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Abstract: A system for non-invasive rejection
monitoring after heart transplantation based on
recording of intramyocardial electrograms via
pacemaker telemetry and remote analysis of these
electrograms on an Internet accessible workstation is
presented. The qualification of the system to support a

multicenter studv has been assessed.
INTRODUCTION

Early detection of acute cardiac allograft rejection is
of vital importance for patients after heart transplantation.
Until now, frequent endomyocardial biopsies (EMB) are
used as the standard method for rejection surveillance.
However, EMB is invasive, expensive and associated
with considerable stress and risks for the patients. A
complementary, non-invasive and easy-to-use method is
strongly required to reduce the number of EMBs, up to

now necessary for safe rejection monitoring tll. To
substantially reduce EMB frequency a system for
Computerized Heart Acute Rejection Monitoring
(CHARM) was developed, which is based on the
recording of intramyocardial electrograms via pacemaker
telemetry and remote computerized analysis of these
signals.

The influence of cardiac rejection on the QRS
complex of telemetrically obtained, intramyocardial
electrograms has already been shown tl]. Recently,
fractally coated pacemaker leads became available that in addition to electrograms from the spontaneously
beating heart - allow the measurement of ventricular
evoked responses (VER) during pacing without
poststimulus polarization artifact, although the same
electrode is employed for stimulation and subsequent
sensing. The VER was found

to be a highly

sensitive

intramyocardial electrograms, together

with

other

relevant clinical data.

METHOD

CHARM requires signal sequences of one minute
duration both with the heart beating spontaneously and
during pacing. Usually, the same stimulation parameters
are employed for all recordings of an individual patient.
Recordings are performed at standard conditions and as
often as desired. CHARM does not require a special
regime of patient follow-up (immunosuppression, EMB
procedure, etc.) and can be customized to the needs of
each transplant center.
parts (Figure l):

It consists of the following major

l. The implanted pacemaker system for sensing
spontaneous intramyocardial electrograms as well as
pacing and sensing VERs. Fractally coated pacemaker
leads are used, which allow the signals to be recorded
without polarization artifacts (ELC 54-UP). Data are sent
to the data acquisition unit using pacemaker telemetry.
The requirements of sufficient bandwidth and high
amplitude resolution are met using especially designed
cardiac pacemakers (Physios CTM 0l).

2. The data acquisition unit, a notebook-based
pacemaker programmer with an integrated extracorporeal
receiver, is used for pacemaker programming, receiving,
and digitizing the inffamyocardial electrograms, adding
clinical data, and serving as the network communication
terminal at the transplant center. The system is portable,
and can be operated by clinical staff with minimal PC
experience (modified PMS 1000, all equipment so far:

Biotronik, Berlin, Germany). The recorded

signals

electrophysiological signal for rejection monitoring as
confirmed by EMB [2]. Furtherrnore, the VER showed
excellent long-term reproducibility [3].
In order to enable cardiac transplant centers to
participate in the further development of the non-invasive

together with other relevant clinical data (e. g. results of
EMB, infection status, etc.) are stored on the hard disk of
the data acquisition unit. Electronic forms are used to

method, CHARM was designed to support a multicenter
study. The system renders possible simplified recording,

3. The data processing unit, a network accessible
UNIX workstation, for management and processing of the
incoming electrograms and clinical data, report

analysis and management

of

telemetrically obtained

enter clinical data.
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generation and

network

communication where signals

are automatically evaluated,

with a

separate, password

secured account for each
attending transplant center.
Files are transferred on the
Internet via the File Transfer
Protocol (FTP). The reports
are returned in the same way
and consist of postscript files,
which can immediately be
printed for evaluation and
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In February 1995 CHARM
has been set

to operation. Up

to now more than

450

examinations with about 2000
associated inffamvocardial

Figure

l: GHARM - computerized

electrogram recordings have been processed with the

system.

No data transmission problems have

been

observed so far. As file movement on the Internet is fast,

the longest period of time was necessary for
intramyocardial elecffogram analysis, which took about
one minute for a single intramyocardial electrogram.
The experiences obtained so far showed that system
availability and data processing speed are sufficiently
high. Only minimal PC experience was required to handle
the system.

In addition to the results of the analysis of the last
electrogram recordings, the reports contain the time
courses of the rejection sensitive parameters from the
spontaneous QRS complexes and the paced VERs
together with the most important clinical data to support
trend interpretation, e. g. EMB results. The reports
support the physicians in their decision whether or not an
EMB is required and supply a tight rejection therapy
monitoring.
DISCUSSION

Although many non-invasive rejection screening
methods were suggested, none has found broad clinical
acceptance. With regard to that situation, the main
objective of the presented project was the development of
an easy-to-use, multicenter applicable monitoring system
that can take into account individual features and data

from the patient. This requires an
standardization

of all

extensive
procedural steps, including signal

analysis.

Since the results are available almost immediately,
they can be considered by the physicians for further
examination and therapy management. CHARM thus
emphasizes the ultimate responsibility of the physician
for the patient care. Since the method is cheap and non-
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invasive, it can be applied as frequently as desired, even
on a daily base. At present examinations are performed
when the patient is visiting the hospital. The system offers
the possibility to be expanded to a home telemonitoring
system.

CONCLUSION

CHARM offers a tool for systematic evaluation of
intramyocardial elecffograms as a non-invasive
complementary to EMB. The results obtained so far
encourage the inclusion of other transplant centers into a
multicenter study. The ultimate goal is an optimized
immunosuppressive therapy management with, at the
same time, only a small number of EMBs.
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