and used as a
reference image for comparison with the live signal.

connected

REVIEW OF THE RECORDS
In the review mode, the signals stored to the hard disk
can be retrieved and displayed on the screen. The retrieval
of the signals is based on browsing the log file list. The list

can be browsed from recording to the next one or more
rapidly by going over several records to the desired one.
Several searching functions make the search of a
particular protocol or recording faster than the browsing of
the log file list. The search can be made by the protocol or
a comment wriffen to the log file list.

ANALYSIS METHODS FOR THE EP SIGNALS

The effective analysis of the EP test is based

on

versatile display methods of the recorded signals, cursor
functions and automatic measurement methods. The
software supports four types of display of the data: normal,
dualwindow, ablation and whole recording. In the normal
display mode the whole signal window is reserved for the
EP signals. The dual window mode makes possible the
comparison of two data recorded at different time instants
by splitting the screen to two parts, one for updated data
and an other for the reference data. The ablation display
mode is a variant of the dual window mode displaying the
ablation parameters, impedance, temperature and power
during the ablation session in the reference window. In the
fourth mode one channel of a whole long recording is
displayed at once. The user can change the channel
displayed on the screen and zoom into the desired part of
the recording to show signals on all channels.
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DISCUSSION
The computerized system developed in this study has been

in co-operation with and implemented in the
Department of Cardiology of Tampere University Hospital.
Based on the experience accumulated in more than one
hundred EP tests the system has shown to be suitable and
useful in routine clinical EP testing. The basic recordings and
analyses are automatic, freeing the users from routine tasks to
developed

concentrate to the patient care.
The integration of the monitoring of the catheter ablation
and fluoroscopy with the EP analysis system does not replace

the functions of the individual catheter ablation device or
fluoroscopy system. However, it makes it possible to display
all information that is relevant and important for curing the
patient at the same computer monitor.
The future development of the system is targeted to
improve both the hardware and the software. A multi-channel

digital amplifier unit is under the consffuction and the
software will be replaced with a Windows-based system [2].
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