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Abstract The endomyocardial bi- 
opsy is invasive, reduces quality of 
life and cannot be repeated daily. 
Initial studies on noninvasive cardi- 
ac graft monitoring have been pre- 
sented recently. During the heart 
transplant procedure, we implanted 
wideband telemetric pacemakers 
and fractally coated, epimyocardial 
electrodes. On biopsy days and dur- 
ing each follow-up, intramyocardial 
electrogram sequences were ob- 
tained. The maximum T-slew rate 
from the ventricular evoked re- 
sponse (VER) was automatically 
calculated and compared to the bi- 
opsy results (n = 331, ISHLT grad- 
ing). The VER T-slew rate was sig- 

Introduction 
Obligatory graft surveillance in patients after heart 
transplantation is still achieved with the invasive and ex- 
pensive endomyocardial biopsy (EMB). Up to now, at- 
tempts to develop an alternative, generally accepted 
procedure have failed. 

Since 1992, our group has developed a pacemaker 
based system for the analysis of intramyocardial electro- 
grams to recognize acute cardiac allograft rejection [4]. 
We found that the repolarization phase of the paced in- 
tramyocardial electrogram contains the most accurate 
information to indicate absence of rejection [l, 21. Infec- 
tion also influences intramyocardial electrograms [3]. 
The usefulness of this method to avoid EMB without 
missing relevant rejection after heart transplantation is 
described in the following study. 

nificantly lower during rejection 
grade 2 or higher. The negative pre- 
dictive value to exclude rejection 
was 98 YO. Using a single threshold 
diagnosis model, 74 % of the biop- 
sies could have been avoided. Non- 
invasive cardiac graft monitoring 
can reduce the need for surveillance 
biopsies and may offer a tool to op- 
timize immunosuppressive therapy 
after heart transplantation 
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Materials and methods 
During the transplant procedure, we implanted dual chamber 
pacemakers (Physios CTM 01, Biotronik, Berlin, Germany) with 
wideband intramyocardial electrogram telemetry capabilities 
(0.3-200 Hz) and two unipolar, epicardial screw-in leads with frac- 
tal surface structure coating (ELC WUP, Biotronik, Berlin, Ger- 
many). 

All patients received induction therapy with antithymocyt glo- 
bulin (ATG) and were maintained on triple drug immunosuppres- 
sive therapy. Repeated surveillance EMBs guided the indication 
of rejection therapy with pulsed steroids or polyclonal antibodies, 
as appropriate. The biopsy results were classified according to the 
guidelines of the International Society of Heart and Lung Trans- 
plantation. 

Intramyocardial electrogram recordings were performed at fre- 
quent intervals in the early postoperative phase, during each fol- 
low-up and on days when EMBs were performed. Recordings 
were obtained at pacing rates between 100 and 130 bpm, as appro- 
priate. After 5 min rest in the supine position [2], 1 min intramyo- 
cardial electrogram sequences of the VER were separately record- 
ed from each electrode and digitized to a laptop-based data acqui- 
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Fig.1 Differences in the normalized VER T slew rate parameter 
between different EMB results 
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the normalized VER T-slew rate parameter to test the ability to 
predict cases with rejection grade 2 or higher and to calculate the 
standard diagnostic indices using the Xz-test. Significancy was as- 
sumed if P I0.05. 
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Fig.2 Application of the single threshold diagnosis model to the 
normalized VER T-slew rate parameter values and standard diag- 
nostic indices 

Results 
The Physios CTM 01 pacemaker was implanted in 37 
patients. Mean age at heart transplantation was 
57.2 f 10 (17-71) years. During the observation time, a 
total of 311 EMBs were performed. The pacing thresh- 
old at the time of implantation was 0.63 * 0.54 V at 
0.5 ms pulse and the sensing potential was 
11.9 f 4.3 mV. No adverse events related to the implant- 
ed pacemaker system were obtained. 

The prevalence of rejection grade 2 or higher in our 
biopsy results was 4 %. The differences in the normal- 
ized VER T slew rate parameter between different 
EMB results are presented in Fig. 1. 

The differences in the normalized VER T slew rate 
parameter between different EMB results values al- 
lowed detection of rejection grade 2 or higher with a 
negative predictive value of 98% ( P  c 0.000001). Re- 
sults and the standard diagnostic indices are displayed 
in Fig.2. 

sition device. Intramyocardial electrograms were transferred via 
the Internet to the central data processing site in Graz, Austria. 
After automatic signal morphology checking to exclude sponta- 
neous, ectopic or fusion beats, each intramyocardial electrogram 
sequence was averaged. 

We defined the VER T-slew rate parameter as the maximum T- 
slew rate of the VER. To avoid influences resulting from individual 
absolute values and the long term trend, the parameter was nor- 
malized and expressed as the percentage of the individual adaptive 
prospective reference value. This value was calculated as the mean 
area under the curve of all previous examinations and was prospec- 
tively defined for the following investigation. The parameter was 
presented as the average of the value of both leads. 

Within a few minutes, comprehensive patient reports are re- 
turned via the Internet, which display trend curves and the normal- 
ized and absolute values of the derived parameters. 

Discussion 
This study compares results of the VER T-slew rate pa- 
rameter and corresponding EMBs. The high negative 
predictive value of this method suggests its usefulness 
to exclude rejection after heart transplantation. 

The VER, the response of the myocardium to an arti- 
ficial stimulus, is a well-standardized electrophysiologi- 
cal signal that can be used for non-invasive, long-term 
monitoring. It enables global heart allograft recipient 
surveillance for pathologic changes that affect the elec- 
trical activity of the heart. Constant intramyocardial 
electrograms prove the unchanged electrical activity of 
the myocardium and suggest absence of active rejection, 
infection or ventricular dilatation. Therefore, inactive 
or residual cell infiltration of the myocardium might re- 
sult in false positive biopsy results going with unchanged 
parameters derived from intramyocardial electrograms 
(Fig.2). In contrast, humoral rejection with absence of 
cell infiltration and negative biopsy results has been de- 
tected by a decrease of the VER T-slew rate. 

The individual reference value provides center spe- 
cific definition of the diagnostic threshold and a vanable 
rate of biopsy reduction. Nevertheless, center specific 
patient management influences the prevalence of reiec- 

Differences in normalized intramyocardial electrogram param- 
eters between different EMB results were tested with the two- 
tailed U-test. A single threshold diagnosis model was applied to 

tion in the Postoperative period and the reliability 
of the individual adaptive reference value. Early rejec- 
tion results in low reference values and no decrease of 
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the VER T-slew parameter below the reference value is 
observed. Initially, the confirmation of freedom from re- 
jection is mandatory, to use the reference value for fu- 
ture diagnosis of absence of rejection. 

In conclusion, serial intramyocardial electrograms 
for non-invasive graft monitoring might be useful to re- 
duce the number of biopsies after heart transplantation. 
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