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Summary

Currently, the quality of the medical supervision of patients with implanted pacemakers depends solely on regu-
larly scheduled follow-up visits. Thisis a considerable drawback for continuous therapy optimization and preven-
tion of disease progression as well as early recognition of device-related complications. To overcome this restric-
tion, the concept of Home Monitoring in pacemaker therapy has been devel oped. This new systeminvolvesthe peri-
odic automatic transmission of standard pacemaker data to the attending physician via a mobile patient device and
a service center. It enables the daily surveillance of a patient's cardiac status, enhances the success of the initiat-
ed therapy, and helps determine the necessity for further therapeutic measures. The Home Monitoring system is
now under clinical evaluation to reveal its potential for everyday clinical use. In thisarticle, we present a detailed
description of the system and thefirst investigation of its efficacy. Furthermore, we present an analysis of the future
use and the potential benefits of Home Monitoring in patients prone to atrial fibrillation and congestive heart fail-
ure. In this patient population, we expect significant advantages for diagnosis and therapy with Home Monitoring

due to highly detailed patient supervision.
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Introduction

Since the first implantation of an artificial cardiac
pacemaker over 40 years ago [1], implantable pace-
maker technology has undergone a remarkable devel-
opment. Pacemakers have been transformed from
devicesthat were pre-defined in all their functionalities
and could not be modified after implantation into pro-
grammable devices that can be tailored to the needs of
the individual patient. This tailoring is supported by
data about the patient's rhythm, AV-conduction, or
activity that are collected in the pacemaker memory for
subsequent analysis by the attending physician.
Nevertheless, one aspect in the follow-up of pacemak-
er patients has not changed during these four decades:
The patient has to visit the physician for examination
and pacemaker follow-up.

Today, pacemaker patients are normally seen every
6 to 12 months for follow-up. One of the greatest dis-
advantages of these very long follow-up intervalsisthe
significant delay in the physician's awareness of
changes in the patient's cardiac status. As a first
attempt to address this situation, the idea of
TransTelephonic Monitoring (TTM) wasintroduced in
the early 1970's[2]. TTM allows diagnostic data to be
transmitted via atelephone lineto a TTM service cen-
ter, which then relays the information to the physician.
The data is interrogated from the pacemaker with the
help of a special device that the patient has to apply
over his’her pacemaker. Hence, TTM relies on the
active cooperation of the patient, an arrangement that
cannot be expected to work properly for the majority
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of pacemaker patients. Therefore, TTM has gained lit-
tle acceptance in pacemaker therapy in Europe.

In the following we will present the concept of Home
Monitoring (HM), which is now available for the first
time in a pacemaker. HM shall allow a frequent regu-
lar transmission of implant data to the attending physi-
cian. It relies only to a minor extent on the patient's co-
operation and should thus open the door to innovation
in patient supervision and therapy optimization. We
will explain the concept of the first clinical investiga-
tion, which started in April 2001, and present ideas on
the possible impact of HM on pacemaker therapy in
patients with atrial tachyarrhythmias or congestive
heart failure.

The Home Monitoring System

Successful telemetric inter-follow-up patient supervi-
sion, i.e, reliable monitoring of the patient's cardio-
vascular status between two standard follow-ups, relies
mainly on the following:

- Transmission of relevant cardiac data, which may
indicate the need for a detailed evaluation of the
patient's cardiac situation;

- Transmission of relevant system data, indicating the
system's integrity;

Rapid information in case immediate intervention is
required;

- Transmission of data at short intervals, providing a
reliable patient history;

- Transmission without delay;

- Concise information without unnecessary repeti-
tions or meaningless data;

Ease of system handling for the physician and the
patient;
Minimal technical maintenance.

The current HM redlization provided by Biotronik
(Berlin, Germany) incorporates these aforementioned
demands in the following way (Figure 1):

The pacemaker periodically creates an HM message
from the standard pacemaker data, i.e., trend data, event
counters, histograms, etc. The attending physician can
specify the interval in the pacemaker program.
Additionally, the possihility of a patient-activated mes-
sage can be enabled; every time the patient applies a
magnet over the pacemaker a message is generated.
The message is transmitted via the pacemaker's long
distance telemetry to a patient device, akind of mobile

phone without any controls except an "On/Off" button.
The patient device relays the message as an encrypted
SMS (Short Message Service) transmission across the
GSM network to the Home Monitoring Service Center.
There, the SMS message is decrypted, combined with
the patient's history, and forwarded via fax to the
attending physician as a so-caled "Cardio Report”.
The Cardio Report contains a table with the latest
transmitted values, the means of the previously trans-
mitted values, and agraphical representation of the his-
tory of selected parameters.

Independent of the frequency of pacemaker message
transmission, the attending physician may specify a
standard time interval for the reception of a Cardio
Report, e.g., every 14 days. Additionally, a Cardio
Report may be sent immediately after every patient-
activated message.

The attending physician can also specify parameter-
related criteriafor transmission in order to ensure rapid
receipt of information in case of severe changesin the
cardiac status. Examples are the occurrence of indica-
tors for atrial fibrillation, ventricular tachycardia, or
bradycardia in chronotropically competent patients, or
anincrease in theincidence of ventricular extrasystoles
(VES).

To tailor the messaging to the needs of both the physi -
cian and the patient, the clinic and the patient must be
registered at the Service Center. Presently, thisis real-
ized by the faxing of aclinic/practice application and a
patient application, wherein the physician states
his’her preferences for Cardio Report transmissions:
e.g., frequency, time of day, and fax numbers for rou-
tine and event Cardio Reports. The patient's privacy is
strictly maintained, as the Service Center does not
receive any personal data; the patient isreferred to only
by pacemaker serial number.

The first system to use this HM scheme is the com-
bination of a dual-chamber rate-adaptive pacemaker
BAO3 DDDR and a patient device RUC 1000, consist-
ing of the mobile RUCM 1000 and the loading tray
RUCL 1000 (al Biotronik, Germany). The BAO3 DDDR
is based on the Actros DR pacemaker but incorpo-
rates additional hardware and software for telemetry
(Figure 2).

The transmitted HM data is derived from the standard
countersfor heart rate, event classification, VES analy-
sis, and from the activity chart. Hence, the attending
physician islikely aready acquainted with this kind of
information and its analysis.
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Figure 1. 24-hour supervision of pacemaker patients with a Home Monitoring System.

First Investigation on Reliability and Clinical Use

The first step in establishing the HM system in aclini-
ca setting is to prove its technical reliability. We
designed aclinical study that investigates the type, ori-
gin, and consequences of possibletechnical pitfallsand
patient-associated difficulties. Additionally, the study
intends to provide the first indications of the usefulness
of HM for patient inter-follow-up supervision and,
thus, lay the foundation for further HM investigations.

Technical Aspects

The primary goal of the technical part of the study isto

determine the percentage of patients that can be super-

vised by the physician thanks to HM messages

received correctly as Cardio Reports. This is tested

with the following hypothesis:

- The percentage of patients that can be successfully
supervised by the physician due to the reception of

Cardio Reports is at least 95 % of the patients
included into the study.

Patients will be classified as unsuccessfully supervised
if the sequence of Cardio Reportsisinterrupted for more
than 3 consecutive days or if there are more than 2 inter-
ruptions of 2 or 3 consecutive days (Figure 3). For the
analysis concerning the primary technical endpoint,
only patients will be considered that have sent at least
one message within the first 3 days after discharge.
The details concerning interrupts in the sequence of
Cardio Reports will be analyzed with the help of sec-
ondary technical endpoints:

Percentage of patients for whom HM operates cor-
rectly immediately upon first use, i.e., after the sys-
tem has been explained to the patient by the clinic's
service team and activated.
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Figure 2. Home Monitoring system comprising pacemaker
and mobile unit (Biotronik, Germany).

Percentage of patients with successful transmission
only after repeated instruction.

Percentage of patients with several successful trans-
missions and subsequent transmission failure that
can only be corrected by a physician's intervention.
Percentage of periodic and patient activated mes-
sages received as Cardio Reports by the physician
for every successfully supervised patient.

- Transmission time, i.e. the time delay between
reception of implant data at the patient device and
reception of the associated patient device message at
the Service Center.

. Correctness of the transmitted data, i.e., the content
of the Cardio Reports is identical to the content of
the messages transmitted, and the data is also stored
in the pacemaker for later cross-checking.

Clinical Aspects

The primary goal of theclinical part pertainsto the clin-
ical relevance of the telemetrically transmitted data.
The relevance is derived from therapeutic interventions
that are considered by the physician following the
reception of a Cardio Report. The number and scope of
the intended interventions are compared with the inter-
ventions performed during the subseguent follow-up.
The focusison the following therapeutic interventions:

Necessity of afollow-up;

Pacemaker reprogramming;

Pacemaker or lead revision;

Changes in type, dose, or daily distribution of med-
ication;

Exercisetesting, long-term ECG, echocardiography;
Changes in the classification of the patient's cardiac
Situation, irrespective of direct therapy, e.g., con-
cerning chronotropy or arrhythmia.

The analysis concerning this goal is performed via a
questionnaire about the physician's expectations origi-
nating from the Cardio Reports with respect to the
patient's treatment. His or her expectations and inten-
tions on the day before the follow-up are compared to
the real results of the follow-up.
As secondary endpoints, we investigate the values
taken by selected HM counters and hypothesize that
they are between certain indication-specific limits for
at least 80 % of all transmissions during the final
4 weeks (weeks 8 through 12) of the patient's study
participation. For example, a chronotropically compe-
tent patient in sinus rhythm with permanent 39degree
atrioventricular block should have more than 90 %
atrial sensed events and fewer than 10 % ventricular
sensed events. We investigate the counters for the
mean ventricular heart rate, percentage of atrial and
ventricular sensed events, atrioventricular conduction
(AsVs, AsVp, ApVs, ApVp), and time at maximum
sensor rate. Limits are specified for combinations of:
sinus rhythm, with or without paroxysmal atrial fib-
rillation;
chronotropic competence or incompetence and
intrinsic AV conduction or permanent AV block of
1st, 2nd or 31 degree.

The other HM counters (max. ventricular heart rate,
max. frequency of ventricular extrasystoles, number of
VES, couplets, triplets and runs, occurrence of VT) are
not investigated within this endpoint, as we do not
expect a significant correlation to indication.

Details of the Study

Based on the primary technical endpoint, we calculat-
ed that a number of 105 patients would yield a statis-
tically significant result on the probability of success-
ful patient supervision with HM with an expected a
error of 5 %. Therefore, 120 patients will be included
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Figure 3. Decision tree for success and failure of Home
Monitoring (HM) supervision.
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in 11 clinical centers in Great Britain, Italy, and

Germany. The inclusion criteria are:

- Indication for DDD or DDDR pacemaker implanta-
tion;
Patients that have been informed about the investi-
gation, have read and understood the patient infor-
mation, and have signed their informed consens.

The most important exclusion criteria are:
Contraindication for dual-chamber pacing;
Patientsliving outside the areawith sufficient access
to the GSM network according to a map of access
provided by the GSM net provider.

The patients are followed for 12 weeks, with follow-
ups occurring at 2, 4, 8, and 12 weeks after discharge
(Figure 4). The HM functionality is activated at dis-
charge. For thefirst 2 weeks, periodic and patient-acti-
vated messages are enabled. Between the 2-week and
the 12-week follow-ups, only periodic messages are
enabled. At the 12-month follow-up, HM is switched
off. With the help of a questionnaire, the patients are
asked to describe their persona impressions and atti-
tudes regarding HM.

During the study, the physician must evaluate the
patient's situation by analyzing the Cardio Reports on
the day before afollow-up is performed. Therefore, the
physician gets a Cardio Report based on a periodic
message once a day per patient, provided that a peri-
odic message has been received in the Service Center.
Additionally, a Cardio Report for a patient-activated
message is immediately forwarded after the message
has been received at the Service Center.

The study is projected to last 12 months including
6 months of patient inclusion, 3 months participation,
and 3 months data analysis. Hence, the final results are
expected to be published in spring 2002.

Perspectives for Home Monitoring in Pacemaker
Therapy

For the further development and use of the HM func-
tionality in pacemaker therapy, we see two major fields
of clinical interest: Supervision of patients prone to
atrial tachyarrhythmias, especially atrial fibrillation
(AF) and optimization of pacemaker and medication
therapy in patients with congestive heart failure (CHF).
Both groups will probably benefit from close supervi-
sion of the therapeutic compliance, high-resolution
monitoring of the cardiac status, and a quick reaction
time to gradua or abrupt changes in the underlying
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Figure 4. Flow chart of the study.

cardiac disease. Apart fromits application in pacemak-
er patients, HM may also be very useful in the future
asameans of screening on patients with implanted car-
dioverter defibrillators.

Home Monitoring in Patients with Atrial Tachy-
arrhythmia

The usefulness of HM supervision in patients prone to
AF stems from the relative importance of a fast reac-
tion to the onset of AF.

A mean incidence of AF of 2 % within 2 decades was
derived from the Framingham study [3]. For the elder-
ly, which significantly contribute to the pacemaker
patient population, the incidence rate greatly increases
to 19.2 cases of first AF occurrence per 1000 person-
years. Men aged over 75 years have an even higher
risk: 42.7 first AF cases per 1000 person-years are
reported [4]. Concerning the results for pacemaker
patients, the studies indicate only a dlightly increased
risk for development of AF, depending on the pacing
mode: With physiologic pacing (DDD or AAl), the
annual ratefor AF incidenceis 5.3 %, compared to 6.6 %
with VVI pacing [5]. The annual incidence is, howev-
er, not evenly distributed: Mattioli, et a. report an AF
incidence of 10 % for the 1st year after implantation,
23 % after 3 years, and 31 % after 5 years, again with
an increased risk for patients paced in VVI mode [6].
The data on the incidence of supraventricular tachycar-
dia (SVT) in patients with sick sinus syndrome (SSS)
versus those with high-degree atrioventricular block
(AVB) are somewhat conflicting: In the AIDA study,
50.5 % of al patients had experienced at least one SVT
by the 28" day after implant. In the AVB subgroup, the
incidence of SVT was 56.3 % [7].

For the first 1000 patients in the MOST study with SSS
as the inclusion criterion, the incidence of SVT includ-
ing AF prior to implant was 53 % [8]. In another study,
no difference in the AF incidence was detected between
SSS patients and AVB patients, but the risk for cerebral
ischemia was twice as high for SSS as for AVB (18 %
vs. 9 %) [9].

With respect to the detection of SVT, Defaye et al.
reported from the AIDA study group that 65 % of al
SVT episodes documented within the first 28 days were
asymptomatic. In 21 % of the patients, asymptomatic
SVT episodes were documented as the patients' first
SVT eventsever [7].

The need for permanent and highly detailed information
about the atria rhythm in pacemaker patients is further
stressed by the observation that in permanently or pre-
dominantly paced patients, AF is systematically under-
diagnosed compared to the case in unpaced patients.
Anticoagulation therapy is less common in permanently
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paced patients than in intermittently or unpaced pa
tients [10].

The rapid detection of AF has practical implications. In
AF that lasts more than 48 hours, anticoagulation with
warfarinis recommended for 3 weeks before and at |east
4 weeks after attempted cardioversion [11]. A treatment
aternative is intravenous heparinization followed by
trans-esophageal echocardiography to exclude thrombo-
ssin the left atrial appendage, and early cardioversion
[11]. Hence, fast and reliable information about the
onset of AF would help to minimize treatment burden
and associated costs.

Longer AF durations with loss of AV synchrony may
help cause the arrhythmia to become chronic due to
electrical remodeling, and aso lead to a decrease in atri-
al contractility due to mechanical remodeling, which
may increase the chance for thromboembolic complica-
tions [12-14]. Thus, rapid detection and termination of
AF may help to reduce the incidence of chronic AF and
thromboembolic complications in pacemaker patients.

Home Monitoring in Patients with Congestive
Heart Failure

Heart failure (HF) is nowadays regarded as the result
of a dynamic process in which mechanisms that com-
pensate for an impairment in cardiac function result in
further disease progression. After an initial myocardial
injury, the attempt to preserve stroke volume entails a
neurohumoral activation, ventricular dilation, and car-
diac remodeling [15-18]. Activation of the renin-
angiotensin-aldosterone system and the increased
expression of NO, vasopressin and cytokines mediate
the progression of heart failure. Programmed myocyte
death (apoptosis) is further promoted by angiotensin 11
and dilation stress, thus amplifying ventricular dilation
[19,20]. Therefore, it is generally accepted that heart
failure is avicious cycle, and it is of vital importance
to interrupt this cycle as early as possible.

For the typical pacemaker patient population, i. e. aged
65 years and older, the incidence of congestive heart
failureisestimated at 2 — 5 %; in patients aged over 80
years, it even increases to about 10 % [21-24]. For
more than 80 % of HF patients, symptoms are due to
ventricular dysfunction [25].

State-of-the-art therapy in HF patients with systolic
dysfunction is a combination of angiotensin-convert-
ing enzyme (ACE) inhibitors or AT1 receptor block-

ing, beta-adrenergic blocking agents, diuretics,
spironolactone, and digoxin [26]. Despite the indis-
putable usefulness of these drugsin HF treatment, they
may sometimes cause severe side effects such as AV
conduction disturbances with beta-blocking agents
[27] or an increased incidence of ventricular arrhyth-
mias with diuretics [28]. The incidence and severity of
these effects can be supervised directly with HM.
Several of the desired effects of this medication are
also mirrored by parameters monitored by HM, e.g., a
change in mean ventricular heart rate for beta-blockers
and digoxin, or areduction in the incidence of ventric-
ular premature complexes at rest, and arrhythmia under
physical load with spironolactone [29,30]. As an addi-
tional feature, by regular transmission of activity indi-
cators, HM allowsthe supervision of the patients' com-
pliance with physical training programs, which were
shown to have beneficial effects on exercise tolerance
and symptoms [31,32].

Direct monitoring of ventricular function or geometry
isnot yet possible with HM. However, the initial pilot
investigations show that hemodynamic parameters and
NYHA classification correlate with the ventricular
evoked response, and that evaluating the cardiac func-
tional status based on the recording and analysis of the
ventricular evoked response is promising under well-
defined conditions [33]. This may also apply to heart
rate variability as a measure of para- / sympathetic
activity [29]. Incorporation of such new parametersin
the HM system may pave the way to an early recogni-
tion of HF even in asymptomatic patients, thus
enabling preventive therapy [26].
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